 HiGH FIDELITY HOBBY & GEIGER COUNTER
i. ~ SOUND EFFECTS KIT FOR HOME RECORDINGS
~ 3-CHANNEL TONE R/C RECEIVER @ TAPE TIPS
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BUILD YOUR OWN HIGH FIDELITY

CABINETS AND ENCLOSURES ! by €abinart

With a cabinet kit by
CABINART you get exactly
the style that you want.

The finish is up to you. You
get top-quality white pine or
birch—perfect for any finish
that you select. And so easy
to put together . . . all you
need is a screwdriver.

Paul Klipsch-
designed Rebel IV

You can now build your own
corner horn speaker enclosure

. . . designed by Paul Klipsch,
Identical in acoustic design to
assembled units and easily put
together with a minimum of
tools. Priced for the home-
builder in unfinished birch.

12” model . . 36.00 net*
15" model . . 42.00 net*

Bass Reflex and Equipment Cabinets

The ideal housing for high fidelity components . . . removable
panels make future changes easier. Loudspeaker cabinet
acoustically designed for either 12” or 15” speaker. Overall
dimensions: 33%” H., 23” W., 16” D. Tuner compartment: 20” H.,
213%,” W. (inside dimensions), 16%" D. Baffle volume: 6 cu. ft.

Model 80—Equipment cabinet kit . . . . 27.00 -+
Model 8112—12" speaker cabinet kit . . . 18.00 -+
Model 8115—15" speaker cabinet kit . . . 18.00 -+

Corner
Folded Horn
Enclosures

Reproduces a quality of
bass heretofore only
possible through the use
of far more expensive
designs.

Model 61 190.95

All kits include %" white pine
cut to size, baffle precut for 12”
or 15” speaker, Saran plastic
acousticloth, Kimsul acoustic

b N 12" speaker kit

insulation, assembly and (127 speaker kit net*

finishing instructions, hardware, Model 63 23.95
(15" speaker kit) net*

plastic wood, sandpaper
and glue.

*prices higher west and south.

Write for free catalog and name of nearest distributor

G & H WOOD PRODUCTS COMPANY ¢ 75 NORTH 11th ST, BROOKLYN 11, N. Y.

AmericanRadinHietory Com



\ | WILL TRAIN YOU AT HOME

|_— Y

| TRAINED

THESE -MEN
'‘Stanted to repair sets six
& months after enrolling.
L Earned $12 to $15 a week
in spare time."”’—Adam
1 Kramlik, Jr., Sunneytown,
o i

Pennsylvania.

“Up to our necks in Radio-
Television work, Four other (\
NRI men work here. Am § o
happy with my work, '
Glen Peterson, Bradford,

Ont., Canada. W

‘““Am doing Radio and
ﬁ Television Servicing full
<= w time. Now have my own
¢ 'shop. I owe my success to
N.R.L"— Curtis Stath, Ft.

ol Madison, lowa.

“Am with WCOC. NR!
course can't be beat. N
trouble passing 1st class
Radio-phone license exam."
—Jesse Parker, Meri-
dian, Mississippi.

“By graduation, had paid
for course, car, testing
~ equipment. Can service

itoughest jobs.”’—E. J.
.[!jsueltenberger, New Bos-
ol ton, Ohio.

AVAILABLE TO

VETERANS

UNDER G.l. BILLS

fo

January, 1955

America’s Fast Growing Industry Offers
You Good Pay—Bright Future—Security

POPULAR ELECTRONICS is
1953). at 64 East Lake St., Chicago 1, Il.
SUBSCRIPTION RATES: One Year

thon any othee-man. OUR ADth YEAR.

Training plus opportunity is the
PERFECT COMBINATION for
job security, zood pay, advance-
ment. In good times, the trained
man makes the BETTER PAY,
GETS PROMOTED. When jobs
are scarce, the trained man enjoys
GREATER SECURITY. NRI
training can help assure you more
of the bhetter things of life.

Start Soon to Make *10, $15
a Week Extra Fixing Sets

Keep your job while training. I
start sending you special booklets
the day you enroll, that show you
how to fix sets. Multitester built
with parts I send helps you make
$10, $15 a weck extra fixing sets
while training, Many start their
own Radio-Television business with
spare time earnings.

My Training Is Up-To-Date
You benefit by my 40 years’ experi-
ence training men at home. Well
illustrated lessons give yow hasie
principles you need. Skillfully de-
veloped kits of parts I send (see
below) *bring to life” things you
learn from lessons.

ou Learn by Practicin
with Parts | Sen

Nothing takes the place of PRACTICAL EXPERIENCE.
That’s why NRI training is based on LEARNING BY
» . DOING. You use parts [ furpish to build many cireuits

common to Radio and Television. As part of my Communi-
cations Course, you build many circuits, including low power
transmitter shown at left. You put it “‘on the air,” perform
# procedures required of broadcast operators. With my Serv-

icing Course you build
modern Radio, ete.; use Mul-
titester you build to make
money fixing sets in spare
time while training. You
can stay at home, keep your
job, learn Radio-TV in

¥ spare time at low cost. Mail
= coupon for book showing
other equipment you build
and keep.

The Tested Way
To Better Pay!

published monthly
En

FOR GOOD PAY JOBS IN

ADIO-TELE

J.£. SMITH hos trained more men for Radio-Television

8

Television Making Good Jobst, Prosperity — Even without Tele-
vision, Radio is bigger than ever. 115 milion home and auto Radios
are big market for servicing. 3009 brozdcasting stations use operators,
technicians. Government, Aviation, Folice, Ship, Micro-wave Relay,
Two-'way Radip Communications for buses, taxis, trucks, R. R. are
growing fields. Television is moving ahead fast.

25 million homes now have Television
sets. Thousands.more are being sold

About 200 Televi:ion stations are ncw
on the air. Hundreds of others being
built. Good TV jobs opening up for every week. Get a job or have your own
Technicians, Operators, etc, business selling, installing, servicing.

Radio-TV Needs Men of Action—Mail Coupon

Without obligating you in any way, I'll send an actual
lesson to prove that my training is practical, tharough;
64-page book to show good job opportunities for you in
Radio-TV. Terms for NRI truining are as low as $5 a
mouth. Many graduates make more in two weeks than total
eost of training. Mail coupon now. J. E. SMITH, Presi-
dent, National Radio Institute, Dept. 5AD4; Washington
9. D.C. OUR 40TH YEAR.

Good for Both - FREE

MR. J. E. SMITH, Presldent, Dept. 3AD4,
National Radio Institute, Washington 9, D. C.

Mail me Sampfe Lesson and 64-page Boek, FREE.
(No salesman will call. Please write plainly.)

T,

AR

....Zone. ...

write in date
VETS e

= e e
by Ziff-Davis Publishing Company, William B. Ziff, Chailrman of the Board (1946~
tered as second class malter August 27, 1854 at the Fost Libece, Cricago, IHinois.
J.8. and possessions, and Canada $3.00; Pan-Amcrican Union Cuurtries $3.50; all other foreign
countries $4.00.

AmericanRadioHistory Com



POPULAR ; JANUARY

ELECTRONICS -~

Registered U. S. Patent Office

EDITOR
OLIVER READ, WIETI
ASSOCIATE EDITORS CONTENTS
W. A.STOCKLIN H.S. RENNE
C. TEPFER J. FRIEBORN
P. B. HOEFER N. EISENBERG The High Fidelity Hobby. ......... J. D. Goodell & J. O. Fundingsland 13
ARFTRANKSAYLES(D' - It's Fun to Lay Out @ Chassis.. .. ...oonueiiiianeaninreianae. 18
irector
A. J. REICH M. WHELPLEY Adjusting the Power R/CPlane. ... ........cco..ooo .. W. Winter 20
CONTRIBUTING EDITORS 1P A Lo TG PE ey g rar s £ e s e I oo mrrata e B Tyl Eaore C. Webster 24
J. T. FRYE L. E. GARNER, JR, .
K. R. BOORD R.P. TURNER The NeW SniPerscope. c...vevutiiercereaa e raanoaneriinesaes 26
R ERIZBERS LLEOLEECK Meet the Transistor 28
DRAFTING SNt B B
) A. GOLANEK  A. A. GANS Build this “2-Way” Electronic Metronome. . ...................... 30
ADVERTISING DEPARTMENT The World's Largest Network Calculator. ....... wK Wk ke {n BEVOEL] - 33
. tJeVéSYﬁErI: (&%7'80980) How to Bend and Form Sheet Metal. .. ..........c..ocoiniiiinnnn 34
« L - Y. r.
WM. G. McROY - Sates Build this Photoelectric Rifle Range. . . ... .............. B. G. Wels 37
i 3-5
T So You Want to be a Ham (Part 4). . .......... R. Hertzberg, W2DJJ 41
JOhOI: AEngPeA?s (EMEC:‘A./ 98523! M TaperTipSaes soevs sautaTaciremes 2. congsns Magjor E. F. Coriell, USAF 44
o NE - est. v. Mgr.
How to Choose the Right Relay . .. .. ..............outn H. Pollack 47
% DAy,
N /"; Hobby Kit Teaches Children Basic Electronics. . . .....oooooienicnn. 50
- z Copyright 1954
S 5 All Rights Reserved Carl & JerTy e am . onrmmpp g g awme - sorm min e b5 i S0 gL ). T. Frye 52
7&,,% 9 More Energy from a Solar BaMery. .. ...c.oeou oot s 55
ZIFE-DAVIS A Sound Effects Kit for Home Recordings. ... ........ L. Garner, Jr. 56
PUBLISHING COMPANY Electronic Wife .. .. ..oouiee e unin i inneiinsanenenees .). DeGood 61
W. B. ZIFF (1898-1953) FOUNDER RUMBIC imgomandaih. bi. . wdi .« hbiidarvd bssvbr ] [deieaks B. Whyte 64
Also TP\{EE)Iisgers of Disc REVIEW s « & & cue brivariw b @ eS8 5ma 5 39 7408 o v P 7 oTa B. Whyte 65
RADIO & TELEVISION NEWS q .o
RADIO-ELECTRONIC ENGlbéEERlNG Home Built De Luxe Photographic Timer. . ........cooveeneeenen. 67
Editorio) and Executive Offices Don't Lose it—Fuse itl. ... ......... ..ot J. Frieborn 71
266 Modison Ave., New York 17, Ny, | JontrOseTmmRERG Mmoo :
N SIDEIT 3-Channel Tone R/C Receiver. . ........oouivencnen E. L. Safford, Jr. 73
B. G. DAVIS Hi-Fi at the Planetarium . .. ...c.ooeoeneaineaiiriiniineraeonnens 76
VICE-PRESIDENTS Fun with a Geiger Counter. .. ...........................H. Renne 78
H. ). MORGANROTH M. FROELICH A New All-Transistor Calculator. .. .. ...oooovveeiriirrnnavnaoe. 81
SECRETARY-TREASURER The World at a Twirl. . .osvis aapsansssis . cosssrsanngiss K. R. Boord 82
G. E. CARNEY Underground Intercom. .. ...... iy rasenedBase e o e Saig oy 84
CIRCULATION MANAGER 3 and 4 Finger R/C Escapements. . . .............. E. L. Safford, Ir. 86
ALUSHBESOR Assemble this Useful “Test Box™ . ... . ..ouoereueretaeieioin, 90 -
”g‘c“ "(F]F)'C:j Lo s The, “Mad] BIrd™. . . oo somosmme £ g o - ed Sions - oro E R SE RS o ol e+ 93 .
icago , . Loke St. . . 5
Los Angeles (14), Stotler Center, The Tuning Eye-How it Works. . . ... .......coivinn .. .E. Bukstein 98
900 Wilshire Bivd.
SUBSCRIPTION SERVICE: DEPARTMENTS
All communications concerning sub-
seriptions sbhould be addressed to Cir-
culation Debt. 64 E. Lake St., Chlcago
1, 111, Subscribers should allow at least Letters from Our REAders. .oo vt v it vt iiimunneenonstsonanas 10
four weeks for any change of address. R C Notes 66
B a | BUTIONS /C Notes.. suisc no s sas ]l gt e 4 1
Contributors are advisgdtto r&:ta,lllinp Tools & Gadgets. . .. .o i it i e 101
f.‘-’;f’t’:’m?s[. éliﬁ%i;b"‘}f‘i‘éhljggj{lzﬁ}a‘;&% max‘llésg Tricks of the Trade. «uus . « ad as il fis e wuid Boas s bdionss eolse qd weeses 107
;r(l’u;?%eriecvcvcn};;gledl;y‘reaturn‘p_ggtaage. BookiReViewss i . s g s nm @ 6 « £ 8k a o & bbetvwede bl 5t Gw 52 00w 114
SRR el L Mol BT | afrer Class g
o care. "but  this z1 S ] AFter Class. v cv e e e it s b a b e s i aa e iy s e
e e r:gg:;‘;ﬁ"};‘Ysa‘g,je‘gf'w?{gﬁ; Standardized Wiring Diagram Symbols. . .. ..........ooooeveoe 125
g‘s’se;r;";,p;:'é‘;’;fhg“feé”ﬁ}g,‘,‘,’;‘:gﬁ ‘t‘g‘f: Glossary of Terms in This ISSU€. ... oo oe oo e ciaeeeees 126
{,}?glnsc'an{%mnﬁorgiL:!‘d:e&ls’:teslaﬁ‘t,g Abl.:revmhons. ol o €T BB o T T e e € BT W e R A :27
s A achented and will be made Resistor Color Codem s sn s .. towssisromemmrass sy sem.mnmew s hs 30
4t our current rates upon acceptance. Capacitor Color €Code. v ..o veer ittt aine. 130
All photos and drawings will be con-
sidered as part of material purchased. (Also see page 6)
4 POPULAR ELECTRONICS

AmericanRadioHictory Com



| COYNE offers
LOWCOST

1 Training in
‘ Spare Time AT HOME

The future is YOURS in TV-RADIO ¢
A fabulous field —good pay—fascinating work —
a prosperous future! Good jobs, or independence
in your own business!

Coyne brings you the firsttruly lower cost, MODERN—QUALITY Televi-
sion Home Training; training designed to meet Coyne standards. Not an
old Radio Course with Television ““tacked on”. Here is MODERN TELE-
VISION TRAINING including working knowledge of Radio. Includes
| UHF and Color TV. No Radio background or previous experience needed.
Pegsonal guidance by Coyme Staff. Practical Job
Guides to show you how to do actual servicing
jobs—make money early in course.With Coyne
Television Home Training you pay only for
your training, no costly “put fogether kits’’,

[
| - . i
| ELECTRICAL SCHOOL

500 S. Paulina St., Dept.15-HT7, Chicago 12

coupon for details.

GREAT OPPORTUNITY FIELDS

Conditions are changing. Many “one cperation’ jobs that
have paid well will not last. Don’t be sotisfied with a *‘no future’’
job. Whether 17 or up to 45 years of age, train the Coyne
way for a better job and a real future in ELECTRICITY or
TELEVISION-RADIO, fields thatoffer 3 world of opportunities.

YOU can TRAIN in great CHICAGO SHOPS

Train on real, full-size equipment at COYNE where
thousands of successful men have trained for over 55 years
—largest, oldest, best equipped school of its kind —established
in 1899. No advanced education or previous experience
needed. TRAINING APPROVED FOR VETERANS.

B. W. COOKE, President @ FOUNDED 1899
‘ A
‘ ELECTRICAL SCHOOL

A TECHNICAL TRADE INSTITUTE CHARTERED NOT FOR PROFIT
S00 S. PAULINA STREET, CHICAGO, Jept. 15-71H

‘ELECTRICITY % RADIO % TELEVISION % REFRIGERATION % ELECTRONICS
January, 1955

AmericanRadioHistory Com

‘raining . . . the largest, oldest, best

\ 2quipped residential school of its
A TECHNICAL TRADE INSTITUTE CHARTERED tind. Established 1899. Send

NOT FOR PROFIT

LW
SEND COUPGN FOR FREE
PICTURE FOLDER
and full details,
including easy
Payment Plan. No

obligation, no
salesman will call.

[—COYNE ELECTRICAL SCHOOL

i Television Home Training Div.
500 S. Paulina St., Chicago 12, IIl.,
Dept. 15-HT7

Send Free Picture Folder and details on Tele-
vision Home Training. This does not obligate
| me and no salesman will call.

| Name.

I City

Address.

in Great
Shops of COYNE

START NOW—PAY LATER—Finance Plan
and Easy Monthly Payment Plan. Also part-

time employment help for students.

Get FREE Book
Send coupon for 48 page
illustrated book #Guide to
Careers in Electricity and Tels-
vision-Radio.’”” No cost; no
obligation; nosalesman will
call. Get vital facts now !

@ gy, g
[TeLeUNemy .
A GO -

[_13. W. COOKE, Presidcnt
| covne ELECTRICAL SscHoOL
| 500 S. PaulinaSt.,Chicago 12, I11.,Dept.15.71 {{

Send BIG FREE book and details of your
training offer. This does not obligate me and
I no salesman will call. I am interested in:

(3 Electricity (] Felevision-Radio
I Name._.
| Address
| City.

State




a complete

TUBE TESTER

New EMC Model 208*
wat. ending tests alt
tube types quickly
easily . . . accurately

. in the field or shop

The sensational new EMC
Model 208* gives you

for the first time a
complete precision tube
tester for less

than $25.00.

With it you can quickly
and accurately test

all tube types

for quality as well

as shorts, leakages,
filament continuity
and opens.

MOOEL 208 TUBE TEST

ER
(COMPLETELY WIRED AND TESTED)

Only $24

MODEL CRA (PICTURE TUBEL
ADAPTOR OF MODEL 208) $4.50

of precision test equipment.

Write fo Dept. PE-] today for complete calalog

CHECK THIS EXCLUSIVE
COMBINATION OF
FEATURES :

Lowest market price
Completely portable
Checks all popular octal,
loctal, miniature and noval
base tubes

Flexible Switching System
assures complete testing
of all present and future
tubes types

Elements numbered accord-
ing to RTMA base system
individual sockets for each
tube type

Checks completely for qual.
ity as well as shorts, leak-
ages, filament continuity
or opens between any two
tube elements

Visual line voltage check
with adjustabte control as-
sures accurate quality
testing

Matches and checks HI-Fi
tubes such as 1614, KT 66,
and 5881

Space saving, high impact
case, 5% x 6% x 27"
Comes complete with de.
tailed instruction book and
tube listings

An invaluable tool for; Service-
men, radie hams, HI-FI fans,
students, hobbyists.

sxPoRT DEFT.—
138 LIBERTY ST. N. Y. 6 N. Y.

ELECTRONIC

e
y © MEASUREMENT
] —— CORPORAT!
260 LAFAYETT
NEW YORK 12,

ITEMS OF INTEREST

This Month's Cover. . . . S
Electronic Detector Probes Brum o 46
Flocked Screening for Loudspeakers. F 54
New Movie Shows Radar Network in Action 62
Radio Beam Aids Long Distance Telephone. . 63
Hospitalized ‘"Ham'' Wins Scholarship. 63
Portable Station ......... 63
New Antenna to Handle 20,000 Telephone Carcu:?s. 72
World's Most Powerful TV Station.. ; 88
Raising Frequencies of

Crystals Using Household Cleanser. . ... 100
Speaker Grilte Frame from Picture Moulding 100
Phasing Loudspeakers - S ; 106

NEW PRODUCTS

New Device Opens Garage Door from Car 40
(Perrlna-Power Co., 4727 N. Damen Ave., Chicago
25, 1)

New Radio Fits Into Pocket. .. . 60
(Majestic Radio & Television, 79 Washington St
Brooklyn I, N. Y.)

Garage Door Operator Kit. . . 88
{Bellford-Matic, Inc., 5900 Maur:ce Ave., Cleveland
27, Ohio)

Transistor Receiver . . al 100
1.D. Inc., Regency Dlv 17900 Pendleton Pike,
Indlanapolls Ind.)

New Atomic Battery 100
{Mound Laborafory, Mlamnsburg, Ohio)

If you are unable to find these listed products locally,
write direct to the manufacturers at the addresses given.
Also see the monthly review of new items of interest to
the electronic hobbyist in ''Tools & Gadgets' appearing
on pages 102, 103, and 104 of this issue of POPULAR
ELECTRONICS.

COMING NEXT MONTH
POPULAR ELECTRONICS

‘R /C Garage Door Opener”

“Novice CW Transmitter”

“Broadcast Band Receiver”

“How Vacuum Tube Amplifiers Work”’
“How Tapes Are Made”

“Servo R/C Escapements”

Plus More On
High-Fidelity Audio e Kits ¢ Radio
Control e Short-Wave Listening e
What's New ® How It Works ¢ How to
Make It ® How to Use It ® Carl & Jerry

IN THIS MONTH’S

RADIO & TELEVISION NEWS

{January}

“*High-Fidelity the Easy Way”
“Six-Meter Emergency Transmitter and
Power Supply”’

“A New Pocket Radio”

“Frequency Standard for the Novice”
“A Beat-Frequency Audio Oscillator”

POPULAR ELECTRONICS
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NOW. Start Fixing TVand

Radio Sets RIGHT AWAY

TRY IT

FOR 10 DAYS IN
YOUR OWN HOME

:

FREE

McGraw-Hill's Amazing New Low-

Cost Instruction Manual Skips

“Theories” and “Formulas”, Tells

How-to-do-it in PLAIN ENGLISH!
r

i bt

Prove It on Your Own Set

Save up to $50 a year just by
installing, repairing, and servicing
your owr TV set. Book teHs which
controls to adjust or tubes to re-
place if picture is entirely dark—-
blurred—split—disiorted—off center
—tilted—wiggles and weaves—too
pale —too black — jitters — snows —
drifts—eta., ete.

wgash in” ON THE BIG
RADIO"
DEMAND FOR RADIOTTE o,
0¥ ezrsloonnﬁuionmré\g\%b( —
" 3 ShoT w
il\l\l‘\‘étls coun_u_v'é ‘b‘ You c¢an
s

How 10
TELLS oR

make

vt Axing
tells NOW
Author =€, ST

)
s 8O D
%:’(‘(:re you're natfway

Trouble Shooting Chart Tells Where to Look for Bad Tube IF:

No picture; no raster: no sound.

No picture; raster OK; no sound.

No plcture: no raster; sound OK.

No picture; raster OK: sound OK.
Picture wigg and  we:

5 aves, lacks
blacks. or is very black; rasler

0K;

i g

Picture jittery. double image; raster
OK; sound OK.

Snow on all 0K;
sound weak.

channels; raster

January, 1955

Snow on all channels, raster OK;
sound OK.

Picture and raster do not fill screen;
sound OK.

Picture drifts up and down hut not
sideways: raster OK; sound OK.

Picture muddy and gray; raster 0K,
sound OK.

. . . PLUS 29 OTHER COMMON TV

TROUBLES.

AmericanRadinoHicetory Co

Ty REPAIRMEN

... even if you have never fixed a
LAMP or DOOR BELL before!
“Why hasn’t somebody done this BEFORE?”’

That’s what you’ll say the minute you start
browsing through this amazing new and complete
one-volume instruction-manual in radio and TV
repairs.

For here at last a well-known EXPERT has
found a way to tell you in PLAIN ENGLISH how
to fix almost ANY radio or television set. (And
he even tells you where you can go to have the
extra-tough jobs done FOR you at profes-
sional rates.) Right from the very first chapters
you can start doing simple repairs and be-
fore you’re HALF way through the book, you can
fix. HALF the television and radio sets that you
encounter. Surprisingly quickly you can fix your
own and friends’ sets . get a service shop job
. . . even start your own money-making business
right in your own home.

Why It’s So EASY to Understand

No electronic formulas . . . no algebra . . . no
laboratory experiments. Instead you deal only
with the things that go wrong in sets—how to
recognize and spot the trouble—and what to do
about it. ‘‘Easy as A-B-C directions and 700
clear photos, diagrams, and drawings show you
exacrly WHAT and HOW to fix, step-by-step.

The author is Associate Editor of Electronics
Magazine. He’s a long-recognized expert—not
only on radio and TV—but also on making tech-
nical subjects easily understood by the average
reader. He has spent FOUR vyears making this
one-volume instruction manual so practical and
easy-to-understand that even a man who never
fixed a door bell before will have no trouble.

Here’s everything wpou need to know about
where and how to buy tubes and parts, where and
how to get a circuit diagram for any receiver; how
to choose and use basic tools; how to test tubes
WITHOQUT a tube tester; how to adjust 58 com-
mon TV controls; how to ‘‘diagnose”” and ‘‘cure’
common radio and TV troubles; how to fix or
replace loudspeakers, phono pickups; how to in-
stall and check antennas; and much, much more.

SEND NO MONEY

Examine this big 556-page book for 10 days
BEFORE you decide if you wish to own it. Try
it out FREE on your own set. See how ‘easy it
makes your handling of repairs. Take 10 days to
prove it PAYS FOR ITSELF, or don’t keep it.
Just mail coupon to: McGraw-Hill Book Co., fnc..
Dept. PEL-1, 327 West 41st St., New York
36, N. Y.

FREE 10-DAY TRIAL COUPON

m

Y T T T v v

McGraw-Hill Book Co., Inc., Dept. PEL-1
327 West 41st St., New York 36, N. Y.

Please send me, for 10 days’ FREE EXAVINA- ]
TION. your one-volume ‘‘Television and Radio Re-
pairing.” by John Markus. If not delighted with it,

I may return book, pay nothing. Otherwise, I will
keep hook and send only $1.85 plus postage: fol-
lowed by 3 monthly installments of $2.00 each. I

Naine

AdAreSs .. ... .. ciiimeseatine e i

City...... s aaaa e Zone. ., . State
SAVE MONEY. Check here if enclosing full price
of $7.93 WITH this coupon. Then WE will pay de-
livery. Same 10-day return privilege—full refund
guaranteed. PEL-1

7



This Month's Cover

S the cover illustration clearly

depicts, this month’s issue of
POPULAR ELECTRONICS fea-
tures several articles that are of
interest to the high fidelity en-
thusiasts. The Hi-Fi fan is a
hobbyist at heart whether he is a
music lover and simply enjoys

good reproduction or whether he

builds his own and derives pleas-

ure from hearing the results ob-
tained from his own equipment.
The cost of obtaining the best
quality of high fidelity reproduc-
tion is relatively high. However,
if only limited funds are available,
one can build or assemble a wide
range system that can provide
many hours of high quality enter-
tainment. As a result of the in-
terest in this phase of the elec-
tronics industry, there is a wide
choice of equipment available to
the public today.

Featured in this issue are such
articles as: “The High Fidelity
Hobby,” Page 13; “It's All on
Tape,” Page 24; “Tape Tips,” Page
44; “Sound Effects Kit for Home
Recordings,” Page 56; “High Fi-
delity Reproduction,” page 64.

Of particular interest to all our
readers who are interested in high
fidelity, we would like to point out
that beginning with this issue Bert
Whyte will contribute a monthly
feature article covering reviews of
the most popular and best quality
phonograph records and tapes.

Epitor

{Cover painting by Leo R. Summers)

GIFT OFFER!

Guaranteed! Lowest Prices Ever!

All tubes individually boxed , . . unconditionally guaranteed for one year.

TYPE PRICE
6BN6 ... .90
6BQ7 ... .85
6BL7GT . .78

TYPE PRICE
6AF4 ...1.02
EAnacT | 6
Do goar A 6AKS ... | 6BQ6GT . 83
‘‘Speed Be o 6ALS ... . 6BY5G .. .60
Rollchart™ . 6AQ5 ... . S 1)
New lever-action 41
switches for in- e T
divi i o o' 300 ok 5 000 d
ividual testing 95 =l
of every element . ooad 000 o 1 ki
Tests all conven- . 5 6F 4 o
tional and TV . <
tubes
This Eico Tube
Tester is yours
FREE when you buy
$199 worth of tubes
or more wirhin 60
days at Teltron.
IV_I::g't be:f buuqh_; I?ut-
o S GO A ca d TYPE 80. .40
for $34.95. I 117L7GT.1.20
SPECIALS! 6SQ7GT . . 60 o 11723 .. .33
Téll February 'lsf 6Q7 . 618 gua 1 11726GT. .65
SIE o

RVI TERMS: Save all freight andd gostfagle'
charges. All orders accompanied hy fu
SAME DAY SED |v CE remittance hvnll be shmtpiEd g?%IQGAE
i PAID anywhere in_the continen
4siHourfliostaliDeliveny 250% deposit required on C.0.D.'s. Mini-
To West Coast Open accounts to

TYPE PRICE
6U8 .76

$7.20 list value Bonus
Box of three 6SN7
tubes and 25 assorted resistors

mum order $10.00. with each order of $25 or more.

rated firms only.
TELTRON ELECTRIC COMPANY
: 428 HARRISON AVE. BTS2 Phone HUmboldt 4-9848 [LELLIN] B, RS
8 POPULAR ELECTRONICS

AmericanRadioHistaory Com



MY TRAINING IS SO

m] SIMPLIFIED EVEN A

If you've been looking for a
chance to improve yourself—
to get into a high-paying
field with a good future—
but have been putting it off

When Nick Pakinas started my RITA Radio-FM-Televi- st il /'
sion Course his 7-year-old daughter, Sharon, kept right. because you don't think you L. €. lcne B.S., M;’m
up with him as he progressed in his lessons in thewr have enough schooling, or President, .Rcdlo Tele-
home in Bothell, Washington. . . vision Training Asso-
. enough time, here is your ciation. Executive
Today, Sharon — shown here in a photograph repro- Director, Pierce School
duced from the pages of the Seattle Post-Intelligencer—— chance to make your dreams  of Radio & Television.

is the youngest FCC-licensed amateur radio operator in come true.
the Pacific Northwest, and possibly the nation.

If Sharon can do it, why can’t you? ShharonhPukin;st\;"as :nlhy P e Thfird G;:::
The answer ,-s .. yo” (AN’ when she studie er af.er's. course from

and passed the FCC Examination for an amateur
radio operator’s license. Many of my students
| have had no more than a grammar school edu-
cation. My easy-to-understand lessons especially
prepared for home study make it possible for
students with no previous experience to become
skilled television technicians.

. VETERANS!

ombination Voltmet? -

Ammater-Ohmmerer  ER “ My School Fully Approved to Train Veterans
g under new Korean G.l. Bill. Available only to
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he same successful methods
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Rodio Receiver
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master 1e|ev15l0n veterans discharged in past 36 MONTHS. If
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FROM OUR READERS

THANK YOU KINDLY, SIR!

“I JUST read your first issue. I would like to
offer 132 congratulations—one for each page.
A friend ‘borrowed’ it the first day and after much
scurrying I located the last one in town. From now

on I make the family sign out to read it! . ..”
Richard Sulman
New London, Conn.

“P. E....is ... magnificent, the zenith of the
electronics esperimenters’ magazine. . . . Be sure
my name gets on that subscribers’ list—I don’t
want to miss out.”

Charlie Rawlings
Paducah, Ky.

The above are excerpts from letters of praise
that are still pouring in. Sorry we haven’t room
to print more, but our heartfelt thanks to our
readers for the many generous letters they have

writien.
X Kk %

READER REQUESTS

“I ENJOY reading about new products in the

ficld of electronics so keep on writing ’em up.

But how about including addresses of such prod-

ucts in case I want to buy something or get more
information on it?”

Harold T. Burns

Des Moines, Iowa

We have received several letters similar to the
above. Apparently many of our readers are over-
looking the Index of New Products we publish on
page 6, in which we list the names of the com-
panies and their addresses for readers’ convenience.

“YOUR construction articles are tops and I'm
having a whale of a time with the ‘Home
Broadcaster’ described in the November issue. I
don’t have too large a supply of parts around the
house though, and would appreciate some info on
buying more parts. You see, I live in Canada, and
would like the story on what’s involved in order-
ing parts {rom U. S. distributors—what’s the deal
on shipping, taxes, etc.? Can you help me out?”
Dick Wellerton

Callander, Ontario

We are getting together details and information
on this very subject and will publish complete in-
formation of the kind this reader requests in an
early issue of POPULAR IELECTRONICS.

“N ICE going on your series of articles ‘So You

Want To Be a Ham’. I do, and the informa-
tion Bob Hertzberg furnishes each month is really
helpful. But I know nothing about the field and

10

very little about what kind of equipment to get.

How about some data on communications recciv-
ers, transmitters, etc.¢”

Bruce Landowne

Great Falls, Mont.

See Bob Hertzberg’s article in this month’s issue;
it is on communications receivers, discussing their
specifications and uses in diflerent price ranges.

“W HAT 1 like about Porurar ELECTRONICS is
that you can read about things in the elec-
tronics field that orlinarily don’t get much play
in the newspapers or other periodicals, like the
story in the November issue about painless den-
tistry. Kecp on printing that kind of story as well
as the technical construction articles—for example,
how about the lowdown on the stercophonic sound
being used in the movies—I mean, how does it
work and who invented it?”
Kenneth Pace Larkin
Alexandria, Va.

Stories along these lines will continue to be an
important part of each issue, and, as a maltter of
fact, a story on stereophonic sound is scheduled
for our next issue.

“I-IKE s0 many others, I am deeply interested in
the subject of electronics and find Porurar
ELECTRONICS a welcome addition to my reading
hours. I would especially welcome, though, a
series of articles in your magazine that would con-
stitute a course in electronics, with a different
phase of the subject covered in different install-
ments. . ..”
S. N.
New York, N. Y.

We're still on the fence on this question and not
yet sure which way we’ll go. The idea is not a
bad one and we’re sure there are many who'd
enjoy and benefit from such a series. One serious
problem though is that new readers are added to
our lists each month, so that if we started such a
series, readers who start getting PoPULAR ELEC-
TRONICS one 0r two months later would be coming
in on the middle of the course. It would be like
arriving in the middle of a movie and not having
a chance to stay for the beginning again.

* kK

HOW "HAMS" GOT THEIR NAME
“IN ANSWER to the question: ‘Why do radio
amateurs refer to themselves as “hams” . . .?’
.. I think it would have interested your readers
had W2DJJ given some of the many reasons (and
legends) accounting for the nickname. . . .
“Perhaps the most logical sounding one . . . and
the simplest . . . is that ‘Ham’ is a corruption of
‘Amateur’. This is perhaps the most widely be-
lieved explanation. However, there is another one,
which is far more interesting, and according to
many authorities may be the actual origin of the
word. ...

POPULAR ELECTRONICS
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! THE DATA THAT LAUNCHED
THOUSANDS OF CAREERS

is yours FREE fo show

HOW YOU CAN BE SUCCESSFUL
IN RADIO- TV - ELECTRONICS

Send for your booklet today

YOU CAN plod along for years, getting a pal-
try increase now and then, enjoying little
security, finding your work dull and drab.

Then something happens. Things look up.
You become more confident. Your earnings rise.
You feel more important.

“Luck,” some may say.

“Contacts,” others may suggest.

But in your heart, you will know the answer:
“Praining.” And it all may have started the
moment you filled out a coupon requesting a
copy of a free booklet named “Your Future in
the New World of Electronics.” From this data
you get knowledge of where you stand in elec-
tronics. Tremendous expansion leaves this gi-
gantic industry pleaaing for trained men. Top
manufacturers sold-billions of dollars worth of
electronic merchandise in 1954. By 1960, the
radio-electronics 1idustry should do no less than
10 billion dollars per year, not counting mili-
tary orders.

Today there are over 107,912 radio-equipped
police cars; an even larger number of taxis are
radio equipped (at least 94,653); 42,034 civilian
planes have radios; 43,823 American ships have
radios.

Today there are over 120,000,000 radios in

CREI resident instruction (day or night) is offered in
Washington, D. C. New classes start once a month.
VETERANS: If you were discharged after June 27,
1950—let the new G.I. Bill of Rights help you obtain
CREI resident instruction. Check the coupon for full
information.

use. There are 33,000,000 TV sets and 413 TV
stations in operation. Color TV is coming into
its own. Countless positions must be filled—in
development, research, design, production, test-
ing and inspection, manufacture, broadcasting,
telecasting and servicing. To fill these posts,
trained men are needed—men who somewhere
along the line take time to improve their knowl-
edge, their skills. Men who, today, perhaps, take
two minutes to send for a booklet.

“Your Future in the New World of Electron-
ies” shows you how CREI Home Study leads the
way to greater earnings through the inviting
opportunities deseribed above.

However, CREI does not promise you a
“snap.” With an accredited technical school
such as this, you must study to convert your
ambition into technical knowledge you can sell
in the fabulous electronies market.

Since its founding in 1927, CREI has provided
thousands of professional radio men with tech-
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nical educations. During World War II CREI
trained thousands for the Armed Services.
Leading firms choose CREI courses for group
training in electronics, at company expense,
among them United Air Lines, Canadian Broad-
casting Corporation, Trans-Canada Airlines,
Sears, Roebuck and Co., Bendix Products Divi-
sion, All-Amnierican Cables and Radio, Inc., and
Radio Corporation of America.

CREI courses are prepared by recognized ex-
perts, in a practical, easily understood manner.
You get the benefit of time-tested materials,
under the personal supervision of a CREI Staff
Instructor, who knows and teaches you what
industry wants. This is accomplished on your
own time, during hours selected by vou, and

ontrolled by your own will power. This com-
(a te training is the reason that graduates find

ieir CREI diplomas keys-to-success in Radio,
TV and Electronics. CREI alumni hold top po-
sitions in America’s leading firms. At your serv-
ice is the CREI Placement Bureau, which finds
positions for advanced students and graduates.
Although CREI does not guarantee jobs, re-
quests for personnel far exceed current supply.

Now is the time of decision for you. Luck will
not propel you forward unless it finds you
trained. Contacts won’t budge you an inch un-
less you have the skill to back them up. The
answer is: Technical Training . . . and willing-
ness to learn. Together they will bring you in-
creased earnings in this new Age of Electronics.
Fill out the coupon shown below and mail it
now. We’ll promptly send you your free copy of
“Your Future in the New World of Electronics.”
The rest—your future—is up to you.

MAIL COUPON FOR FREE BOOKLET

CAPITOL RADIO ENGINEERING INSTITUTE
ECPD Accredited Technical Institute Curricula
Dept. 1218, 3224 16th St., N.W., Washington 10, D. C.

Send bookiet ‘'Your Future in the New World of Elactronics'’
and course outline.

CHECK ] Practical Radio Engineering

FIELD OF { L] Aeronautical Radio Engineering

GREATEST Broadcast Rodio Engineering (AM, FM, TV}
(7] Practical Television Engineering

INTEREST } (] TV, FM & Advanced AM Servicing

£ Lo T SRS e ey e e S SE—— et~

Street e— Sr— S

City . . Zone. . State

Check [ Residence School [] Veterans

AmericanRadioHicstory Com



r

— —

DELUXE
630-TYPE

TV KIT \
World’s e

Finest " )

TV Receiver:
for picture tubes up to )
247 (70° defl.). 29 tubes. .%)
ANl principal components mounted

Model 630D24: Complete with all components,
tubes, brackets, and quality speaker. (Less
kine, wire and solder).____..___Net $159.50

AC/DC TV KIT

High Quality TV
ot Low Cost:

for 14” and 177
rectangular tubes.

ié’-}j&;

Model 5116: Complete with tubes, hardware
and mounting brackets. (Less kine, wire and
solder). Net $99.95

WILLIAMSON-TYPE ",

20-WATT :

AMPLIFIER
KiT

Famous Wllliamson
circuit with full 20

watt output.

Speciatly-wound, quality output transformer.

Model TM-154, complete with tubes..Net $49.95

4-CHANNEL,
PRE-AMPLIFIER-|
EQUALIZER KIT L

With cathode fotlower output.
Inputs for FM tuner, phono, tape recorder and
other signa! sources.

Model TM-15P (with Cabinet)........Net $19.95

[ g

S Neu]m R =r=Cc® IO0~0cCah nmqmpg :nmq—,

AC/DC SUPERHET
RADIO KIT:

Recelves all
standard AM
broadcasts, 550-
1720 KC. 5 tubes
: including rect.
' Super-sensitive
high gain cir-
cult with built-in loop antenna.

Model 3B5-K: Comptete with all tubes. and
handsome bakelite cabinet__.__.___Net $19.95

o 2

Write for latest catalog
of complete Tech-Master line

TECH-MASTER corroration

Television — Radio « Avdio
75 Front Street, Brooklyn 1, N..Y.

“In the early days of radio, around the furn of
the century . . ., three short-wave experimenters
. . young men at Harvard . . . set up a station.
The three men’s names were Hyman, Aylner, and
Murray. Since there were no governing regula-
tions regarding radio transmissions, they signed all
transmissions with all three names, resulting in
. . . ‘Hymanaylmermurray’. This was abridged
. to ‘Hyalmu.” Unfortunately, there was a
Mexican freighter equipped with a transmitter . . .
signing its call ‘Hyalmo’ . . . the name of the ship.
To avoid further . . . confusion, Hyman, Aylmer,
and Murray shortened their call to just the three
initials: H.AM. Naturally, it was inevitable that
the station soon came to be called the ‘ham’ sta-
tion . . . that all similar stations be called ‘ham’
stations . . . and that operators of these stations

be called ‘hams’.
“That’s the story as I know it . . . undoubtedly
you’ll get quite a few more from other readers.”
Roger Sklar, W8SFD
Continuity Dept., WOOD, WOOD-TV
Grand Rapids, Mich.

S (I

METRONOME RESISTOR CONNECTION
“I N THE schematic for the metronome on page
46 of your November issue, you show Rz with
one end not connected. Is this a mistake; or is

there a reason for not connecting it ?”
Adam Furth
Rochester, N. Y.

The section of R; between the arm and one end
provides the required wvariable resistance between
the arm of Re and one end of R.. The rest of Ry
is not required. Leaving one end free saves a
soldering operation.

x|
OOPS, PARDON US
“I RECEIVED my first issue of PE as a charter
subscriber and enjoyed it thoroughly. There
is certainly a need for such a magazine and I want
to wish you all the success in the world.

“As an engineer, I found a small discrepancy in
the article on crossover networks (page 115, Oc-
tober issue). The two values of L and C given as
samples have rather strange conditions. The first
pair will be valid for a speaker load of less than
2 ohms. This is not the normal situation. The
second pair would be valid for a 2 ohm tweeter
and a 16 ohm woofer, again a rather unusual con-
dition. Since someone might attempt to construct
such a network and wonder at the poor results, I
felt I should bring it to your attention.”

Lt. John J. Dougherty, USN
FPO, New York

Right, Lieutenant! For a speaker impedance of
2 ohms, L for 5000 cycles should have been 60
why insietd of 500. For speaker impedances great-
er than 2 ohms, each successive value of L should
be larger and each value of C smaller than lhose
given. For an impedance of 8 ohms, each value of
L as given should be multiplied by 4 and each value
of C should be divided by 4. The formulas used
are L = R/(27f) and C = 1/(27fR). Exp

POPULAR ELECTRONICS
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By
JOHN D. GOODELL
and
JOHN O. FUNDINGSLAND

International Scientific Industries Corp.
St. Paul, Minnesota

ONSTRUCTION of a high quality home

music system is a project that anyone
can undertake with confidence. If you take
advantage of the suggestions and instruc-
tions available in this and other magazines
as well as from the manufacturers of high
fidelity audio equipment you can build a
system that will give pleasure to every
member of your family. Whether you start
with extremely simple and inexpensive
components or attempt to purchase the fin-
est devices available without regard for

AmericanRadioHictory Com



cost you will be proud and pleased with the
results but never (except for very short
periods of time) entirely satisfied. Conse-
quently this project can, and almost cer-
tainly will, go on like the proverbial brook.
Irrespective of your education and experi-
ence you will learn more about music,
sound, electronics and many associated
arts, crafts and sciences than you ever be-
fore thought possible.

There is an infinite variety of good de-
signs for music reproducing systems and
you will be faced continually with decisions
of choice between a wide variety of meth-
ods and components. The absolutely per-
fect system is like a flawless diamond-—it
doesn’t exist. In your selection of individ-
ual items of equipment you will make a
great many compromises involving size,
convenience, -cost, and endless other fac-
tors. No one can give you final and abso-
lute advice because, in the last analysis,
you yourself must judge the desirability of
results. However, some basic advice can
help you to avoid costly and irritating pit-
falls.

It is true that you may purchase at ran-
dom almost any amplifier, loudspeaker,
phonograph, radio tuner, and tape recorder
and combine them into a system that
will produce interesting—even pleasing—
sounds, but the total result may be far
from satisfactory. The suggestions that
follow may seem simple and obvious to
many readers, yet some of the principles
are often violated even by people with con-
siderable experience in the field.

The components of any music reproduc-
ing system are connected in series—in a
chain—in such a way that the musical sig-
nal passes through (and is affected by)
each of them. The first link in the chain
will be a record playcr, a radio tuner, or a
magnetic tape player and the musical sig-
nal will originate, respectively, from a pho-
nograph record, a radio broadcast, or a
magnetic tape. The output of the device
being used will be applied to the input of
an amplifier. Usually, tone controls and
various methods of electrically changing
the character of the musical signal will be
incorporated in the amplifier. The output
of the amplifier is applied to a loudspeaker
which has the task of changing the electri-
cal energy into mechanical vibrations,
which In turn are transmitted through the
air to the ear. The theoretical objective is
to reproduce the sound in such a manner
that the ear will observe it as similar in
every way to the original source. The prac-
tical objective is to reproduce the sound so
that it gives pleasure to the listener.

Bearing in mind the simple facts just set
forth, let us consider a method of determin-

i4

The final assembly of the various sections
of a Hi-Fi system is not an easy task. There
are many relatively low-priced commercial
cabinets available to house all of your equip-
ment; however in most cases, if cost is not of
primary consideration, the assembly can be
made custom-built to fit your room decor. A
tew ideas of what can be done are shown.

—

ing the selection of components for an ini-
tial high-fidelity system, and a basis for the
selection of subsequent improved compo-
nents. Almost everyone will wish to make
some major changes in equipment after
having a chance to listen to a high-quality
music system in his own home over a sig-
nificant period of time. Consequently it is
almost always wise to keep the initial in-
vestment in each item modest.

It is desirable for most people to use a
record changer as the basic element to
start with, because the largest dependable
source of music to date is in the form of
disc phonograph records. This condition
may swing over in the direction of mag-
netic tape before long according to the an-
nounced plans of many of the major record-
ing organizations, but at present there are
only about ten companies making pre-
recorded tapes and complete libraries are
not yet available from the principal collec-
tions. At any rate, having selected a record
changer or tape recorder the maximum
quality necessary for the rest of the com-
ponents in the system may be determined.
It is clearly not necessary to have a loud-
speaker capable of reproducing 15,000 cy-
cles-pertsecond if the highest frequency
available from your records is very much
lower. It is not quite so obvious that a very
expensive loudspeaker system may actu-
ally be undesirable if the earlier links in
the chain are of lower quality and intro-
duce noise. A speaker system of moderate
irequency range may often eliminate con-
siderable noise that cxists in the source of
signal in a given system. Many a high-fidel-
ity enthusiast has been shocked to find that
the addition of an extremely wide-range
loudspeaker actually reduced the total re-
production quality of his system.

The moral, of course, is that the units of
your system should be in the same general
quality range for optimum results and that
when you decide to purchase improved
components you should usually start with
the input equipment. As a practical mat-
ter even the general advice concerning im-
provement from the front end first must
be modified. It happens to be considerably
more difficult to design loudspeaker sys-
tems capable of reproducing very high and
very low frequencies than phonograph

(Continued on page 16)
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The choice of loudspeaker and cabinet must of necessity be left up to the final user. You
can spend anywhere from $30.00 to $700.00. There are no specific recommendations as to
which type (bass reflex. infinite baffle, comer horn, ett.) is the best. Your ear and pocket-
book will have to make the final choice. For the newcomer to the field of high-fidelity, it is
advisable to start with a good eightinch speaker and accompanying cabinet. The fun that
is obtained, should Hi-Fi be a hobby, is ccntinuously to improve your system and obtain
the pleasure of noting the correspondingly increasing qualily in your reproduction.

pickups, tape players, amplifiers, and the
like. Consequently most selections of ini-
tial equipment will include input devices
and amplifiers superior in response range
to the loudspeaker that seems comparable
in price range. Thus the very first im-
provement for any given system should
often be the loudspeaker. An excellent ex-
ample of the continual back-and-forth com-
promising that is likely to go on involves
your first effort to improve the low-fre-
quency response of your loudspeaker. Al-
most certainly this will result in amplifi-
cation of the rumbling noise generated by
the record changer motor and you must go
back and improve that condition, ete., ete.

Entirely aside from questions involved in
keeping the various components of your
system in the same general area of quality
it is important to recognize that there is
such a thing as obtaining greatly improved
results by using components together that
are suitably matched, in your specific in-
stallation. Unfortunately this problem is
not as simple as it sounds and it is not
entirely possible to predict that a given set
of components will turn out to be properly
and ideally matched for operation in your
home, for you. Each person’s taste varies,
the personal likes and dislikes in musical
sound for any individual will vary with his
total experience in listening, and further-
more the room in which you install the
equipment is actually a basic component
of the system and will affect its operation.

Every room has individual acoustical
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properties and because of its shape, the
materials used in walls and ceilings, the
floor covering, the furniture, and even the
number of people in the room at a given
time it will change the performance of any
music reproducing system. This is not
necessarily a disadvantage. In fact, by
properly choosing the components of your
system you may be able to take advantage
of the characteristics of your living room
in such a way as to obtain superior results
from relatively inexpensive devices. It is
not at all uncommon for some individual
to spend large sums of money on high-
fidelity components and find that a friend
who spent a fraction of the amount obtains
better and pleasanter music reproduction.
This does not mean that it is not possible
to obtain superior results with high-priced
components, but it does mean that the
problem is not so simple as the mere pur-
chase of expensive elements. The proper
selection of the elements of a high-fidelity
music reproducing system to operate in a
given home requires judgment and expe-
rience. Doing it yourself is interesting and
very rewarding. The way to start is to
select components of moderate cost, and
gradually become educated to the possibil-
ities of fine music in your home. If you
are willing to do some of the real work
yourself you can start oftf with a fine sys-
tem and still have a relatively small finan-
cial investment.

Clearly one of the first places that the
“do-it-yourself” man can save is in con-
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Photo diagram shows general wiring of a Hi-Fi system. Although a radio tuner. phono-
graph. and a tape machine are shown it is not necessary to include all three of these items.
Again, should cost be a factor, it is suggested that either the phonograph or radio tuner be
obtained first and then the others can be added to your system at a later date. Note
that there is a choice of obtaining the preamplifier and power amplifier as a single
unit or as separate items. The single unit is simpler in design and thereby less costly.

nection with cabinets. He may build the
equipment into bookshelves, or end tables,
or in specially designed cabinets. He will
be especially concerned with the cabinet
that houses his loudspeaker. The first prob-
lem, the first compromise, may well come
with the decision as to whether the loud-
speaker should be housed in the same cab-
inet with the balance of the equipment or
whether it should be separated. The [acts
are definite, and simple, but the decision
may not be so easy in an individual instance.

Most people, in moderate sized homes,
resist the idea of more than one cabinet.
It is entirely possible to build an entire sys-
tem, including the loudspeaker, into a sin-
gle cabinet and obtain excellent results.
However, among the limitations in the sin-
gle cabinet design is the fact that if good
low-frequency response is obtained then it
is very diflicult to operate the machine at
satisfactory loudness levels without vibrat-
ing the input device (e.g., the record
changer) or the tubes in the amplifier so as
to cause the entire system to oscillate. The
actual result is a loud and perhaps even
destructively violent vibration of the entire
system. A small but not unimportant point
is the {act that generally the position from
which you listen will be physically remote
from the cabinet housing the equipment
and il you adjust the controls for satisfac-
tory sound when you are standing next to
the cabinet containing the loudspeaker it
will not be satisfactory in the listening lo-
cation. With practice you will learn to

January, 1955

solve this by making allowances in the ad-
justments but it is much more satisfactory
to set the controls when you are a fair
distance from the loudspeaker location.
One solution to the cabinet problem is to
build everything into a convenient book-
case or similar arrangement. The loud-
speaker may be mounted in a wall between
two rooms, or in the wall of a closet or
stairwell. With the exception of certain
very special combinations of loudspeakers
and cabinet designs most installations will
turn out better if the loudspeaker is
mounted in a wall so that the back is com-
pletely isolated from the front, and yet the
size of the area behind the loudspeaker is
at least ten or twelve cubic feet. Few
homes can readily accommodate cabinets
of adequate size to produce ideal results
with conventional loudspeakers. The ex-
ception is the corner cabinet designs that
have been emphasized in recent years.
Many rooms have an empty corner suitable
for a loudspeaker cabinet. These arrange-
ments have the interesting property of
making the room operate essentially as an
extension of the cabinet and in effect the
listener sits in the center of a horn (the
room) 1o which the loudspeaker is coupled.
In any case, it is best if possible to find
some way physically to isolate the loud-
speaker from the balance of the equipment.
If you feel, at the beginning, that you
would like to spend a little extra money
to make certain that at least one item in
(Continued on page 123)
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ADJUSTING THE POWER

//——-\\ ANGLE A" : 0°

20

HORIZONTAL

ANGLE "B" IS GREATER THAN ANGLE “A"

©)

The setup shown here is dangerous. The plane will stall easily
and abruptly whenever the nose starts up, and is also apt to
remain in dives or enter a death dive out of a spiral or nose
down maneuver. This is a trap many model plane fliers fall into
when they shim up the tail too much in an effort to stop stalls.

HORIZONTAL
ANGLE "8" = 0°

ANGLE “A" 1S GREATER THAN ANGLE "g"

©

Fore and ait stability of the airplane is greatest when the wing
is inclined at a slightly greater angle of incidence to the air-
stream than the stabilizer. Such a plane will resist stalls, re.
cover from stalls and dives quickly, and maneuver and loop well.
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By WILLIAM WINTER
Editor, “Model Airplane News”

R/C PLANE

EGINNERS launching their powered air-
plane models on their first flights make
two mistakes. One is to use too much or
too little power, and the other, often the
fatal one, is to use too much fuel or too
long an engine rumn.

It is possible for the plane to fly erratical-
ly and finally, uncontrollably, on an early
test flight, and still remain in the air to
drift away and be lost. Test flights should
be short. The amount of power is most
casily controlled by opening up the needle
valve for a rich mixture, recognized by a
smoky exhaust. This assumes that the en-
gine uses a glow plug. If it is a diesel en-
gine, back off the head to obtain a rich mix-
ture; for ignition engines, retard the spark.
It is hard to say exactly what power would
be required but, if one had to guess, about
two-thirds would be best under average
conditions.

Another possibility is to place the propel-
ler on backwards, létting the engine ‘“‘rev
up.” This cuts effective thrust by a third
or more.

Before attempting to fly the plane, run
off a measured amount of fuel and time the
engine run. You don’t want more than a
minute, and remember, if you decide to lean
out the needle valve the same amount of
fuel may double the engine run. A fuel
shut-off device is desirable for first tests;
back up the device with a limited amount
of fuel

There are many pros and ‘cons as to
whether the radio should be operative on a
beginner's first test flight. Chances are the
radio will be a help.

We'll assume that you have made the
necessary ground checks, flight checks, ete.
Holding the plane as described in last
month’s article, run at a moderate speed
(a very slow run if the plane is light and
there is any wind) into the wind. When lift
is felt, push the plane forward as you re-
lease it, with the nose ever so slightly above
the horizon. You should fallow through and
use a smooth technique, the same as you
would in golf.

While it is essential to handle glide and
power-on adjustments separately, it is not
always possible to distinguish between the
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You can avoid a lot of grief and
lost airplanes if you will follow the
practical hints for adjusting and

flying your R/C plane given here.

two in a short first test flight, especially
under exciting circumstances. However, if
the plane is high enough to glide when the
engine stops, try to remember whether it
glides too slowly, stalling or appearing to
“mush” or falter; or whether it seems to
dive ever so slightly. Did it want to turn
of its own accord?

Continue to refine the adjustments begun
in the hand glide tests, described in last
month’s article. It is essential to work out
glide trim first, if at all possible. If the
plane was not in danger of cracking up or
getting out of control under power, ignore,
for the time being, the power-on adjust-
ments and perfect the glide trim. But if
the ship was in danger under power, take
the bull by the horns and affect any adjust-
ment that will enable you to get it into the
air well enough to observe and evaluate its
performance. For example, if the plane
turns wildly to the left under power, skim-
ming the ground, adjust the rudder slightly
to the right (perhaps 1/16 inch on a small
plane, % inch on a large one). If the plane
turns to the right, use left rudder. Natural-
ly, rudder adjustments affect the glide path,
but the thrust line (an imaginary line
drawn through and parallel to the shaft of
the engine) can be offset to one side or the
other on subsequent flights, at which time
the rudder would be readjusted to normal.
Everything is aimed at getting a look at
the glide.

Thrust Line

After the glide is reasonably correct, be-
gin to make thrust line adjustments on sub-
sequent short flights, tilting the engine up
or down, left or right, as required to offset
the model’s power-on tendencies.

If the plane turns under power to the left,
the thrust line would have to be inclined
to the right. If the plane noses up when
the engine runs, but glides perfectly, the
thrust line will have to be tilted down, to
pull down the nose. The latter is called
downthrust. If, under power, the plane
noses down, the thrust line should be in-
clined upward. Downthrust usually is re-
quired.

All adjustments should be made minutely
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C SLIGHT STALL:

Observe very carefully how the plane behaves
glide path is straight, smooth, and without dips

dives slightly (B), increase the angle that the w

angle of the stabilizer. In severe cases, move th
stalls (C) or (D), increase the positive angle of

when you launch the plane that you do not th

and progressively on repeated trials. Down-
thrust is imparted to a radially mounted
engine by inserting washers between the
rear crankcase cover, at the top, and the
firewall. The washers may be slid onto the
mounting bolts. In the case of a beam
mounted engine, put the washers between
the mounting lugs and the bearers at the
rear of the engine and, again, the washers
may be slid onto the mounting bolts.

Bit by bit, the plane can be trimmed per-
fectly. Don’t expect miracles. Walt Good,
several times winner of the National’s ra-
dio-control event, once took over 100
flights to trim out his famous “Rudderbug”
exactly the way he wanted it.

Only when unquestionable control can be
had all during the flight, should you in-
crease the motor run. Two to three min-
utes is maximum for safety on the first
few dozen flights.

The operator can do much to smooth out
a rough flight by careful use of the rudder.
Stalls, for example, can be alleviated by be-
ginning a turn. The rudder should be ap-
plied as soon as it becomes evident that the
plane is going to nose up. Control action is
more effective at high speeds; it is usually
absent at the point of stall. A plane may
be stalled due to a hard launch, especially
into the teeth of a wind, or after recovery
from a spiral or any descending turn, or
upon turning sharply into the wind. A
straight ahead, nosing-up action, is a dead-
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during its first hand-launched glide. The proper
until the plane strikes on wheels. If the plane
ing makes with the airstream, or decrease the
e weights in the plane backwards. If the plane
the tail, or move weights forward. Be certain
row it nose up, or too fast, especially in high
winds, as this will produce a false stall, giving you an incorrect jdea of the model’s performance.

end street; if the plane can be turned slight-
ly by applying the rudder at the crucial
moment, a zoom or stall will be converted
into a climbing turn, dissipating the excess
speed. Excess speed simply means excess
lift, followed by a stall.

Just as some auto drivers have a heavy
foot, and others a light touch, so do some
people tend to over-control a radio model
by forcing it to do things. A heavy hand on
the switch prolongs turn entries until the
nose of the plane is screaming earthward.
When the control is finally relaxed, a zoom
results. This makes for roller coaster fly-
ing, with narrow squeaks on cvery flight.

Try to develop a light touch, stay re-
laxed, don’t get rattled—it’s only a model,
remember? Begin a turn, when it looks
steep allow the plane to recover, then re-
sume the turn. The gentler the flying tech-
nique, the fewer out-of-control flights.

For some strange reason it is always
easier to maintain good control of a plane
that is going away from you, out in front of
the transmitter, than it is when the ship is
downwind and plodding up behind you.
Maintain as much distance upwind as pos-
sible, recovering ground after every maneu-
ver. Once the plane is downwind, a skilled
hand is required to bring it back with sure-
ty. In a strong wind the plane can be flown
out a quarter mile or more, with the assur-
ance that it will glide back downwind into
control again if anything goes wrong. Or at
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least, the chase will be shortened. The im-
portance of remaining upwind cannot be
overemphasized to the beginner.

Some Tips

Every flier sooner or later gets himself
into hot water. The flier with a little ex-
perience may get to stunting too close to
the ground, then finds that everything he
does magnifies his difficulties. Or the be-
ginner may become excited, turn wildly
from side to side. The answer? Relax. The
plane is inherently stable and will recover
by itself. When it gets right side up and
begins to climb, it will slow down and con-
trol may be resumed.

Here’s another tip: a plane that is
trimmed to glide well on a calm day may
stall on a windy day. If trimmed on a
windy day, it will glide too fast or even
dive on a calm day. Rudder control that is
adequate in calm weather may be inade-
quate in a wind. This sometimes fools the
flier into thinking he has lost control. In
the wind, the same control must be held
longer to obtain an equal reaction. It is
wise to know how thick a shim it takes to
alter a stabilizer angle from windy weather
to calm weather trim, or vice versa.

The location of the center of gravity of
the plane greatly influences the flying char-
acteristics of the plane. The CG should be
located no greater than 40% of the chord
(width) of the wing back from the leading
edge of the wing. The mocel can be flown
successfully with the CG as much as 50%

back on the chord, but the further back the
CG is located, the stronger the tendency
for the plane to rear up on turning into the
wind, or on coming out of fast turns. For-
ward CG positions are associated with bet-
ter wind penetration. In fact, some builders
place the CG so far forward that a negative
angle in the stabilizer becomes necessary
to hold up the nose during the glide.

While everything that is known about
flying an R/C plane cannot be condensed
into two articles, the fundamentals de-
scribed in this article and last month’s will
help you get into the air successfully. Once
the plane is flying reliably, there is a co-
ordination exercise that will quickly give
you the feel of the machine. With plenty
of altitude, hold a turn for an eighth to a
quarter of a circle, then reverse the direc-
tion with opposite rudder, passing by the
original heading to a point a similar dis-
tance on the other side of the heading. Keep
repeating the maneuver “S-ing” upwind.
As you gain confidence, hold the turns
longer and longer, and you soon will learn
how to fly the ship out of any predicament.

Another valuable exercise is to make
wide, shallow dircles, by repeated applica-
tions of the rudder in the same direction.
This will teach you how to avoid unwanted
rudder positions in the popular self-neutral-
izing escapements, as well as how to make
turns without loss of altitude or picking up
excessive airspeed. Repeated short flights
is the way to learn safely.

Easy does it. END
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Adjusting the thrust line of the engine in the plane.
Side thrust is used to compensate for turning tenden-
cies under power. Right thrust shown above, is typ-
ical as virtually all R/C models tend to turn to the
left slightly under power because of propeller torque.

Detail of radial mounted en-
gine indicating place to insert
washers to obtain downthrust,

©

Downthrust, shown here, is used to keep nose irom
rising and plane from stalling under power, only
when the plane glides level when not under power,

Beam-mounted engine detail show-
ing how to get downthrust.

January, 955
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IF YOU are one of the million owners of
the diversified high-fidelity tape or wire
recorders, you, no doubt, have found as we
have that a recorder is an ingenious mech-
anism which can do double or triple duty
for play as well as for its more practical
purposes. We have found it can be a per-
sonal album of familiar voices, a family’s
unforgettable record of special events, a
great aid to our children’s growth, and a
secret method of self improvement.

Our tape recorder has traveled thousands
of miles, performing brilliantly for the most
part, although there have been times when
I wished I were dead or could crawl under
the carpeting because of it. You see, our
recorder was purchased primarily as a de-
vice to be used in my work as a feature
writer. I record my interviews with the
familiar personalities of television, radio,
and the stage. The taped interviews are
later transcribed to paper. It has been a
most satisfying method inasmuch as my
shorthand is impossible, and 1 like being
able to carry on a natural, fluent conversa-
tion sans ringbinder and pencil. I have
found it a sincere, look-him-in-the-eye sys-
tem. T was told by Mel Spiegel, Arthur
Godfrey’s publicity director, that I was the
first to enter the confines of CBS’ Press De-
partment to do the interviews with a tape
recorder. Since then, many other inter-
viewers use the same method.
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By CELIA WEBSTER

The gruesome experiences have been out-
numbered by far by the more pleasant ones,
but in the few years that I have been oper-
ating my “little monster,” I have burned
out the generator in the Times Building
(d.c. current is death to my recorder), I
have ruined a few tapes, once by dislodging
the microphone connection, another by al-
lowing a subject to hold the mike, still an-
other by forgetting to turn on the volume
control until the interview was half over.
I have also erased when I thought I was
recording. All of these were careless mis-
takes, my own fault, not that of the re-
corder, and I know, not uncommon to any-
one who has operated a tape recorder for
any amount of time.

We have found that this practical ma-
chine can be fun at home too. Many times
we have turned it on to record family
events, and holidays when our children,
Jimmie, age 11, and Susie, age 8, first en-
Joy that magical moment of seeing their
presents under the Christmas tree at 6 a.m.
on Christmas morning. Jim and I, sleepy
parents though we may be at that time,
can replay the kiddies’ delightful chatter
later when we are fully awake.

A few years ago, when Jimmie was in
second grade, he expressed the desire to
join the school band. His father and I sug-
gested he put in his name for one of the
school-owned clarinets. If he liked it, we
would invest in one later. We thought the
clarinet would be noisy enough for a seven-
year-old, and it would be easy for him to
blow. When he put in his request he found
that the music department was fresh out of
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clarinets, and all that remained was one
trumpet. He arrived home from school, his
small, black satchel clutched in his hand.
Once inside the door, he darted to the near-
est table to open the precious case to dis-
play his newly acquired noisemaker. If you
have never witnessed a seven-year-old at-
tempting to blow a trumpet for the first
time, you haven’t lived! Jimmie's big blue
eyes popped, his cheeks bulged, the chords
of his neck grew taut, and his small, cheru-
bic face became a brilliant pink. I turned
on the recorder. The shrieks emitted from
the shiny brass trumpet were ghastly, and
we can play the tape made that day to
prove it. Though the bout with his musical
talents, of which I'm afraid there is little,
were short-lived, we taped his progress
each week.

We finally agreed with Jimmie (who
hated to practice), his teacher, and the re-
cording machine, that maybe he should
have waited for the clarinet.

Many of our friends own tape recorders
and have found novel and interesting ways
to utilize them.

For example, the Martins received their
recorder as a Christmas gift from their son
and daughter-in-law who now live on the
West Coast, and have a recorder too. The
Martihs Jr. and Sr. exchange tapes by mail.
It costs but a few pennies parcel post to
hear the familiar voices of their loved ones
with thousands of miles separating them.
There is no excuse now for not writing. It
is effortless to set up the machine and talk
to it. The elder Martins derive great
joy from hearing the childish voices of their
grandchildren.

Many tape recording machines find them-
selves very important pieces of equipment
in the homes of the people in the entertain-
ment field.

Comedian Red Buttons has his recording
machine set up in his bedroom. At times,
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suffering from insomnia, Buttons finds that
some of his best ideas for television rou-
tines invade his mind when he is half
asleep. When ideas pop into his head, he
quickly turns on his recorder and registers
the thought for future use.

Ventriloguist Paul Winchell has found
that he can time his television sketches
almost to the second with his tape record-
ing machine. He can tape, erase, add to,
and edit, before he gets to the television
studios for the scheduled rehearsals of his
show.

Last year at our annual Christmas party
in Lakewood, Ohio’s Church of the Ascen-
sion, the children were shown slides which
told the story of “The Littlest Camel.” Ar-
rangements had been made beforehand to
tape record the story. The tape was made
upstairs in the church. The Reverend Dr.
Stuart Cole read the enchanting story while
the organist played an appropriate musical
background. When shown on the day of the
party, the results were near professional.

Many humans become frightened and for-
getful when facing an audience. The tape
recorder has come to the aid of our Cub
Scouts when they put on their sketches at
the monthly pack meetings. The local den
parents have found that their thespian
charges do a much better job if their offer-
ing is put on tape and the recorder set up
at the pack meeting. The children go
through the motions, and the continuity is
letter-perfect, the audio can be heard

(Continued on page 124)
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NE of America’s latest secret weapons

is the new version of the Sniperscope.
Used during World War II, this infrared
electronic device provides a clear image of
distant scenes under conditions of total
darkness. Mounted on a weapon, its effec-
tiveness is literally deadly to the enemy.

The device consists basically of an infra-
red light beam and an electronically op-
erated telescopic sight. Together, these two
units convert an invisible image into a clear
“picture.”

The infrared source resembles a fog light
whose glass face has been painted black. It
is mounted above the barrel of the gun.
The telescope is mounted above the rear
sight of the weapon. Both units are con-
nected by means of a cable to a small
power supply carried on the user’'s back.

A fighter armed with this device aims in
the general direction of the suspected tar-
get, turns on the power supply, and sights
through the telescope. He then moves his
weapon back and forth across the field until
the enemy is sighted. Through the Sniper-
scope the target appears to be spotlighted
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in a light beam of greenish hue, The soldier
then focuses the telescope to give the clear-
est images, and presses the trigger.

Companion piece to the Sniperscope is the
Snooperscope. The latter uses the same in-
frared instrument but not in conjunction
with a weapon. The telescopic device is
mounted on a hand grip with the infrared
unit mounted directly below the telescope.
This unit is similarly powered by a portable
power supply carried on the back. During
the war, the Snooperscope was used to di-
rect gun fire and for signalling.

This “night sight” device works as a re-
sult of the combination of electronics and
optics. It depends on phototubes and filters
to cut out visible light and transmit only
the infrared portion of the spectrum. The
telescope receives reflected invisible infra-
red images at the front end and converts
this radiation into visible images that are
received at the cyepiece.

For the eye to see the scene illuminated
by infrared, a special tube, similar to the
1P25 image tube, is used. It operates as a
combination “iconoscope-kinescope.” The
lenses project the incoming infrared radia-
tion upon a photo cathode in the “icono-
scope” end of the tube. As this screen is
sensitive to infrared light, it emits electrons
when exposed to such radiation. These elec-
trons, in an image of the scene illuminated
by infrared, pass through a series of elec-
trodes and strike a fluorescent screen in the
“kinescope” section of the tube in such a
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New Sniperscope

manner that the human eye can see a green-
ish picture of the original scene. The elec-
tron lens systems and the accelerating
electrodes increase the sensitivity of the
tube, causing the picture on the screen to
be brighter and to have greater definition.

Recent improvements on the Sniperscope,
accomplished at the Engineer Research and
Development Laboratories at Fort Belvoir,
Virginia, are intended to allay some of the
criticism made by troops using the instru-
ment in combat. For instance, two methods
of reducing the Sniperscope’s weight are
under study: one involves smaller and more
dependable batteries; the other would be
the use of equipment that could eliminate
the battery and light source as parts the
soldier would have to carry.

Development of new battery charging
kits is also under way. This would simplify
the recharging of batteries used not only
for the Sniperscope but in any field device.

Greatly increased ranges are made pos-
sible by the improved model which now em-
ploys an image tube that operates at 20,000
volts as compared with the 4000 volts of
the earlier model.

The more rugged construction and sim-
pler operation of the new weapon will re-
duce by almost 50 per-cent the maintenance
problems met in the old model. The new
model can be maintained completely in the
field. Also, a new electronic maintenance
shop is now being tested for its servicing
ability and should be ready for operation
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soon. Actually, considering its delicate
mechanism and sensitive construction, the
Sniperscope is more rugged than might bhe
expected—more so than many electronic
devices.

Finally, a means for more accurate aim-
ing is being developed. This consists of a
projected illuminated and adjustable reticle
(graduated horizontal and vertical scales
for accurate judgment of targets). The re-
duction of operator adjustments from four
to two also permits simpler operation.

Suggested applications of this equipment
for civilian purposes include navigation for
ships and other surface craft. Use of the
Snooperscope could permit oflicers and look-
outs to see a considerable distance with less
eye fatigue on the darkest nights. Obstacles
could be detected at sufficiently great dis-
tances to prevent collisions. The Army has
tested this equipment on other vehicles,
such as locomotives, during hours of total
darkness. Police departments have ex-
pressed an interest in the device as a crime
detection and prevention aid.

Regardless of its future, the Sniperscope
is a tribute to American “know-how” and
is bound to make as many friends of those
who use it as it will discourage enemies at
the wrong end of it. EnND

Photograph and information on improve-
ments in the Sniperscope, courtesy of "'The
Military Engineer,” Col. F. H. Kohloss, Ed.
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Fig. 1, Miniature vacuum tube dwarfs the transistor
which can replace it. Later models are even tinier.

OR EMITTER COLLECTOR

Fig. 3. (A) Basic transistor amplifier. (B)
Symbol for an “n-p-n” junction transistor,

EW electronic inventions have captured

the public’s interest as has the devel-
opment of the transistor. This device,
although requiring but 1/1000th the power
and a small fraction of the space of a vac-
uum tube, may be used as an amplifier, de-
tector, or oscillator and is thus capable of
handling many of the jobs that vacuum
tubes are normally employed to do. In ad-
dition, since the transistor has no filament
to burn out and because it operates at
comparatively low temperatures, it has a
life expectancy from 10 to 20 times greater
than the average tube.

For these reasons and because of its
small size (see Fig. 1) it has virtually
replaced tubes in the manufacture of hear-
ing aids. It is also being used in military
equipment, specialized communications
gear, and in certain types of instruments.
Eventually it will be used in portable re-
ceivers, home radio and TV sets, and auto
receivers. Tiny transistorized “wristwatch”
and pocket-sized transmitters and receivers
have already been built experimentally and
offer commercial possibilities.

Transistors are made possible by the
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Fig. 2. A cutaway view of
a point-contact transistor.
Note two “cat’s whiskers’’,

_ Meet the Transistor

A tiny component that will
revolutionize the entire
electronics industry—can

operate from dry cells.

electrical properties of a group of materi-
als known as semi-conductors, consisting of
substances which may act either as con-
ductors or insulators, depending on their
physical conditions. Germanium, silicon,
and selenium are the most popular semi-
conductors, with germanium being used
almost exclusively in the manufacture of
transistors.

In a normal conductor, such as copper or
silver, current flows when an electrical
voltage is applied to the material causing
a movement of free electrons through the
substance. In a semi-conductor, the appli-
cation of voltage alone may not be suffi-
cient to initiate current flow—some other
physical condition may be necessary such
as the presence of light, heat, or of an ad-
ditional electrical field. The current flow,
when it does take place, may consist not
only of the movement of free electrons but
may also include the movement of elec-
trical “holes” through the material.

A “hole” is formed when an individual
molecule loscs an electron. The molecule
lacking an electron may pick up one from
a nearby, electrically neutral molecule,
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thus leaving the second molecule with a
hole and a net positive charge. In this
way, the hole may travel through the sub-

stance, jumping from molecule to mole-

cule and producing a current flow which
acts just as if it consisted of movement of
positively charged particles.

Although current flow through a partic-
ular substance may consist of a movement
of hoth holes and electrons, if the current
flow is made up primarily of a movement
of holes, the material is called a “positive-
carrier” or p-type semi-conductor. If the
current flow is made up primarily of a
movement of electrons, it is called a “neg-
ative-carrier” or n-type semi-conductor. A
transistor is made up of a combination of
these materials.

Types of Transistors

Transistors are usually divided into two
basic types, depending on their method of
construction, i.e., the point-contact and the
junction types. A cutaway view of a
point-contact type is shown in Fig. 2 while
a junction type is illustrated in Fig. 4.

A point-contact transistor consists of a
small cube of semi-conductor material with
two fine wires or “cat’s whiskers” contact-
ing its surface. Electrical connections are
made to the semi-conductor, called the
“hase”’, and to each of the two contact
wires—one of which is called the “emit-
ter”, the other the “collector”. If n-type
semi-conductor material is used, it is called
an n-base point-contact transistor. Small
p-type areas are formed under the con-
tact wires during manufacture. If p-type
material is used in the base, the transistor
is a p-base unit, and small n-type arcas
are formed under the tips of the contacts.

A junction transistor consists of a “sand-
wich” of two types of semi-conductor ma-
terial, with the inner layer of different
material from the two outer layers. The
basic construction is shown in Fig. 4. If
the inner layer is of p-type material, the
unit is called an n-p-n junction transistor
—if of m-type material, a p-n-p transistor
results. The n-p-n type is shown in Fig. 4.
Electrical connections are made to the
two outer layers and to the inner layer of
the “sandwich”, with terminals identified
as “emitter”, “base”, and ‘‘collector”, just
as in the case of the point-contact type.

How Transistors Work

Operation of the transistor may be un-
derstood by referring to a basic transistor
amplifier circuit (see Fig. 3A). An n-p-n
junction transistor is used.

In operation, the emitter-base circuit is
“biased” by battery B, in such a way that
a low resistance is offered to the flow of
current through the n-p emitter-base junc-
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tion. The collector-base circuit, on the
other hand, is biased with reverse polarity
by battery B: and offers a high resistance
to the flow of current, in fact, current flow
can only take place through the p-n base-
collector junction because of the excess of
electrons produced by the current flow in
the emitter-base circuit.

If a signal is applied to the input ter-
minals (across R:) the variations in the
emitter-base current which result will
cause a variation in the number of free
electrons in the base, with resulting
changes appearing as an amplified signal
across R.. In practice, the emitter and
collector currents may be on the same
order of magnitude, but a considerable sig-
nal power gain is obtained since the col-
lector circuit represents a high impedance
while the input (emitter-base) circuit rep-
resents a low impedance.

Operation of a p-n-p transistor amplifier
is similar except that conduction in the
base-collector circuit is principally by
means of “holes” instead ol electrons.

The schematic symbol used to identify
an n-p-n type transistor in wiring diagrams
is shown in Fig. 3B. The base is repre-
sented by a straight line, with the emitter
and collector terminals identified by slant-
ing lines to the base with the emitter fur-
ther identified by an arrowhead pointing
away from the base.

The p-n-p type transistor is wired direct-
ly opposite from the n-p-n type, that is,
the collector voltage is negative while the
emitter voltage is positive. The symbol for
the p-n-p type is identical to that for the
n-p-n except that the arrowhead points
toward the base instead of away from it.

In this article we have discussed the
basic principles of transistors and ex-
plained how they can be used in a simple
amplifier. Subsequent issues will describe
other amplifiers as well as detectors and
oscillator circuits using transistors. END

Fig. 4. Diagram and photo of an “n-p-n”
junction transistor, Note changes from Fig. 2.
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Build this
“2.Way’’

Electronic

Meifronome

IF YOU'RE interested in musie, you’ll en-
joy building and using this electronic
metronome—or, if you don’t play an in-
strument yourself, you can build the metro-
nome for the talented member of your fam-
ily or for a friend.

The metronome shown is extremely com-
pact, only 3"x4”x5" over-all, yet it contains
its own built-in loudspeaker and will op-
erate on both a.c. and d.c. line voltage.
You'll like its unique “two-way” action, for
not only does the~metronome beat out the
time with distinct “plops” from its loud-
speaker, but a small pilot light flashes on
and off with each beat, permitting you to
keep time in a room full of other musicians,
whose music would otherwise drown out
the beats.

Construction Hints: The parts you'll need
for the project are given in the parts list.
Youw’ll be able to pick up all the items need-
ed at your local radio parts distributor; no
surplus or “trick” parts are required.

A standard 3” x4” x 5” “Minibox” is used
for housing the metronome. A 2” diameter
hole is required for the PM loudspeaker.
Locate the speaker mounting holes by
holding the speaker against the case and
marking hole locations with a secribe.

Punch a 1” hole in the top of the case for
the vent hole snap plug. Another 1” hole
is punched in the back of the case, near
the bottom, and the second vent hole snap
plug inserted. When the unit is assem-
bled, the two vents, together, give a
“‘chimney” cooling effect.
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This metronome for musicians gives both an
audible and «a visible indication of beats.

After you’ve finished the machine work
on the case, you can apply decorative mu-
sical decals. These are available at radio
parts distributors as “Trademark” decals.

An ICA No. 29082 aluminum chassis can
be cut down to make the chassis base
shown, then holes can be drilled and
punched for mounting the octal socket and
the output transformer. The only critical
dimensions are for the hole for the pilot
light bracket; it is used for mounting the
chassis to the case.

If you prefer, you can bend a simple
chassis out of sheet aluminum, thin brass,
or steel. Over-all dimensions are not crit-
ical, as long as the chassis will fit within
the “Minibox”.

Mounting the Parts: The “Rate” control
(with “On-Off” switch) and loudspeaker
are mounted on the front panel; other parts
are mounted on the chassis. Use a piece of
flocked screening over the Iloudspeaker
opening for protection.

Bend one of the output transformer
mounting lips so that the transformer may
be mounted in a vertical position.

Mount an insulated “tie-point” below
the chassis and use this for all ground con-
nections; do not ground to the chassis or
case at any point.

Wiring Suggestions: As can be seen by
reference to the schematic and pictorial
wiring diagrams, the circuit is simple and
straightforward. A ‘“‘blocking oscillator” is
used to drive a loudspeaker directly, with
power obtained from a conventional half-
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R:, R:—100,000 ohm, Y2 w. carbon res.

Ri—5 megohm carbon pot. with switch, S: (Rate”
control)

R;—470 ohm, 2 w. carbon res.

Ci—2 uid., 200 v. metalized paper capacitor

Ce, C5—20/40 utd., 150 v. dual elec. capacitor

Si—S.p.s.t. switch on Rs (""Power’’)

T+—4-watt universal output transformer (Merit
1# A-2900)

Vi—I117L7 /M7 tube

NE; NE-51 neon bulb

SPEAKER--2" PM loudspeaker Cinaudagraph No.
P2A1l1)

Other parts you’ll need: octal tube socket; pilot
light jewel and bracket; line cord and plug:
rubber grommets; two 1" vent hole snap plugs; RATE pu ,‘%’—o
knob,; dial plate; 3”x3’ square flocked screen- .
ing for speaker; 3”x4”x5" metal box (Bud CU- 4 -
2105); small chassis (cut down from ICA # 29082, omite FLOATING
4'x31/5"”’x1"" chassis base); terminal strips; wire; i
solder; machine screws and nuts; etc.

N7L7/M7)
Vi

\

R4

“
o
ARMAAA

C3

i
W+

N

}J

Q
"
J

g

o
=

The schematic and pictorial wiring diagrams shown on this page, and the photo-
graph above. will help you in wiring and assembling the electronic metronome.

SPST POWER ovm

swirciispon 2 -— UNIVERSAL OUTPUT
RATE CONTROL 4 O —_— TRANSFORMER

L N

TERMINAL S

Vi
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This view of the subchassis shows how one of
the lugs is bent to mount the transformer.

wave rectifier circuit. The neou bulb con-
nected across half the output transformer’s
primary flashes with each “plop” in the
loudspeaker.

You'll find it easier to wire as much of
the main chassis as possible befcre final as-
sembly, permitting the leads to the front
panel to hang free temporarily.

Once the wiring is completed, double-
check each connection for possible errors.
And, since the wiring is quit2 compact,
make sure there are no accidental shorts
between leads and components.

The pilot light bracket is used for mount-
ing the chassis to the front panel.

With the back of the case in place, the
completed metronome looks almost like a
factory-built piece of equipment. Its per-
formance will easily equal that of commer-
cial units.

Circuit Modifications: With the parts
values given, the beat rate can be varied

The metronome with all wir-
ing completed. but before the
two sections of the cabinet
have been fitted together.

from about 1 beat every 4 seconds to about
15 per second (from about 15 to 900 beats
per minute). This is a much wider range
than is normally required. To reduce the
maximum beat rate, increase the value
of R..

If you wish to reduce the range covered,
replace R; with a 2 megohm or 1 megohm
potentiometer, changing C:. until the de-
sired range is obtained. Increasing the value
of C. will reduce the beat rate, decreasing
its value will increase the beat rate.

On the other hand, if you have a special
application where you require a wider
range, replace E; with a 10 megohm poten-
tiometer and reduce R. to 47,000 ohms.

Calibration and Use: With the wiring
completed and checked, and the 117L7 tube
in place, plug the unit into a wall outlet
and turn it “on.” Allow about a minute’s
warm-up time. Don’t be surprised if the
unit “squeals” as it starts to warm up, grad-
ually changing from a squeal to a series of
“plops”; this is normal for a blocking oscil-
lator.

In addition, since the electrolytic capac-
itors used in the power supply will hold
their charge quite well, and the 117L7 tube
takes a little time to ‘“cool”, the unit may
continue to operate for several seconds
after it has been turned “off.” Again, this
is normal and does not indicate a defect.

You’ll prubably want to calibrate your
unit once it is completed and tested. You
can do this job by using a stop-watch to
check the number of beats per minute ob-
tained at each setting of the ‘“Rate” con-
trol.

The final calibration may be a chart list-
ing the dial reading and beat rates or, if
you prefer, you can make up a special dial
plate for the unit out of cardboard, mark-
ing the beat rate directly on the dial plate.
If you make up your own dial plate, protect
it with two or three coats of plastic or clear
lacquer after you’ve made the calibration
markings. END

o st Rl y " = -5 oS
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ARGEST of its kind in the world is the

new a.c. network calculator shown above.
Built and put into service by the Westing-
nhouse Electric Corporation at its East
Pittsburgh plant, the calculator is designed
to accommodate the largest interconnected
systems and power pools that are in exist-
ence today. There are a total of 680 circuit
components for representing generators,
transformers, transmission lines, and loads.

The purpose of the calculator is to simu-
late electronically actual power generating
and distribution systems, and to provide in-
formation regarding operating conditions
and results. A power utility company, for
instance, could use it in planning a new in-
stallation or in modifying an existing set-
up, since the calculator would “predict”
what would happen if certain changes were
made.

January, 1955
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The World’s Largest
Network Calculator

Newest feature of the calculator is indi-
vidual load regulation for the 36 generator
units. A preset value of watt output can be
held on each generator unit, irrespective of
the rest of the system. As a result of this
feature, electric utility systems set up in
miniature on the device can be operated
much like their prototypes; a fixed load is
set for each generator in the system except
the “swing” unit, which is adjusted to take
up the slack. This saves many time-con-
suming adjustments previously required to
divide load properly among calculator gen-
erators.

All circuit components can be measured
from either of two instrument desks. The
calculator can be divided into two complete-
ly separate units for handling smaller prob-
lems.

The new calculator replaces an earlier
model built in 1942, which replaced a still
earlier one installed in 1929. The calculator
is available on a rental basis to electric
utility and industrial companies. END
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Fig. 1. A scribe and straightedge are used to lay out

a basic pattern on sheet metal. Layout fluid is used.

wiDTH OF LIP DESIREDI

Fig. 2. Basic layout
pattern for channel-
type of chassis base.

CHASSIS
—"wioTH

/

=
CHASSIS
DEPTH

BEND UP ON
| __DOTTED LINES

_____________ l_.”{

Fig. 3. A box-type chas-
sis is made using a
layout of this type.
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Fig. 4. A pair of hand shears are used to cut
the sheet metal, following the scribed lines.

"

Fig. 5. Two of the basic sheet metal bends, the
*right angle” (left) and "radius” (right) bend.

Bend and Form Sheet Metal

HETHER you want to shape a simple

bracket or shield or make a “custom”
chassis for a large television receiver, you’ll
need at least a nodding acquaintance with
sheet metal bending techniques.

The first step—no matter what you are
planning to build—is to lay out the pattern
on a piece of sheet metal. Use the special
“layout fluid” to stain the metal, then mark
the pattern desired using a scribe, straight-
edge, and square, as shown in Fig. 1.

If you’re making up a chassis, you can
use one of the two basic patterns shown
in Figs. 2 and 3. The layout pattern for a
channel type chassis base is shown in Fig.

Fig. 6. How a speclal sheet metal tool can be
used to bend a small, lightweight chassis,

ST T ]

R o) 5

A
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2, while a box type chassis layout is given
in Fig. 3. Choose dimensions to suit your
own reguirements.

Several modifications of the basic pat-
terns are possible to meet special needs.
The lips may be omitted, for example. On
the other hand, if considerable strength is
required, additional lips along the sides may
be provided for the channel chassis. In the
case of the box chassis, an extra lip may be
left on each apron, to be lapped over and
welded or bolted to the adjacent side after
bending.

When the basic layout is completed, cut
out the pattern. Hand shears may be used

Fig. 7. Using the same special tool te bend a
larger chassis by making repetitive bends.

.. X P .=‘P
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Fig. 8. Bending sheet metal in your bench vise.

to cut thin metal, as shown in Fig. 4. Use
a hacksaw, a jig saw, or a notching punch
for cutting heavier metal. If tube socket,
transformer, or mounting holes are needed,
they should be made at this time, unless
you are making up an assortment of
“stock” chassis or brackets for future
use.

Two basic shcet metal bends arc shown
in Fig. 5. The sharp “right-angle” bend
shown at the left may be used with thin,
soft metals. The curved “radius” bend
shown to the right is mandatory for thick
material and harder metals to prevent
cracks and breaks in the material.

A standard sheet metal tool may be used
to make small chassis hases and brackets
as shown in Fig. 6. Work the metal against
a smooth, flat, hard surface. A workbench
top is suitable if covered with hardboard
(such as Masonite). Be sure the metal is
grasped tightly by the tool hefore applying
pressure to make the bend.

Such a tool may also be used to make
larger chassis bases by making repetitive
bends, as shown in Fig. 7. Advance the
tool along the metal after each partial
bend, allowing plenty of overlap. In this

Fig. 10. A press-brake can be used but it
requires application of heavy pressure.

e TR
NS

g A

Fig. 9. How special sheet metal “brake” is used.

manner minimum distortion is introduced.

You can hend small pieces in your work-
bench vise if you use the technique shown
in Fig. 8 Make sure the sheet metal is
held firmly in the vise with the line along
which the bend is to be made positioned
carecfully across the top edge of the vise
jaws. If the metal is thick, allow a little
cxtra for the material used in making a
radius bend.

Place a piece of hard wood behind the
metal and bear forward, as shown in the
photograph. Be sure contact between the
wood and sheet metal is maintained at all
points.

A standard sheet metal brake, such as
the one shown in Fig. 9, may be used if
available. It can sometimes be borrowed
from a local sheet metal shop.

Sheet metal may also be bent by using
an angle block in conjunction with a wedge
as shown in Fig. 10. Such a tool is called
a “press brake.”

If you are working with fairly heavy
metal strap, such as making chassis sup-
ports or large transformer brackets, you
can bend the metal on a small anvil as
shown in Fig. 11. Enp

Fig. 11. Heavier metal may be formed over an anvil. Use
rubber or rawhide mallet to avoid marring the metal.
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Build this
Photoelectric
Rifle Range

By BYRON G. WELS

Here is the perfect “'ice-breaker’
for your next party! Bells ring,
pictures pop up—recording'*hits"".

E ALL KNOW that wherever a pellet,

shot, wad, missile, or projectile is re-
quired for target practice, the shooter may
hurt himself or somebody else.

Here is a weekend project that will keep
both you and the kids well occupied for
hours afterward. The rifle and/or pistol
can be constructed as realistically as you
choose, or as simply. The most attractive
part of this is that the only “bullets” the
guns use are beams of light and light has
never been known to knock over vases,
punch holes in closet doors, or in other
ways destroy property in the manner that
we associate with smatl bore guns or air
rifles. In fact, you can aim this gun di-
rectly into the human eye and pull the
trigger. The most it can make you do is
perhaps blink a little bit.

When selecting materials for the rifle
and pistol, allow your imagination to run
riot. We glued a cardboard mailing tube to
a .22 caliber rifle stock, and have also con-
verted five-and-ten-cent store toy rifles.
You can go all out and make a really fancy
rifle out of ordinary copper tubing of the
correct diameter connected to a walnut
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*6-32
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r
MICROSWITCH 3v.
"TRIGGER™ LIGHT 5 pENLIGHT

SOURCE cEi1s In SERIES

OBUECTIVE PIECE CARDBOARD, METAL OR PLASTIC
FROM MICROSCOPE TUBING 172" DIA. PAINT BLACK
J INSIDE 8 OUTSIDE
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CUTAWAY VIEW
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Construction details on the “rifle” and “pistol” to be used with the range. Closeup views
of both “firearms” are also shown. A wide latitude is permitted in building these “weapons.”

rifle stock that you can finish yvourself. The
pistol requires more work. Some of the
plastic toy pistols are almost perfect as
they are. Particularly good are the plastic
‘‘space” pistols, as many of them boast a
large diameter barrel. In any case, remem-
ber to paint the inside of the barrel a flat
black, to avoid reflection of light.

The batteries should be mounted inter-
nally, out of sight. It is a good idea to lay
out roughly where you want to mount the
various component parts, and then wire
them before installation in the “weapon.”
In selecting the location for the batteries,
take care to place them where they won’t
throw the “gun” out of balance.

The trigger, of course, is merely an elec-
trical switch. The diagrams illustrate a
complex system using a ‘“Microswitch” for
the rifie. The pistol is triggered by pressing
a piece of spring steecl or phosphor bronze
against an ordinary screw or holt.

The lens system is also fairly arbitrary.
Perhaps the best source of lenses would be
a discarded projector, microscope, or tele-
scope. If none of these is available, cheap
magnifying lenses of the convex type are
available at most five-and-ten’s in the toy
department. The placement of the lenses is,
of course, critical. However, this will vary
with the application you desire for your
range. The best way to establish the place-
ment is to mark off a distance of perhaps
fifteen fcet from the target, and aim the
gun at the target. Press the trigger and
hold it down, while you adjust the lens,
until you see a pinpoint of light. Vary the
lens setting until the light is as sharp as
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you can get it. If you do all the shooting
from this distance, all will go well. In
mounting the lenses in the tube, care
should be taken that no glue gets on the
lens surfaces, as this will tend to attenuate
the light and distort it. The rear lens
should be mounted fairly close to the light
bulb, and the front lens should have pro-
vision for sliding it in and out of the barrel
for necessary adjustments.

In painting the target face, take care to
use flat paint, as a miss on the bullseye
will show up better, facilitating scoring.
The bullseye should be a 1” diameter hole,
and the chassis for the photocell and am-
plifier should be mounted directly to the
back of the target face, with the photocell
facing the hole.

Here’s how the circuit works: squeezing
the trigger on the ‘“gun” sends a beam of
light to the target. The circuit is mounted
behind the target so that the 927 tube is
directly behind the bullseye opening. When
light hits the 927 it causes the 927 to con-
duct current. This current, coming up
through resistor R, drives the grid of the
6AQ5 more positive thus causing the 6AQ5
tube to draw current. Current flowing
through the plate circuit of the 6AQ5 will
cnergize relay RL: and close its contacts.
With the contacts of RL. closed, current is
supplied to the bell which will ring.

R. is a potentiometer whose resistance
can be varied. It serves as a light-sensitiv-
ity control. Turning its knob so as to in-
creasc the resistance it provides in the
cathode circuit of the 6AQ5 means that

(Continued on page 40)
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S.PS.T. POWER
SWITCH [SI) ON
LIGHT SENSITIVITY
CONTROL (R2}

R1—500 ohm, 2 w. res. BELL )
R:—3000 ohm wirewound pot,

linear taper 6AQ5
Rs—20 megohm, 2 w. res. 927 s V2 cil-
C;—6 ufd., 150 v. elec. capacitor Vi -
T—Trans. 117 v. pri, 6.3 v., 3 1= RLI
o
4
3

amp. sec. (]

RL:—4200 ohm relay, s.p.s.t. nor- 2 17
mally-open contacts (a s.p.d.t. [
type relay is more readily
available than the type spec-
ified. It can be used in this 2
circuit by leaving the segpnd
contact unconnected) RI

S1—S.p.s.t. toggle switch (on Ra)

Bell—6.3 volt electric bell

V1—927 phototube

Vi—6AQ5 tube R2

I TI
. A
' ) © ] .eS!_u7vac

Under chassis view of the photocell unit.
All lead wires should be short and run di-
rect. Be sure all joints are well soldered.

How the photocell
unit is mounted on
back of target. A h
flat paint must be
used on target face.
Bull's-eye is 1 inch.

Usa?
BULLS-EYE
HOLE

TARGET
FACE

BELL
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the 927 will need more light to activate the
circuit. In terms of “shooting” at the tar-
get, this means you should stand closer to
the target. Decreasing the resistance of R.
permits a weaker light on the 927 to ring
the bell and enables you to stand further
back from the target. Of course, if you
change your distance from the target, you
may have to change the focusing adjust-
ment of the lens. If the resistance of R.
is much too great, the circuit may not be
energized, even with the maximum possible
amount of light on the photocell. On the
other hand, if the resistance of R. is much
too small, the circuit may be energized all
the time, even with no light on the photo-
cell.

When light strikes the phototube, cur-
rent flows through R; and the phototube
in such a direction as to make the grid of
the 6AQ5 more positive, resulting in an
increase in plate current. R, establishes
the maximum grid-cathode bias which can
be obtained. T, is a simple filament trans-
former which supplies 6.3 volts to the
heater of the 6AQ5 tube as well as to the
bell.

After you complete this unit, you will
want to try it out. These gadgets make a
really big hit at a party. Men and women
alike get in line to “shoot.” When the bell
does ring, the guests act like a bunch of
kids.

One friend of ours liked the idea so well,
that he made two targets. One of them,
with the bell, serves to amuse his kids. The
other target docsn’t have a bell at all. In-
stead, the relay operates a slide projector.
The target is merely a large white piece of
cardboard, with the hole and photocell
mounted near the bottom. Our friend loads
the projector with pin-up pictures, and
every time a bull's-eye is made, the picture
changes. This has gone over so well that he

is often asked to bring it along to other
people’s parties as well.

The unit is best used in a subdued light,
or where no direct light other than that
from the gun, can fall on the target.

Another variation which pleases the
youngsters, is to mount a stepping relay
behind the target face, and in addition to
the bull’s-eye, cut an opening near the top
of the target, behind which is a wheel. On
the face of the wheel glue pictures of vari-
ous animals cut from magazines, and each
time the bull's-eye is hit, another animal
will pop into view.

The possibilities of this device are end-
less. Another interesting variation is to sef
up a current interrupter, of the type used
with Christmas tree lights. A slight change
of the basic design makes the rifle over
into a sub-machine gun, and as long as the
trigger is held down, the light will blink
on and off.

If you care to invest a little more
money, use a switch of the momentary-
contact type, since the ordinary switch will
remain ‘“on” as long as the “trigger” is
held. This permits a sneaky sort of gunner
to hold the trigger and move the light
until the bull’s-eye is hit and the bell rings.

Construction is fairly simple. Lead wires
should be short and direct, and all joints
well soldered. To test the finished photocell
and amplifier, use as a light source a pen-
light flashlight that has a pre-focused bulb.

It is likely that most of the parts for
this project can be found in a “junk-box.”
The particular brands listed in our parts
list were the ones the author used. Any
parts of identical electrical value will, of
course, serve just as well.

Take your time wiring the unit and put
it together with care. If and when you can
get the kids away from it, you'll enjoy
many hours of “happy hunting.” Exp

The author tests his handiwork. Batteries in the gun stock give the weapon life-like hett.
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So You Want to be a Ham-

Jobbers usually have representative receivers in operation. Here
Lester Klein of Hudson demonstrates a set to interested amateur.

Buying a Communications Receiver

By ROBERT HERTZBERG, w2pu

Part 4. You have a wide choice of sets—all good

in their particular price ranges—so shop carefully.

GOOD short-wave receiver is the

foundation stone of an amateur radio
station. It’s an investment that pays off
over a period of many years in the form of
pleasure, entertainment, and excitement.
Literally, the world is at your finger tips
as you turn its knobs.

Of the eighteen communications type
“short-wave” receivers now on the market,
all but one are actually “all-wave’ in their
tuning coverage. The term ‘“‘short-wave”
is generally understood to mean all fre-
quencies higher than the standard ampli-
tude-modulated (AM) broadcasting band,
which goes from 535 to 1605 kilocycles. The
term “all-wave” applies to sets that cover
both the broadcast band and the various
high-frequency bands up to about 40 mega-
cycles.

At first sight, there appears to be no
logical reason to include the broadcast
hand in a receiver intended primarily for
short-wave reception. It’s done because it
adds very little to the cost but a great deal
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to the sales appeal of the set. Actually, the
broadcast range becomes a convenience
when you want to catch a quick news flash,
a local weather report, or a time signal. It
saves you the bother of getting up from
your table and going into another room to
turn on the family radio.

The quality of a communications re-
ceiver, in a broad way, is measured in three
terms:

Sensitivity or gain. This is the ability to
respond to weak signals. Coupled with this
must be a low internal noise factor.

Selectivity. This is the ability to sepa-
rate stations on close-by frequencies.

Stability. This is the ability to ‘stay
put,” without requiring constant readjust-
ment of the controls to hold a signal
steady.

Sensitivity and selectivity are deter-
mined largely by the number of tubes and
associated tuning circuits. Stability is a
matter of circuit design and automatic
temperature compensation of components.
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A representative group of communications receivers in
the moderate price class, including set in kit form. Since a receiver

of this type is a major investment, check all of them before you actually buy.

Amateur receivers have gone through a
long period of development and refinement.
The 1954-55 models are noted for their pre-
cision, reliability, and high level of per-
formance. You can buy one now with the
assurance that it will still be giving good
service ten or more years from now.

There are five major manufacturers of
communications receivers, Collins, Halli-
crafters, Haommarlund, National, and RME.
These arc all old, established firms with
well-earned reputations for technical ac-
complishment, and you're safe with any of
them.

With their numerous knobs, dials, lights,
switches, levers, meters, ectc., short-wave
receivers have great eye appeal to gadget-
cers, of whom the ham is the highest type.
It’'s easy to fall in love with all of them.
What you have to decide in advance is
your dollar limit. Then, when you visit a
radio jobber to drool over the sets and
fondle their controls, you can save your
time and the salesman’s by limiting your
attention to a particular price group. If
you don’t buy on your first visit, the jobber
won’'t mind. He realizes that a communi-
cations receiver is a major investment for
a new ham, and he’ll welcome you back on
your next shopping tour. Almost without
exception, jobber salesmen in the receiver
department are hams themselves, and
they’ll be sympathetic and understanding.

From the manufacturers directly or
from the jobbers, you can get detailed de-
scriptive literature. What you won't find
anywhere in print is a breakdown of re-

42

ceivers by price classification, so this is
presented herewith for your guidance. One
feature of the list will strike you immedi-
ately, and is very significant: There are
more high-priced receivers than low-priced
ones. In the deluxe “Above $300” group
are seven sets; in the “Under $100” only
two! The correlation between prices and
numbers of tubes is also notable. The aver-
age numbers of tubes in the price groups
run like this: “Under $100,” 5; “$100 to
$200,” 93/5; “$200 to $300,” 1225: “Above
$300,” 18.

Because more people like the better sets
than the cheaper ones, we'll start at the
top. (Prices are approximate.)

Above $300

$1075. Hammarlund SP-600-JX: This 20-
tube set was developed originally for the
government services and is now on the
commercial market. It is a double-conver-
sion superheterodyne, and covers the range
of 540 kilocycles to 54 megacycles in six
bands, selected by means of a front panecl
knob. Operation on any of six crystal-
controlled fixed frequencies within the
range of the receiver is also available. Sta-
bility is of a very high order, and very
accurate logging and resettability are pos-
sible. A crystal filter gives fine control of
selectivity to meet interference conditions.
Main and vernier tuning dials are con-
trolled from one knob.

$975.  Hallicrafters SX-73: Like the
Hammarlund SP-600-JX, this is essentially
a military receiver in commercial dress.

POPULAR ELECTRONICS
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Performance characteristics are practically
the same too. Built for mounting in stand-
ard 19” racks.

$595. Hallicrafters SX-88: A 19-tube re-
ceiver, tuning from 535 kilocycles to 33
megacycles in six ranges; bandswitch on
front panel. A double-conversion set, with
iwo r.f. stages, crystal-controlled second
conversion oscillator, and precision gear-
drive tuning. Electrical bandspread dial is
calibrated for the top seven amateur bands.
Handsome black and gray appearance.

$534. National HRO-Sixty: A long-time
ham favorite, in its most up-to-date ver-
sion. Unique among *“all-wave” receivers
in that it uses plug-in coils instead of coil
switching. An 18-tube, dual-conversion job,
with accurately calibrated tuning and high
order of sensitivity, selectivity and stabil-
ity. After brief warm-up period, operation
is completely free of drift. Plug-in coils
provide general coverage from 1700 kilo-
cycles to 30 megacycles or bandspread on
amateur 80, 40, 20, and 11-10 meter bands.
Other coils available for lower frequency
recepticn.

$530. Collins 7T5A-3: Embodying the most
advanced receiver engineering, the 75A-3 is
strictly a ham job and nothing else. It
covers the 10, 11, 15, 20, 40, 80, and 160
meter bands, and only those bands. As the
band change selector is turned, a calibrat-
ed tuning scale appears in the long, shal-
low window in the top center of the front
panel. The tuning mechanism is smooth
and entirely free of backlash. Stability and
frequency accuracy are assured by the use
of a precision erystal oscillator in the first
conversion circuit. The 75A-3 is the only
receiver that contains a mechanical filter,
for selectivity purposes, in addition to the
conventional crystal filter. A 3 Kilocycle
filter is standard equipment, and an 800-
cycle unit can be plugged in as an optional
accessory if maximum selectivity on c.w.

reception is desired. Operating the T5A-3
is a novel experience for anyone accus-
tomed to other types of reccivers. Because
of the mechanical filter’s straight sided se-
lectivity curve, signals appear and then
disappear suddenly as the tuning knob is
turned; there is neither a weak prelim-
inary signal nor a weak tail-end one.

$495. Hammarlund Pro-310. A dual con-
version receiver, and this organization’s
newest entry in the ham field. Continuous
coverage from 540 kilocycles to 34 megacy-
cles in six ranges. Printed circuit r.f. sec-
tion. Logging tuning scale. A highly sen-
sitive job in a very modern type cabinet.

$400. National NC-183D: A buother to
the HRO-Sixty, but uses fixed coils with
bandswitching from the front panel. Gen-
eral coverage from 540 Kkilocycles to 31
megacycles and 47-55 megacycles in five
ranges; calibrated bandspread for six ham
bands. Double conversion, with crystal
filter for selectivity control. Rigid con-
struction. High order of stability furnished
by temperature-compensated tuning ele-
ments and voltage regulator tube.

$350. Hallicrafters SX-62: This is an
“all-wave” receiver intended more for the
short-wave listener than for the ham. It
covers the unusually wide range of 540
kilocycles to 109 megacycles. Has a 500
kilocycle calibrating crystal and a high-
fidelity audio system. Provides FM recep-
tion on two highest bands. Has a beat-
frequency oscillator so that owner can

(Continued on page 103)

A complete amateur h _‘_’
station needn’t occu- -

py too much space. :
David Talley, W2PF, =/
of Brooklyn, uses «
table in the kitchen.

AmericanRadioHistorv Com



.v’ ,\

R

E HEAR a great deal about the ease

and simplicity of making of tape record-
ings—“anybody can do it”—and it's true.
However, the very simplicity of the process
often causes some basic points to be over-
looked, with disappoihting results. This
article discusses precautions and tech-
niques for the home recordist regarding
the use and handling of the tape itself.

Selection and Handling
In general, use the type of tape recom-
mended by the manufacturer of your ma-
chine. If no particular type is specified,
remember that plastic-base tape, while
more expensive than paper-base, has im-
portant advantages. It doesn’'t break as
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By MAJ. EUGENE F. CORIELL, usAF

Armed Forces Radio Service, N. Y.

Fig. 1. Steps in splicing recording tape with-
out a splicer block. (Top) Both ends of tape
are held and cut at an angle of 30 to 45 de-
grees. (Middle} Ends are butted together and
special splicing tape is applied 1o joint. Dur-
ing operation, tape edges should be placed
against straightedge to preserve original tape
alignment. (Left) Excess splicing tape is
irimmed off, cuiling inito recording tape slightly.

easily, it causes less noise, and lies flatter
against the recording head. This last is im-
portant as regards minimizing distortion
and reproduction of the higher tones.
While both paper and plastic base tapes
are available with either red or black
oxide (the dull coating on the active side
of the tape), red oxide is considered better
for general use. If frequent tape break-
age cannot be remedied by adjustment of
the recorder—a very unusual condition—
tape made with a Mylar film base will do
the trick but costs more than standard
plastic-base tape. For recorders which
have fallen off in output (why not have
them repaired?), or machines with an in-
herently high noise level, there is a spe-

POPULAR ELECTRONICS

AmericanRadioHistorv Com



cial green plastic-base high-output tape
(Scotch type HO).

It is often said that, unlike disc records,
tape recordings can be played repeatedly
without deterioration. This is true in the
sense that musical quality will not suffer
and the noise not increase-—provided the
tape is not mechanically or magnetically
damaged in use. If the tape should be-
come stretched due to inherent defects or
excessive tape tension or other mishan-
dling, or should curl or “cup,” it will not
lie flat against the head. This will cause
loss of the higher tones to some extent. If
the tape should be exposed to extraneous
magnetic fields, there may be an increase
in the background noise, and in extreme
cases, partial erasure of the program. The
effect of such fields is discussed more fully
in the section on storage. The tape can
also be damaged by the solvent action of
the carbon tetrachloride used to clean the
heads. The heads should therefore be
cleaned and wiped dry with the tape re-
moved from the machine.

Tape Erasure

One of the advantages of tape record-
ing is that previously recorded material on
the tape is automatically erased during the
next recording by the crase head located
just ahead of the recording head. How-
ever, very loudly recorded material is
sometimes hard to erase, especially on
black oxide tapes. In such cases, run the
tape through the machine with the volume
control turned all the way down and the
controls in the “record” position. This will
erase most of the old program material,
and the remainder will be removed during
the next recording operation. However,
the best remedy for the home recordist ob-
viously is prevention—don’t record at ex-
cessive loudness levels. The professional
studios use a “degausser.” This is a large,
a.c.-operated electromagnet on which the
entire reel of tape is placed for quick
erasure in bulk; hence its more familiar
name, “bulk eraser.” Smaller models are
now available for home use. Degaussers
should be used in accordance with the
manufacturer’s instructions since their im-
proper use may leave the tape noisy. Most
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home recorders are of the double-track
type which permits a separate recording
on each edge of the tape. While a record-
ing made on a single-track machine can be
played back fairly well on a dual-track
unit (usually), and vice versa, erasure on
the wrong type recorder will generally be
incomplete.

Tape Splicing

Everybody knows that tapes can be
spliced together to assemble a program
or to repair a break. However, some home
recordists forget, as they carelessly stick
the tape ends together with transparent
mending tape, that for practical purposes,
the splice must be as good as the original
tape, mechanically and magnetically. Other-
wise, there will be a noisy “plop” as the
splice goes past the head, and/or the ad-
hesive of the sticker tape may bleed out
to other tape layers on the reel, causing
uneven tape travel or gummed oxide sur-
faces on the tape. A defective splice may
also come apart—an unforgivable sin in
tape recording. The best splice is the butt
splice made on an angle of 30 or 45 de-
grees. It is prepared by angle-cutting both
ends simultaneously with scissors, butting
the ends together in exact alignment, and
applying a piece of special splicing tape
(Scotch #41) firmly across the joint. The
excess splicing tape is then trimmed off,
cutting very slightly into the recording
tape on both edges to make the splice flex-
ible. While splicing can be done entirely
by hand as shown in Fig. 1, it is much
easier to use a small tape splicing block
(see Figs. 2 and 3) which keeps the ends
of the tape in alignment. Be sure you
don't end up with the shiny side of one
end spliced to the dull side of the other.

Fig. 2. The Carson tape splicer. an inexpensive
unit for home recordists and tape engineers.
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Fig. 3. The "Edi-Tall Jr.,” another tape splicer
designed especially for home recordisis.

Also, it is a good idea not to splice to-
gether two different kinds of tape unless
their recording characteristics are very
similar; otherwise the tonal quality and
the loudness may not be the same on the
two tapes.

Tape Storage

The satisfaction you get from your tape
library depends to a very considerable ex-
tent on the care used in storing the tapes.
They should be stored on edge—never flat
—and always in their original boxes or in
steel cans. The latter can be secaled with
adhesive tape to keep out excessive humid-
ity; on the other hand, extreme dryness
may cause the tape to become brittle and
cracked. If tapes are to be stored for a

long time, don’t use high-speed re-wind.
If your machine cannot be made to re-
wind at slow speed, store the tapes with-
out re-winding. This avoids the creation
of stresses in the tape. Tapes should not
be stored in a very warm room. Such
storage may make it difficult to obtain
complete crasure later, which suggests
that spare tapes should have their old
recordings erased before storage. Warm
storage may also aggravate the tendency
for recorded material to be transferred
from one tape layer to another, which
may cause echo or increased background
noise. Such transfer or ‘printing” is
further aggravated by exposure in storage
to the magnetic fields from electric mo-
tors, transformers, and power circuits.
Such fields may also increase the noise
level as mentioned earlier; however, stor-
age in the steel cans suggested provides
adequate shielding from magnetic effects.
It is important to note that the use of
magnetized tools such as screwdrivers near
the tape or the recording head may induce
enough magnetism to cause noise on the
tape.

Observance of these simple suggestions,
which are standard procedures with pro-
fessional recordists, will pay big dividends
in the satisfaction you derive from your
home tape recorder. END

Electronic Detector Probes Brain

HE secrets of the brain, even of the sleep-

ing brain, are being revealed with the aid
of electronic detectors and their associated
equipment shown in the photo below. At
the National Institute for Mental Health,
near Washington, D. C,, scientists have been
mapping areas of the cerebral cortex (outer
layer of gray matter of the brain) of ani-

mals. Their findings may be applied to im-
prove human brain surgery techniques.

Measurable electrical signals show, for
instance, that the brain of an anesthetized
animal may be aware of things going on,
although the animal itself is in deep sleep.
Such a brain has been found to register
awareness of extremely subtle stimuli, such
as the “noise”
made by random
movements of air,
or the sensation
of “touch” that
has been excited
by ordinary con-
versation.

The electrical
results of the
activity are ob-
served and re-
corded by a
cathode-ray oscil-
lograph. The spe-
cially designed
equipment for
stimulating and
controlling the
responses utilizes
more than 160
‘vacuum tubes.
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Fig. 1. The chief parts of a typical relay.

How To Choose
The Right Relay

By HARVEY POLLACK

ERINE N

L1 over the world, the click of magnetic
relays may be heard any time of the day
or night. A marine radio operator touches
his press-to-talk button and a half-dozen
relay armatures whack into position,
switching his antenna from receiver to
transmitter, applying power to oscillator,
buffer, final amplifier, modulator. A patient
crosses the threshold of a physician’s office
and a relay at the doctor’s desk actuates a
discreet annunciator chime. A power sta-
tion timer registers 6:00 p.m., and hun-
dreds of relay armatures flash into position
and street lights all over town come to life.
What is a relay and what does it do?
What differences exist between relays and
how are these variations specified? How
can one choose a relay intelligently for a
certain job?

A relay is simply a magnetic switch. It
comprises a coil wound around an iron core,
a moving armature which is magnetically
attracted to the core when proper current
flows through the coil, and two sets of
contacls, one on the armature and the
other fixed to the frame. Most relays are
equipped with a return spring that keeps
the armature in its non-actuated position
when the coil is not energized. See Fig. 1.
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Fig., 6. A relay to control the starting coil
of a motor (Potter and Brumfield Type MS-4A).

Relays are used to replace manual
switches under two general conditions:

(1) A current or voltage which, because
of its type, magnitude, or frequency, is not
suited to operate an electrical device di-
rectly, is fed to the relay coil. The arma-
ture pulls in and the power is brought to
the device through the relay contacts. In
Fig. 2A, the plate current changes in the
vacuum tube are insufficient to start or
stop a large motor but can actuate the re-
lay. The relay contacts then apply power
to or remove power from the motor.

(2) Circuits which carry heavy current
or high voltage require either very heavy
conductors or very well insulated ones. A
relay may be employed to switch such cir-
cuits remotely without the need for long
critical leads to the operating position.
This is illustrated in Fig. 2B; here a relay is
used to switch an antenna between a trans-
mitter and a receiver.

Choosing the Relay Coil

Manufacturers’ specifications for coils
are given in terms of required operating
voltage (6 volts, 12 volts, 24 volts, 110 volts,
or 220 volts, a.c. or d.c.) or the minimum
current necessary for armature pull-in. In
the latter case, the resistance of the coil is
generally stated.

A standard relay requires more current
to pull in the armature than is needed to
hold it in. A plate-circuit relay may be
rated at 5 ma. pull-in and only 2.5 ma.
drop-out. The plate current fluctuation to
operate it in a positive fashion must range
from more than 5 ma. to less than 2.5 ma.

Choosing the Right Contacts

Although many varieties of multiple-con-
tact relays are used in industry, run-of-the-
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Fig. 7. A latching relay can be energized by a
pulse. then must be de-energized by another.

mill electronic applications are generally
limited to four types: s.p.s.t.—single-pole,
single-throw (Fig. 3A); s.p.d.t.—single-pole,
double-throw (Fig. 3B); d.p.s.t.—double-
pole, single-throw (Fig. 3C); and d.p.d.t.—
double-pole, double-throw (Fig. 3D).

The number of poles on a relay indicates
the number of movable armature points.
Each pole can handle a separate circuit.
The lines into which these circuits can be
switched depend on the number of throws:
a single-throw type turns each circuit
either into or out of a given line while a
set of double-throw contacts permits each
circuit to be connected to one or the other
of two lines. Fig. 4 illustrates this idea.

Other important requirements of relay
contacts are:

(1) Normally-open or normally-closed
contacts. Just as these names imply, a nor-
mally-open relay opens a circuit when not
activated, as shown in Fig. 5A, while a
normally-closed relay completes a circuit
when no coil current is flowing. This type
is illustrated in Fig. 5B.

(2) Load current through contacts. Larg-
er load currents necessitate heavier, more
durable contacts. The manufacturer’'s rec-
ommendations on this score must be care-
fully observed.

(3) Inductive loads. When the device
which the relay operates is a pure resist-
ance, the relay contacts may be smaller
than for the same current in a circuit
where there is inductive ‘“kick-back.” Cata-
logue specifications are generally very clear
on this point.

(4) Voltage across open contacts. Relays
which must make and break high voltage
circuits have greater contact clearance, to
prevent arcing, and very fast action partic-
ularly on the break, to prevent sparking.
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Fig. 8. An impulse relay can control a se-
quence of operations, depending on its cams.

Some relays for highly specialized jobs
are described below:

Motor starting relay: (Fig. 6) This relay
is used to protect the starting coil of
capacitor-type electric motors. The con-
tacts are normally closed and the relay coil
is connected across the starting winding.
When the motor picks up enough speed, the
counter e.m.f. (electromotive force) across
the starting coil causes the armature to
pull in, opening the contacts and removing
the starting coil from the circuit. As long
as the motor maintains high speed, the re-
lay remains pulled in but should increased

load cause a slow-down, the starting coil

is again thrown into the circuit. This adds
power and brings the motor back up to
speed. Relays like this one have a wide
range of pull-in voltages, obtainable by
varying the armature gap, and are de-
signed to carry heavy contact currents.
Latching relay: (Fig. 7) This relay is

Fig. 9. Telephone type relays feature small
size, positive operation, multiple circuits.
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supplied with two coils and provides both
electrical latch and electrical release. A
short impulse of current to the actuating
coil sets the latch which then holds the
contacts in place until the release coil is
energized. This type of relay can be used
to trigger a device into operation and keep
it in operation even though the control im-
[pulse is very short-lived.

Impulse relay: (Fig. 8) An impulse relay
of this nature can perform all kinds of
tricks. Having multiple contacts operated
by molded Bakelite cams, different sets of
contacts may be brought into play by ad-
justing the positions of the lobes. Thus,
each successive impulse can start a new
sequence of events. Such relays arc utilized
{or control purposes in highly specialized
industrial and communications equipment.

Telephone type relay: (Fig. 9) The com-
plex switching circuits found in telephone
and other communications systems use
these relays by the thousands. They fea-
ture small size, high coil power to provide
maximum contact pressure, and multiple
contacts. Normally such units are not used
by experimenters, except in certain appli-
cations such as the operation of model
railroads.

Multiple-leaf relay: (Fig. 10) The mul-
tiple-leaf relay is similar to the telephone
type except for the power-handling capac-
ity of the contacts. The contacts are rated
at 5 amperes in this case; the normal rat-
ing for telephone relay contacts is only 2
amperes non-inductive.

Radio control relays: Tiny sensitive re-
lays are now available which are designed
especially for use in radio-controlled model
airplanes and railroads. They can be ad-
justed to provide positive operation with
only one one-thousandth of a watt applied
to the coil. Yet the contacts will carry up
to 2 amperes without pitting. END

Fig. 10. Multiple-leaf relays have higher
power handling capacity than telephone types.
£ 1l‘ "5‘,
| £ {'-3 Foigr
pee= N - [ 28
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HE how’s and why’s of basic electronics
are unfolded for youngsters in a new edu-
cational hobby kit manufactured for “In-
dustrial America,” Inc. by the Radio Cor-

poration of America. The kit enables
youngsters-—with no previous training in
electronics-—to construct one and two-tube
radio receivers and transmitters, chemical
batteries, and experiments with sound and
electricity.

The electronics kit is the first in a series
known as the Educational Hobby Kit pro-
gram. Launched by “Industrial America,”
Inc., the program is designed to enable boys
and girls to learn-by-doing with the thought
that the kits will help youngsters obtain a
better understanding of science and indus-
try as well as assist them in choosing
careers or lifelong hobbies.

Other industrial concerns in the program
and their kits are: Bauer and Black, med-
ical training; Gemological Institute of
America, geology; American Optical Com-
pany, optics; and Taylor Instrument Com-
pany, meteorology. A profusely illustrated
book of instructions, prepared under the
guidance of Encyclopedia Britannica, ac-
companies the Kkit.

Youngsters working from the clectronics
kit start by rubbing two pieces of paper to-
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Hobby Kit
Teaches
Children

Two-tube receiver is one of many
units and experiments youngsters
can enjoy with the new hobby kit.

% -
gether, thus inducing a flow of electrons.
The flow can be detected by a galvanometer
built from the contents of the kit. A headset
allows the youngsters to hear the electron
flow.

By inserting strips of copper and zinc
from the kit into ordinary lemon or salt
water solution, the child can make a chem-
ical battery. He can then use the battery
to power a telegraph and can listen to the
message with the earphone.

Additional experiments lead the young-
ster finally to the stage where he assembles
and operates a two-tube radio receiver and
a relatively simple low-powered one-tube
transmitter.

Contents of the kit include a variable
(tuning) capacitor, plate coil, antenna coil,
dial, “B” battery clip, ground clamp, wire
leads, coil antenna wire, screwdriver, coil
magnet wire, steel rod, zinc strip, copper
strip, compass, headphone and clamp, (tun-
ing) knob, mounting bracket, coil ground
wire, and reversible assembly board.

Also included are two resistors, “A’” bat-
tery clips, tube sockets, vacuum tubes, three
capacitors, and an assortment of Fahne-
stock clips, screws, nuts, ete. Kits will be
sold in department stores, toy shops, and
hobby stores. EnND
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Beginners can leara o transmit and receive
radlo messages on sets they have built
themselves. Included is a book on radio.

Millard {Mike) Deutsch. Jr., 11,
gets helping hand frem his father,
president of “Industrial America,”
Inc., in assembling electronics kit.

Showing sister how & radio works
poses no problem to this young
electronics “veteran”. Layouf of
parts aids quick understanding.

January, 1955
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OPERATION STARTLED STARLING

ERRY BISHOP was in his basement lab-

oratory busily trying to get the sound
effect of a horse plodding through deep
mud down on the tape of a new recorder
he had received for Christmas. He was so
engrossed in plopping a couple of his moth-
er’s cookie cutters up and down in a shal-
low dish filled with water near the re-
corder microphone that he scarcely looked
up when the outside door was kicked open
and Carl Anderson, his neighbor and best
friend, strode in carrying a bird cage held
gingerly out in front of him.

“The next time you get a bright idea,
Buster, you can do some of the legwork
yourself,” Carl growled as he set the cage
down on the workbench.

“Ah, you got one!” Jerry exclaimed as
he shut off the recorder and strolled over
to examine the black, medium-sized bird
with beady eyes and rather ruffled plum-
age inside the cage. “He doesn’t look like
he’s hurt a bit. How did you ever catch
him?”

“It wasn’t easy. Some men were shoot-
ing the starlings with shotguns around the
courthouse, and that little buzzard had
the ends of the feathers on one wing shot
off. That didn’t hurt him any, but it sure
messed up his flying. At that, I had to
chase him a couple of blocks before I
caught him, and he managed to chew about
thirty cents worth of hide off the back of
my hand while I was stuffing him into the
cage. Believe me, Old Scissorbill here is a
crazy, mixed-up starling; he thinks he's an
eagle or some other kind of meat-eating
bird.”

“He does have a kind of nasty expres-
sion on his face,” Jerry agreed as he looked
at the bird glaring defiantly up at him.

“This whole idea sounds strictly for the
birds to me,” Carl blurted out. “Tell it to
me again. Maybe it will sound better if I
hear it once more.”

“Last winter,” Jerry patiently related,
“a couple of zoologists at Penn State Col-
lege captured a live starling and made a
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tape recording of its cries of distress. Then
the recorder was installed in a truck
equipped with a public address system
parked beneath some trees infested with
an estimated 20,000 starlings. After the
birds were settled for the night, the re-
cording, tremendously amplified, was played
through the public address speakers. The
birds awakened to the distressed screams
of one of their fellows, fled in terror, and
never returned. We are going to try to
work the same thing on the starlings roost-
ing in the trees in the back yard.”

“Still sounds wacky,” Carl commented;
“but let’s get on with it. You hold Scis-
sorbill, and I'll work the recorder.”

“Now wait a minute,” Jerry said hastily.
“You’d better hold the bird and let me
operate the recorder. After all, you two
are already acquainted. On top of that,
this is a pretty critical recording, and
everything has to be just right. The tape
must be run at the right speed; the gain
control must be set just so; the—"

“Oh all right,” Carl said resignedly. “I
didn’t really expect to get away with it,
but it was worth a try. What do you mean
the tape has to be run at the right speed?”

“To make the bird’s cries sound natural,
we must have good high-frequency re-
sponse. That means the tape will need to
be run at its top speed of 7% inches-per-
second.”

“How come higher tape speed improves
the high frequency response?”

“The recording head translates a sound
wave of a given pitch into pulses of mag-
netic energy that ‘prints’ the magnetic
coating of the moving tape with regularly
spaced areas of magnetism. As the pitch
or frequency of the sound goes up, these
areas are spaced closer and closer to each
other until finally, when the frequency of
the sound wave is high enough, they start
to merge together and so lose their sep-
arate identity that must be maintained if
the sound is to be reproduced naturally.
Now if we speed up the tape, this increases
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the separation of these magnetized areas;
and we can then increase the frequency of
the sound wave considerably before the
areas start overlapping again.”

While Jerry was talking he had removed
the tape reels from the recorder and start-
ed a short endless loop of tape running
through the recording head. The micro-
phone was placed on the edge of the bench,
and Carl cautiously opened the door of the
cage and reached inside for the bird.

“Yow!” he suddenly yelled as the star-
ling viciously shut down on his finger.

“Shut up,” Jerry callously commanded.
“We want the starling’s cry of distress,
not yours. We don’t want to scare people.”

Carl gave him a scorching look and then,
angered, reached inside the cage and
hauled the bird unceremoniously forth.
Holding it upside down by its feet, he dan-
gled it near the microphone while it
screached and screamed its protest at this
treatment.

“That’s fine,” Jerry said. “Now let's see
what we've got.”

The recorder was switched to ‘“Play,”
and instantly the basement was filled with
a loud cacaphony of raucous screaming
that even seemed to take Old Scissorbill
aback. At least he became quiet and lis-
tened attentively with his head cocked to
one side.

“That certainly ought to do it,” Jerry
said.

“I don’t know,” Carl said dubiously.
“That bird wasn’t scared; he was mad. I'll
bet a nickel that instead of calling, ‘Help,
help?” he was really saying something like,
‘Let go of my leg, cuss you!” Can I wring
his neck now?”

“Sure, but you won’t,” Jerry said with a
grin on his round face. “You don’t fool
me. I know how chickenhearted you are.”

“Chickenhearted, my eye,” Carl said with
a fierce scowl. “However, I think I'll just
turn him loose and let a cat get him. That
will be the kind of fate he deserves. Wring-
ing his neck would be too easy a death.”

“Uh huh,” Jerry said with a knowing
smirk; “but now we've got to arrange a
way of putting some real punch behind this
recording. I thought we could use that
twenty-watt speech amplifier and modu-
lator you use to modulate that command
transmitter of your ham station. Let’s see,
that modulation transformer has a 5000
ohm output, doesn’t it?”

“Right.”

“And here’s the speaker I intended to
use,” Jerry remarked as he dived into a
corner of the basement and pulled forth
a large speaker with a bell-shaped trum-
pet. “I've been hanging on to this for a
long time hoping to find a use for it. This
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job is rated at twenty-five watts and has
an eight-ohm voice coil.”

“Not a very good match for 5000 ohms,”
Carl observed.

“That’s where this audio transformer
will come in—I hope,” Jerry said as he
lifted a heavy transformer on to the bench.
“Someone gave me the thing, but no in-
struction sheet came with it. The primary
terminals are lettered, and the secondary
terminals simply are numbered from 1 to
16. However, by looking up this model in a
catalogue, I know the transformer is rated
at twenty watts, that the primary is tapped
for use across either 3000 or 5000 ohms,
and that the secondary is designed to feed
any voice coil impedance from one to thirty
ohms. All we have to do is figure out
which primary and secondary taps to use
so that our eight-ohm voice coil will be
properly matched to the 5000 ohm output
of the modulation transformer.”

“How are you going to do that?”

“First, let's use the ohmmeter of our
volt-ohm-milliammeter to measure the d.c.
resistance appearing between the various
primary taps. Across terminals P-P we
measure 600 ohms, while there is only 500
ohms across P'-P'. We may safely assume
that the higher d.c. resistance indicates
that the entire primary winding, designed
for an a.c. impedance of 5000 ohms, is con-
nected between the two terminals marked
P.H

“That’s easy, but how about the second-
ary taps?”

“Well, we know that the impedance ratio
between the primary and secondary of a
matching transformer is equal to the
square of the turns ratio of these two
windings, check?”

“Check.”

“Our impedance ratio is equal to 5000/8
or 625/1. The square root of that is—"
Jerry settled back on the couch with his
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battered slide rule, but Carl interrupted
with, “Twenty-five to one.”

“You're right, you mathematical genius!”
Jerry exclaimed as he double-checked with
the rule. “We also know that if we put a
certain a.c. voltage into one winding of a
transformer and then measure the voltage
appearing across the other winding, the
ratio between the two voltages is equal
to the turns ratio of the two windings.
So-0-0-0, all we have to do is put twenty-
five volts into the primary winding and
then measure the voltages appearing be-
tween the various taps of the secondary
until we find a pair producing quite close
to one volt. When these two taps are found,
we can connect our eight-ohm voice coil
to them and be sure that when the whole
primary is connected to the output of the
modulation transformer, we shall have a
complete match all the way around, which
will insure a maximum transfer of power
with a minimum of distortion.”

“Well, let’s quit yakking and get with
it, Carl, the man of action, said impa-
tiently.

“Okay. This war surplus equipment fila-
ment transformer puts out almost exactly
twenty-five volts of a.c.; so connect it to
the primary of the transformer, and we'll
start measuring the voltages across the
secondary taps.”

In a matter of minutes the boys located
a pair of secondary taps that indicates pre-
cisely one volt on the a.c. scale of their
volt-ohmmeter. The ends of a heavy fifty-
foot extension cord were soldered to them,
and the other ends of this cord were fas-
tened to the speaker terminals. The pri-
mary of the matching transformer was
connected to the secondary of the modula-
tion transformer of Carl’'s amateur station
speech equipment. A phone plug with a
six-ohm, one-watt resistor fastened across

its terminals was plugged in the “External
Speaker” jack of the recorder, and a
shielded lead went from the two ends of
this resistor to the high-level input jack of
the speech amplifier. The six-ohm resistor
furnished a proper load for the secondary
of the recorder’s ouiput transformer when
the unit’s six-ohm speaker voice coil was
automatically disconnected by plugging
into the jack.

By the time this rather weird lashup of
equipmen{ was completed, the boys had
already received the third supper call; so
they decided to suspend operations until
after the evening meal. Right after sup-
per, though, Carl was back over wearing
a bright yellow slicker.

“There’s a pretty good drizzle going,” he
announced.

“It takes a pretty mean guy to try and
scare a poor little starling out of his nice
warm tree on a night like this,” Jerry said
teasingly.

“Yeah!” Carl snarled as he rubbed his
sore finger and made a threatening gesture
at Old Scissorbill, still resting in his cage;
“I can hardly wait.”

“Okay. You get outside the basement
window, and I'll hand the speaker out to
you. That way our cord will allow us to
get right under the tree with the speaker.
I want to be out there, too, when the fun
starts; so I'm going 1o get everything down
here going but the tape recorder. Then I'll
turn it on and dash out there with you
while the recorder amplifier is warming
up.”

This plan was put into action. Jerry
switched on the recorder, flipped the vol-
ume control well over to the “loud” side of
its rotation, took a quick look to make sure
the loop of tape was going smoothly past
the playback head, and then dashed out

(Continued on page 122)

Flocked Screening
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for Loudspeakers

HEN you use flocked screening to cover

a loudspeaker opening in a front panel,
do a professional job by shaping the screen-
ing to fit into the speaker opening and to
project slightly from the front panel, in-
stead of lying flat.

You'll need the front panel, a piece of
flocked screening cut somewhat larger than
the speaker opening, a piece of cardboard,
and a %" to 1” wooden dowel rod.

Place the cardboard under the front panel
and the flocked screening as shown. Press
from the back with the wooden dowel rod
to form the screening into the speaker open-
ing. The cardboard will give slightly, per-
mitting the screening to project a small
amount. o= L. G
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Solar Battery powers telephone in this indoor demonstration.

More Energy from a Solar Battery

HE power needed to transmit a telephone

conversation can now be obtained directly
from the sun, according to a recent an-
nouncement by Bell Telephone Laborato-
ries. Key to the new power source is the
Solar Battery (see PopruLarR ELECTRONICS,
Oct., 1954). Recent experiments have re-
sulted in a one-third increase in the efficien-
cy of the battery. Composed of strips of
specially prepared silicon, the battery can
now achieve an efficiency of eight per-cent,
comparable to that of steam and gasoline
engines.

According to the battery’s co-inventor,
Gerald L. Pearson, “this value of eight per-
cent is ten to fifteen times better th