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CB TREE? I¥'s actually the e.c.i. Courier 1
hand wired harness that ties together its five individual segments info a
. Unitized chassis for simple installation, use and maintenance. And that's
/| only part of the e.c.i. Courier 1 quality story. Think of every conceivable

feature you need and want in a (B fransceiver that will still get out more
than 3 watts . . . e.c.i. Courier 1 has them. See for yourself.

TRIPLE CONVERSION FULLY MODULATED (100%)
12 CHANNEL TRANSMITTING BUILT-IN "§"" & "RF"" METER

FIXED & TUNABLE DRIFT-FREE RECEIVING o LOWEST NOISE FRONT END
BUILT-IN NOISE LIMITER & SQUELCH MOBILE OR BASE (117 V. and 12 V)
ELECTRONIC SWITCHING (no relays) ENTIRE UNIT SLIDES OUT ON TRACKS

write for free brochure

$189.50
Slightly higher west of Rockies

@@H electronics communications, inc. 325 no. macquesten pkwy. mt. vernon, n.y.
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“hello, little girl!”

Remember when birds talked? When toys came Remember: if it's worth recording, it's worth
to chattering life at midnight and unseen playvmastes Audictape. There are eight types . . . one exactly
whispered in your ear? suited to the next recording you make!

The magic sounds of childhood's imagination are
as elusive as smoke. Even Audiotape can't capture
them. But fortunately there's magic in reality, too.
And there, Audiotape doesn’t miss a murmur.

2 lo l

Audiotape has greater clarity, range, mcre uni- ° o .
form output than others. And only Audiotape comes i “it speaks for itself’”
on the famous C-slot reel . . . Make it your silent %
(but knowledgeable) partner in capturing every- AUDIG DEVICES INC., 444 Madison Ave., Now York 22, N.Y.
thing from Papa Haydn to Pop's bathtub baritone. Hollywond: 840 N. Fairfax Ave., Chicago: 7321 N, Hamlin Ave., Skokis, IIl.

POPULAR ELECTRONICS is published monthly by Ziff-Davis Publisbhing Company at 434 South Wabash Avenue.
Chicago 5, Illinois, Subscription Rates: One year United States and possessions, $4.00: Canada and Pan American
Union Countries, $4.50; all other foreign councries, $5.00. Second Class postage paid at Chicago. Illinois. and at
additional mailing offices. Authorized by Post Qffice Department, Ottzwa, Canada. as Second-Class matter. Decem-
ber, 1961. Volume 15, Number 6.
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A precision engineered transceiver for Citizens Band
licensees seeking out.?tandmg design and perf(_)rmance. Complete with 1 transmit crystat, 1 re-
Tunable dual conversion superheterodyne receiver cov- . tal e g Jomde !y
ering all 23 channels. Two crystal control receive posi- celelenystat NewSlyle eramicgmiery
tions. Push-to-talk operation. Three way power supply phone and coil cord._._ ... $199.50

for 6/12 vdc and 115 vac. Five watts plate input. Certi-
fied tolerance +.005%. Size 512" x 816" x 9” deep.

Advanced engineering featured in the
Executive Model 100

@® NEW crystal filter minimizes adjacent
channel interference.

NEW built-in calibration circuit.

NEW International NR squelch.

NEW 12 position crystal control transmit
channel selector.

NEW front panel microphone jack.

NEW provision for connecting external
speaker and S/meter.

. % = :"""“"”"""”.”_"””_,”"”""'3
FREE INTERNATIONAL'S . ‘ +  International Crystal Mfg. Co, Inc. .
1962 CATALOG X 18 Morth Lee, Oklahoma City, OKla, o

Your buying guide for pre- w] ¢ Rush FREE 1962 Catalog o3 :
cision radio crystals and 32 g 3
quality electronic equip- = b&Z ¢ Name - 9
ment. Complete data on 1862 CATALOG 2 Please print .
Internationat's  Citizens = S Address .
Band transceivers and 5 B S .
accessories. % ‘% DGy - S Stote 3
Send for it TODAY! =3 1078151538 9ToL0 0 01s STO10,0,8) SLokman.olo.8 S (8840 aisioiolo el Lo o1 3 aloleloie

INTERNATIONAL Crystal Manufacturing Co., Inc. ® 18 North Lee ® Oklahoma City, Okla.
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Now-from a world leader
/n communications equipment
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TRANSCEIVER

CB TRANSCEIVER — A maxi-

mum power transmitter and all-channel (22)
receiver.

QSWL RECEIVER — 540 kcs

to 30.0 MCS coverage for overseas, communi-
cations, amateur, marine, and even standard
broadcast reception.

e 10 METER HAM TRANS-
MITTER tasily and quickly retunes to

10 meter amateur band (when proper license
is obtained). Supplied with one CB crystal.
Receiver covers all amateur bands within
frequency range. Get a boost toward your
novice or general license by receiving WIAW
code practice lessons.

This is it! A transceiver that combines all your

needs for Citizens Band, Short Wave Listening,

and 10-meter Ham Operation. An unbelievable

value from a world-recognized leader in commu-
nications equipment. American made of Ameri-

can components. ONLY 321 950

WRITE FOR less speaker and microphone
COMPLETE DETAILS
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e Really Mean It...When We Say

to prepare AT HOME the DeVry way for a job that

Electronics! |

LET US TELL YOU WHY! ':

in preparing you at home for a profitable joh in the billion doflar opportunity field of
electronics, DeVry Tech is more interested in your DESIRE TO GET AHEAD than we are in DeVry Sends You Actual
3 what yos know about the field now. DeVry's training is thorough and practical, No previous

electronic experience is required. We train you even if you don't know how te splice Equipment You Need
a lamp cord.
Our thorough training, with its many exclusive features such as home movies, has pro- At No Extra Cost!

duced many graduates so well-trained, they have been employed by some of today’s I s . I

best-known firms and by scores of Radio and TV stations across the continent. DeVry OeVry Tech, in addition to its exclusive !«
Tach graduates are in demand. There are many job opportunities for them. training movies, sends you the practical
Becoming a DeVry Tech man in itself is a big lift. We have found during the past Electro-Lab™ system which includes 16 £

shipments of equipment to work more
than 300 leam-by-doing projects in yuur,
own home. W2 know of notlung more .~

effective than DeVry Tech’s
tool-in-hand training.

29 years that by understanding a man's problems . . . by encouraging him in
every way possible, we usually help him get the break he wants. It hedps him
do things he cannot do alone.

Another important benefit of becoming a DeVry Tech man is knowing you are
part of an institution that not only trains you and helps you get started .
but an organization that stands behind you on the JoTb It is such tmngs
as these that make DeVry Tech graduates DIFFEREN . it makes them

PREFERRED men by se many employers. Send for these

Why don't you send the coupon below for 2 FREE booklets . . .
Mailing that coupon could be a big step forward . . toward F R

training
movies help

£ 4 c ]
you learn FASTER!™Si greater heights . . _ better pay! Rea) !
e o BOOKLETS fammqs
v ;
We Have Residential Training for Migh School Graduates Aceredited mrormises G IRANIER: By Counii il
MILITARY SERVICE [EARN WHILE YOU LEARN [ RESIDENT TRAINING e e .
. . |DeVRY TECHNICAL INSTITUTE
We hava valuable Practical training shows BeVry Tech has modern 4141 Belmont Avenue ® Chicago 41, illinois ® Depl. PE-12-R

information for every you how to earn good training centers in Please give melyour two free hookrlets “Pocket Guide to Real

A . 3 E:rnings” and “Electronics in Space Travel”; also include details

man of draft age. money in spare time. Chicago and Toronto. on haw to prepare for a career in Electronics. 1 am interested in
the following opportunity fields (check one or more):

{7 Space & Missile Electronics ] Communications

WORK IN THESE EXCITING FIELDS WHEN TRAINED!

Radar @ Guided Missile Control ® Television @ Radio 8 TMeiIcerzpleflaovnesand Gt 8 g?cmlétaesrtsmg
Micro-Waves ® Communications @ Industrial Electronics O Radar O Industrial Electronics
Computers ® Automation Electronics ® Broadcasting [ Automation Electronics D Speciat “Short Courses™
Remote Control Systems @ Your Own Service Shop Name__ _ age

PLEASE PRINT

Address_ = Apt. Y

D VR TEC“N'CAL - Zone State - -
A ! El Check here if you face military servic

e iy 3 l N STlTUTE Canadian residents: Write De{lry ':Ie:eh of Canada, Ltd.

c H ch Go @ TORO N 'ro 970 Lawrence Avenue West, Toronto 19, Ontario 207
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POP'tronics

NEWS SC PE

HEARING THINGS—Milady’'s demands often make difficult
problems in unheard-of fields. The Electronic Components
Division of the Clevite Corporation, Bedford, Ohio, has come
up with specially designed language laboratory headphones
which can be adjusted to fit any head size, and even accom-
modate milady’s fluffy coiffure. This comfortable, durable,
single-unit headpiece was created to meet the growing demand
for electronic equipment in more than 5000 modern language
training centers in high schools and colleges across the nation.

CAUGHT FLAT-FOOTED—A grim-faced patrolman seems about
to give Ray Besasie of Milwaukee a ticket for driving without a
steering wheel. Patrolman Arthur Coughlan of the Suffolk
County, N.Y., police spotted Ray driving in his apparent high-
way ‘“‘Kamakasie.”” The matter was cleared up when Ray ex-
plained that his ‘‘car of the future'" was electronically con-
trolled by special steering knobs. He drove it 1000 miles to the
Custom Auto Show at Long Island Arena. Ray fast-talked his
way out of a ticket, but what will happen if he blows a fuse?

HOT BOX DETECTOR—Trackside infrared scanner unit devel-
oped by the Generai Electric Company detects hot boxes on
fast-moving trains. Previously, train crews peered from ca-
booses and locomotives to spot smoking overheated wheel
bearings, or ‘““hot boxes’ to railroad men, as trains rounded
curves. Now the infrared scanner, mounted in a rugged steel
housing on extended ties, ‘‘senses’” the temperatures of the
wheel bearings—even at train speeds up to 70 mph. The tem-
perature of each bearing is permanently recorded on a moving
graph chart. Coupled into an extensive alarm system, a pass-
ing hot box will switch a train signal to a stop position, and
flash light and audible signals at control points. Wonder if the
system can detect cigar-smoking hoboes?

WEATHER SNOOPER—Keeping tabs on the weather in the Guif
of Mexico is the job of a moored, unmanned weather station
called the “NOMAD.” Crammed on the NOMAD’s 10’ x 20’
deck are weather detecting instruments, radio antennas, two
masts, a large flashing beacon, and a buoy-type bell. Sensing
devices measure air temperature, water temperature, wind
speed and direction, and the direction of the ocean’s surface
current. Eventually, it will be possible to measure temper-
atures and pressures down to 1000 feet below the surface.
Four watertight compartments house the maze of electronic
equipment and batteries which enable the unmanned NOMAD
to radio reports every six hours during periods of low winds,
and at hourly intervals during periods of high winds. This is
the first of many such weather stations to be employed in the
Atlantic and Pacific Oceans by the U. S. Navy.

POPULAR ELECTRONICS



CARL E, SMITH
E. E., President

then you will want to know

What ,.'CC?

IS The

It’s amazing what the future holds for you in
this modern world of electronics. Let me send
you the entire story—FREE!

* How to pass the FCC Exam
® Successful Electronic Training

We can train you to pass the Valuable FCC exam
in a minimum of time if you have any practical
experience and a fair knowledge of mathematics.

Get All 3 Booklets
Free

a successful plan for . . .
Electronics Training

Get This Handy Pocket Electronics
Data Guide Free . ..

Puts all the commonly used conversion factors. formulas.
tables, and color codes at your finger-tips. Yours absolutely
free if you mail the coupon today. No further cbligation!

TO GET THIS FREE GIFT, MAIL COUPON TODAY!

Sorry—Not For Beginners

Please inquire only if you really want to get ahead and to
add to what you have already learned in school, in the
service. or on the joh. Some previous schooling or experience
in electronics. electricity, or related fields is necessary for
success in Cleveland Institute programs,

Cleveland Institute of Electronics

1776 E. 17th St. Desk PE-84 Cleveland 14, Ohio

December, 1961

Are You _Interested I_n
Electronics-TV-Radio?

FCC Regulations Require

CITIZENS BAND

Maintenance Personnel
to be licensed

Get In on the Ground Floor. . .

Get Your License Now!

Your FCC Commercial License
—or Your Money Back

Completion of the Master Course (both Sections)
will prepare you for a First Class Commercial
Radio Telephone License with a Radar Endorse-
ment. Should you fail to pass the FCC examina-
tion for this license after successfully completing
the Master Course, you will receive a full refund
of all tuition payments. This guarantee is valid
for the entire period of your enrollment agree-
ment.

Cleveland Institute of Electronics

1776 E. 17th St. Desk PE-84 Cleveland 14, Ohio

Accredited by the

National Home Study Council

I Cleveland Institute of Electronics
I 1776 E. 17th St., Cleveland 1&, Ohio I
Please send Free Career Information Material
| prepared to help me get ahead in Electronics and |l
| 2 free copy of your “Pocket Electronics Data ]
1 Guide.'”” I have had training or experience in i
Electronics as indicated below.
1 O Mili.tary o 0O Broadcasting 1
§ O Radio-TV Servicing [ Home Experimenting 1
] O Manufacturing [ Telephone Company
[ Amateur Radio OOther 1
I In what kind of work In what branch of I
j areveunow engaged? Electronics are you
i interested? 1
]
] Name Age ]
: Address ]
I City Zone State 1
PE-84 |
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Capacitor for "Sweet Sixteen"

B After building a slightly modified “Sweet Six-
teen’ speaker system, I suddenly found myself up
against a blank wall. Where can I buy a 3-uf.
metalized-paper capacitor that is not an electro-
lytic? I'm unable to find such a unit listed in the
Allied or Lafayette catalogs and have had no luck
at the local supply houses.
RoBERT NICHINI
Elmsford, N.Y.

Both the 3- and the 12-pf. metalized paper capaci-
tors mentioned in “Sweeter with a Tweeter”’
(April 1961) are listed in the Allied industrial cat-
alog. Either unit can be ordered by mail.

Diode Quiz

B The “Diode Quiz” in the July 1961 issue is
quite interesting, but I'm puzzled by the answer to
problem 6. According to you, the answer is 2

ohms; but as I see it, there are only two effective

resistors in parallel with the battery. This would

make the total resistance across the battery 3
ohms,

GEeorRGE H. CUNNINGHAM

Clark, N.J.

The answer really is 2 ohms, George, and to prove
it we've reprinted the diagram for problem 6.
Notice that diode “A” is connected in reverse

AAAAA
WWW

AAAAA. AAAAAA
YVWWy

A [+ P

g VWi

across the battery and, therefore, may be con-
sidered to be an open circuit. The polarity of diode
“B,” however, is such that it does conduct—and it
eflectively shorts out resistors “C” and “D.” This
leaves the remaining three resistors (6 ohms each)
connected in parallel with the battery. Accordingly
the total resistunce of three 6-ohm resistors in par-
allel is 2 ohms. Right?

Adapter for VIVM Leads

B 1 believe that I've detected a mistake in the
article *Adapter for VIVM Leads” (September,
1961). In describing the installation of the d.c.
isolating resistor in the adapter, the author states:

ANNOUNCING NEW

BROWNING

s-hie CB TRANSMITTER

Now with built-in 23 channel selector switch
and Standing Wave Indicator!

Browning presents o new concept in Citizen’s Band
radio communications. It’s the 23/S-NINE base station
transmitter with built-in all-channel selector that lets you
transmit on any of the 23 CB channels at the flick of a
switch! Also new is the built-in Standing Wave Indicator
for perfect matching of transmitter and antenna system
for more powerful, long-range transmissions.

Among other outstanding 23/S-NINE features: special
audio circuitry with speech clipper and splatter filter for
perfect modulation; advanced design power supply with
silicon rectifiers for low operating temperatures and maxi-

-

Send today
for FREE
€8 Information Kit:

23 _  ——aum
ShiRE TRANSMITTER $144.00
crystal)

$189.00

{with 23 matched
crystals installed)

mum component life; highly efficient output circvitry using
Pi network for maximum transfer of energy to antenna.

Order your Browning 23/S-NINE Transmitter now for
home or business use.

®
L)rownin

Dept. P, 104 UNION AVENUE, LACONIA, N.H. .

FOUR CONVENIENT PURCHASE PLANS

Always say you saw it in—POPULAR ELECTRONICS




NEW TOPPER WHIP
FOR CITIZENS BAND

GUARANTEED TO EQUAL OR SURPASS
IN PERFOMANCE ANY OTHER LOADED
OR FULL LENGTH MOBILE ANTENNA.

This new mobile whip utilizes the exclusive
“top-loading” design with polyethylene en-
closed coil capsule sealed permanently to the
top portion of the stainless steel whip, and
nearly its same diameter.

This feature raises the radiating portion of the
whip to the highest point, increases resistance
to perfect 52 ohm match, and allows for
higher mounting on vehicle — all increasing
the superiority of performance. Overall height
is only 50”. Rugged and ready for any climate
or weather.

Four models are available for a variety of
mounting arrangements.

S -

e

TWL-M: with chrome-plated, single hole, top
mounting body mount.

TLWT-M: identical to TWL-M but in three
sections for telescoping down to 28,

TLW: with standard 3&'x24 threaded base stud
for use with adaptive mounts,

TLWT: identical to the TLW but in three sec-

>

tions for telescoping down to 28".

WRITE FOR NEW ENGINEERING REPORT !
LE ANTENNAS AND MOUNTING ACCESSORIE

COMPLETE LINE

antenna products

1135 No. 22nd St. Lincoln, Nebr.




COMPLETE SERVICE TRAINING

. . written so you can understand it!

Only 517

for the complete
2-volume course

oy Y

. 3 £ U il I\
g ALMOST 1500 PAGES!

Fix ay TV or Radio
Ever Made

EASIER-BETTER-FASTER!

No complicated theory or mathematics! These famous Ghirardi
books get right down to brass tacks in showing you how to
handle all types of AM, FM, and TV service work by approved
professional methods. Almost 16500 pages and over 800 clear
illustrations show how to handle every phase of troubleshooting
and servicing. Each book is co-authored by A. A, Ghirardi whose
manuals have helped train more servicemen than any other books
or courses of their kind!

1—Radio and Television Receiver

TROUBLESHOOTING AND REPAIR

A complete guide to groﬁtahle professional methods. For the
beginuner, it is a comprehensive training course. For the experi-
enced serviceman, it is a quick way to ‘‘brush up’’ on specific
jobs, to develop improved techniques or to find fast answers
to puzzling service problems. Includes invaluable ‘‘step-by-
step’’ troubleshooting charts that show what to look for and
where. 820 puges, 417 illustrations, price $10 separately.

2—Radio and Television Receiver

CIRCUITRY AND OPERATION

This 669-page volume is the ideal guide for servicemen who
reah'ze it pays to know what really makes modern radio-TV
receivers ‘‘tick” and why. Gives a complete understanding of
basic circuits and circuit variations; llow to recognize them at
a glance; how to eliminate guesswork and useless testing in
servicing them. 417 illus. Price separately $9.00.

Special low price . . . you save $2.00

If broken into lessons and sent 1o you as a *‘course,”’ you'd regard
these twotgreat books as a ba in at’ $100 or more!

nder is new offer, you buy both books for only $17.00 . . .

You save $2.00! No lessons to wait for. You learn fast—and right!

F===STUDY 10 DAYS FREE!==="1

823900
Dept, PE-121. HOLT. RINEHART & WINSTON, INC., I
Technical DIiv., 383 Madison Ave.,

New York 17. N, Y. l
Send books betow for 10-day FREE EXAMINATION. In 10
days 1 will either remit price indicated (plus postage) or re- I

turn books posipald and _owe you nothing.
DO Radio & TV Recciver TROUBLESHOOTING & REPAIR (Price
810.00 s(\l‘),.'lr‘.';:f‘lg‘)J No. 708578 l

O Radlg & T ITRY & OPERATION (Price $9.00)

No. 70821
Check here for MONEY-SAVING COMBINATION OFFER
. . Save 832.00. Send both of above bi books at speclal
nrice of only $17.00 for the two. (Regular price $19.00 . . .
you save %£2.00.) No. 708006
SAVE! Send cash with order and we pay postage. Same
return privilege with money promptly refunded.

Qutride U.S.,A.—$10.50 for TROUBLESHOOTING & REVPAIR: $9,50
for CIRCUITRY & OPERATION: $18.00 for both, Cash only, but
money refunded if wou refurn books in 10 days.

Above offers expire September 15, 1962

L-----------------J
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Letters
(Continued from page 8)

“Simply wire it between the uninsulated jack and
the phone plug's ‘inside’ terminal.” The word “un-
insulated” should be changed to “insulated.”

I agree that this adapter makes a VIVM easier
to use, but it does have one drawback. The pur-
pose of the resistor mentioned above is to isolate
the cable from the test voltage. Moving the isolat-
ing resistor from the probe into the adapter leaves
the cable connected to the test voltage. In some
cases, this is not permissible. When testing oscil-
lator circuits, for instance, the added capacitance
of the unisolated cable may load the circuit enough
to cause erroneous voltage readings.

Personally, I find no difficulty in using the usual
three VITVM leads—and I prefer reliability to ease
of operation.

James R. SEBOLT
Springfield, Mass.

The word “uninsulated” in the last sentence of the
article should indeed be changed to “insulated.”
Thanks for calling this to our attention, Reader
Sebolt. And, as you say, experimenters working
with sensitive circuits might be better off with the
conventional thrce-lead system.

Starved Circuit Amplifier

B I have just completed the “Starved Circuit
Amplifier” (July, 1961), and am quite pleased
with it. Because of the limitations of my spare
parts box, I used a 6BH6 (it has curves almost
identical to the 6AU6) for Viand an 8-af. capaci-
tor for C1. Lacking a metal box, I made one out
of Bakelite, and built a power supply (using a
6X4) as an integral part of the unit. I don't know
the exact frequency response, but the amplifier
sounds quite good and will overdrive an 8-inch
speaker with the gain turned up.
ArRTHUR R. STICH
Jackson, N.J.

B While looking for a useful project to build, I
came across the “Starved Circuit Amplifier.” After
completing it, I found that the amplifier (with the
proper probe plugged into the input) made a fine
signal tracer.

It may also interest your readers to know that,
for private listening, a 3000-ohm resistor in series
with a pair of 2000-ohm headphones can be sub-
stituted for T'7’s primary winding.

Mike Exner, KNSKBK/WPESBTN
Houston, Texas

Gonset 3002 Wanted

HTI've just read “New Life for Obsolete Con-

verters”’ (April, 19617 and would like to acquire

one of the used Gonset 3002’s adapted by the au-

thor. Any leads you can give me as to the where-

abouts and price of a good 3002 converter would
be appreciated.

NormAaN Basa, WPESDHU

2215 Beecher St.

Findlay, Ohio

Do any of our readers have an old Gonset 3002
they would like to dispose of ?

Always say you saw it in—POPULAR ELECTRONICS
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GRANTHAM SCHOOL OF ELECTRONICS

1505 M. Western . 408 Marion & 3123 Giltham Rd. ® 821-19th, NW
Los Angeles Seattle Kansas City Washington

December, 1961

F.C.C. LICENSE
PREPARATION

WHAT'S IN YOUR FUTURE?

Are you planning your future or just
drifting into it? Now is the time to get
an F.C.C. license. Now is the time to pre-
pare for higher pay —make your future
secure,

GRANTHAM TRAINING
PREPARES YOU

Grantham School of Electronics spe-
cializes in quality training in communica-
tions electronics, preparing students (o
pass F.C.C. license examinations.

The Grantham Communications Course
teaches you to understand electronic
theory — teaches you the “why" of elec-
tronics.

If you already have practical experi-
ence in radio-electronics, the Grantham
course can add a knowledge of theory and
an F.C.C. license to that practical experi-
ence. This should qualify you for higher
pay and greater job security.

This course can prepare you quickly to
pass F.C.C. examinations because it pre-
sents the necessary principles of electron-
ics in a simple ‘“easy-to-grasp” manner.
Each new idea is tied in with familiar
ideas. Each new principle is presented
first in simple, everyday language. Then
after you understand the “what and why”
of a certain principle, you are taught the
technical language associated with that
principle. You learn more electronics in
less time, because we make theory easy
and interesting. NOTE: All necessary
math (s included in the course.

CORRESPONDENCE OF RESIDENCE CLASSES

] - - e S e D Gn e e e s Ee Es e

! TO: GRANTHAM SCHOOLS, INC. |
NATIONAL HEADQUARTERS OFFICE !
1 1505 N. Western Ave., Hollywoad 27, Calif. 1
' 13-T i
1 Please send me full details on the course indicoted below. '
1§ understand that there is na obligation ond no salesman will call, ¥
i 1
b name AGE 1
¥ ooress :
] 1
oy STATE 1
] . [}
I ! am interested in: [T} Home Study [] Resident Classes §

1
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T" ps dition to any workbench. With it, you can

clean relay and key contacts, remove de-

" cals, and shine panels. Experimenters who
’ and like to build equipment in plastic boxes will
also find that a Fiberglas eraser, when

= rubbed on clear plastic, provides a profes-
Techniques o onltar

sional “frosted” effect.

NON-WRINKLE DECAL COATER

SOAP STORES TAPS . .

The print coater packed with every package
A bar of soap with a number of holes drilled of Polaroid film is an excellent “fixer” for
in it makes a useful stand for storing taps. decals. Ordinary lacquer is apt to make
The soap holds decals wrinkle, but this compound won’t.
the taps handy Just brush it on with the applicator and
for easy selec- you’ll have a permanent protective coating.
tion and keeps —James Arconati, KNOFBJ
them lubri-
cated as well.
For more dur-

LINOLEUM KNIFE STRIPS WIRE

ability, apply . A linoleum knife is a fine tool for stripping
vl Genee St SI8 heavy wire. The curved blade and hefty

of lacquer to o
the bar of soap. I
Otherwise, the soap would tend to deterior-
ate after it has been handled for a while.

—John A. Comstock

ERASER 1S WORKSHOP AID

A Fiberglas typewriter eraser, available at
most stationery stores, makes a useful ad-

YOURS FREE 1962 CATALOG
peumnmes OF USER-SELECTED*
sl CONAR KITS CO

performance and appear-
ance. $31.95 The Electronic test instru-

ments, tools and kits you need
and want the most. “User-selected””

R-CTESTERKIT—
C ranges 10 mmf. to
1500 mfd. R ranges
one ohm to 150 megs.
Eye indicator; bridge
circuit. Fully variable
DC workmg V. to
450V $21.95

5-INCH WIDE BAND
OSCILLOSCOPE

by men like yourself. Kit-engi-
neered for simplified construction,
perfect performance. Reasonable
prices, convenient payment plans
make CONAR Kits so easy to own.
GUARANTEE —Every CONAR
item must perform to stated specifi-
cations. Money promptly refunded

if you are not entirely satisfied. TS

KIT—For black-white, R
color, AM-FM and . ) -
electronic applications. C@NZ—\A instruments

High intensity trace.

Extremely stable sync. division of NATIONAL RADIO INSTITUTE
Advanced design. Kit ._.—..—_._.._.____...—.__.__.—_.___j
—$89.60. Asgembled Perform- CONAR INSTRUMENTS
$139.50 imﬁe tested 3939 Wisconsin Avenue, N.W, NA -
an ..
approved Washington 16, D.C.

6-TRANSISTOR
RADIO KIT—Excellent
tone and sensitivity.
Nodelicate printed cir-
cuits. Attractive, dur-
able case. All U.S.made
parts. $25.50

the first
name in
Electronics
training Address
for nearly |

50 yeara.

Name.

| i

| |

by NRI. -1 Send me your new 1962 CONAR KIT CATALOG |
] |

|
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ALLIED 1962

ELECTRONICS CATALOG

WORLD’S BIGGEST— MOST COMPLETE

Inctuding the
compiete 1962
kenight-kit

cataLOC
et
e a0

SAVE MOST ON

EVERYTHING IN ELECTRONICS

including exclusive products & special
values available only from ALLIED

ALLIED

CTRONICS
LEfor everyon®

1962

oun AlsyvERR

TaL0G 240
E:nm rooE 3O

@® New~ Multiplex Stereo FM—
AlL-Transistor Stereo Hi-Fi

= ® New Stereo Hi-Fi Systems—
v — Everything in Hi-Fi Components
N:‘ ALl ;4;’; ® Maney-Saving Build-Your-Own
KNIGHT-KITS® for Every Need
<} ® Best Buys in Tape Recorders,
Tape and Recording Supplies
@ Citizens Band 2-Way Radios
® Amateur Receivers, Transmitters,
. and Station Gear
' ® Public Address Systems, Paging
and Intercom Equipment

RADI\O

- maysamat £000 ® Test and Laboratory Instruments
@® TV Tubes, Antennas, Accessories
® Baotteries, Wire, Tools, Hardware
® Huge Listings of Parts, Tubes,
Transistors, Technical Books

T

NO MONEY DOWN &,
on Allied's new Credit Fund Plan

Now—enjoy 50% more buying power—up to
24 months to pay—see our 1962 Catalog

@ for simple details. i g@’»/

« World’s Largest Stocks « Lowest Money-Saving Prices
- Fastest Shipment « Expert Personal Service

NEW Multiplex Stereo FM
All-Transistor Stereo Wi-Fi

ALLIED exclusives:

MONEY-SAVING KNIGHT-KITS®. Enjoy the most sat-
isfying do-it-yeurself experience in the world!
Build KNIGHT-KITS—lowest in cost, easiest to

assemble, best for performance. Select from over Aisen
90 exciting KNIGHT-KITS—Stereo, Hi-Fi, Hobbyist, ELECTRONICS send today for the world’s
Amateur and Test Instruments. An exclusive oz biggest elecfronics catalog!
ALLIED product. =

BEST-BUY KNIGHT~ PRODUCTS. Save most on famous e T Y Y L T T T T

KNIGHT Stereo Hi-Fi—comparable to the best in

quality, styling, performance—yet priced far
lower. Select super-value KNIGHT components or
compiete systems (including latest Multiplex
Stereo and All. Transistor Hi-Fi). KNIGHT prod-
ucts are acclaimed by all who recognize integrity
in 1design and manufacture and who appreciate
value.

ALLIED RADIO

World’s Largest Electronic Supply House

Satisfaction Guaranteed or Your Money Back

December, 1961

1 ALLIED RADIO, Dept. 225-M1

§ 100 N. Western Ave., Chikago 80, IIl.
: [ Send FREE 1962 ALLIED 444-page Catalog
]

]

§ VU

1

: Address :

(] 1

H City. Zone. State [

L------------------------------
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Tips
{ Continued from page 12)

handle make it faster and easier to use

into the desired area. The two-way adjust-
ment makes it easy to put the light exactly
where you need it. —John A. Comstock

GROMMET SERVES AS CHUCK GUARD

than an ordinary pocket knife. You can
pick one up inexpensively at any hardware
store. —Ken Murray

When using a hand drill on thin materials
such as sheet metal, the bit usually breaks
through sud-
denly and the
chuck bangs
hard against
the work. To
avoid scarring
a chassis or
panel, slip a
rubber grom-
met over the bit. With this protection, you
won’t have to worry about putting too much
pressure on the drill.

—Jerome Cunningham

SHAVING-MIRROR SERVICING LIGHT

An adjustable stand-mounted shaving mir-
ror makes an excellent device for illuminat-
ing the dark corners of equipment being
serviced. Set the mirror so that it catches
light from a window or lamp and reflects it

SNAPS CONNECT WIRES

Unpainted clothing snaps are ideal light-
weight electrical connectors. Just solder a
half of a snap to each of the two leads to
be joined. Such snaps are easily connected
and disconnected, yet provide excellent con-
tact and are not affected by vibration.
—Edward E. Brown
(Continued on page 20)

If you demand bookshelf speaker systems with clean,
undistorted bass. .. impact mid-range...flawless highs
—then you'll only consider the University RRL book-
shelf speaker systems. Here's how they work. The
exclusive principle of Radiation Resistance Loading
permits the highly compliant woofer to use only a small
portion of its cone excursion to produce maximum
sound output. This reduction in cone excursion vir-
tually eliminates distortion and significantly lowers
power demands on the amplifier. Result: the best
available performance with a minimum loss of effi-
ciency. Result to you: incredible sound that can be
amply amplified by any amplifier with 10 clean watts.

And mid-range? In the RRL-12 there’s a 314"
direct radiator with a rigid diaphragm that socks out
a smooth-as-silk mid-range. And for the very top of
the scale — University’s Sphericon Super Tweeter
climbs out to 40,000 cps (2db from 3,000 to 20,000
cps'). In the RRL-8, two direct radiators are used for
those precious treble notes with an evenly dispersed
response extending to 20,000 cps.

For decorating flexibility both RRLs are finished
on all four sides so they can be used as either high-
boys or lowboys...and as an added feature, the
grilles of both models are removable to permit a
quick change of grille fabric if ever you desire it.
In all popular finishes, the RRL-12 prices start at

$114.95, the RRL-8 prices from $95.50. _
For complete information write: m’
Desk A-12, University Loud- M

speakers, Inc., White Plains, N.Y. 1 pie o i oo inc

compare UNI\IESIT\' (in every price
category) against all other brands.

14 Always say you saw it in—POPULAR ELECTRONICS




The Same School That Originated The RTS BUSINESS PLAN

BASIC « INTERMEDIATE ¢ ADVANCEL

The Entire Course Is Made DESIGNED FOR THE BUSY MAN OF TODAY

Up Of The Following: This is MODERN training “or the MODERN man. Yau'll find no “horse and
. 35 LESSONS COVERING BASIC baggy” methods here. Every page of this streamlined course is devoted
AND INTERMEDIATE ELECTRONICS to imgortantf Electronics prilllciples and practical projects. You'll be
. amazed how fast you grasp Electronics the RTS way. RTS has combinedi
WI?[HE%I;EMSE:LDm;iT?ngsLHE modern THEORY and PRAZTICE to make this the finest training program:
. SOLDERING IRON of its kind available!
. 25 LESSONS COVERING THESE SRTISFIES NOVICE, TECHNICIAN OR HOBBYIST
ADVANCED ELECTRONIC SUBJECTS: Whether you're new to Electronics or an old “pro," chances are you'll
; ; find this to be the ideal course for you. The ncvice will appreciate the
Thyratron Tubes - Semiconductors campleteness -of the training. It starts with the mast basic corsiderations,
Electronic Symbols and Drawings - covering each important point thoroughly, yet cancisely. The technician
Voltage-Regulators - Electronic- will enjoy the practical review of fundamentals and profit from the 25
Timers « Control Systems - X-Rays advanced subjects covered.
Photoelectric Devices - Dielectric RTS GIVES YOU “TOP MILEAGE” FOR YOUR TRAINING DOLLAR
Heating - Geiger Counters - Pulse Tne price quoted below buys EVERYTHING — there are no extras to pay

Circuitry - Clippers and Limiters - for. RTS has gone “all out” to give you the best t-aining value in America.

Multivibrators - Electronic Counters - Why pay hundreds of dollars for training such as we offer when it's avail-

Radar - Magnetic Amplifiers - Analog- able for this LOW PRICE? If you can find a better training bargain ...

Computers - DC Amplifiers - Digital BUY IT!

EOMpRIGRE - SHFagoEystems  Input CAN BE COMPLETED IN MONTHS INSTEAD OF YEARS

%:fegll;tt%l:itnn"'ces Srigmeafanjsis Some students will comglete this course with ‘ Jet-Like” sped but we

£ a low up to two years if your circumstances requ re it. You study at your

+ 60 EXAMINATIONS own rate. You are ENCOURAGED but not pushed. You'll find the lessons
+ UNLIMITED CONSULTATION SERVICE p-ofessionally written but easy to understand. LEF US SEND YOU ONE OF
= KIT MANUALS THESE LESSONS ALONG WITH YOUR CAREER BOOKLET SO YCU CAN SEE
- DIPLOMA UPON GRADUATION FJR YOURSELF. NO OBLIGATION!

AND MUCH MORE... *TERMS ALSO AVAILABLE
o 8 X : AS LITTLE AS ...

The Association of e A3
L e £1 e N * $500 pown
Reliatili(y, Integrity and O "
$500 pgr MONTH

Quality of !niS\ing.
THE FIRST TRAINING KIT IS SENT
IMMEDIATELY UPON ENRILLMENT

DON'T LOSE OUT — FIND OUT!

RTS ELECTRONICS DNISION oepr. Pe121
815 E. RISECRANS AVENUE  LOS ANGELES 59, CALIFCRNIA

RTS ELECTRONICS DIVISION Rush me tuli information by return mail. (Please Print)
815 E. ROSECRANS AVENUE
LOS ANGELES 59, CALIFORNIA 3 Nage

» Est. 1922 Sty

Age

City Zone _____ State

NO SALESMAN WILL CALL

December, 1961 15




PROPHECY

Fz)r men and women with a sincere desire to succeed

“Inthe years that have passed since my days
on the faculty of RCA Institutes, I have be-
come even more firmly convinced that the
individual who continues his education . . .
particularly his technical education. .. is
the individual who profits both as a thinking
man and as a working man. Science and in-
dustry will reward you for your talents and
energy. Out of your efforts may come in-
ventions, new products, processes and serv-
ices. There is everything good yet to be ac-
complished in our lives and in our work.
What man has done, man can do better.”

Chairman of the Board,
Radio Corporation of America

RCA Institutes Offers the Finest of Home Study and Resident Training

for Your Career in the Rdpidly Expanding World of Electronics

RCA Institutes, founded in 1909, is
one of the largest technical institutes
in the United States devoted exclu-
sively to electronics. A service of
Radio Corporation of America, RCA
Institutes offers unparalleled facilities
for technical instruction . . . tailored to
your needs. The very name “RCA”

means dependability, integrity, and
scientific advance.

RCA Institutes Home Study School,
licensed by the New York State De-
partment of Education, offers a com-
plete program of integrated courses for
beginners and advanced students rang-

ing from electronic fundamentals to
automation. All courses are designed
to prepare you for a rewarding career
in the rapidly expanding world of elec-
tronics. The caliber of the training you
receive is the finest! And you get top
recognition as an RCA Institutes
graduate!

POPULAR ELECTRONICS



HOME STUDY COURSES in

Electronic Fundamentals « TV Servicing
Color TV -« Electronics for

Automation -+

Voluntary Tuition Plan. The im-
portant thing to remember about RCA
Institutes Training is the convenient,
no-obligation payment plan. This plan
affords you the most economical pos-
sible method of home study training
because you pay for each study group
only when you order it. If you inter-
rupt your course at any time, for any
reason, you owe nothing more. You
never have to pay for the whole course
if you don’t complete it. No other
obligations. No monthly installment
payments!

RCA Instruction is Personal. With
RCA Home Study training you set
your own pace in keeping with your
own ability, finances, and time. The
Institutes allows you ample time to
complete the course. Your lesson as-
signments are individually graded by

Transistors

technically trained personnel, and
helpful comments are added where re-
quired. You get theory, experiment,
and service practice beginning with
the very first lesson. All lessons are
profusely illustrated. You get a com-
plete training package throughout the
entire course.

You Get Prime Quality Equip-
ment. All kits furnished with the
course are complete in every respect,
and the equipment is top grade. You
keep all the equipment furnished to
you for actual use on the job ... and
you never have to take apart one piece
to build another!

RESIDENT
SCHOOLS in
Los Angeles and
New York City train
you for any field of

Electronics you may
choose!

No Previous Technical Training
Required For Admission. RCA In-
stitutes Resident Schools in Los An-
geles and New York City offer training
that will prepare you to work in re-

SEND POSTCARD FOR FREE
ILLUSTRATED BOOK TODAY!
SPECIFY HOME STUDY OR

S50 RESIDENT SCHOOL

RCA |N5T|TUTES. INC. A Service of Radio Corporation of America

December, 1961

®

warding positions on research and pro-
duction projects in fields such as auto-
mation, communications, technical
writing, television, computers, and
other industrial and advanced elec-
tronics applications. Even if you did
not complete high school, RCA will
prepare you for such training with
courses specially designed to provide
the basic math and physics required
for a career in electronics.

Free Placement Service. RCA In-
stitutes graduates are now employed in
important jobs at military installations
such as Cape Canaveral, with import-
ant companies such as IBM, Bell Tele-
phone Labs, General Electric, RCA,
and in radio and TV stations all over
the country. Many other graduates
have opened their own businesses. A
recent New York Resident School class
had 92.06% of the graduates who used
the Free Flacement Service accepted
by important electronics companies...
and had their jobs waiting for them on
the day they graduated!

Coeducational Day and Evening
Courscs. Day and Evening Courses
are available at Resident Schools in
New York City and Los Angeles. You
can prepare for your career in elec-
tronics while continuing your normal
full-time or part-time employment.
Regular classes start four times each
year.

350 W. 4th St., N.Y. 14, N.Y, ¢ 610 S. Moin St., Los Angeles 14, Calif.

The Most Trusted Name in Electronics




POLYTRONICS ;> & i ienser

20

First with professionals
who know performance

poly-comm “n~

CB TRANSCEIVER

now with
RF NUVISTOR

STAGE for
matchless range

o Dual Conversion Superhet Circuit

Sensitivity — .1 for 6 db S/N

Super Sensitive Stable Squeich

60 db Adjacent Channel Rejection

70 db Image Rejection

Better than 3W Power to 52-72 Ohm Antenna
Advanced Design Noise Limiter

You'll see the new Poly-Comm N — or hear It dis-
cussed — wherever pros gather. It's been selected
allke by stars of the entertainment world and by
farmers, by engineers and beat captains, by out-
doorsmen and by families out for fun.

The reasons for this wide appeal are simple: The
Poly-Comm N — successor to the 11-G, and incor-
orating an advanced RF Nuvistor stage - has
een engineered to provide the best CB performance
on the market, regardless of price. It incorporates
the most advanced circuitry for optimum performance
in continuous duty. Engineered to withstand shock,
vibration, high humidity and other rugged use-con-
ditions, it has the range, power, selectivity, fow
noise, high rejection, and convenience of operation
and maintenance that make it demonstrably superior
for every CB application.

Mail Coupon for Important Data
To Guide You in Your CB Investment

Sirs: Please send complete data on the
Poly-Comm N 27 mc transceiver by return mail,

NAME
ADDRESS
ciTy STATE
Intended use

Tips
(Continued from page 14)

THERMOS MIKE STAND

Families with small children always seem
to have a large supply of extra junior-sized
Thermos bot-
tles. If your
family is in
this position,
you can press
one of them
into service as
a mike stand;
just drill a hole
in the cap and
fasten the mi-
crophone with
a small screw.
A round metal
plate fastened
to the bottom
of the Ther-
mos bottle minimizes the danger of tipping
the mike—or spilling your coffee.

—Ross A. Sheldon, K5UCH

COMING NEXT MONTH

i
POPULAR “%™
LECTnoulcs Our January cover shows
a converter that's a cinch
to build and a picnic to
operate. Covering the
rarely heard 150.8-162
mc. 'police’” band, the
converter works with any

FM receiver or tuner and
can be built for $20.

(ON SALE DECEMBER 28)

@ STEREO SIXTEEN - 4

Remember the '"Sweet Sixteen'’ speaker
system {and who doesn’t)? Its author,
Jim Kyle, has again put his magic
touch to a system containing 16 speak-
ers—this time, for stereo!

@® TD POWER SUPPLY

Here’s an easy-to-build power supply
that's expressly designed for power-
ing tunnel-diode circuits.

® IN-CAR FM FOR MFL

Install an FM tuner or converter in your
car and you're in for countless hours
of MFL—mighty fine listening!

Always say you saw it in—POPULAR ELECTRONICS



NOW ANYONE CAN MAKE AS
FINE AN AMPLIFIER AS FISHER

with this new Fisher StratakKit!

Introducing a totally new approach to stereo kit design.

When the KX-200 Control Amplifier, first of the
new line of Fisher StrataKits, made its appear-
ance, the entire concept of high-fidelity com-
ponents in kit form entered a new, exciting
phase. For the first time, there are kits backed
by a name with the tradition, acceptance and
stature of Fisher.

Before Fisher could stake its reputation on a
product completed by the purchaser, two re-
quirements had to be unconditionally satisfied.
First, the performance of a Fisher kit had to
meet the same guaranteed Fisher laboratory
starndards no matter who assembled it—Fisher
laboratory technicians or a totally unskilled
and inexperienced builder. Second, construct-
ing the kit had to be a pleasure, not a problem.

Fisher engineers have responded to both of
these unusual challenges brilliantly, as will be
evident to any builder of the KX-200 StrataKit.
He will own the finest 80-watt Stereo Control
Amplifier that Fisher knows how to make.

The StrataKit method of kit construction permits
assembly by easy, error-proof stages (strata),
each stage corresponding to a particular page
in the Instruction Manual and to a separate
transparent packet of parts, separately identi-
fied. Major components come already mounted
on the rugged chassis, and wires are pre-cut
for svery stage—which means every page!

Errors of omission, if any, can thus be checked
stage-by-stage and page-by-page —before

proceeding to the next stage. There are no sur-
prises with a Fisher StrataKit, only the pleasure
of accomplishment and of effortless learning.

Outstanding features of the Fisher KX-200 StrataKit:
80 watts IHFM music power —the maximum available

today with any control-amplifier kit. Harmonic distor-
tion 0.4%. Hum and noise 93 db below full output.

Built-in d‘Arsonval laboratory-type calibration meter—
a Fisher exclusive. Permits precise adjustment for peak
performance; assures optimum results from the start
and in the years ahead.

Level control facilities for a center-channel speaker
withaut the need for an additianal amplifier — unlike
any other kit now available.

Architectural brass-finish control panel to match all

other standard Fisher-built components and to fit stand-
ard Fisher component cabinets. Price $169.50*

Coming Soon: The Fisher High-Sensitivity, Wide-Band,
Stereo-FM Tuner StrataKit.

*Less cabinet; slightly higher in the Far West.

[Fem—eeceecmmccascmsc—scm—camea——
USE THIS COUPON FOR FURTHER INFORMATION
Fisher Radio Corp.

21-52 44th Drive, Long Island City 1, N. Y.

Please send me the follewing FREE Fisher literature:

[ Complete details and specifications on the
Fisher KX-200 Stratakit.

[ The 1962 Fisher Handbook, a 40-page illustrated
reference guide and component catalogue for
custom stereo installations.

Name.
Address
City. State.
e

S L T T O POy Uy U0 |

Zone.

EXPORT: Telesco Internaticnal Corp., 171 Madison Ave., N.Y. 16, N.Y. In Canada: Tri-Tel Associates, Lid.

December, 1961
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Hi-Fi |~
D@ Showcase

A quick look at
new products in the
stereo hi/fi field*

F you're the sort of audiophile who would

rather remain seated in a comfortable
chair than trot back and forth across your
listening room to fiddle with controls, you’ll
be interested in Clairtone’s new C 1000 R
stereo receiver. Combining a stereo AM/FM
tuner and a dual
35-watt stereo
amplifier on a
single chassis,

STEREGORDER 464'“ the C 1000 R al-
‘l’\\ Fam— so has provision

for portable uce®

for wireless re-
mote control as
well as a mul-
tiplex adapter.
Add the Model
CXR remote
control unit (ac- Clairtone C 1000 R receiver
tually a tiny
wireless radio transmitter smaller than a
| carton of cigarettes), and you can adjust
volume, tone, and stereo halance, even turn
the stereo receiver on and off at will. The
onl receiver boasts inputs for magnetic phono
cartridge, tape, and TV set; outputs for
$1 99 50 stereo tape recording. The C 1000 R lists at
$438.90; the CXR control unit at $159.95.
Also available: a manually operated version
of the receiver (Model C 1000) at $394.95. . ..
Dyna Empire’s 930 tone arm is another boon
both stereo recording & stereo playback! for the audiophile who values operating con-
o venience. Equipped with a magnetic self-
An unprecedented price for the famed Sony quality! | lifting device that lifts the arm out of the
The long-awaited Sony Sterecorder 464-D—dual | 8roove at the end of the record, the 980 not
purpose, dual performance! Dual performance only needs a minimum of attention but safe-

: guards records as well. In addition, a cali-
means both 4 track stereo recording and 4 track brated knob permits “dialing” any stylus

stereo play.back_ Dual purpose means custom force between 0 and 8 grams, and a unique
component installation and portable use. Record- cartridge mount enables you to adjust car-
ing and playback pre-amps are built-in, and such | tridge position for minimum tracking error.
features as sound on sound, language and music | A professional-type arm intended for quality
training, two speeds, push button track selection | installations, the 980 sells for $50.00, com-
and Sony precision engineering make this the most | Plete with the self-lifting device.

. A compact two-way speaker system from
outstanding tape recorder value at $199.50. @ All | ;- employs a special miniature woofer

for custom installatien

Sony Sterecorders are Multiplex-ready! in conjunction with a 3” direct-radiator
*Carrying case optional tweeter for response all the way to 14,000
For literature or name of nearest dealer, write cycles. Ideal for ‘“‘extra-speaker” installa-

Superscope, Inc., Dept. F, Sun Valley, California

s”PEBscopf TS Tapeligy S S42RE0 “Write to the manufacturers listed at the end of

this column for mare data on products mentioned

22 Always say you saw it in—POPULAR ELECTRONICS



No one will believe

you built this Fisher Speaker System yourself!

Introducing the KS-1 Slim-Line Speaker Kit.
You will have to do some strenuous convinc-
ing before anyone believes that this superb-
sounding and elegant-looking Fisher loud-
speaker system was home-built. A three-way
system of this caliber would be important news
even if it were factory-assembled, especially as
it is of the new slim-line form, which requires
ultrasophisticated engineering for top results.
But, thanks to exceptionally careful and imagi-
native planning by Fisher engineers, you can
build the KS-1 and have Fisher performance
at an important saving

This is the only slim-line speaker system availa-
ble in kit form and it is designed around the
most advanced components: a 10-inch free-
piston woofer with 30 cps free-air resonance
and 4-lb. magnet structure; a S-inch Acousti-
Glas-packed midrange unit; separale super-
tweeter; fully wired and balanced three-way
LC dividing network with 1400 cps and 5000 cps
crossovers; 18" x 24" x 5" cabinet packed with
AcoustiGlas padding; and matching grille cioth.

You install the driver units, connect the network,
complete the preassembled cabinet—and you

are the owner of a truly high-quality loud-
speaker, which can be either wall-hung or
placed anywhere on the floor or a shelf to
blend harmoniously with your home decor.

The sound of the Fisher KS-1 will astonish you;
it is extremely clear, with precise transients, as
well as full and rich—quite unprecedented in a
system of this size and price. Don't miss a dem-
onstration at your Fisher dealer. Price, in birch
or walnut, sanded and ready for your choice
of finish, $59.50*. Factory assembled, $84.50~.

r o
| |
I Fisher Radio Corporation I
| 21.52 44th Drive, long Island City 1, N. Y. |
| Please send the following Fisher literature without I
| charge: |
I [ Specifications on the Fisher KS-1 Speaker Kit. [
I [0 1962 Fisher Hondbook, o 40-page illustrated I
I reference guide and catalogue for custam stereo I
I installations. l
I Name I
i |
| 1
{ |
[ o

Address.

The Fisher

*Factory assembled in oiied walnut, $89.50. Prices slightly higher in the Far West.
EXPORT: Telesco International Corp., 171 Madison Ave,, N.Y. 16, M.Y. in Canada: Tri-Tel Associates, Lid.

December, 1961



new transistor, mast-mounted TV/FM 4-set b::oa

NOW...

Master System
Performance at a
Home _ .
Booster |
Price! .

BLONDER-TONGUE SIGNAL MASTER, AB4 . . . $29.95

W Transistor circuit provides lowest noise,
maintenance free operation—no tubes to burn
out or replace—no heat dissipation problems.

B Mast mounting takes advantage of best
signal-to-noise ratio — minimizes snow. (Can
also be mounted at any convenient point along
the downlead.)

B World’s smallest and lightest booster — no
additional weight or wind resistance on mast.
B Remote power supply at set uses 4 low-cost
flashlight batteries for pure d.c.—eliminates AC
power line, and components which may fail.

B Converts existing antenna into a powerful
amplifier-distribution system.

B Eliminates costly installation of giant an-
tenna arrays in most fringe areas.

@ Improves FM reception (gain 12-15 db).

M Stripless 300-ohm terminals on booster and
remote power supply for fast installation.

@ No separate balun needed—matches imped-
ance of antenna and TV sets.

ALL THIS PLUS . . . 4 set coupler incorporated in
remote control power supply distributes fully
isolated amplified signals for brilliant reception
onup to 4 TV or FM sets. GAIN: 1 Set—up to 19 db
on channel 2; up to 10.5 db on channel 13. 2 Sets
—up to 14 db on channel 2; up to 6 db on channel
13. 8 Sets—up to 13 db on channel 2; up to 4 db
on channel 13. 4 Sets—up to

10.5 db on channel 2; up to
2 db on channel 183.

Potent opplied for remote

power supply
Sold thru distributors. F61' details write. Dept, PE 12
enginesred and manufectured by
BLONDERXTONGUE
9 Alling St., Newark, N. J.

Canadian Div.: Benco Television Assoc., Toronto, Ont.
Export: Morhan Export Corp., New York 13, N. Y.

HOME TV ACCLBSORILS » UNF CONYERTERS o WASTER TV BYSTEMS o CLOBED CIRCUIT TV BYBTENS
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Showcase
(Continued fro?n page 22)

tions, the X-10 is housed in an oiled walnut
cabinet and measures a compact 7% " x 13"
X 4%". For convenience in extension speaker
applications, there is a small knob on the
front panel which can be used to adjust the
volume level. The X-10 carries a power rat-
ing of 6 watts, a price tag of $29.75.

If the idea of an all-transistor stereo sys-
tem appeals to you, a 60-watt stereo am-
plifier from Omega Electronics may be the
answer. Frequency response is a smooth 18
to 20,000 cycles, ==0.3 db at full output; hum
and noise check out at 75 db below full out-
put. As with any all-transistor circuit, tube
microphonics, hum, and excess heat have
been eliminated, and the use of direct-cou-
pling and degenerative feedback further im-
prove linearity. Master bass and treble
controls allow simultaneous adjustment of
both channels, and independent balance con-
trols for both bass and treble are also pro-
vided. Other controls include mode, volume
balance, blend, loudness, scratch filter, rum-
ble filter, phase, and tape monitor. Price,
$229.00.

Three new RCA tape-cartridge recorders
are compact, dual-purpose units weighing
only slightly more than 13 pounds. Intended
for use either separately or as attachments
to existing monophonic or stereophonic hi-fi
Systems, the units all play RCA’s tape car-
tridges — which
require no
threading and
are simply
placed in the
machine much
as a record is
placed on a turn-
table. All three
recorders oper-
ate at both 33%
and 1% ips, and
all provide a
safety interlock to prevent accidental era-
sures. The most inexpensive of the three,
the “Prompter” (Model 1YB1), is a mono-
phonic recorder priced at $99.95. The “Trend-
liner” (Model 1YB2) is an improved version
of the “Prompter,” featuring a digital tape
counter and a more precise magic-eye record-
level indicator; it’s priced at $129.95. The
“Fortnighter” (Model1YC1), the stereophon-
ic member of the trio, is priced at $169.95.

RCA 1YC1 tape recorder

Clairtone Sound Corp. Ltd., Clairtone Bldg., 118
Rivalda Rd., Toronto 15, Ont.

Dyna Empire, Inc., Garden City, L.I., N.Y.

Jensen Ivg]lg Co., 6601 8. Laramie, Chicago 38, I11.

Omega ectronics Corp., 10017 N. 19th Ave.,
Phoenix 21, Ariz.

Radio Corporation of America (RCA), 30 Rocke-
feller Plaza, New York 20, N.Y.

Always say you saw it in—POPULAR ELECTRONICS



FREE to everybody in America!

N RADIO SHACK’S exciting 1962

PIUS every new issue for one full year.

Each is packed with values like these:

gl

lagbga,

New Realistic $99.95 value Realistic Stereo

Tube Checker 2-speed Tape Amplifier
Kit $15.95 Recorder $54.95 Kit $10.95

[ & 3

1 10-Transistor

- -y “*Electrostat-2""
Portable 2-woy Speaker
Radio $29.95 System $54.95

We want everyone to have a free subscription to Radio You receive our latest 340-page book and timely supple-

Shock’s famous catalogs! Just clip out one coupon below ments, illustrating over 100,000 items. 30 pages of fasci-
(the three extras are handy for neighbors, relatives)and  nating new kits to build yourself and save. Stereo, Hi-Fi,
mail it right away to start your catalogs coming. Through Ham Radio, Tape Recorders. Vast selection of records,
the year, you get at least 5 books loaded with the latest  pre-recorded tapes. Parts and Accessories . .. oll guaran-
and best in electronics, all savings priced. teed to satisfy you. No Money Down credit terms.

Mail a Coupon to RADIO SHACK Corp.,730 Commonwealth Ave., Boston 17, Mass.

Please send ane year of Radio Shack Catalogs FR EE Please send one year of Radio Shack Catalogs FREE

I Your name N S1M7 I Your nome 6_|M7) I
Address Address I
| City ) = == T swte I City State l
l Nome of a Iriend o SIM7A | Name of o friend S1M7E I
IAdTéss o o o I Address |
ey gl T e et e

Please send cne year of Radio Shack Catalogs FR EE Please send ane year of Radio Shack Catalogs FREE

| Your name &1M7B | Your nome SIM7F |
I Address I Address I
I City State l City State I
I Name of o friend 61M7C I Nome of a friend 61M7G |
| Address I Address I
T e e L e e B e

December, 1941 &



LAFAYETTE 15

S

America’s

Ship to Shore

ol

—

PORTABLE—‘
POCKET SIZE

Only
336x3Vax1%4”

TIZENS BANb
“WALKIE TALKIE”

Citizens Band Headguarters

! gl M0 LICENSES,
=) TESTS O
7S AGE LIMITS

23f<?r ?2858

NO MONEY DOWN

& Completely Wired—Ready to Operate @ Fully Transistorized-
9 Transistors plus 1 Diade ® Uses-Inexdensive Penlight Batter

® No License, Tests or Age Limits e Comes with Leathei
Carrying Case, Earphone, Antenna, Betteries and Crystals
As simple and eass to use as the telephone—and twice as handy,
Receives and tranimits up to 1.5 miles xnder average conditions.
Weighs only 18-o=. and slips into ysur pocket. Push-to-tal
button operates built-n speaker as sensitive microphone.

Construc:ion
Work

Pi-Network for Greater Power Output e Calibrated
5" Meter @ Series Gate .Noise Limiter @ Tuneable
miperhet Beceiver over all -23 Channels ® 4 Crystal-
ntrolied Transmit Positions e 4 <Crystal-Controfled
give Pesitions e Dependable Push-To-Talk Ceramic
rephone & Relay e llluminated Dial e Built-in

r Supply I_-,:_nl.‘: -.;-u'. hed

NEW" LAFAYETTE TE-20 RF
SIGNAL GENERATOR

f o Factory Calibrated

and Tested. Six

Bands: 120 KC-260

MC. Dual output RF

Terminals

o Separate Variahle Audio Output. Dial Calibration
+ 2%. Etched Circular Dial — (Vernier Tuned)

A stable, wide-range signal generator engineered to fil)
the need for an accurate, iow cost service instrument.
Completely wired and ready to operate, the TE-20 features
a large 414" etched circular dial callbrated to = 2% with
a frequency output of from 120 KC to 260MC In 6 bands.
Bullt-In audlo osclllator, adjustable output to 8 volts, var-
lable RF antenuator and a host of other features. Steel
case with Jeather carrying handle.

EXCITING “EXPLOR-AIR”
4-BAND RECEIVER KIT

Complete Shortwave and Standard
Broaicast Reception

Made © g lanldi FoBr Totaltc:}/erage
® Conplete Bandswitching
In US.A. Fram Front Panel
95 ® Built-In 4” PM Loudspeaker
¥ ® 559 KC — 30 MC
Precision compact radio kit with everything you
need for unexcelled reception. Size: 10x7x5”,
KT-135 (less cabinet) 21.95
ML-150 Leatherette covered wocd cabinet 2.715

NEW! SUBMINIATURE AUDIO AMPLIFIERS
e For The Experimenter, Hobyistf Kit qu_lder

y MEEE A \:
I

x-szz .7

These amazing little amplifiers are fimited in use oniy by your
Imaglination. Handle recorders, tuners, cartridges and mikes
with good outpuf. All leads, and transistors are Included with
a trouble-free printed circuit board. Not a kit—Ready to mount.
PK-543 4 Transistor Push-Pull Amplifler 4.95
PK-522 3 Transistor Audio Amplifier

3 THER PLEASE UNCLUDE SHIPPING CHARGES WITH ORDER
STAXF AvYvETTE ! z
LoCATIONS | New YORK, N.v, | BosTON, Mass. | Paramus, N. ).
] R A DX oumm N.y. L 100 6th Avenue’ § 110 Federai Street | 182 Roufe i7
|  SEND MAIL ORDER TO LAFAYETTE RADIO 165-08 |  BRONX, N. Y. NEWARK, N. ). | PLAINFIELD, N. ).
111 JERICHO TURNPIKE, SYOSSETT, L.I., NEW YORK | Liberty Avenue | 542 E. Fordham Rd. | 24 Central Avenve ] 139 W. 2nd Street

26

Always say you saw it in—POPULAR ELECTRONICS



NN,

FREE!)

LAFAYETTE

340 PAGE
1962 Lafayette Radio Electronics

CATALOG # 620

“America’s Hi-Fi &
Electronics Shopping Center”

\\W“w“

L
v octnomiey
SRt wnid

11 date Tueay
S L L Reo Yun

SN + VAR g, . —~

Yours free for the asking — the biggast, best and
most comprehensive catalog in the 41l-year history
of Lafayette Radio. Audiophile, Experimenter, Hobbyist, Technician,
Engineer, Student, Serviceman, Dealer — you'll find what ycu want
in this latest Lafayette catalog.

LARGEST STOCK SELECTION. Stereophonic Hi-Fi equipment, Citizens Band,
Ham and Amateur equipment, Radio & TV parts Optics, Industrial Supplies,
and much more, including all the favorite name brads.

LAFAYETTE EXCLUSIVES. Featured are the famous Lafayette Kits . . .
dollar for dollar the best valu2 for your money today. You'll also see
hundrecs of Lafayette specials...availatle only from Lafayette. And,
as always; SATISFACTION GUARANTEED OR MONEY REFUNDED.

LOWEST PRICES. You'll save money too with Lafayette’s low, low
prices. The lowest prices are always in the Lafayette catalog.

24-HOUR SERVICE. Quick, courteous service is your guarantee
at Lafayette. Most arders are fully processed within 24 hours
after receipt in the mail Order Division.

WEW EASY-PAY PLAN.
Now, NO MONEY DOWN ...
up to 24 months to pay.

LAFAYETTE’S
NEW MAIL ORDER HEADQUARTERS ®P.0. Box 10, Syesset NY.

111 JERICHO TURNPIKE lD Rush my FREE Lafayette 1962 Catalog 620

(2 Blocks West of South Oyster Bay Rd.)
SYOSSET. LONG ISLAND, NEW YORK .D Please send re # , shipping charges collect.
N

1 am enclosing §.

.Nnmn

'Addr-u

City. Zone __State.
- ED G GE ER G ED ED G GE G G) Gh G) ) G5 G

~
N '----

December, 1961



Don't guess. .. be sure of
peak CB performance with

MICRO-MATCH® CITIZENS
BAND POWER & SWR METER

Model 290

ONLY $2650

This compact, inexpensive Micro-Match Meter
makes it easy to tune transmitter and antenna
for maximum power output. It measures
actual RF power output on an accurately
calibrated 0-4 wait scale and standing wave
ratio on an SWR scale.

OTHER FEATURES

« Easy to read, simple to use « Continuous
reading, may be left in circuit « No external
power required » ldeal for dashboard mounting

Your local communications equipment dealer
carries this efficient meter. See him today, or
write us direct at 185 N. Main Street, Bristol,
Connecticut.

M. C. Jones Electronics Co., Inc.

SUBSIDIARY OF

by

CORPORATION

28

products

R.F. SIGNAL GENERATOR

A low-cost r.f. signal generator avail-
able from Laufayette Radio, 165-08 Lib-
erty Ave., Ja-
maica 33, N.Y.,
is ideal for i.f.-
rf. alignment,
audio signal
tracing, etc.
The Model TE-
20 has a fun-
damental fre-
quency output
of 120 ke. to
130 me. in six
bands, and an extra harmonic band is cali-
brated from 130 to 260 mc. Frequency
accuracy is *=5%, and the built-in 400-cps
audio oscillator has an output adjustable to
8 volts. Price of the signal generator, com-
plete with test leads, $27.95.

SELF-POWERED VFO

The EICO Model 722 VFO contains its own
power supply and provides full coverage of
the ham bands
from 80 to 10
meters. The
VFO’'s oscilla-
tor is of the
electron-cou-
pled, series-
tuned Colpitts
type; it feeds
into a buffer-
multiplier-out-
put stage which provides isolation from the
load and enough drive to accommodate any
modern transmitter. A lever-type spotting
switch is provided on the front panel and
the slide-rule dial is large and easy to read.
Model 722 is priced at $44.95 in kit form,
$59.95 wired. (EICO Electronic Instrument
Co., Inc., 33-00 Northern Blvd,, L.I. City 1,
N.Y.)

PIN STRAIGHTENERS

CBS Electronics, Danvers, Mass., is now sup-
plying miniature-tube pin straighteners in
three basic designs. Bench-mounted models
are available in 7-pin (Model SH-17) and
9-pin (Model SH-19) types. A unit for
pocket or caddy use (Model SH-79) com-

Always say you saw it in—~POPULAR ELECTRONICS



Profiles in Electronlc Engineering Technology

CRE X

"A CREI Home Study
Program helped me

increase my salary by
a factor of four (4),”

—Mear! Martin, Jr., SENIOR
ENGINEER, Field Support Manager,
Tektronixz, Inc., Portland, Oregon

WHEN YOU ENROLL IN A CRE| Home
Study Program, you join some 20,500
students working in electronics all over
the warld. CREI's curriculums were
among the first accredited by the Engi-
neers’ Council for Professional Develop-
ment. Rob’t. Wruble, Group Manager
(center! and Rollie Smith, (right) Field
Trzining Manager at Tektronix, Inc.,
are shown here with Mearl Martin.

INDUSTRY - RECOGNIZED CRE!
HOME STUDY PROGRAMS PREPARE
YOU FOR INCREASED RESPONSI-
BILITIES,HIGHER-PAYING POSIi-
TIONS IN ELECTRONICS.

REQUIREMENTS FOR ENROLLMENT
Pre-requisite is a high achool education
or equivalent plus basic electronics
training and/or practical electronics
experience. (Electronics experience and /
or training not necessary for Residence
School.} If you qualify, send for the
latest CREI catalog at no cost. Veterans
may apply under the G.1. Bill. If you're
doubtful about your qualifications, let
us check them for you. Mail coupon or
send your qualifications to: The Capitol
Radio Engineering Institute, Dept.
1212-H, 3224 Sixteenth St.,, N. W,
Waszhington 10, D. C.

¥} AM INDEED GRATEFUL TO CRE!
for my success,” says Mearl Martin, Jr.
“Since enrolimeat in a CREI Home
Study Program in Electronic Engineer-
ing Technology, I have progressed from
Junior Technician to licensed Senior
Engineer. My present title is Field
Support Manager and my salary has
increased by a factor of four (4).”

ASSURE A BETTER FUTURE and get
mcre out of life with CRE]1 Home Study.
CREI alumnus Martin enjoys living in
<his comfortable home in Portland, Ore.
CREI men are in such companies as
Pan American Airways, Federal Electric
Corp.,, The Martin Ca., Northwest
Telephone Co., Mackay Radio, Florida
Poswver and Light, etc. This attests to the
high calibre of CREI Programs.

DEMAND FOR CREI-PREPARED MEN
today far exceeds the supply—and has
for many years. CREI Home Study
Programs, the product of 34 years’
experience, include the latest advance-
men’s in the field. Here Martin discusses
home study with company executive
W. K. Dallas, V.P., Manager, Marketing
Division, Tektronix, Inc.

YOUR WHOLE FAMILY BENEFITS
when you achieve success through CREI
Home Study. Here Martin relaxes with
wife and family who share his success.
Check the completeness of CREI Home
Study Programs in Electronic Engineer-
ing Technology in our catalog, provided
on rzquest. For those who can attend,
CREI maintains a Residence School in
Washington, D.C.

Every COMPLETED Inquiry will be acknowledged e am e e e o .

| MAIL COUPON TODAY FOR FREE 58-PAGE BOOK e

THE CAPITOL RADIO ENGINEERING INSTITUTE

ECPD Accredited Technical Institute Curricula — Founded 1927
Dept. 1212-H, 3224 Sixteenth St., N. W., Washington 10, D. C.

Please send me details of CREI Home Study Programs and Free
Book, “Your Future in Electronics and Nuclear Engineering Tech-
nology.” My qualifications are noted to obtain immediate service.

2

)

CHECK O Servo and Computer Engineering [ Automation and Industrial Elec-
l FIELD OF Technology tronic Engineering Technology
GREATEST I3 Electronic Engineering Technology _ 0 Nuclear Engineering Technology,
l‘ INTEREST: (3 Aero and Navigational Engineering Technology
{ [SATIVE N g 67 TRl TRl Y A T A ST YT 4To AT S T B BT AR aurasaigommas
' AIAATESS w0 st e 8 cm it S ¥2 8 v s 3 sl e B v B - 5
I City Zone State! pasmmsa-arcaes Caae
| Employed By . s
] Type of present work i ke e et Ao w1a g ME A U
§ Education: Years High Schoal Other ... s
§ Bectronics Experience ¥ e, sy B et 8 4 e, PV
i Check: O Home Study [ Residence School [ G.I.Bill
i
§



products
(Continued from page 28)

bines a T-pin straightener on one end with
a 9-pin straightener on the other. Also
available is the Model SH-97P, which con-
sists of a pair of straighteners (one 7-pin,
one 9-pin) made to fit in miniature tube
socket cut-outs. The devices range in price
from 79 cents to $1.18.

SINE/SQUARE WAVE GENERATOR

A de luxe audio generator, suitable for labo-
ratory or service shop use, is being released
by Lafayette
Radio Elec-
tronics Corp.,
165-08 Liberty
Ave., Jamaica
33, N.Y. The
Model TE-23
sine-square
generator pro-
duces both sine
and square
waves over a
frequency
range of 20 cps to 1 mec. The output level
over this range (except in the 0.01-volt
position) is flat =1.5 db. Frequency accu-

racy is =5% on all bands. Other features
include separate step and variable attenu-
ators for each waveform, dual cathode-
follower outputs, and front panel meter to
monitor r.m.s. output. Price, $69.95.

SWEEP CIRCUIT ANALYZER

Intended for fast pin-pointing of TV sweep,
sync, and high-voltage troubles, the Sencore
SS117 sweep
circuit analyz-
er can be used
with the TV
set turned on
and still in its
cabinet. Pro-
vision is made
for checking
the horizontal
oscillator, out-
put transform-
er, output, and deflection yoke; the vertical
oscillator, output transformer, and deflec-
tion yoke; the second anode voltage; and
the sync and discriminator circuits. Other
features include a 0-300 microampere meter
for minimum circuit loading and steel car-
rying case with a full mirror in its remov-
able cover. Price, $89.50. (Sencore Inc., 426
S. Westgate Dr., Addison, 111.)
(Continued on page 32)

Ly,

FOR SHARPEST, CLEAREST VOICE TRANSMISSION

WITH ANY CITIZENS BAND TRANSCEIVERS, S

THE TURNER 350C

PECIFY
L[

Even the best citizens band equipment is no better than the micraphone
it uses. That's why more Turner 350C microphones are used as orizinal
equipment in CB than any other. That’s why it will pay you to spec fy

the Turner 350C when you buy CB equipment or replace your microphone.
W The 350C is furnished with an 11” retracted (five foot extended) coiled
cord. Hanger button and standard dash bracket are included for mabile rig
mounting. R2sponse: 80 to 7000 cps. Output: —54 db. Net price: $10.08
B See Turner microphones at your electronic parts distributor or write for
complete information and the name of your nearest Turner distribitor.

TURNER 254C FOR BASE STATION

Desk type ceramic mike operates by a touch
bar off-on switch and lever lock on-off switch. THE
Response: 80-7000 cps. Output: —54 db. Net

price: $14.10.

30

MICROPHONE COMPANY

946 17th Street NE,
Cedar Rapids, lowo
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THE NEW NATIONAL NG-105

NC-205 in steel cadimet.. ..._ $919.95
NC-135W in walnut enz esure_ . $139.95

*:lighty higher west of the Racx and cwrdde he USA.

NATIONAL RADIO COMPANY, INC.

MELROSE 76, MASS.
A WHOLL™ OWNED SUBSIDIARY CF <ATIOAL COMPANY, INC.

‘Export: Ad Auriema, Inc, &5 Groad St.
New Yorx, & Y

Canacz: Tri-Tel Assoc. Ltd.. &K Sherarc Ave. W.,
Willowdale, Grtario

T
] e P

DESIGNEDmge =
FOR THE{:L? -
AMATEUR,

HI-FI~

ENTHUSIAST

Nat cral’s new NC-105 general pow-
erage_ neceiver features remarkab e
versatisty for the amateur, shcrt wave
listeres and hi-fi enthusiast. Campare
the performance, features, and styling
of the MC-105 with any receiver n2ar
its p-ce range and then “step up” fo
new kcrzons in operating enjovmznt.

Available in either National Blue
steel catinet or handsome custcm oi ed
walnct eaclosure, the NC-105 featurss:

e Cortinuous coverage from 550 kc
o 30 mc in four bands

® Lawe illuminated ° edge-read ng
£ meter

e EfEient peaking Q multipler

e Sgmate product detector/BFD
for €W and SSB recept on

e Ezndspread calibration charts Far
al popular amateur and fore gn
Iadcast bands
Nztcnal's famous nois2 limiter
Semrate R. F. and audio gain
sonzrols

e Evit in 5" speaker and fremt
Janzl headphone jack

e “ulf wave transformer power
soaly

® Z«clusive short-wave runer oursas

The MC-105 AM broadcast and shart-
wave *am- output extends the verza
tility o= Fi-fi equipment, Lty allowing
the aciephile to listen tc (or tape
progrem naterial from all ower tie
world?

Whethen ver are zr zmateur, SWL or audiophile. we invite
you to sez the new NC-105 at your Jocal Naticnzl dealer.

December, 1961
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build your own
PROFESSIONAL

REK-0-KUT
STEREOTABLE
0NLY$5995

Enjoy the performance of the worlc's
finest turnteble at remarkably low cost.
In only a helf hour's time, using just a
screw-driver, you can assemble a Stereo-
table with the same unsurpassed per-
formance as factory-assembled Stereo-
tables! Features the Rek-O-Kut custom-
built hysteresis synchronous motor and
exclusive Rekothane belt—for lowest
rumble ever achieved—plus the design
and engineering qualities that ma<e
Rek-O-Kut the unchallenged leader in
the field.

K-33H—3314 rpm . e, $59.95 net
K-34H—-3314 and 45 rpm . 69.95 net
S-320 Stereo Tonearm 34.95 net
KB Walnut Base ........ . 14.95 net
APK-AUTO-POISE accessory

(makes Stereotable and arm

fully automatic) 49.95 net

Visit your high fidelity dealer now.

Literature on request.

REK-O-KUT
Rek-0-Kut Co., Inc., 38-19 108th St., Corona 68, N. Y.

STEREOTABLES

RK-32

products
(Continued from page 30)

MULTIPLE-SOCKET TUBE TESTER

The Mercury Model 1100 tube tester checks
over 2000 tube types—including Nuvistors,
Compactrons,
and 10-pin
types—for dy-
namic cathode
emission,
shorts, leak-
age, and gas
content. Bat-
tery, voltage
regulator, for-
eign, hi-fi, thy-
ratron, and industrial types can also be
checked. The lester's multiple-socket design
eliminates complex switching, and a com-
plete tube chart is located in the cover.
Price, $39.50. (Mercury Electronics Corp.,
111 Roosevelt Ave., Mineola, N. Y.)

T I PV

SWL/QSL BUREAU
The SWL/QSL Bureau is a non-spon-
sored organization operating with the co-
operation of the ARRL QSL Bureau. Its
purpose is to handle incoming overseas
SWL and QSL cards destined for W, K,
and VE SWL'’s. When cards arrive with
a complete address, the SWL is notified
by post card and requested to send
an SASE (business-size, self-addressed,
stamped envelope), with an extra stamp,
to the Bureau so that the cards may be
forwarded to him.

Many SWL and QSL cards arrive in-
completely addressed, however, or ad-
dressed only to a WPE call-sign. Cards
are presently being held for the call-
signs listed below:

e

{ WPEICLD WPE3BUF WPEGBIW
! WPEITV  WPE3CFT WPE6EOT
WPE1Z2Q WPE3SCL  WPE6PG
: WPE2APU WPE3NZ WPE6UD
{ WPE2BCA WPE4CHV WPETAIR
: WPE2CQP WPE4CIA WPET7ALN
: WPE2CSE WPE4FM  WPESAIR
: WPE2CT WPESACB WPESBHH
{ WPE2CVH WPESAWV WPE9BKT
WPE2DEY WPESAWX WPE9BNX
WPE2DJE WPE5SBDC WPEIBPT
WPE2EAA WPESFW  WPEICQV
WPE3GMT WPE6ATO WPE9OL
WPE3BDV WPE6AXT WPEGBJIM
WPEQGLU

If vour call-sign appears in this list,
and you have not already filed your name,
address, and WPE call-sign with the
Bureau, send an SASE to: LeRoy Waite,
WPE2AK, Manager, SWL/QSL Bureau,
39 Hannum St, Ballston Spa, N. Y. Upon
receipt of the SASE, your card/cards will
be forwarded to you.

o

it

g
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SO WA

USTENERS!

HERE'S YOUR BEST BUY

IN A DUAL CONVERSION RECEIVER!

THE NEW GONSET GR-212

The only dual conversion receiver that is priced under $100,
the GR-212 provides the novice with superb performance at
modest cost. It is designed for general coverage from stand-
ard broadcast through 34 mc band, including WWvV, U.S.
Bureau of Standards Time Signals, foreign & Voice of America.

Quality features include:

* Dual conversion for increased selectivity

« Variable BFO

+ Sensitivity: at least 6db(S+N)/N at 1 uv.
(mod. 30% at 400 cps) input on all H.F.
Bands.

* Two full-vision, illuminated, slide-rule
type dials provide instant identification
of broadcast and short-wave frequencies.

* Panel-mounted “S” meter.

* Band-spread tuning knob is inertia fly-
wheel weighted for smooth tuning.

P CGCONSET,

DIVISION OF YOUNG SPRING & WIRE CORPORATION

December, 1961

* Separate band-spread dial for amateur
bands.

Amateur net price $9950

For further information on the GR-212 and
the name of your nearest Gonset distributor,
fill out and mail this coupon!
COUPON: Please send me, without obligation, full
information on the GR-212 dual conversion receiver.

ADDRESS

CITY. ZONE STATE

-
|
I
I
I
I
I
I
|
|
I

GONSET Dept. PE-12, 801 So. Main Street, Burbank, Calif.
e

1
|

I

I

I

NAME i
|

|

|

|

|
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GROVE CB SALE!!

Closing out our stock of CB kits. Nationally advorﬁsed
at $39.95 up. Complete with power supply, tubes,
crystal. cabinet, eolls. ete. less mike, Kit sales final.
Rush your order today!

CJ 110 VOLT CB TRANSCEIVER KITS $19.95
[ 12 VOLT CB TRANSCEIVER KITS $22.95
D 6 VOLT CB TRANSCEIVER KITS $22.95

[J FAMOUS MAKE COLINEAR ANTENNA $24 99
(Reg.
B
O3ELemens meam anrewa i, 32009 511 99
O GROUND PLANE ANTENNA (Reg. $15.95) 511 99
(Heavy duty—solid aluminum rods) o

{J11.PC. MOBILE NOISE SUPPRESS Sg 99
(Includes tunable Generator Filter) ... =
[J BODY MOUNT + 102" WHIP + SPRING ... %6.99
(] BUMPER MOUNT + 102" WHIP + SPRING .. $8.99

3100 ft.—RG 58U COAX CABLE ................. $2.99
(3100 ft.—RG 8U COAX CABLE .. $7.99

O JK RECEIVING CB CRYSTALS ( 52 49
Specify make, model & channel) -
OJK CB XMTG CRYSTALS (.002%) (27MC Series 51 99
—Specify make, modcl & channef) -
Lots of 3 or more. §1.89 ea. —6 or more, $1.79 ea.

Check items wanted. Return ad w/check or M.0. Include Post-
age. Excess returned. C.0.D. orders 50% down (Note: Beam

Antennas must be shipped railway express cotlect)

GROVE ELECTRONIC SUPPLY COMPANY
4103 W. Belmont Ave., Chicago 41, Il

) Rush items checked
[ Send FREE 1962 catalog of GIANT CB VALUES

Name
{please print)
Address
City Zone.......... State.... oo

NEED AN
A.C. OUTLET?

IN CAR, BOAT, TRUCK,
YOU HAVE IT, WITH A

POWER
CONVERTER

Actually gives you 110 volt, 60 cycle A.C. from your 6 or
12 volt D.C. battery! Plug converter into cigarette lighter,
and operate lights, electric shavers, record players, elec-
tric tools, portable TV, radios, testing equipment, etc,

s] 2 LIST

See Your Electronic Paris Dealer or Jobber, or Write:

W COMPANY
1057 RAYMOND AVENUE
ST. PAUL 8, MINNESOTA

Models from 15 to 300
watts, priced as low as

in Canada. ATLAS RADIO CORP. LTD. — Toronto, Ont.

POP tronics
II \\ Bookshelf

ELECTRONIC MEASURING INSTRUMENTS
by Harold E. Soisson

An introduction to electronic measurement
and control as practiced in the laboratory
and in industry, this book offers a general
background for ad-
vanced work. The
first six chapters
deal with the the-
ory and function
of the basic com-
ponents used in
measuring  sys-
tems, covering pri-
mary concepts,
symbols, and no-
menclature. The
operation of each
of the components
making up a sys-
tem used to measure or control a laboratory
variable is discussed in the remaining chap-
ters. This approach gives the reader a com-
plete picture of the component and system
relationships.

Published by McGraw-Hill Book Co., Inc.,
330 West 42nd St., New York 86, N.Y. 352
pages. Hard cover. $7.50.

MAROLD & RGIABON -

JnS S et N We S

HOW TO FIX TRANSISTOR RADIOS &
PRINTED CIRCUITS (in two volumes) by

Leonard lane

This two-volume set originally appeared as
a training course offered by an electronics
home-study school.
The books tell how
transistors work
and how they am-
plify, explain cur-
rent and voltage
gain, and analyze
circuits. Both style
and language are
simple, and the
material may be
easily grasped by
any one with a
basic understand-
ing of electronics.
Practical applica-
tions and techniques are presented, as well
as a solid background in theory. A handy
(Continued on page 38)

Always say you saw it in—POPULAR ELECTRONICS




-

NOW!
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BETTER...MORE COMPLETE...LOWER COST...
WITH NATIONAL SCHOOLS SHOP-METHOD
HOME TRAINING!

BETTER...Training that is proved ard tested
in Resident School shops and
laboratories, by a School thac is
the OLDEST and LARGEST of
its kind in the world.

MORE COMPLETE... You learn ALL PHASES of
Television-Radio-Electromies.
LOWER COST... Ocher schools make several courses @
out of the material in our ONE
MASTER COURSE . . . and you |49
pay more for less :mmmg than 19
you get in our course at QNE 1 '
LOW TUITION! il /@ 1
\ Oy

i

u get alf informat on

TOP PAY...UNLIMITED OPPORTUNITIES y mail . : - You male
LIFETIME SECURITY CAN BE YOURS! your own decision.. a

‘tome! NO SALESMAN
You are needed in the Television, Radio, and Electronics industry! WILL GALL
Trained technicians are in growing demand at excellent pay—in
ALL PHASES, including Servicing, Manuf:zcturing, Broadcasting and ‘
Communications, Automation, Radar, Government Missile Projects. SEND FOR FREE FULLY- - |
NATIONAL SCHOOLS SHOP.-METHOD PR ATEDBRIK AN'D
HOME TRAINING, with newly added you GETo.. ACTUAL LESSCN TODAY.

lessens and equipment, trains you in o o Your own copy of ‘Yaur
your spare time at home, for these un- ¢ 19 Big Kits—YOURS TO KEEP! Futuse In Electsonics-Tale-

limitad  opportunities, includi e “riendly, Instruction and Guiidance g . .
technical ‘i):bs ? I:a;ding I 'cou Isrt:?)ervrirlzr:; ® Job Placement Sefvice visioa-Radio” willl be mailed
positions. . 5lgll;mlted gonsulgatngnb it to yeu at once. Yo talesman
® Jiploma—Recognize y |adustry H . = L
YOU LEARN BY BUILDING EQUIPMENT  ® :VERYTHING YOU NEED FIR Rillsall; shereiisunonphjian

tion. Cut out card along det-
ted lines, fill in ond wsh
air-mail todayl

NO POSTAGE NZCESSARY

WITH KITS AND PARTS WE SEND YOU. SUCCESS!
Your National Schools course includes
thorough Practical training—YOU LEARN

BY DOING! We send you complete stand- IMPORTANT

ard =quipment of professional quality for
building various experimental and test SEE OTHER SlDE
units. You advance step by step, perform
more than 100 experiments, and
you build a comrplete TV set

tube is included at no extra
Day) for: their cousse—andlmore Yes, | want to make mare money in Electfonics-
,

from the ground up that is YOUrs s e e e e = o— - — — ——— — — ——
to keep! A big, new TV picture
charae. i CUT OUT AND MAIL THIS CARD TODAY 4~crmL Ul Lessen
EARN AS YOU LEARN. we'll o
show you how. Many s'udents'
while studying. TV-Radio. Send me your FREE Fully-liustrated

GET THE BENEFIT OF OUR Opportunity Baok and Actual Lesson today.
OVER 50 YEARS EXPERIENCE

RUSH AIR MAIL—NO POSTAGE NECESSARY

APPROVED FOR

GI TRAINING
Name Age
Address =
City Zane State
NATIONAL @™ SCHOOLS [ Check here if inﬂfres'ed only ir\ Resident Training ot Los Angeles. R2C
World-Wide Training Since 1905 Veterans: Give date of discharge A
Write to Dept. R2G )
4090 So. Figueroa Street | NO SALESMAN WILL CALL; NO OBLIGATION ON YOUR PAET

Los Angeles 37, California 1
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' Be a MASTER TECHNICIAN in
ONICS-TV-RADIC

Only N.T.S. offers you ALL 8 PHASES in
ONE MASTER COURSE

SUCCESS IS THEIRS; IT CAN BE YOURS T00!

When | en-
1 'i rolled with
- N.T.S5. last
1 November, |

r ) was trained as
a Seismograph
Observer. | was promoted
to that job on May 1st of
this year. With your school
and my practical work in
the field, my superiors re-
cognized that | was capable
of handling the job of Seis-
mograph Recording. My su-
periors highly praise your
school. The day ! enrolled

started me off to success.
Edgar Wesatzke

Thanks to
N.T.S. | have
a business of
my own right
in my home. |
= am still in the
Air Force but | have paid
for all my equipment with
money earned servicing TV
sets. Yes, N.T.S. gave me my
start in television.
Lovis A. Tabat

SEE OTHER SIDE

4

As field direc- A
tor of Berean

Mission Inc., | =
have complete

charge of our
radio work.
With the expert advice and
training | am receiving from
you | can do my ewn repairs
on our recorders and P.A.
systems, besides keeping our
radios going. My training
from N.T.S. helps keep us on
the air. | feel privileged to
be a member of such a fine
institution.

Rev. Enoch P. Sanford

|4

e

| have a TV.
Radio shop in
Yorkville, illi-
nois, about 4
miles from my
home, and it
has been going real good.
| started part-time but | got
so much work that | am
doing it full-time. Thanks to
National Technical Schools.
Alvin Spera

P O VIOV

FIRST CLASS
Permit No. 3087

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

— POSTAGE WILL BE PAID BY —

PHASE 3
’Tﬁéfws:on
s Ugmc COLOR

; set.
is becoming ms::nelor v

i Popular daify Ty S

technlcians, p
and repair pffe,
I8 opportunities.

e 2

10—am g f
Radios in homes,Mcars
scf;oo!s, il need expert
Ubkeep. Stations expand
as FM becomes popular,

Now trangis
entire 1‘iel£mrs boom

PHASE 3
ELECTRONICS
:)mpu!ers, Data.
0Cessing mach;
Electronjc Co:frz’lgfs'
Guided Missile

PHASE 4

SOUND SYSTEMS

i eW popularity of Hi.Fi.
in;&zg.'a‘s weli as

nal sound

and bus!ness intesrﬁtr;'sns
Make this a highly
Specialized and
important fiejd,

Los Angeles, Calif.

=

VIA AIR MAI

o o homes phaye at F

. t
210w in numbey. neteadhons Fce't,
aintenance C

ALL 8 PHASES |y ONE MASTER COURSE

FggSE 5

LICENSE

PREFLQRATION

icense hol,

3e 3 wide rangdeer:f

8.10bs open to them
| icense now a :

requirement for most

OMunication jobs.

PHASE ¢

RADAR AnQ

MICROWAVES

g’él;se are the
Municaton,

of the futyre. as‘r:};zﬁ:ms

used 'n tracking ang

contacting satellites,

:H?SE 7
OMATIO
& COHPUTEgS
éutomalion and
OMputer electronics
are the new tools of
industry ang Commerce
Skilled Technicians
'l’l: ;hesz fields are
reat
o pas demand at
shase
ADCASTING &
COMMUMCATIONS
In the ertertainment
industry, o7 jp Commerce,
Communicatigns and g
Oroadcasting have great
IMportance. Installation
and maintanance of
zg?’l'pg«;nr requires
ed technicj
know-how A

TRAINING
ANGELES
If-you wish to take your train.
ing n our famous Resid
Scheol in Los Angeles—ths
oldest and largest schoal of its
kind in the world—check
specia! box-in coupon,

RESIDENT
AT LOS

Agproved for GI Tesining

NATIONAL T SCHOOLS

“LD-WIDT TRAINING SINCER80S

Address carrespondence ta Dept. R2G
4000 So. Figueroa Street

NATIONAL & e SCHOOLS

WORLD-WIDE TRAINING SINCE 1905

4000 So. Figueroa Street
Los Angeles 37, California

Los Angeles 37, Caliternia

i
write the 3chool, Department RDC,
stating couvrse desired.
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TWENTY-FIVE THOUSAND DOLLARS IN RESEARCH TIME

DECIMAL INPUT-OUTPUT

Motor-driven, sixteen position,
non-shorting sequences,

BINARY INPUT

Transmits information for processing,
sixprimary, double-pole, double-
throw switches.

BINARY OUTPUT

Communicates to the operator-
results of the programming.

STORAGE PROCESSING

Six double-throw relays receive
information ... process it...transmit
it to other components.

A complete set of 6 instruction man-
uals included. “Getting Acquainted
with MINIVAC 601", “What is a
Digital Computer?”, “How Com-
puters Make Logical Decisions”,
“How Computers Do Arithmetic”,
“How Computers Work for Man®,
and “MINIVAC Games".

372 Main St., Watertown 72, Massachusetts

December, 1961

SCIENTIFIC DEVELOPMENT
CORPORATION

Data Processing Division

... NOTHING LIKE IT ON THE MARKET!

] ] ®
Minivac [}l
scientific exploration ... education...

experimentation at the 24" console
of this amazing computer

MINIVAC 601
is a unique digital :
computer — the small e
brother of huge electronic

brains that are the newest tools

of science and industry. MINIVAC

has memory — it thinks . . . it can

even play games. lt prepares teenagers and adults for the world of
tomorrow.

Created as a private project by Dr. Claude E. Shannon, now Donner
Professor of Science, MIT, and developed by the SDC staff, MINIVAC
601 is built of professional components to professional standards.

It opens the way to exciting experimentation with circuits that solve
problems and make decisions. It enables you to duplicate control systems
like those used in advanced missiles. You may program it to demonstrate
data processing techniques used in business. Hundreds of experiments are
contained in the booklets. But this is only the beginning. The only limit
to MINIVAC’s accomplishments is the imagination of $8 500

the machine’s master.

conroration PRI IL L LG R L E T T R LR R R Rl )

Scientific Development Corp., Data Processing Division
372 Main Street, Watertown, Massachusetts

Gentlemen:
Please send free brochure giving complete information on
Minivac 601...what itis. ..what it does. . .how it operates.

37



BUILD THE
PROJECTS
DESCRIBED
IN THIS
ISSUE OF

WITH THESE

PRODUCTS

POPULAR
ELECTRONICS

THE ROOF HOPPER
Use BUD CB-1629.......ccccuvmmrmnrrinrnirinnninns

BUILD THE WIRLY-GIG
Use BUD CU-2103A.....ccvminniiiinnnnn.

THE AUDIO PACK
Use BUD CB-1626

SIMPLE STABLE VFO
Use BUD CU-2105A

All Bud products are available for im

mediate delivery from your authorized Bud
Distributor. They are the best for applica-
ions described in these projects.

WATCH FOR THESE LISTINGS EVERY MONTH
IN POPULAR ELECTRONICS

BUD RADIO, INC.
2118 East 55th Street Cleveland 3, Ohio
h Dept. P.E.

QUICKLY CUT HOLES

in metal, plastics,
hard rubber...

ROUND SQUARE e

GREENLEE CHASSIS PUNCHES

Make smooth, accurate openings in
114 minutes or less . . . for sockets,

plugs, controls, meters, panel
lights, etc. Easy touse ...
simply turn with wrench."
Many sizes and models.
Write for literature.

\\‘&nsgw's
GREENLEE TOOL C€O., 1915 Columbia Ave., Rockford lllinois
38

Bookshelf
( Continued from page 34)

reference section at the end of Volume 2,
designed for “instant servicing,” lists com-
mon troubles and cures.

Published by Gerusback Library, Inc., 154
West 14th St., New York 11, N.Y. 160
pages per volume. Soft cover edition, $5.90.
Hard cover edition, $9.90.

A S-SR ¢S SR v §

FUNDAMENTALS OF UHF by Allan Lytel

This book represents a complete course in
ultra-high-frequency electronics. Though
written at the intermediate level, the text
should prove valuable to the engineer who
desires an introduction to the u.h.f. field.
Antennas, wave propagation, generators,
ccmmunications equipment, and test equip-
ment and techniques for that portion of the
spectrum from 300 to 3000 mc. are thor-
oughly examined, as are the relevant FCC
regulations.

Published by John F. Rider Publisher, Inc.,
116 W. 14th St., New York, N.Y., 160 pages.
Soft cover. $3.90.

New Literature

A 4-page illustraled brochure entitled “Why
Stereo ?” is available free from EICO Elec-
tronic Instrument Co., Inc., 3300 Northern
Blvd., Long Island City, N.Y. The booklet
explains the concept of stereophonic sound
and gives details on various kinds of stereo
sources. Methods of setting up stereo sys-
tems and converting monophonic systems
to stereo are also discussed.

Many unusual ways to use tape recorders
in business, professions, industry, schools,
churches, and the home are suggested in
the free Magnecard booklet, “207 Ways to
Use a Tape Recorder.” Also included are
helpful tips on the operation of tape re-
corders and the handling and splicing of
tapes. The booklet is available from Magne-
cord Sales Dep't, Midwestern Instruments,
Inc., P.O. Box 7509, Tulsa, Okla.

Experimenters, amateurs, students, and en-
gineers will be interested in a new catalog
of electronic projects available at no charge
from the Henry Francis Parks Laboratory.
It lists the more than 100 projects for which
the laboratory can supply circuit drawings,
parts lists and notes. Just send a post-card
request for the catalog to P. O. Box 1665,
Lake City Station, Seattle 55, Wash. ~f0

Always say you saw it in—POPULAR ELECTRONICS




(advertisement)

How to get the most out of building
Radio-Audio-Electronic kits

A new plan by Milton Sleeper, noted figure in electronics

“For a long time,”’ Milton Sleeper explains, *'I felt thac
a society should be formed for the benefit of everyone inter-
ested in kit building. There are clubs and leagues to represent
and further the interests of stamp collectors, photo fans, and
radio hams. Similarly, there should be a kit builders’ society,
and it should have its own publication to voice the opinions
of the members, for the exchange of experiences, and to pro-
vide news and information on this fascinating hobby.”

Now, at last, there is a such a national society,
how it came about:

Here's

THE R:A-E SOCIETY

Nearly two years ago, 2 group of kit builders in the Berkshire
Hills area of Massachusetts—comprised of businessmen, law-
yers, engineers, and bankers—elected Mr. Sleeper chairman
of what they called the R*A-E Society, because the members
were all interested in building Radio:Audio-Electronic equip-
ment.

As news of the Society spread, people from far and wide
inquired about joining. Letters came from high school and
college students, and from men of many different professions.
Their enchusiastic interest showed that the Society could be
more useful to more people than had been anticipated.

Also, there were many requests for a Society journal to serve
2 membership growing to national proportions. That posed a
problem, however, for it meant setting up offices for the
Society, with a paid staff at a cost which could not be met
from membership dues.

A SPONSOR FOR THE SOCIETY

Meanwhile, the original members had underraken to work out
their own ideas of components to be assembled from Kkits.
Certainly there was room for many improvements, because no
basic changes had been made in kits and instructions over
the past 20 years.

They first made a study of the advanced designs and tech-
niques now employed in commercial and military equipment.
Then they applied their findings to the design of components
to be assembled from kits, and to the preparation of error-
proof instructions.

Their undertaking was successful beyond expectations, so
much so, in fact, that a company—R'A-E Equipment, Inc.—
was formed to produce kits from their unique designs. Then,
logically, this Company assumed sponsorship for expanding the
Society nacionally, and for the Society’s R-A-E Journal.

THE R-A-E JOURNAL

Publication of the quarterly R-A-E Journal is important to
members of the Society because it provides two much-needed
services. First, it is an open forum for the exchange of opin-
ions, suggestions, and experiences. Through it, members can
make cheir views known to the record, tape, and equipment
manufacturers, the radio and TV broadcasters, and to the
Federal Communications Commission.

Second, the Journal fills 2 growing need for more specific,
less technical information on kit assembly, home workshop
projects, plans for stereo and mono record, tape, and radio in.
stallations, correct operation of components, and testing meth-
ods. Also, since no advertising space is sold, the Journal can
carry unprejudiced reports, free of commercial bias, on all
new developments.

With Milton Sleeper as editor, you will certainly find the
Journal interestingly written from cover to cover, easy to
understand, elaborately illustrated, and handsomely printed on
fine paper. Please note that only members of the Society
will receive the Journal. No copies will be sold.

December, 1961

YOU ARE INVITED

You are cordially invited to become a member of the R-AE
Society, an organization that stared from the activities of a
dozen kit building hobbyists, amd is now growing into a
national institution.

Membership is open to high school and college students, to
men of all professions, and to hobby-minded women, too.
Whether you are a beginner, an experienced kit buildet, or
an advanced enthusiast, you are welcome to join the Society,
and to share in the privileges of membership. By applying
for membership now:

® You will take part in vsurious group activities and
opinion polls

® You will receive accurate, advance information on new
radio, audio, and electron:.c kits

® You will qualify to serve on one of the Advance-Test
Panels, and if you are selected you will receive a free R*A'E
kit in return for writing a report on it

® You will receive the four annual issues of the R'A'E
Journal

® You may use the buy, sell, and swap columns of the
Journal without charge

® You will receive an official membership card identifying
you with the R*A'E Society.

CHARTER MEMBERSHIP NOW OPEN

For a limited time (expires January 31, 1962) you can join
the Society as a Charter Member. Dues for the first year are
only $1.00 This entitles you ta receive the Journal for one
year, and to enjoy all the other benefits of membership.

Use the coupon below or yous own stationery to apply for
Charter Membership.

Miltor Sleeper originated the idea of step-
by-step kit instructions and picture wiring
diagrams in the 20's. A p.oneer radio
engineer and manufacturer, he is an author
and magazine publisher, founder of High
Fidelity magazine, and a recognized
authority on kit design techniques.
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R-A-E SOCIETY (sponsored by R-A-E Equipment, Inc.) |
COUNTY BANK BUILDING -

GREAT BARRINGTON, MASS, )
Yes, 1 want to take part in the Society’s activities, |
to receive the R*AE Journal edited by Milton I
Sleeper, and 1 want to qualify to serve on one of
the Advance-Test Panels. 1 enclose S1.00 for |
Charter Membership dues for one year.

STREET

CITY & ZONE ..o i e e CSTATE e

| understand that | am not required to purchase any
R-A-E kit in order to enjoy full membership privileges.

| am a [] Beginner [] Experienced Kit Builder )

O Advanced Enthusiast

UNCONDITIONAL MONEY-BACK GUARANTEE. If | am |
not completely satisfied after | receive the first issue of
the R-A+E Journal, my money will be refunded on |
request.
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New
Transis-
torized
Stereo/
Mono
4-Track
Tape
Deck

Kit $94.95

QmrIn e e

apiop LD Tee et
Semikit (electrenics in kit
form) $299.95 ‘ired 5.99.9°

New FM-AM Stereo Tuner ST96
Kit $89.95 Wired $129.95
Incl. FET

Kit $79.95
FM Tuner HFT90
Kit $39.95 Wired $65.95
Incl. FET Metal Cover $3.95

28W Integrated -

Stereo Amplifier HF81 AM Tuner HFT94 Inci. FET Kit $39.95

Kit $69.95 Wired $109.95 Kit $39.95 Wired $65.95
T @ s
Stereo
Power ;0. NEW FM-Multiplex
Amplifiers “ . Autodaptor MX99
Kit Wirea Kit $39.95
100W HF89: $99.50 $139.50 Wired $64.95

70W HFB7: $74.95 $114.95

By
28W HF86: $43.95 § 7495  (ratentsPending)

Kit $54.95.

New 60W CW Transmitter £723 rechargeable

Kit $49.95 Wired $79.95

New Metered

Variable Auto- Peak-To-Peak

Transtormer AC X‘Tl\;M' ;2%2®

i ni-Probe
Hpo Bt Pat. 2,790,051
(3 amps) Ki_( $29.95
Kit $35.95 Wired $47.95 Wired $49.95
Model 1078 (732 amps) VIVM #2021

Kit $42.95 Wired $54.95 Kit $25.95 Wired $39.95

RF Signal ~
Generator =
2324 e, © égoo/
Kit $26.95 | ESu g | ms
Wired $39.95 $%¥ & . volt -
e V-0-M =536
Kit $12.90
Wired $16.90
6- & 12V jigeemEn
Battery
Eliminator
& Charger NEW AC
#1050 Volt-watt
Kit $29.95 Meter #260
Wired $38.95 1 |
Extra-filtered for it $40.98
xtra-fi ;
transistor equipt. =1060 Hifieg US55 Kit $19.95
Kit $38.95 Wired $47.95 Wired $28.95

New 40-Watt Integrated
Stereo Amplifier ST40
Wired $129.95

_—

Stereo Preamplifiar HF85
Wired $64.95

Bookshelf Speaker System
HFS1 Kit $39.95 Wired $47.95

NEW Walkie-Talkie
Citizens Band
Transceiver #740

Wired $79.95.
Complete with

battery & charger.

5” Push-Pull Scope #425
Kit $44.95 Wired $79.95

New 70-Watt Integrated
Sterco Amplifier ST70
Wired $149.95

CREATIVE
ELECTRONICS

Over 2 MILLION
EICO instruments in
use throughout the
world. Compare, take
them home — right
“‘off the shelf”’ —
from 1500
neighborhood
dealers, most of
whom offer

budget terms.

rEEO,3300N.B|vd Ll
{ Send fregtCano o
e t'opﬁ.alil&lsl, yfree Short cfour:zg
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RASONICS
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LASI‘ May 16th, President Kennedy strained his back while planting a
tree in Ottawa, and was again victim of the effects of an old back in-
jury. To relieve the pain and promote healing, his doctors prescribed doses
of ‘“ultra-sound.”

Thet same day, a housewife in Fresno, Calif., dipped her dinner dishes
into &n ordinary-looking sink full of clear water, pulled them out after a
few seconds, and put them in a rack to dry. In spite of her apparently
sloppry housekeeping, the dishes came out antiseptically elean.

Thet night, millions of Americans all over the country were pressing
buttons on cigarette-case-sized remote control units and watching their
TV sets across the room change channels and turn themselves on and off.

These seemingly unrelated incidents are linked by a common bond: they
all had something to do with ultrasonics—sound above the range of human
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hearing. And newly discovered ultra-
sonic tools and techniques are now
revolutionizing hundreds of industries.
For example:

® Brewers “pump” ultrasonic sound
through bottles of beer before putting
on the caps. The ultra-sound makes the
brew foam violently, releases all trapped
air, and renders the beer immune to oxi-
dation and spoilage during storage.

@® Warehousemen have found that even
low levels of ultrasonic sound drive rats
crazy. After being subjected to such
treatment for a day or so, the rodents
give up and move away—permanently.
@ Space workers now perform thickness
measurements on missile nose cones—
which must be machined to exact toler-
ances to withstand the heat of re-entry
—quickly and easily with radar-like ul-
trasonic gadgets. The thickness, accu-
rate to thousandths of an inch, is read
directly on a television-like tube.

@ Railroad men check rails, car wheels,
and other massive steel parts with a
similar radar-like detector which spots
flaws and cracks far better and faster
than older methods.

42

Why Silent Sound? Ultrasonic waves
are useful largely because we can pack
tremendous power into them. Sound we
can hear could do many of the same jobs,
but it would split eardrums for miles
around. We don't often think of sound
as having physical power, but it has.
When we drive units with the tremen-
dous energy levels used in ultrasonics,
the results can be spectacular.

Take ultrasonic cleaning, for example.
Dip anything dirty into a tank of water
being agitated by ultrasonic waves, and
the sound energy literally tears the dirt
off. This tremendous cleaning power
comes from a phenomenon scientists call
cavitation. As the powerful ultrasonic
waves vibrate through a liquid, millions
of microscopic bubbles continuously
form and collapse with such terrific
force that they create pressures up to
20,000 pounds per square inch. The fero-
cious scrubbing action of the collapsing
bubbles blasts the dirt off the surface
to be cleaned.

Today, hardly a manufacturing indus-
try exists that doesn’t use some type of
ultrasonic cleaning. In one factory, a
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dirt- and grease-coated gas turbine rotor
is dipped into an ultrasonic bath, to be
pulled out a few seconds later shining
and clean. In other plants across the
country, all kinds of parts—printed-cir-
cuit boards, electric shaver heads, and
thousands of other items—come out of
their ultrasonic baths with every tiny
crevice literally sparkling.

Hospitals throughout the nation now
use ultrasonic cleaners to scrub surgical
instruments. Dr. George W. Dana, di-
rector of the North Shore Hospital in
Manhasset, Long Island, was amazed
when he used an ultrasonic unit for the
first time. “It even took off stains we
thought were a permanent part of the
finish of surgical instruments,” he said.

The energetic bubbles are so small
that they can sneak into tiny holes and
crevices impossible to clean by other
methods. Scouring the tiny, hairlike
tube through a hypodermic needle, for
example, is a snap.

From Hours to Minutes. Before the ad-
vancement of ultrasonic techniques, one
large manufacturer of camera lenses
kept a staff of 24 women busy around
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The delicate

the clock cleaning lenses.
glass discs are coated with a sticky pitch
to hold them steady during the grinding
process, and getting the pitch off was
a nasty job. Now, the company dumps

the whole batch into an ultrasonic
cleaner and scours an entire day’s out-
put in jig time.

Likewise, delicate jet engine nozzles
used to be discarded when they began
to show signs of clogging. since there
was no practical way to clean them re-
liably. Today, with ultrasonics, they're
as good as new in minutes.

Some watchmakers now offer a while-
you-wait cleaning service for your
watch. They flip the back off your time-
piece, dip it in an ultrasonic tank, dry
it with a blast of hot air, put in a few
drops of oil, then return it to you. The
process is both fast and cheap.

A cash register maker now cleans as-
semblies of 5000 complex parts in 7%
minutes without dismantling a single
part; previously it took a skilled man
days to do the job. Auto servicemen are
installing ultrasonic cleaners, too; your
carburetor, among other complex assem-

43



blies, can be cleaned in seconds without
being dismantled.

From Egg Yokes to Soup Cans. Within
a few years you may be able to buy a
dishwasher that blasts even dried egg
yoke off your most fragile china with-
out damaging it. Various companies
have been promising this one for several
years now, and test models operate
beautifully. Some makers are also pre-
dicting ultrasonic washing machines for
your clothes, but this is still further in
the future. The holdup: nobody has been
able to get the units down to a moderate
price.

Even air can be cleaned ultrasonically.
Aim a beam of silent sound through
dirty air and the vibrating waves jam
tiny floating particles together, causing
them to accumulate in clumps and drop
out. This technique has already been
incorporated in many industrial smoke
precipitators, and recent experiments at
Orly Field near Paris, France, indicate
that it can also be used to disperse fog.
The trouble to date is that enormous
amounts of power are needed to cover a
large area—an airport such as Orly
Field, for example.

Crewmen aboard atomic subs are
warned of hull leaks by ultrasonic liquid

Raytheon

Mother-of-pearl intaglios for these cuff links
were machined from the tool shown above the
set with an ultrasonic device. Jade, spinel,
agate, synthetic ruby, sapphire, onyx, and
other stones can also be inexpensively worked
into beautiful jewelry by means of ultra-sound.

44

detectors. A tiny ultrasonic probe vi-
brates freely in open air. But when you
cover its tip with water, the vibration
stops, and an alarm goes off. The same
detector will keep ground crews alerted
to the fuel level in the tanks when Amer-
ica’s giant rocket, the “Saturn,” blasts
off for outer space. Meanwhile, back on
planet Earth, cne soup manufacturer
has tested the same indicator as a fool-
proof method for determining when soup
cans are full.

Meat and Milk, Too. The Reflectone
Corporation of Stamford, Conn., has
perfected a method of tenderizing meat
with ultrasonics. The powerful waves
pound tough cuts of meat into tender
steaks without producing the flabbiness
chemical tenderizers sometimes do. Si-
lent sound helps produce better steaks in
another way, too. Researchers at Colo-
rado State University rigged a gadget
to shoot low-powered ultrasonic waves
painlessly into beef on the hoof—the re-
turning echoes tell how much fat and
how much “meat” is on the critter.

Ultrasonies will soon produce a better
cup of coffee. Treat green coffee to a
dose of ultrasonics before roasting, and
the silent sound blasts a series of micro-
scopic holes through the beans. During

Technician checks thickness of Explorer satei-
lite nose cone with ultrasonic gauge. The sharp
vertical line on the scope face indicates thick-
ness to within one one-thousandth of an inch.

8ranson Instruments



roasting, heat penetrates more evenly,
driving out oils that can cause rancidity.

Some dairies are now using ultrasonic
homogenizers. As an added advantage,
the ultrasonic waves go to work on bac-
teria, killing most of them. Experiment-
ers think it may soon be possible to fore-
go pasteurizing altogether and count on
just a single blast of ultra-sound to
homogenize and pasteurize milk simul-
taneously. One company recently pat-
ented an ultrasonic gadget which sends
a signal zooming through a tank of milk,
checks the returning echo, and comes
up with an automatic analysis of its
nutritional value.

Welding and Drilling. A new machine
by Westinghouse actually welds metals
by ultrasonic energy. Two pieces of
metal are run between a couple of rollers
vibrating at ultrasonic speed. The in-
tense vibration breaks down the surface
molecules of the individual pieces where
they come together and causes them to
interlock.

Nobody but a comedian would have
suggested drilling square holes a few
years ago. But ultrasonic drills can now
drill them square, star-shaped, in the
form of a cuckoo bird, or what have you.
A shaft driven up and down thousands
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of times a second, but with a movement
so slight you can’t even feel it, does the
job.

The ‘“drilling” is accomplished by
flowing a slurry of abrasives between
the shaft and the material to be drilled.
The shaft comes down, strikes the abra-
sive particles, and causes them to dig
into the material like a flock of frantic
woodpeckers. In no time at all, a hole
the exact shape of the drilling shaft is
punched through.

Unlike other methods, the drill doesn't
even have to be as hard as the material
it is drilling. Naturally, this leads to
spectacular tricks. With an ultrasonic
setup, you can drive a fountain pen
through a pane of glass or slice off a
piece of extra-hard steel with a cheap
pen knife.

Wartime Development. Ultrasonics, now
going to work in literally hundreds of
ways, has been known for years. Per-
haps the first practical application was
the so-called “silent” dog whistle. Dogs
can hear it but people can't.

Men first put ultrasonies to work—
past the “dog whistle” stage, that is—
in World War I when a French scientist
named Paul Langevin built a sonar ma-
chine for detecting submarines. The
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war was over before Langevin refined
his invention enough for practical use,
but when World War II came along,
sonar was further developed. And after
the war, the strange properties of ultra-
sonic sound began to be turned to dozens
of industrial tasks.

Both Sperry Products and Firestone
Tire and Rubber were early users of
ultrasonic waves as flaw detectors. Ul-
tra-sound travels readily through solids,
but with difficulty through air. Beam
a small ray of ultrasonic energy through
a piece of steel, and if an air bubble is
present, an echo comes bounding back.
The time the echo takes to return shows
an operator where the bubble is. Fire-
stone originally used this technique to
spot defective tires. Today, it’s stand-
ard practice with manufacturers of parts
ranging from locomotives to ball-point
pens.

The Field of Medicine. Perhaps the most
dramatic post-war gains in ultrasonics
took place in the field of medicine. One
of the first doctors to use the new ther-
apy in the U.S. was Dr. John H. Aldes
of Los Angeles.

A few years ago, after tests on him-
self and his co-workers, Dr. Aldes tried
ultrasonics on a patient, a 67-year-old
widow, so crippled by one type of arthri-
tis that she had to be carried into his
office. Dr. Aldes applied treatment after
treatment, but nothing happened. He
was almost ready to give up when the
woman suddenly noticed that she could
move one hand a little. A few months
later she walked into Dr. Aldes’ office
under her own power.

Today, ultrasonics is standard treat-
ment for certain kinds of arthritis in
hospitals all over the country. It never
cures, of course, since there is no known
cure for arthritis. But it does frequently
bring dramatic relief from pain and it
can limber joints after all other treat-
ment has failed.

In recent years, medical uses for ultra-
sound have multiplied. A woman'’s hand,
severely lacerated during childhood, was
so covered with stiffened scar tissue
that it was completely immobile. Doctors

(Continued on page 94)
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LOW-COST CLEANING WIT
ULTRASONICS
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Ultrasonic
available in a wide variety of sizes,
shapes, and prices. The lowest priced
item on the market as this is being
written is the “diSONtegrator System

cleaning equipment is

Thirty.” Manufactured by Ultrasonic
Industries, Ames Court, Plainview, L.I.,
N.Y., it costs $69.95, complete.

The diSONtegrator System Thirty
has a 30-watt oscillator operating at
about 90 kc. Tuning is broad, and the
ultrasonic signal is basically FM. The
oscillator is built around a single type
826 tube. A one-pint capacity cleaning
tank features a working compartment
measuring 3%"” x 35%"” x 3” deep.

This small ultrasonic cleaner has
been used in the POPULAR ELECTRONICS
laboratory for several months. When
employed with the proper detergent—
ammonijated for glassware, jewelry,
eyeglasses, etc.; copper brightener for
copper or gold; alkaline for rust re-
moval, etc., etc.—the unit performed
with astonishing efficiency. Small elec-
tronic parts that could not be adequate-
ly cleaned without disassembling were
made to shine as if brand-new. In fact,
brand-new parts were cleaned also, to
remove any traces of soil left from
packaging and shipping.

A slightly larger version of this low-
cost model is available for $99.95. It
is called the diSONtegrator System
Forty, and includes a one-half gallon
cleaning tank (measuring 5%" x 514" x
4” deep).

N J
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THE

ROOF
HOPPER

ENTION a hundred-milliwatt trans-
mitter to the average hobbyist, and
he’s likely to think of an anemic handie-
talkie or a puny phono oscillator. But a
“flea-power” rig can provide solid-copy
signals over a distance of several miles,
and the license-free transmitter illus-
trated on the following pages has done
just that. Designed to furnish maximum
possible transmission range, the ‘“Roof
Hopper” complies with all pertinent sec-
tions of Part 15 of the FCC Rules and
Regulations.

What does “Part 15’ have to say
about wunlicensed transmitters? Just
this: that they are legal, provided that
they meet the following requirements:

“(a) The carrier of the device shall

be maintained within the band

26.97-27.27 me.

“(b) All emissions, including mod-

ulation products, below 26.97 mec.

or above 27.27 mec. shall be sup-
pressed 20 db or more below the un-
modulated carrier.

“(c) The power input to the final

radio stage (exclusive of filament

or heater power) shall not exceed

100 milliwatts.

“(d) The antenna shall consist of a

single element that does not exceed

5 feet in length.”

Transmitting Setup. Since even a sim-
ple dipole is 17 feet long at 27 mc., the
5-foot limitation on antenna length would
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Transmit withcout a license?

You can—with this
“flza-powered”

27-me. rig

By HARTLAND B. SMITH, wsvvD

seem to rule out an efficient radiating
system for an unlicensed transmitter.
However, if a loading coil is inserted at
the center of a 5-foot element, a sur-
prising amount of energy will be radiated
by the 5-footer.

Another “problem’ is the fact that a
long feedline between transmitter and
antenna is not permitted by Part 15.
But nothing in the Rules precludes
mounting an unlicensed transmitter on
top of a pole and then operating it by
remote control from a more convenient
location. And that is just what was done
with this rig.

With the transmitter mounted near
the antenna and with a suitable loading
coil at the center of the antenna, the op-

172" ALUMINUM

POLYSTYRENE
ROD

I - )
{ =0 |

Antenna for the Roof Hopper consists of two lengths
of 14” aluminum ot copper tubing joined with a
polystyrene rod. Drawing above shows location of
antenna loading coil L1 as well as all dimensions.
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2517 of transmitter. The FCC Rules re-

quire that XI be ground for a fre-
quency between 26.97 and 27.27 mc.

Most components in transmitter are
mounted on small phenolic board.

ALUMINUM
TUBING [
1/2" D1AM. |

POLYSTYRENE
ROD-1/2" DIAM.

HOW IT WORKS
r Transistor Q1 and its associated components
c

omprise a standard Pierce oscillator circuit
which functions as a low-power transmitter. The
circuit oscillates at the frequency of the quartz
crystal (X1) due to collector-to-base feedback
through X1, L3 and C4 are tuned to the output
of the oscillator. which falls in the 27-mc. band.
Radio-frequency energy in L3 is link-coupled to
L1 via coils L4 and L2; LI and C17 resonate the
antenna to the 27-mc. band, making it appear,
electrically, as a full-sized dipole.

In the modulator, transistors 02, Q3. and 04
amplify the voltage generated by a microphone
connected to jack JI, power from battery BI
passes through the primary of TI (which serves
as a choke) on its way to the transmitter. The
amplified speech signal also appears across T1's
primary. where it alternately increases or de-
creases the transmitter's d.c. supply. This action
causes the transmitter's output to vary in accord-
ance with the signal from the microphone.

The voltage drop across RI6 prevents the
power input from exceeding the legal limit (100
milliwatts). As the current increases, the voltage
applied to Q1 falls, and the current-times-voltage
product never quite equals 100 milliwatts. At the
recommended operating point of 7 ma., input to

kOI is approximately 87.5 milliwatts. J

erating range of this setup is more than
satisfactory. Provided that the trans-
mitter has been mounted high and in the
clear, and provided that the receiving
installation is an efficient one, you should
have little difficulty maintaining com-
munications at distances of 3 to 5 miles
in the average metropolitan area. Nat-
urally, performance over a line-of-sight
path or over water will be even better.

Construction. The r.f. portion of the
transmitter is housed in a 3” x 4” x 8”
methylstyrene refrigerator dish known
as a “Crispy-tainer.” (Similar containers
are sold by most dime stores and super-
markets.) The clear plastic is brittle

Complete transmitter as-
sembly, including antenna
and transmitter ‘‘chassis"’
shown at left above, is at-
tached to a mast or oth-
er support with a com-
mon TV antenna mount.
Care must be exercised
when drilling holes in
the methylstyrene dish.

TO MOOULATOF
TERMINAL O

il TO MODULATOF
TERMINAL C
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which supplies power for entire transmitting setup. + llllll TO TO RECEIVER
Note that secondary of transformer T1 is not connected. ERENSMITIER “gff)
BI-19.5V
F PARTS LIST \
B1—19.5-volt battery (13 size “D” flashlight R4, RS, R13—100,000 ohms

cells in series)

C1—100-ppf. variable capacitor (Hammarlund
APC-100 or equivalent)

C2, C5-—0.0047-pf., 600-volt disc capacitor

C3—10-ppf., temperaturc-compensating, tubular
ceramic capacitor (Centralab Type TCZ or
equivalent)

C4—50-puf. variable capacitor (Hammarlund
APC-50 or ecquivalent)

C6. C7, C8, €9, C109, C11, C12, C13—10-pf.,
25-volt miniature electrolytic capacitor (Aero-
vox Type SRE or cquivalent)

J1—Microphone jack (Amphenol 75-PC1M or
equivalent)

L1—30 turns of Barker and Williamson 3011
coil stock—sce text

L2, L3, L4—9 turus of Barkcr and Williamson
3016 coil stock

M 1—0-20-ma. milliammeter (Emico Type RF-
2C or equivalent)

Q1—2XN1517 transistor

Q2—CK722 transistor

03, Q4—2N1381 transistor

R1—56,000 ohms

L R2, R10—5600 olmns AU resistors

R3—180 ohms Vi-watt

R35—10,000 olins

R6—350,000-0/tm potentiometer, audio taper

R7, R12, R16—1000 ohms

R9—~—4700 ohms

R11—330 ohms

R14—3300 ohms

R15—100 ohms

S1—D.pd.t. toggle switch

T1—Transistor output transformer: primary,
500 ohms, CT; secondary, 3.2 ohms (Argonne
AR-119 or equivalent)

T'S1—6-lug terminal strip

X 1—27-mc. 3rd-overtone quarts crystal—see text

I—1%” x 424" x 53" open-end aluminum
chassis (Bud CB-1629 or equivalent)

1—134” x 2Y4” PBakelitc board, 1/16” thick

2—12” lengths of V4" polystyrene rod

1—557 length of V4”7 alumnum or copper tubing

1—TV antenna mast mount (Telco 8800-U or
equivalent)

1—3” x 4”7 x 8” plastic refrigerator dish (Tri-
State “Crispy-Tainer” or equivalent)

4—Transistor sockets

1—Crystal socket

Misc—Nuts, bolts, metal spacers, solder lugs,
insulated tic points, knob, etc.

J

and tends to crack or split quite easily,
so exercise caution (not brute force!)
when applying a drill.

In case a crack develops in the plastic
during the construction process, you can
prevent it from spreading by painting
it with polystyrene cement or Q-dope.
Other materials are easier to work with,
but this particular plastic is recom-
mended because of its good r.f. charac-
teristies.
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A TV antenna mount, bolted to the
bottom of the box, serves as a convenient
means of fastening the transmitter to
a mast or other high support. Plastic
tape can be used to seal the lid of the
box against rain and snow, and four %"
drain holes drilled in the bottom will
allow condensed moisture to escape dur-
ing humid weather. As a finishing touch,
several coats of rust-proof paint can
be applied to the nuts and bolts pro-
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Placement of parts on modulator chassis is shown
in photos above and at right. Author used relative-
ly large chassis to have plenty of room for wiring.

truding through the bottom of the box.

A 134”7 x 214” piece of thin phenolic
board, supported on 1%4” spacers, serves
as a chassis for the one-transistor trans-
mitter. This method of construction
combines the compactness of a printed
circuit with the simplicity of ordinary
hand wiring.

All parts except C1, C4, L1, and L2
are mounted and wired before the chas-
sis is installed in the box. Don’t forget
to provide leads for later connection to
C4 and L2. Also, be certain to include
power leads long enough to reach the
screws which extend through the bottom
of the plastic box—these screws serve
as terminals for the cable running be-
tween the transmitter and modulator.

The antenna is made up of two 2714”
pieces of 14” aluminum or copper tub-
ing, mechanically joined by a 10” length
of 15” polystyrene rod. The diameter of
the rod, for a distance of 3” from each
end, must be filed down to allow inser-
tion into the tubing. This leaves 4” of
exposed polystyrene at the center of the
antenna, over which L1 is positioned; L2
is then slipped over Li1. The antenna
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passes through 14” holes drilled in the
ends of the refrigerator dish, and addi-
tional support for the radiator is pro-
vided by 14" pieces of polystyrene rod.

The modulator is built on a 47%” x
53,” x 1%” open-end chassis. A 19.5-
volt battery, consisting of 13 size “D”
flashlight cells connected in series, fur-
nishes power for the transmitter and
modulator. Since there is no standby
current and the total drain while on the
air is less than 20 ma., cost of operation
is under a penny an hour.

Adjustment. Temporarily set up the
transmitter in the clear, away from
metallic objects. Connect the battery to
terminals 4 and B of the modulator,

and run a pair of wires to the transmit-
ter from terminals C and D.

Next, attach a crystal or ceramic mi-
crophone to J1, and turn on SI. The
tune-up process is a bit tedious, because
the adjustments interact with one an-
other, and you will have to step away
from the transmitter after each slight
change to avoid body capacity effects.

As C} is tuned from minimum to maxi-
mum capacity, @1’s collector current (as
indicated on M1) will vary from a low
of around 5 to a high of 10 or more, if
the transmitter is operating properly.
Adjust C4 to produce a meter reading of
7 ma., then tune in the transmitter's
signal on a 27-mc. receiver. Speak into
the mike and advance R6 until your

(Continued on page 105)
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Turntable Kits

Fairchild 440-2K

Thorens TDK-101

(row Up—BlG |

Rek-O-Kut K-34H

By OLIVER P. FERRELL
Editor

Dual- or single-speed turntables
can be assembled i 30 minutes

IVE YEARS AGO it would have been

unthinkable to suggest the home as-
sembly of a hi-fi turntable. Gradually,
however, turntable kits did appear on the
market. Some were awkward to put to-
gether, most of them looked like “kits,”
and practically all left much to be desired
in terms of rumble, wow, and actual
speed performance figures.

Well, times have changed. The “kit”
look has been lost; the performance of
these units now approaches or equals
that of factory-assembled units; dual-
speed operation can be had; and, wonder
of wonders, you can assemble the whole
turntable in 25 to 50 minutes! Further-
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more, you can realize a saving of from
$12.50 to $20.00!

This article will give you a ‘“quick
look” at several of the presently avail-
able turntable kits: the Fairchild 440-
2K, the Gray PEK-33, the Rek-O-Kut
K-34H, and the Thorens TDK-101.

Belt Drive and Speed Adjustment. All
of these kits use some sort of belt drive
to spin the turntable platter and damp
out motor vibration. In the Fairchild,
Gray, and Rek-O-Kut units, the belt is
wrapped around the periphery of the
platter out of harm’s way, and the motor
is directly coupled to the belt by means
of friction drive. Turntable speed is gov-

51




careful not
to confuse speed control knob (nearest tone arm
head) with on-off switch which has identical shape.

erned by the diameter of the motor drive
shaft and the periphery surface of the
platter as well as the rotational speed
of the motor itself.

The Gray and the Rek-O-Kut kits each
use a hysteresis synchronous motor. This
motor is not affected by most voltage
fluctuations in the a.c. line and needs no
speed correction adjustment as long as
you have 60-cycle current. Because of
this one characteristic, many hi-fi en-
thusiasts consider a hysteresis motor
the motor for stereo reproduction.

The Fairchild 440-2K and the Thorens
TDK-101 turntable kits make use of well-
built four-pole motors. Unless your
household line voltage swings over too
great a range, a good four-pole motor
will operate at a constant speed for
weeks on end—without once needing a
speed check. However, both the Fair-
child and the Thorens units must be
initially set to speed; this is readily ac-
complished in each case with strobe discs
supplied by the manufacturer.

The Fairchild speed adjustment is a
really new idea and has a lot to say for
itself. The 440-2K motor is designed so
that it would ordinarily run just a little
too fast, but the speed is held down and
accurately adjusted by introducing a d.c.
bucking voltage into the motor windings.
This d.c. component is obtained from a
small selenium rectifier that the con-
structor solders beneath the base of the
turntable. In our tests, the speed of the
440-2K could be set anywhere with pre-
cise control from 32 to 35 rpm. When
set to 331/3 rpm, it maintained this
speed during a 24-hour run-in period.

In all of the Thorens turntables—in-
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On the opposite corner of the Fairchild turntable
is the speed change plunger; when it is depressed,
belt moves down motor drive shaft for 45 rpm.

cluding the TDK-101 kit—is a develop-
ment this company has pioneered: a
2-step drive arrangement consisting of
a belt between the motor and a pulley
which, in turn, drives an idler on the
inside of the platter. To allow for turn-
table speed adjustment, the pulley has
a canted surface contacting the idler
which is raised or lowered by a mechani-
cal linkage. This sounds more compli-
cated than it really is; once set, the
speed will remain constant for long
periods of time.

The Fairchild and Rek-O-Kut turn-
tables are dual-speed devices (33 1/3 and
45 rpm). In each case, arrangements
have been made to shift the drive belt

Belt drive on the Rek-O-Kut K-34H is also moved
up and down motor shaft in order to change speed.
Lever action is ‘‘positive,” and the unit’'s operating
speed is clearly marked on the turntable panel.
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between two different diameters on the
motor shaft pulley. The system is fool-
proof—although the shifting must be
done while the platter is spinning.

Cost and Assembly Time. The dual-
speed turntables (Fairchild and Rek-O-
Kut) cost $55.00 and $69.50, respective-
ly. Finished bases are $19.95 for the
440-2K and $14.95 for the K-34H.

The Rek-O-Kut unit can be assembled
—from unpacking the shipping container
to plugging the K-34H into your hi-fi set
—in 25 minutes. It needs no soldered
connections, and your overall saving will
be about $20.00. Dollar-for-dollar, this
kit is a premium buy.

The Fairchild unit has several soldered
connections, but it can be put together in
about 45 minutes, and you will save $15.00
by assembling your own. The solid con-
struction of the 440-2K, plus the electroni-
cally variable speed adjustment, makes
this kit the best four-pole, dual-speed
turntable you can buy.

The Gray Model PK-33 and the
Thorens TDK-101 are both single-speed
units costing $49.50 (base, $17.95) and
$47.50 (plus $10.00 for the base), re-
spectively. We did not have an oppor-
tunity to assemble the Gray kit, but sus-
pect that it can be put together in about
40 minutes. The Thorens TDK-101 re-
quires 55 minutes to assemble. Both offer
a saving of $12.00. 30—

Speed control on the Thorens TDK-101 consists of
a mechanical arrangement to raise or lower a
pulley. In photo, pencil points to cone-shaped
section of this pulley, which varies the idler speed.

SR )
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On the Shure M232 tone arm, cartridge shell is se-
curely fastened to arm by a threaded key shaft.
Screw in top of shell sets cartridge stylus overhang.

The M232 arm is statically balanced by a coun-
terweight which is adjusted by knurled knob under
arm. Tension is set by spring adjustment to 3 grams.

Shure Model 232 Tone Arm

The turntable kits pictured in this
story were all tested with the same tone
arm-—the Model 232, available from
Shure Brothers, Inc., (222 Hartrey Ave.,
Evanston, Ill.), for $29.95. This tone
arm might best be called a semi-kit,
since it is delivered to the purchaser in
four parts.

To assemble the Model 232, a 3" hole
is drilled through the turntable base. A
template on the side of the package
easily spots the distance between turn-
table spindle and the mounting hole for
the arm. A mounting base for the arm
is screwed or bolted to the turntable
base. The tone arm pivot post is in-
serted, and your stereo cartridge height
and static balance adjusted.

Stylus pressure can be set according
to scale on the side of the arm; a cable
containing stereo cartridge connections
plugs into the bottom of the pivot and
goes to your amplifier. Total wiring

time: 15 minutes.
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BESTBUYSINEL-EDKITS

Combine your Christmas giving with

MERICA’S ‘‘secret weapon” in the
“war” for scientific supremacy may
well turn out to be a group of cleverly
designed toys. On this “battlefront,” our
“shock troops” are our scientists and re-
search workers. Our “line troops” are
our engineers and techicians. And our
“ready reserves” are our active science
and engineering students. All are backed
by a reservoir of youngsters and adults
who are keenly interested in science and
technology and who could pitch in and
work as technicians if the Cold War
should ever become “hot.”
Unfortunately, the study of science
has never been overly popular—at least
in the past—since most people, adults
and children alike, seem to feel that it
requires too much “work.” On the other
hand, if we think of science education
as “fun”—as an “adventure” ora “‘game,”
it has a lot more appeal. Science projects
can effectively challenge other and more
pointless “games” for a youngster’s time
and, at a more advanced level, they can
form the basis for a wide range of adult
hobbies.
Recognizing the importance of science-
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ELectronic kits that EDucate

oriented individuals to our nation’s fu-
ture survival, a number of progressive
manufacturers have introduced toys,
construction kits, and hobby items that
offer much more than just a “scientific
flavor.” In addition to having high
“play” and amusement value, these new
items can do much to develop interest
in science and te lay a sturdy founda-
tion for future education and training.
Some of them have been on the market
for a year or two, but a high percentage
are brand-new and are being presented
to the public for the first time this holi-
day season.

Currently available toy and hobby
items in the science field may be divided
into three broad groups: (1) those
which emphasize ‘“‘play” value and, there-
fore, may be classed as toy kits even
though they are valuable in establish-
ing initial interest; (2) those which ap-
ply about equal emphasis to “play” and
educational values and might be called
experimenter’s kits; and (3) those which
emphasize the educational aspect (educa-
tional kits) and, although fun to work
with, can be used for quite serious train-
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ing. Let's take a look at some of the
current electronic items in each of these
three groups.

“Toy” Kits. As a general rule, the
“toy” kits are characterized by the fact
that they primarily consist of a single
project; educational experiments with
the completed project may or may not
ke outlined. Only simple tools (which
are frequently included in the kits) and
limited skills are needed for assembly.
Nonetheless, these kits help teach the
builder how to recognize components
and symbols and provide some back-
ground in circuit operation.

The Heath Company is offering several
kits of this type, including an intercom,
three different transistor and diode radio
kits, a simple two-way “walkie-talkie,”
several wireless microphones or ‘‘radio
broadcasters,” and an electricity kit suit-
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able for assembling a simple battery-op-
erated motor. Dubbed the ‘“Heathkit Jr.
Science Explorer Series,” these kits re-
tail from $2.95 to $29.95.

Well known as a manufacturer of
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" Radio Shack 30-in-1
Transistor Experi-
menter Kit ($18.95)

Heathkit R-120 Electronic Experimenter’'s
Lab No. 1 ($12.95)

5 e
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Heathkit EK-2A Basic Radio Kit
Part 1 ($19.95)
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model trains, the Lionel Corporation re-
cently introduced a number of toys called
the “Famous Inventors Series.” Listing
at $9.95 each, these sets permit the
recreation of working models of such fa-
mous inventions as KEdison’s electric
light, Morse’s telegraph, and Bell’s tele-
phone. A display bust of the inventor is
included with each set.

A newcomer to the science toy field,
General Electric Company has developed
an extensive line of single-project Kkits.
Offered through regular retail outlets,
they include a transistor radio at $17.95,

a radio transmitter at $19.95, and an

intercom at $24.95. All use standard
electronic components and are designed
for low-voltage battery operation to pre-
vent accidental shock.

Several firms, including Remco Indus-
tries, Inc., and Stuart Manufacturing
Company, are offering low-cost ($1.00,
typically) pre-packaged science sets for
counter and rack distribution. And a
number of manufacturers have intro-
duced true electronic toys which are val-
uable for stimulating interest in science
but which are not educational items in
themselves: Emenee Industries, Inc.
manufactures a transistorized audio am-
plifier/speaker system dubbed the ‘“Pow-
ermeg;”’ Bell Products Company pro-
duces several electronic items, including
the “Futura’ transistorized tape recorder
which retails at $29.95; Infrared Indus-
tries, Inc. is distributing a two-way com-
munications device called the ‘“Astro-
Phone,” which permits conversations
over invisible beams of infrared light.

Experimenter's Kits. Most of the ‘“‘ex-
perimenter’s kits” are called either
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Superex Electronics Lab ($19.95)

“workshops” or “laboratories” and per-
mit the user to conduct a variety of
experiments or to assemble a number of
different projects. Their educational val-
ue is quite high, since the worker be-
comes familiar with many different cir-
cuits. Standard electronic components
are used, although circuit interconnec-
tions are generally made with short
lengths of hookup wire and spring- or
clip-type connectors to avoid use of a
soldering iron.

Depending on the manufacturer, the
kit parts may be assembled on a peg-
board ‘“chassis” or in a fancy plastic
cabinet. Typical projects include audio
amplifiers, radio receivers, wireless
microphones, limited-range transmitters,
light-controlled relays, timers, burglar
alarms, code practice oscillators, and va-
rious types of test instruments. Prices
range from under $10.00 to approximate-
ly $40.00.

Three experimenter’s labs are offered
in Heath's “Science Explorer Series,”
ranging from a 6-project kit at $12.95
to a 20-project workshop at $49.95.

Lionel’'s “Electronics-Lab’ line-up in-
cludes four sets, ranging in price from
$9.95 for the 25-experiment ‘“Mark I”
to $25.00 for the “Mark IV.” All feature
attractive plastic cabinets and clear plas-
tic covers.

The A. C. Gilbert Company, another
famous name in the toy field, is respon-
sible for six electrical and electronic sets,
including two ‘‘electrical engineering”
sets for motor, light, and telegraph ex-
periments; three transistor kits; and an
electron tube kit. The Gilbert electronic

(Continued on page 108)
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CALCULO analog Computer
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Transistors provide startling sound effects
for Junior’s small artillery

By MARTIN H. PATRICK

OULD you like to delight your child

by making his toy machine gun
sound like the real McCoy? You can do
the job with a couple of transistors, a
discarded door buzzer, and a minimum of
other components. Built into any toy
machine gun having room enough to
house it, the circuit produces a loud “rat-
tat-tat” which is startlingly like that
of a real weapon. For a variety of effects,
the pulse rate is adjustable over a wide
range.

The Circuit. Essentially a direct-cou-
pled amplifier, the circuit uses two com-
plementary transistors (@1 and @Q2).
Collector-to-base feedback between npn
transistor @2 and pnp transistor Q1 is
provided through an RC network consist-
ing of R1, R2, and C1. The values of
the latter components were chosen to
make the circuit oscillate, or pulse, at
a low rate. Potentiometer R2 allows
adjustment of the rate of oscillation.

The coil of a door buzzer serves as
the collector load for @2, and the buzzer
armature is pulled in (with a loud click)
and released each time a pulse passes
through the system. The buzzer’s
“breaker’’ contacts are removed and by-
passed so that the coil is always in the
circuit regardless of the armature posi-
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tion. Power for the device is provided
by battery BI through switch S1.

Construction. Building techniques, of
course, will vary with the toy machine
gun being adapted. The author elected
to construct his gun from some scraps
of wood. The photographs and pictorial
diagram will serve as a rough guide for
anyone wishing to duplicate it.

In the author’s model, capacitor C1
and the sockets for transistors @I and
@2 are mounted on a 1” x 114” piece
of perforated board. This board, and
the door buzzer, are fastened inside the
stock of the gun with machine screws.
Potentiometer R2 is mounted so that its
stubby shaft passes through the stock.

Switch S1, which is of the push-button
type, is placed just behind the hinged
front “trigger,” and is depressed each
time the trigger is pulled forward. (The
mechanical arrangement of the trigger
in your gun might be such that a lever-
operated snap-action switch would work
better.) The two flashlight cells making
up battery BI1 were installed without
benefit of a holder, the leads having been
soldered on directly.

Again, the author’s model is intended
only as a guide. Your parts layout may
be quite different, depending on the
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Layout of the circuit as installed
in author’'s model. Vary it
to suit your mounting situation.

Oscillator circuit is essentially
a direct-coupled amplifier; R1,
R2, C1 provide the feedback.

A few key dimensions for those
who wish to construct a machine
gun similar to the author’'s. Con-
tact paper gives a ‘‘marble’’ effect.

9" LENGTH
HOLLOW
WINDOW - SHADE

mounting space available in the gun
you're using. The wiring is not critical
and, if it’s necessary to separate the
components, the longer leads required
will not affect the circuit’s operation.
If your machine gun should be con-
structed of metal, however, watch out
for shorts to the case.
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RI R2 ‘ BUZZER
locn IK ARMATURE
4 b _—o
+”ch Q2
50pt. —
3v 2N233
g
Q! q BUZZER
2N508 [~ P coiL
G_D

(———PARTS LIST
B!—Two 1.5-volt flashlight cells in series (Bur- i

gess Type 1 or equivalent)

C1—50-uf., 3-volt clectrolytic capacitor

QI—2N508 transistor

Q2—2N233 transistor

R 1—100-0hsm, Ya-watt resistor

R2—1000-0/im potentiometer

Si—S8.p.s.t. pusk-button or snap-action switch
—sec fext

1—Door buzzer, modificd—sce text

1—Toy machine gun or materials for homemade
version—see lext

Misc.—Pcrforated board, wire, solder, hardware,

\ eéc. ~ )

Buzzer Modifications. Before installing
the buzzer, remember to remove the
“breaker’” contacts and connect the coil
so that it’s in the circuit at all times. In
addition, to give the modified buzzer a
crisp snap-action sound, mount a metal
stop behind—and just touching—the
armature. ~f0—
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Key Clicks and “Just tell him it's a ham buddy
from Jersey.”

Mike Splatter

WoAPx | S31x
WiFTs| KAURY | ﬁﬁ

‘‘That’s silly. How do you know that
Khrushchev's listening?"”

“You'll get ho ho ho! | told you
to go out and buy gifts for the kids."”

‘“No, we're not making it into %‘%ﬁ “‘So you're the lightest mobile kilowatt

a fallout shelter!” in the country; so what?"’
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By E. G. LOUIS

You’ll use this
portable sound system
for everything from a phono
to a junior-sized p.a. amplifier

WHETHER you’re an advanced electronics
hobbyist or just past the ‘“novice” stage, you
should enjoy building and using this multi-pur-
pose audio system. It’s completely self-contained
—the transistorized amplifier and battery power
supply are mounted in the same case that houses
the speaker.

The “Audio Pack’ has a high-impedance input
and adequate output volume for schoolrooms,
clubs, or homes. You'll find it useful for p.a.
work, as a booster amplifier for small radios,
as part of a record-playing setup, or for amplify-
ing the sound of musical instruments. It can
even be pressed into service as an audio signal
tracer or as a test amplifier for checking crystal
phono cartridges and mikes.

Construction. The three-stage transistorized
amplifier is assembled on a small metal chassis
measuring approximately 17 x 4” x 2”. Follow
the general layout shown in the photographs
when mounting the components.

A small “L’-shaped bracket (measuring ap-
proximately 1” x 1”7, with a 34” mounting lip) is
used as a heat sink for power transistor 3.
Be sure that the holes for the base and emitter
pins are large enough to prevent shorts.

A lockwasher-type ground lug is placed under
one of ©3’s mounting nuts to serve as the col-
lector terminal. Since the entire bracket is
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Schematic diagram of three-stage transistorized amplifier. ¥ desired, power output
can be doubled by replacing 6-volt battery Bl with a 12-volt unit, as explained in text.

at collector potential, it must be insulated
from the main chassis with fiber washers.
Check with an ohmmeter to be sure that
there is no continuity between the
bracket and the chassis.

In carrying out the wiring, all leads
should be kept as short and direct as
possible. Make the connections to Q3’s
base and emitter pins via small clips
(these can be obtained by breaking up
a used 7- or 9-pin miniature tube
socket). Since the PM speaker, battery
B1, and jack JI are external to the
chassis, it’s necessary to provide leads
to reach them. Make the battery and
speaker leads 10 - 12” long; the lead to
the jack should be a 4 -6~ length of
shielded cable.

Final Assembly. A standard sloping-
front wall baffle, of the proper size to
house the speaker, is used as a combina-
tion cabinet and carrying case. Rubber

Standard wall baffle
houses amplifier,
speaker, and battery;
perforated hardboard
serves as back for
baffle and supports
amplifier and jack J1
as well as operating
controls S1 and R2.
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feet are mounted at the wide end—nor-
mally the top—of the baffle, and a small
metal handle is attached to the narrow
end.

The PM speaker, an 8" to 12~ unit,
is mounted using ornamental-head ma-
chine screws. Battery BI is wedged into
the case at a slight angle and secured in
position with a small “L” bracket. The
two-piece back consists of a section of
Y4” perforated hardboard with a smaller
panel of aluminum bolted to it—the
hardboard provides a stiff, solid back
without muffling the speaker, while the
aluminum panel adds a decorative touch
and provides an electrical shield for the
amplifier’s input.

Holes should be drilled in the alumi-
num/hardboard panel for switch S1i,
potentiometer R2, and jack JI. The
mounting nuts for S7 and R2 could be
used to hold the amplifier in place on the
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Top and bottom views of amplifier chas-

sis. Note use of fiber washers to in-
sulate chassis from heat sink for Q3.

o~ PARTS LIST ———————

B1—6-volt lantern battery (Burgess F4H or
equivalent)
C1—0.5-uf., 200-volt paper capacitor

C2—6 u/. } 15-volt clectro-
00 uf.

22}350_‘.‘; Iytic capacitors

J1—Open-circuit phonc jack

Q1, Q2—2N109 transistor

(Q3—2N301 transistor

R1—270,000-0hm, Vi-watt resistor

R2—5000-0lim aundio-taper potcntiometer

R3—100.000-0hm, Ys-watt resistor

R4—100-0hm, Vs-watt resistor

R5—2700-0hm, 1-watt resistor

S1—S.p.s.t. toggle switch

SPKR—8” to 12”7 PM speaker, 3.2-0lm voice coil

T 1—Traunsistor transformer; 500-ohm CT pri-
niary to 8-ohm secondary (Argonne AR-164 or
cquivalent )

1—1” x 434" x 234” miniature aluminum chassis
(Bud CB-1626 or equivalent)

1—Wall baffle to fit spcaker

Misc.—Pcrforated hardboard, shecet alwminum,
carrying handle, rubber fcet, transistor sockets,
terminal strips, ctc.

\, J

December, 1961

L HOW IT WORKS —————

The “Audio Pack” is a self-contained audio am-
plifying system using a 3-stage transistor ampli-
ficr. Signals applied to input jack JI are coupled,
through capacitor CI, to the base of transistor
(1. This transistor is connected in a common col-
lector (emitter-follower) circuit which provides
a high input impedance. Base bias for QI is fur-
nished by resistor RI, and gain control poten-
tiometer R2 serves as the emitter load.

From R2, the signal is coupled to the basc of
driver transistor Q2 through capacitor C2. Re-
sistor R3 supplies (02's base bias, and resistor R4
introduces a small amcunt of degenerative feed-
back to improve the fiequency response and re-
duce distortion. Half of transformer T'I’s primary
winding is the collectar load for Q2; the other
half is not used.

Transformer 71 matches Q2's comparatively
higzh output impedance to (3’s low input im-
pedance. From 71, the signal is coupled—through
capacitor C3—to the basc-cmitter circuit of (3.
Base bias for (3 is taken from resistor RJ,
and the speaker serves as the collector load. No
output transformer is required, since the output
impedance of Q3 is low enough to be comparable
to the impedance of the voice coil winding of
the speaker.

Power for the unit is supplied by 6-volt battery
B1, and bypass capacitors C4 and C5 prevent
possible interstage coupling through 57 or through
she circuit wiring. In this way, the possibility of
oscillation and squealing is reduced and distor-
tion is kept to a minimum.

L »

panel, but the author secured it with a
couple of sheet-metal screws. When the
amplifier has been mounted, install and
wire J1 and connect the leads to the bat-
tery and speaker.

Your Audio Pack is now complete, and
it remains only to fasten the back panel
to the baffle with wood screws.

Operation. To use the Audio Pack,
just plug the mike, phono cartridge, or
what have you into J1, snap on 81, and
you’re in business. Volume is set to the
desired level with R2.

To avoid aeoustic feedback when work-
ing with a microphone, speak in a slight-
ly louder than nermal voice, keep the
mike close to your mouth, and turn the
volume up only as far as required. It's
also necessary to keep:the microphone
and speaker as far apart as possible.

The Audio Pack, as described above,
delivers a healthy fraction of a watt.
Should more power be desired, it can
be obtained with a 12-volt supply
source; simply use two 6-volt lantern
batteries (wired in series) instead of
one. No circuit changes are necessary,
and power output will be increased to a
little over a watt. The instrument’s
weight and cost of operation, of course,
will be increased as well.
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On the

Citizens

By DICK STRIPPEL, 2W|452

ASHORT ITEM in our September col-
umn caused a veritable avalanche of
maijl. We stated that the impedance of
a simple “quarter-wave whip” mounted
on a car was not 52 ohms, but closer to
22 ohms; and that by feeding this an-
tenna with two pieces of 52-ohm coax,
in parallel, a better match could be ob-
tained. Because of the number of ques-
tions which were raised, a short explora-
tion of mobile antennas seems to be in
order.

Antenna Facts. In the first place, a
half-wave dipole has an impedance at
its exact center of about 73 ohms—in
free space! Since a quarter-wave anten-
na is nothing more than “half a half
wave,” its impedance should be about 36
ohms over a perfectly conducting ground
plane right under the feed point. But
this is where the trouble comes in.

With a fixed-station antenna, the hori-
zontal rods form a predictable ground ef-
fect—one you can count upon when you
match it to your transceiver. However,
the mobile whip has no such ground ref-
erence point, and many variables enter
into the ground effect of a simple mobile
whip. The first, and most important, is
the physical size of the car; obviously,
a pickup truck is going to have a dif-
ferent ground effect than a sports car.

Another factor which cannot be ig-
nored is the actual composition of the
earth over which the vehicle is parked
or moving—most pavements are excel-
lent insulators, so the true ground (elec-
trically speaking) might be a foot or
more under the pavement. The height of
the vehicle above the surface itself is
also important.

None of these factors can be reduced
to a mathematical function that can be
inserted into the various antenna for-
mulas. For some years, electronics en-
gineers have used 22 ohms as a compro-
mise impedance for quarter-wave mobile
antennas in the 25-40 mc. region. This
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would represent an average-sized ve-
hicle driving over a common pavement,
with a ground of average conductivity
slightly more than one foot below its
surface, .

In the end, the only way to match
your transceiver to your mobile antenna
is to apply the methods outlined in the
article entitled “Getting Peak CB Per-
formance,” which appeared in the May
1961 PorurLar ELECTRONICS (page 58).
The procedures described in this article
apply just as well to mobile installations
as to stationary ones.

New Products. The Heath Company,
Benton Harbor, Mich.—the outfit which
almost single-handedly gave CB radio
its initial push
with the now-fa-
mous Heath CB-1
—has added a de
luxe 9-transistor
hand-held trans-
ceiver to its line.
More advantages
are claimed for the
GW-21 than for
units selling at
twice the price.
The transceiver
boasts a crystal-
controlled superhet
receiver with r.f.
stage, squelch and
noise limiter, and
astounding sensi-
tivity. The trans-
mitter section de-
livers 100 mw. to
the final, allowing
complete license-
free operation with
another similar set.
Housed in an at-
tractive, two-tone aluminum cabinet, the
GW-21 has only three simple controls:
on/off volume control, squelch control,

(Continued on page 110)
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Now you can

take your first step
into the
fascinating world
of electromic brains

An Introduction to
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ANALOG
COMPUTERS

By JULIAN M. SIENKIEWICZ
Managing Editor

OR CENTURIES man has been utilizing simple analog
devices to solve mathematical problems by analogy. In
other words, numbers are converted into something else which
can be worked with more easily than the numbers themselves.
One everyday example is the slide rule, which converts num-
bers into distances, then reconverts the summed distances
into numbers, providing a solution. Anyone who has multi-
plied two numbers on a slide rule will testify to its operat-
ing ease, rapid solution, and remarkable accuracy.

This article will go one step beyond the slide rule and
describe a direct-reading analog computer which will solve
simple addition and multiplication problems, extract roots,
and perform trigonometric operations. So simple is this com-
puter that it could be called an “electronic slide rule.”
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Fig. 1. A potentiometer can be used to
convert dial settings to corresponding-
ly equal voitages. When the dial is set
at .36, the wiper picks off .36 voit d.c.

Voltage Analog. An ordinary potenti-
ometer will help us see how a number
can be converted into a voltage analog.
Figure 1 shows a simple circuit of a
potentiometer, R1, connected in series
with a oattery, B1. Rotating the dial
pointer on the shaft of RI causes the
potentiometer wiper to “pick off” a volt-
age proportional to the dial setting.

In Fig. 1, the dial is calibrated from
zero to one and the voltage supplied by
the battery is 1.0 volt. Thus, in this par-
ticular instance, the dial setting indi-
cates the voltage at the wiper of the
potentiometer. A voltmeter connected at
the output terminals of this circuit will
indicate the setting of the dial—0.36 volt
would mean that the dial is set at 0.36
unit. The voltage is an analog voltage,
since it may represent a dial quantity of
0.36 acre, quart, or even light year.

Multiplying. In Fig. 1, a voltage analog
for the number 0.36 was developed at the
wiper of R1. It can also be said that the
supply voltage across R1 was multiplied
by 0.36. Thus, 1.0 volt times 0.36 will be
0.36 volt. If a voltage other than 1.0 volt
were supplied by B in Fig. 1, we would
be multiplying the supply voltage by the
dial setting.

This apparent ability of potentiometers
to multiply can best be seen in Fig. 2.
Battery B1 supplies 1.0 volt across po-
tentiometer R1. Dial 4 is set at 0.36 so
that analog voltage 4 developed at the
wiper of R1 (0.36 volt) is applied across
potentiometer R2. Dial B is set at 0.50
so that the voltage at the wiper of R2
will be only 0.50 times the voltage across
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Fig. 2. Two cascaded potentiometers develop volt-
age analog equal to product of the dial settings.

R2, or simply 0.36 x 0.50. The voltage
developed at the wiper of R2 is appro-
priately called analog voltage A-B, and
voltmeter M1 will indicate this voltage
to be 0.18—the product of 0.36 and 0.50.

Loading Error. Looking again at Fig. 2,
you will note that the value of potenti-
ometer R1 is 50 ohms, whereas potenti-
ometer K2 is a 1000-ohm unit. The rea-
son for this is quite simple, provided
you down-gear your thinking from ana-
log computers to simple d.c. networks.
Figure 3(A) corresponds to Fig. 2 when

> >
Ria S Rla 3
25N % J 25ng
ot BV} bl EYY)
_T w f Twv
ANALOG ANALOG 3
RIb R2 RIb R2
250 VOLIAGE A& 2600 VOLIAGE $son

ANALOG VOLTAGE A=.49 ANALOG VOLTAGE A=.40

Fig. 3. Circuits showing cause for loading error
(A) when R2 is 1000 ohms, (B) when R2 is 50 ohms.

the wiper of R! is set at 0.50 or mid-
position. Hence, Rta in Fig. 3(A) repre-
sents the “top half” of R1 in Fig. 2 (the
portion between terminals 1 and 2).
Likewise, R1b represents the “bottom
half” of R1 (the portion between termi-
nals 2 and 3). We know from the dial
setting that analog voltage 4 should be
0.50 volt. However, let’s see what analog
voltage A actually is in Fig. 3(A).
First, since R1b and R2 are in parallel,
their combined resistance is approxi-
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mately 24.4 ohms. Using Ohm’s law, we
find that the voltage drop across RI1b
(in parallel with R2) is approximately
0.49 volt. This means that R2 in Fig. 2
will tend to lower the true value of ana-
log voltage A and introduce a small
error. In the case cited, the error is
only 2% —not much for this simple com-
puter circuit.

In Fig. 3(B), the value of R2 was se-
lected as 50 ohms solely to illustrate
the loading effect of R2 on R1b. In this
instance, the combined resistance of R1b
and R2 is approximately 17 ohms. Again
resorting to Ohm’s law, we find analog
voltage A developed across R1b and R2
to be approximately 0.40 volt. Compared
to the desired analog voltage of 0.50,
the loading effect of a 50-ohm potentiom-
eter will introduce an error of 209,—
an excessive amount for most purposes.

It should be evident, then, that when
two potentiometers are connected as
shown in Fig. 2, the second one (R2)
should be many times larger than the
first one (R1). However, do not be
tempted into believing a potentiometer
with a very large resistance—one meg-
ohm, say—will completely solve our
loading problem. Even if the resistance
value of the second potentiometer is very
large, a voltmeter connected across its
wiper and bottom terminal will also
cause a loading effect and hence intro-
duce error. This is due to the resistance
of the voltmeter itself—usually only
several thousand ohms.

Galvanometer Indicator. One method of
removing the loading effect of the volt-
meter (M1) used in Fig. 2 is to replace
it with an indicator that requires no
current to indicate the analog voltage
developed by a potentiometer. Such a
device is the galvanometer indicator
shown schematically in Fig. 4.

Close inspection of the circuit in Fig. 4
reveals that current will flow though
galvanometer M1 whenever the wipers
of potentiometers R2 and R3 select volt-
ages that are not equal. This condition
causes the galvanometer pointer to de-
flect either to the left or right of its nor-
mal “center rest” or ‘‘zero deflection”
position.

Since dial B is preset to ‘“some num-
ber” input, as described earlier, it re-
mains for dial C to be adjusted until the
voltage at the wiper of R3 equals the
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Fig. 4. No loading error occurs when voltage on
wiper of R3 equals analog voltage A'B, or .5 voit.

voltage at the wiper of R2. When this
occurs, the voltage drop across the gal-
vanometer is zero, resulting in zero cur-
rent through the galvanometer and no
deflection of the meter’s pointer. Dial C,
which is calibrated to convert the voltage
picked off by R3 to numbers, indicates
the correct value of analog voltage A-B.
Since the electrical components M1 and
R3 draw no current from R2, there is
no loading on the analog circuits and no
errors are introduced into the electrical
computations by the galvanometer.

An important fact to note in Fig. 4 is
that potentiometer R3 has a value of 50
ohms. This is permissible, since (1) R3
does not load the computer circuits when
the correct answer is set on dial C and (2)
the lower value is desired so that when
an incorrect answer is selected the de-
flection of M1 will be large due to the
large currents flowing through the gal-
vanometer movement. This large deflec-
tion due to an incorrect answer enables
the computer operator to adjust dial C
accurately for a galvanometer null or
zero deflection. In operation, of course,
the galvanometer deflects either to the
right or left of its center position, de-
pending upon whether the wiper of R3
is positive or negative with respect to
the wiper of R2.

Complete Circuit. The simple analog
computer circuit shown in Fig. 5 is iden-
tical to the one used in the analog
computer kit made by the Edmund Sci-
entific Co., Barrington, N. J. (see Fig. 6)
and is the culmination of the circuits
shown in Figs. 1 through 4.

Two interesting points should be noted:
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Fig. 5. Schematic diagram of a three-
potentiometer analog computer with a
galvanometer (MI) null indicator. Switch
f; S| is depressed in order to read MI.

PUSH-BUTTON GALVANOMETER

=

DIAL A DlAL B

the first one is that the battery voltage
of B1 is 3 volts. Previously in our dis-
cussion, we used a ‘“1-volt” battery for
B1. This variance in voltage suggests
that the voltage of BI is not critical, as
is actually the case.

Examine Fig. 5 carefully and note that
B1 is connected across two resistive
legs: the summed resistances of RI and
R2, and the resistance of R3. Galvanom-
eter M1 is used to detect a zero voltage
difference between the resistive legs
exactly like its counterpart in the
Wheatstone bridge. Therefore, as long
as the two resistive legs receive the
same voltage, its value is unimportant.

The second point to be noted in Fig. 5
is that a switch (S1) has been added.
This push-button switch is nothing more
than an on/off switch for reducing
battery drain. It is depressed only after
dials 4 and B have been set to desired
values and dial C is being adjusted so
that the galvanometer indicates a null.

Sound Null. Another good way to de-
termine when the analog computer is
tuned to a null (correct answer), is to
listen for it rather than look for it. In
the Edmund computer, a null can be
seen when the galvanometer is not de-
flected. In an analog computer kit made
by General Electric (see cover photo),
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Fig. 6. Circuit components
seen on front panel of Ed-
mund Analog Computer are
identified here. Each dial
has four concentric scales.
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Fig. 7. Simplified schematic of G.E.'s “‘Project 4"
computer. Headset is used to detect sound nulls.

the galvanometer has been replaced with
a headset; since the headset can only
detect audio signals, the computer po-
tentiometers are powered by an audio
signal generator and not by dry cells.
Except for these two changes, the Gen-
eral Electric analog computer kit is elec-
trically identical to the Edmund kit.

Figure 7 is a simplified schematic
drawing of the G.E. analog computer
circuit. To operate, the computer po-
tentiometers are preset to fixed input
quantities and the “answer” potentiom-
eter (connected to the C dial) is rotated
until the audio sound is no longer heard
in the headset.

Dials. The dials for both the Edmund
and General Electric kits are accurately
calibrated so that many complex prob-

(Continued on page 95)
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V(LTAGE QUIZ

By ROBERTP. BALIN

Can you determine the voltage and polarity of point A
with respect to ground in each of the seven circuits
shown below? All resistors measure six ohms and each
battery produces six volts d.c. You'll find it helpful to
use pencil and paper in working out the problems. Write
the answers in the spaces provided under the diagrams.

A
RI R2 R4 iém
+ R3 ]
o —
R —

R2
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Build the

WHIRLY-
GIG

By LEE MARTIN

A novel d.c. motor that puzzles even the experts

IKE to bafile your friends with elec-

tronic gadgets ? Enjoy tinkering with

a device that is both novel and educa-

tional? Then build the ‘“Whirly-Gig”*

and tempt your friends into explaining
“How It Works.”

The “Whirly-Gig” contains none of the
components ordinarily found in a minia-
ture motor; yet there it is, whirling
around gaily for hours, powered only by
two flashlight cells. What is its imme-
diate value? Perhaps none, but it will
serve as an excellent conversation piece,
a window-display attention getter, or
even as a classroom teaching device.

Start construction by making the yoke
or support for the two Alnico bar mag-
nets. Make certain that you observe cor-
rect polarity with the magnets; should
you have doubt about polarities, simply
place the magnets end to end so that they
attract rather than repel one another.

The yoke must be made of some non-
ferrous metal, such as aluminum. And
once constructed, the entire yoke assem-
bly can be glued together with a fast-
drying airplane glue, then painted.

After the paint has dried, drill or
punch two small holes through the alumi-
num; these holes should be just large

*Although it operates on somewhat different prin-
ciples, the “Whirly-Gig’’ is similar to a “Super-
regenerative Electronic Motor’’ developed by Dr.
Harry E. Stockman and manufactured the SER
Company, 543 Lexington St., Waltham, Mass. The
SERCO motor runs for weeks on a single flashlight
cell and s intcnded for educational purposes.
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enough to allow a heavy needle or piano
wire to pass through, and in a line so
that the needle point or wire end rests
exactly at the apex or top of the yoke.

A solid block of hardwood into which
the needle or piano wire is inserted
serves as a support and should be fas-
tened to the top of the aluminum chassis
box with brass screws. Be certain that
the rotor revolves freely with a minimum
of friction: ‘“‘painting” the needle point
or wire end with a graphite pencil will
reduce excessive drag.

Almost any low-voltage relay coils rated
at anything from 115 to 6 volts will serve
for L1 and L2 (the original coils were
taken from two telephone-type relays).
To make the right connections to the
coils, connect a dry cell to L1 and bring
a compass near the end that will be closer
to the bar magnet. The North-seeking
point of the compass should be drawn to
it; if it is not, reverse connections to the
dry cell. 0

The terminal of L1 to which the nega-
tive side of the battery has been con-
nected should now be grounded, as shown
in Figs. 1 and 2. Then repeat the test
for the second coil, L2, connecting its
“negative’” lead to the collector of tran-
sistor Q2.

To operate the “Whirly-Gig,” close
the switch and set the rotor spinning in
either direction. If the unit has been con-
structed correctly, its rotor will continue
to twirl hour after hour. ~{30-

POPULAR ELECTRONICS




Fig. 1. The “Whirly-Gig’ features twa
transistors in a complementary circuit;
t1 and L2 are telephone relay coils.

PARTS LIST

B1—Two 1Y-volt flashlight cells in series ( Bur-
gess Type 1 or eguivaleit)

C1-—10-uf., 6-volt electrolytic capacitor

L1, L2—Relay coils, 15 to 6 wolls, 60 ohms
—see lex!

Q1—2N1265 transistor

Q2—2N213 iransistor

S1—-8.p.s.t. loggle switch

1—4” & 2Y” x 2Y" aluminum chassis box
(Bud CU-2103A or equivalent)

Misc.—Alnico bar magnets, aluminum strip,
wooden block, large ncedle or piano wire,
kookup wire, salder. hardware, paint, airplane
elue, cte.

]
INSULATED l‘l
TIE POINT GROUND
LUG II
£
’ Fig. 2. Construction is
~—G4] straightforward, and all de-
or tails are explained in text.
Wooden block supports
N needle which serves as
- 3! shaft for magnetic rotor.
. Py [}
4 |

RECESS FOR
NEEDLE POINT

SMALL HOLES ALN
FOR NEEDLE flc BAR

Fig. 3. Exploded view of rotor assembly, show-
ing placement of parts. Yoke must be made l
of alumirium or other non-ferrous metal. [
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ERE is a simple circuit that will enhance the tone of most
older a.c./d.c. broadcast receivers. The components were
selected to give negative feedback at mid and high audio
frequencies, with progressively less feedback at lower fre-
quencies. This results in bass boost plus a reduction in dis-
tortion to improve the overall audio quality of the receiver.
The schematic diagram below shows the audio section of a
typical receiver, with added components and wiring changes
indicated in color. As you have no doubt guessed, V1 is a
twin diode/hi-mu triode employed as a second detector and
first audio amplifier stage; V2 is a beam-power tube employed
as the audio power output stage which drives the speaker. Be-
fore installing the circuit, remove the chassis from the cab-
inet and compare the original wiring with the diagram below.
If the two circuits differ appreciably, it might be wise not
to attempt the modification.

Note that one end of capacitor C1 is connected to the unby-
passed cathode resistor of V2. If this resistor is bypassed,
i.e., if there is a capacitor connected in parallel with it, the
bypass capacitor must be removed in order for the circuit
to work properly.

Check the modifications carefully, then re-install the chas-
sis in its cabinet. Turn the radio on and tune in a station
with a musical program. You should be pleasantly surprised
at the improvement in sound quality. 30—

TO
SPKR

older a.c./d.c.

VOLU?FE -
CONTROL

RI R2
8sz20n 2z00n
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' BIGGER BASS FROM
BROADCAST SETS

By R. H. DECKER

The audio section in most

similar to the circuit shown
here; tube V1 is typically a
12SQ7 or 12AT6, tube V2 is
often a 35L6, 50L6, or 508B5.
Although the necessary com-
penents can be easily added
te older radios, it's usual-
ly more difficult installing
them in receivers which em-
ploy printed-circuit boards.



Ham Bands

By
HERB S. BRIER
W9EGQ

HOW TO DEVELOP C.W. OPERATING SKILL

F YOU RECEIVED your General Class
license today, would everyone in the
General bands immediately recognize you
as a newcomer? Even though one pur-
pose of the Novice license is to allow new
hams to gain c.w. operating skill through
experience, many Novices don’t take full
advantage of the opportunity. Below
are a few sound hints on how you can
improve your operating procedures.

Form Good C.W. Habits. In the days
before the advent of the Novice license,
new hams and old-timers did not operate
in separate bands. New hams could auto-
matically pick up good c.w. operating
habits by imitating the old-timers they
worked. Today, however, Novices sel-
dom work old-timers. In fact, lots of
new Novices don’t even listen in the Gen-
eral Class parts of the c.w. bands—the
average code speed is just too high for
their copying abilities. As a result, many
Novices pattern their operating habits
on what they hear in the phone bands.

Make no mistake about it, there is
nothing wrong with phone procedures in
the phone bands. But in the c.w. bands,
they are just too slow. For example,
why laboriously pound out “I missed your
location in the QRM (interference)—
please repeat it,”” as was heard recently
by W9EGQ in the 40-meter Novice
band? “QRM. QTH?” says the same
thing in 1/7th the time.

An easy way to learn good c.w. operat-
ing procedures is to study the booklet
“Operating An Amateur Radio Station.”
Since this booklet is part of the ARRL
packet “Gateway To Amateur Radio,”
you probably already have a copy. If
not, you can obtain one from The Ameri-
can Radio Relay League, Inc., 38 La Salle
Road, West Hartford, Conn. If you can
practice what you learn from the book
with a Novice friend, so much the better.
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Join a Net. Several training nets op-
erate in the Novice bands for the ex-
press purpose of helping Novices become
good operators. Joining one is another
way to improve your operating skill.

The Indiana Training Net, for exam-
ple, meets Monday, Wednesday, and Fri-
day from 1800 to 1900 CST on 3745 ke.
Except for its code speed (5 to 7 wpm),

r Novice Station of the Month -
[ ]

Jim Buchanan, KN8WPI, R.R. 2, Box 138,
Kalamazoo, Mich., submitted the winning entry
in this month's Novice photo contest. As you
can see, he has assembled his station mostly
from kits; in the picture are two Heathkit re-
ceivers, the AR-3 and the Mohawk, a Heathkit
DX-35 transmitter and a 6-meter converter.
Jim's favorite Novice bands are 40 and 15
meters. Though his 40-meter folded-dipole
antenna is only 20 feet high, it has not pre-
vented him from working most of the U.S.A.
and several Canadian hams.

Jim will receive a one-year free subscription
to P.E. for his photo. If you'd like to try for a
similar award, send us a picture of your sta-
tion—preferably showing you at the controls,
and include with your entry some information
about yourself, your equipment, and your ac-
tivities. You may be one of the lucky winners.
Entries should be sent to Herb S. Brier, c/o
POPULAR ELECTRONICS, P.O. Box 678, Gary,
Indiana.

r--------
hosssessensesunee

73




A good bet for low-power c.w. operators is the
Heathkit HX-11 transmitter. Crystal-controlled, it
covers amateur frequencies between 3.5 and 29.7
mc. in five bands. The power input is 50 watts.

the training net is operated exactly like
the regular Indiana c.w. net. It’s under
the guidance of an experienced net con-
trol station (NCS)—usually W9TT.
Members can borrow net crystals upon
paying a 25-cent deposit.

Any station within range is invited
to join the ITN. Simply listen long
enough to get on to the “ropes,” then re-
port in when the NCS sends “CQ QIN”
—the net call. You can contact Bert
Summers, W9VAY, Net Manager, 127
S. 15th St., Chesterton, Ind., for more
info on the ITN.

A little listening on the 80-meter
Novice band in the early evening hours
will locate similar nets in other parts
of the country. Incidentally, Across the
Ham Bands would like to hear about
other Novice-band nets from their man-
agers.

Code-Proficiency Runs. The ARRL has
scheduled code proficiency qualifying
runs for December 6 and December 15.
The one on December 6 will take place
at 10 p.m. PST over Station W60OWP
on 3590 and 7129 ke. The December 15
run is scheduled for 9:30 p.m. EST and
9:30 CST over Station W1AW on 3555,
7080, 14,100, 21,075, 28,080, 50,900 and
145,800 ke.

C.W. Transmitter. The new Heathkit
HX-11 crystal-controlled c.w. transmit-
ter is especially designed for Novice and
other low-power amateur c¢.w. operators.
Covering the amateur spectrum from 3.5
to 29.7 mc. in five bands, it features a
full 50 watts input and a built-in low-
pass filter to minimize possible TVI
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(television interference). Extra contacts
on the HX-11's Transmit-Receive switch
permit single-switch control of the sta-
tion antenna changeover relay and re-
ceiver, and there are provisions for ex-
ternal VFO control for General Class
users. The HX-11 nets at $43.50 when
ordered directly from the Heath Com-
pany, Benton Harbor, Mich.

SIMPLE, STABLE VFO

Designed to give the ham who has
graduated from the Novice ranks the
advantages of a stable variable-frequen-
cy oscillator at minimum cost, the VFO
described here feeds into the erystal
socket of low-power 3.5- to 29.7-mec.
crystal-controlled transmitters. With
switch 81 in the 80-meter position, the
VFO’s output frequency is 3.5 to 4 mc.
(plus a slight overlap on either end of
the band). Turning S1 to 40 meters dou-
bles the frequency. The higher fre-
quency output is normally used for
transmitting on all bands above 80
meters.

Construction. The VFO is housed in a
5” x 4”7 x 3”7 aluminum utility box. Re-
fer to the photograph for the general
parts layout. Exact location of the com-
ponents is not critical, but it is important
that they be firmly mounted. Be sure
also to use a pair of cable clamps to an-
chor the power and output cables to the
box.

For precise frequency adjustment, a
vernier dial such as the Millen 10039
should be installed on variable capacitor
C1. A plain dial with a large knob works
surprisingly well, however.

Tubes V1, V2 and V3 are mounted on
top of the box so that the heat they gen-
erate will not cause the VFO to drift.
For the same reason, power resistor R2
should be mounted either on top of the
box or in the power supply.

The power to operate the VFO can be
obtained from your transmitter’s Acces-
sory socket or from a separate power
supply. In either event, power require-
ments are 6.3 volts, a.c., at 0.65 ampere,
and at least 375 volts, d.c.,, at 30 ma.
Adjust the slider on resistor R2—with
the power off—to compensate for dif-
ferent voltages. The resistance should
be 34 ohms for every volt above 300.

Adjustment. Double-check the wiring,
then connect the VFO to its power sup-
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ply and set switch SI to 80 meters.
You should now be able to hear a signal
on your receiver at somewhere around
3 or 4 me. If ali is well, use the receiver
as a guide to center the 3.5- to 4-mec.
band on the VFO dial. This adjustment
is made by removing Y;-turn at a time
from the ungrounded end of L1.

Next, close up the VFO box and insert
plug PI into your transmitter’s crystal
socket (or into the separate VFO socket
—if there is one). Let the VFO warm
up for about a half-hour and turn the
transmitter on (leaving the final off).
If the transmitter is not provided with
a separate switch for the final, remove

POWER PLUG

Completed VFO may be powered from

the tubes from that stage. Listening to
the output of the transmitter’s inter-
mediate stages on the receiver, calibrate
the VFO dial for each of the two bands.

Before carrying out the dial calibra-
tion, however, the calibration of the re-
ceiver itself should be carefully checked
—especially at the band limits. If you

(Continued on page 96)

PARTS LIST
C1—140-ppf. midget variable capacitor (Bud

1876 or equivalent)

C2—390-ppf. silver mice capacitor

C3, C8—100-upf. mica capacitor

C4—0.001-pf. mica capacitor

Cs5, €6, C7, C9—0.005-pf., 600-volt ceramic
capacitor

J1—Closcd-circuit phone jack

L1—15 turns of #20 wire. 1”-diameter, 15/16”
long. tapped 4 turus from grounded end (B&W
3015 Miniductor stock, or cquivalent)

L2—355-puh. r.f. choke (Stancor RTC-8668 or
equivalent)

L3—34 turus of #28 enamcled wire, closc-wound
on a Miller 4400 (or equivalent) 34”-dia-
meter, slug-tuncd coil form

L4—1-mh. r.f. choke

P1—Plug to fit transmitter crystal socket (Mos-
ley 301 or equivalent)

R1—47,000-0km, Vi-watt resistor

R2—10,000-0hm, 25-watt adjustable resistor

S1—S.p.d.t. phenolic or ceramic-insulated rotary
switch

V1—6AG7 tube

V2, V3—O0B2 tube

1—5% x 4”7 x 3" aluminum utility box (Bud CU-
21054 or cquivalent)

1—30”-length of RG-58A47U coaxial cable

Ul;‘:c.—DiaI, tubce sockets, terminal strips, power

cable, cable clamps etc.

>
cc)

transmitter or from separate supply.
Use a power plug to suit your supply
source; an octal type is used here.

Circuit of VFO is designed around a
6AG7 tube. Plate and screen volt-
ages are held constant by means of
two OB2 voltage-regulating tubes.

December, 1961
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HIS little transistorized code practice

oscillator was designed around a read-
ily available BC-451-A radio control box.
Costing less than $2.00 at most large sur-
plus outlets, the compact black box was
so well suited for the purpose that it
seemed a good idea to call the finished
unit “The Black Box Special.”

Among the parts provided in the BC-
451-A are a 4-position rotary switch,
which is used to control the frequency
of the completed oscillator, and a key
jack. In addition, there’s even a handy
test switch which can be used as an
auxiliary code key.

The author purchased his control box
from the Atlas Equipment Co., 227-231
Southwest Blvd.,, Kansas City 8, Mo.
Your favorite surplus dealer probably
has the item in stock also.

About the Circuit. Two complementary
transistors (@1 and @2) are wired in a
simple, direct-coupled amplifier circuit.
The capacitor (C1, C2, C8, or C4) se-
lected by switch SI provides feedback
between the collector of pnp transistor
@2 and the base of npn transistor @I,
causing the circuit to oscillate. Fre-
quency of oscillation is controlled pri-
marily by the selected capacitor, togeth-
er with resistor R1; the larger the ca-
pacitor, the lower the pitch.

The speaker also acts, through battery
B1, as a collector load for ©2. A stand-
ard code key, plugged into jack JI, is
placed in series with the negative bat-
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Need a code practice oscillator?
Convert a BC-451-A control box into

« . . the Black Box Special!

By BASIL BARBEE WS5FPJ

tery lead. In addition, the oscillator may
be keyed with switch 82, which is con-
nected in parallel with J1.

Construction. Begin by removing all
components and wiring from the BC-
451-A. Remove the two metal name-
plates (located at the top and side of
the black box) as well. The 4-position
“transmitter selection” switch (81),
“key” jack (J1), and the test key (S2)
will later be re-installed in their original
openings. The other components can be
put aside for future projects.

With the box ‘“cleaned out,” place the
battery holder and terminal strip ap-
proximately as shown in the photo
above, right, and drill appropriate mount-
ing holes. The speaker mounts in the

PARTS LIST

B1—1.5-volt peulight cell (Burgess Type Z or
equivalent)

C1—0.1 uf.

C2—0.05 uf. all capacitors

C3—0.02 pf. 50-volt ceramic

C4—0.01 pf.

J1—Open-circuil phone jack*

Q1—2N233 transistor

Q2—CK722 transistor

R1—82,000-0hm, Y4-watt resistor

S1—Singlc-pole, 4-position rotary switch*

S2—S8.p.s.t. push-button switch*

SPKR.—2"-diameter, 8-ohm PM speakcr

1—BC-451-A control box—sec text

Misc—Six-lug (two-grounded) terminal strip,
holder for B1, screen wire, wire, hardware, elc.

J
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opening formerly occupied by the 18-pin
male connector and is protected by a
2” square of screen wire placed between
it and the opening. An “L’-shaped clip
bent from a %” x 2” strip of metal holds
the speaker in place; make a 90° bend
in the strip #%” from one end and drill
a hole to accommodate a 6-32 screw in
the tab thus formed. Locate the clip so
that it presses tightly against the back
of the speaker, then mark and drill the
mounting hole.

Now you're all set to begin the wiring
—which is simple and straightforward.
Some of the components, though, are
quite difficult to reach once they are
mounted. Be sure to solder all leads to
inconveniently located terminals before
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SPKR c2

Oscillator circuit is quite simple, and fits compact-
ty in BC-451-A case. Wiring is straightforward, but
terminals on some compenents are hard to reach
and leads must be soldered on before installation.

re-installing 81, J1, and S2 or mounting
the battery holder, the terminal strip,
and the speaker.

When the wiring is completed, you may
want to pretty up the unit a bit by cov-
ering some of the larger holes with
plug buttons. The unwanted labels en-
graved on the front panel can be con-
cealed with a dab or two of black paint.

Using the Oscillator. Just plug in the
penlight cell (being sure to observe the
proper polarity), and the BBS will be
ready to go. To key it, simply depress
switch 82; for regular code practice ses-
sions, of course, you’ll want to plug a
standard key into jack JI. Switch S§I1
will give you a choice of four different
frequencies. o

Inside view of completed unit
(far left) as compared to the
original BC-451-A (directly at
left). Switches S1, S2, and jack
J1 are the only components
retained in the conversion.
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‘V ITH the Holiday Season almost upon
us, chances are you’re faced with the
rather pleasant chore of selecting gifts
for your family and friends. On this
note, don’t forget that electronic con-
struction kits make ideal gifts. Keep in
mind, too, that they carry a double
“measure of pleasure”’—they are fun to
assemble and, later, may become prized
possessions. And if the recipient isn’t
fond of electronic construction, you can
add a personal touch to the item by as-
sembling it for him or her!

Kits are available from such well-
known manufacturers as Arkay, Paco,
Heath, and EICO, both direct and
through local and mail-order distributors.
In addition, many mail-order firms fea-
ture a number of kits under their own
“house brands.”

Most companies offer a variety wide

o TO ALL 3¢
VAR. 0SC. Fix| 1
STAGES 1XED OSC.
BATTERY
POWER PACK
PICKUP
colL
DETECTOR &
AUDIO AMP
&, PHONES
///
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Fig. 1. The Model 100T metal locator, produced by
Electronic Applications Co., employs two oscillators
and a detector/amplifier. Metals alter inductance
of pickup coil (see photo), changing frequency of
Ql's oscillations and tone heard in headphones.
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By LOU GARNER

enough to suit every taste and need . . ..
receivers for general gifts, hi-fi equip-
ment for music lovers, tape recorders for
teen-agers, test instruments for students
and experimenters, educational kits for
youngsters, ham gear for amateur radic
operators, intercoms for the home, ma-
rine electronic equipment for yachtsmen
and fishermen, and automobile instru-
ments for sports-car enthusiasts.

If you're looking for something a little
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different, you might consider a transis-
torized metal locator. Up-to-date com-
mercial versions of the famed mine
detectors used in wartime, these instru-
ments have become increasingly popular
as a result of the Civil War centenary.
In fact, nearly every mail brings one or
more reader inquiries about such units.

The Model 100T metal locator is typ-
ical of currently available instruments.
Offered by Electronic Applications Co.,
(P. O. Box 8, Arlington 10, Va.), it op-
erates for up to 3000 hours on a single
set of batteries. With suitable “search
heads,” it will detect a gold sample as
small as 0.04 square inch at a depth
of a few inches, and large objects (such
as a treasure chest) at depths of up to
six feet.

The 100T is furnished complete with
batteries, headphones, and a general-
purpose search head for $49.50 in kit
form, or $59.30 factory assembled—both
prices are less postage. Special-purpose
search heads for large and small objects
are available as optional accessories, and
a modified version for underwater use
may be had at a somewhat higher price.
The latter instrument, incidentally, can
be used at depths of up to 50 feet.

Three pnp transistors are employed in
the 100T, as illustrated in Fig. 1. One
of these, Q1, serves as a variable r.f.
oscillator, with its frequency determined
by the pickup coil in the search head.
Transistor Q2 is used as a fixed (but
adjustable) oscillator, while @3 serves
as a combinaton mixer/detector and
audio amplifier, driving a pair of stand-
ard magnetic headphones.

In operation, Q2 oscillates at a fre-
quency slightly different from that of
@1. The resulting ‘“difference frequency”’
is detected and amplified by @3, and
heard as an audio beat note in the ear-
phones. When the search head (pickup
coil) is moved into the vicinity of a
metal object or piece of ore, its induct-
ance changes, shifting QI's operating
frequency and causing a corresponding
change in the tone of the beat note sig-
nal. With practice, relatively small
changes in beat note tone may be dis-
tinguished quite easily.

Yours truly has personally examined
a Model 100T metal locator, checking out
its performance under varying condi-
tions. The kit version is easily assembled
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in an evening or two, following the de-
tailed instructions and illustrations fur-
nished in the manual. Transparent
“overlays” assist in locating parts on the
etched-circuit board, and the completed
unit is easy to adjust and use.

Reader's Circuit. Having tried and re-
jected a number of “wireless broadcast-
er’”’ circuits, reader J. O. (“Jack”) Pettit
(533 N. Alfred St., Los Angeles 48,
Calif.) decided to try his luck at develop-
ing a circuit of his own. His goal was a

S2ut A
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Fig. 2. ‘Wireless broadcaster’’ circuit developed by
reader Jack Pettit. Housed in a plastic box, the unit
is small enough to be mcunted almost anywhere.

unit capable of transmitting at distances
up to 40 feet, permitting him to listen to
code records played on his hi-fi phono-
graph and received on a small radio far
enough away so as not to disturb other
members of his household. His efforts
met with success . . . resulting in the cir-
cuit shown in Fig. 2.

Referring to the schematic diagram,
a pnp r.f. transistor, @1, is used in the
common-emitter arrangement as a ‘“tick-
ler feedback” oscillator. Operating fre-
quency is determined by tuned circuit
L1-C1, while L2 provides the feedback
necessary to start and sustain oscilla-
tion. Transistor QI's base bias is fur-
nished through a series network made up
of R1, R2, and R3, bypassed by C2 and
C3. The audio signal is introduced
through J1 and blocking capacitor C}.
Power is furnished by a single 9-volt
battery (B1), controlled by S1 and by-
passed by C5.

Standard, readily available components
are used throughout. Coil L1 is a Miller
Type 2001 ferrite loop, while L2 is made
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up of 15 turns of #24 enameled wire
wrapped around the center of the coil
in the same direction as L1’s windings;
L1’s lower lead is connected to L2’s up-
per lead. Capacitor C1 is a miniature
365-uuf. variable; C2, C3, C4 and C5 are
100-volt tubular capacitors, but small
ceramic units should work as well. Re-
sistors R1 and R2 are l5/-watt units,
while R3 is a miniature potentiometer
of the type used for hearing aids. Jack
J1 is a standard RCA phono connector,
S1 any s.p.s.t. switch, and B1 any stand-
ard 9-volt transistor battery—a Burgess
2N6, for example.

Jack assembled his original model in
a 3”7 x 4”7 x 1” plastic box, mounting
L1/L2 on the outside lid. He used a 35”

Recently introduced by the Heath Company, the
Model IM-30 transistor tester is available in kit form.
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Fig. 3. The Type U-P
heat sink, a prod-
uct of International
Electronic Research
Corp., is shown
surrounded by the
transistor cases with
. which it can be used.

TO-6 CASE

TO-8 CASE

length of heavy wire as an antenna, ter-
minating the end in a banana plug. For
an audio source, he used a magnetic
cartridge coupled to J1 through a small
preamplifier, but a medium- to high-out-
put crystal cartridge should give satis-
factory results without a preamp.

In operation, R3 is adjusted for “clean-
est” modulation, while C1 is set to de-
liver a signal at a “dead” spot near the
middle or upper end of the AM broad-
cast band. If difficulty is encountered in
obtaining oscillation, L2's connections
should be reversed.

Product News. The International Elec-
tronic Research Corp. (135 West Mag-
nolia Blvd.,, Burbank, Calif.) has an-
nounced a new ‘‘universal’”’ heat sink that
can be used with most power transistors
(see Fig. 3). Type No. U-P is suitable
for both natural and forced air cooling.

A late release from the Heath Com-
pany (Benton Harbor, Mich.) describes
a new laboratory-type transistor tester
capable of performing a thorough d.c.
analysis of all transistor types and
checks of diode characteristics. Switches
and controls are provided to permit ac-
curate tests at biases from 1.5 to 9 volts
at collector currents up to 15 amperes.
Identified as kit No. IM-30, the instru-
ment sells for $54.88, f.o.b. Benton Har-
bor.

A fully transistorized FM converter
for automobile radios has been an-
nounced by the Automatic Radio Manu-
facturing Co. (122 Brookline Ave., Bos-
ton, Mass.). Featuring six transistors

(Continued on page 112)
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By HANK BENNETT
W2PNA/WPE2FT

Short-Wavwve

Report

DX’ING THE VOA AMATEUR RADIO PROGRAM

HE amateur radio program broadcast

each week by the Voice of America is
beamed to all corners of the earth, and
DX’ers everywhere are invited to partici-
pate. A 15-minute show, it features
news of the ham bands, interviews with
operators from around the world, propa-
gation forecasts, and technical discus-
sions of interest to amateurs, SWL's, and
other radio enthusiasts.

The broadcasts are written and voiced
by Bill Leonard, W2SKE; the producer
is Gene Kern, W2BAK; and the propaga-
tion forecasts are prepared by Bill Dulin,
W4ETT, and George Jacobs, W3ASK.
Reports on the ham show, which has its
own distinctive vertification card, may
be sent to either of two addresses: Bill
Leonard, P. O. Box 29, Geneva 12, Swit-
zerland; or Amateur Radio, Box 922,
Washington 4, D. C.

Here is the complete current schedule
showing broadcasting times (EST), fre-
quencies, station call-sign or location,
and direction of the beam. Please bear
in mind that this schedule is subject to
change. (You can request periodic sched-
ules from Washington address above).

Sundays at 0230-0245: 5955 k.
(WDSI1) to Europe; 6025 ke. (WLWO06)
to N. Africa and S. Europe; 6080 kc.
(Tangier-3) to Middle East, 7205 kc.
(Tangier-5), 9615 kc. (Tangier-2), and
15,205 kec. (Tangier-10), to Eurcpe; 9740
ke. (WLWO05) to W. Africa; 9770 ke.
(WLW02) to N. Africa and S. Europe;
11,785 kec. (Tangier-9) to Middle East;
and 11,805 kc. (WLWO01) to N. and W,
Africa.

Fridays at 1615-1630: 6145 kc. (Oki-
nawa-5), 7160 kc. (Okinawa-1), 9665
ke. (Okinawa-2), 9770 kc. (Malolos-1),
11,960 kec. (Malolos-2), 15,150 ke.
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(KCBR5), 17,770 kc. (KCBR1), and
21,740 ke. (KCBR4), to the Far East.

Sundays at 1730-1745: 3980 ke. (Mu-
nich-6), 6140 ke. (Munich-5), 9520 ke.
(Thessaloniki-4), 9615 kc. (Tangier-2),
to Europe; 6185 ke. (Courier-1), 7125
ke. (Courier-2), 7205 kc. (Thessaloni-
ki-3), and 9630 kc. (Munich-3), to the
Middle East; 9555 ke. (Munich-2), 11,-
960 kec. (Munich-1), 15,440 kc. (Mu-
nich-4), 17,710 kec. (WLWO01), and 21,-
610 ke. (WLWO02), to West Africa.

Sundays af 2230-2245: 11,830 kec.
(WBOU4), 15,330 ke. (WBOUG), to the
West Indies and Eastern South America;
11,890 ke. (WLWO1), 15,205 ke
(WDSI1), 15,290 ke. (WLWO02), to Latin
America.

There is one additional broadcast
frequency used for medium-wave DX’ers:
1250 ke. (Courier-A) beamed to the

Middle East on Sundays at 1730-1745.
This would be a good catch for anyone
in the United States.

(Continued on page 97)
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David L. Sporre, WPE2DWK, Plainfield, N. J., built
his equipment into an old TV console. He re-
ceives on a Lafayette HE-10, aided by a Heath
Q-Multiplier, and can switch to any of six antennas.
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By
JOHN T. FRYE
WIEGV

Carl and Jerry

The Bell Bull Session

T WAS a Sunday evening in early De-

cember, and half a dozen young men
were standing in the hall outside the
locked door of Carl and Jerry’s room on
the third floor of the H-3 Building at
Parvoo University.

“Knuckle the door again,” one of them
suggested. “In those notes Carl and
Jerry said to be here at 7:00 sharp for
a ‘Bell Bull Session,” whatever that is.
It’s after seven now.”

At this moment Carl stepped into the
hall through the stairway doors. Jerry,
puffing a little from the climb, was right
behind him.

“Sorry we're late, fellows,” Carl
apologized as he unlocked the door and
waved the visitors inside. “Jerry and I
were at the library, and time sort of got
away from us.”

“Okay, but what’s all this about?” a
chubby redhead named Jack asked as he
took possession of the single upholstered
chair in the room.

“Yeah, what's a ‘Bell Bull Session’?”
a lanky boy from Texas drawled from
where he sat on the floor. “Most of the
bull sessions I've sat in on get around
to women sooner or later, but down
Texas way we feel it’s a little caddish to
name names. Who's this Bell co-ed?
Do we know her ?”

“Oh, yes, you know her,” Jerry an-
swered with a grin; “but let me explain.
All of you are friends of Carl or myself
or both; and all of you share our deep
interest in electronics. We think we've
found something that will be as intrigu-
ing to you as it is to us, and we want to
share it with you. The ‘something’ was
developed by Bell Telephone Labora-
tories. That, plus the fact that we
thought a little mystery might help lure
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you up here tonight, is the reason we
called this a Bell Bull Session.”

“Boys, it looks like we've been had!”
Tex drawled with a good-natured grin.

“I'm hoping you won’t think so when
you leave,” Jerry answered, and then
dived right into his theme. “You see,
the behavior of radio waves has always
been hard for me to keep straight in my
mind; yet one must understand this sub-
ject thoroughly in order to have a clear
knowledge of such things as resonance,
impedance-matching, standing wave
ratio, and antenna theory. I was talking
to my high school science teacher back
home about it recently, and he suggested
that I build a wave machine as described
by Dr. John N. Shive, Director of Educa-
tion and Training of the Bell Labs, in
his little book called Similarities in Wave
Behavior. This booklet tells how to build
the machine and describes several ex-
periments that can be performed with it.
Well, Carl built one, and that’s what
we want to show you tonight.”

CARL HAD PLACED a long board on
one of the study desks. Fastened in
a row to the top of the board were about
a dozen narrow isosceles triangles of
heavy sheet metal with their planes at
right angles to the length of the board.
A narrow portion of the bottom of each
triangle had been bent over to form a
foot for fastening the triangle to the
board. The top of each triangle had
been clipped off and a shallow U-shaped
notch had been filed in the top of the
resulting trapezoid. All of these notches
were perfectly in line and at the same
height.

Carl stepped to the clothes closet and
carefully lifted out a flimsy, jiggling ar-
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rangement of closely-spaced slender met-
al rods fastened at their centers to a still
smaller central metal spine. Grasping
the spine by its ends and holding the
array taut, Carl carefully lowered the
spine into the notches of the sheet-
metal bearings.

“This thing is rather simple to build,”
Carl explained. ‘“The spine is a three-
foot length of .042-inch steel drill rod.
There are 70 18-inch lengths of .042-inch
steel drill rod fastened to the spine a
half-inch apart. They are soldered to
the backbone exactly at their centers,
parallel with each other, and at right
angles to the backbone. But if you want
to build one of these machines yourself,
I strongly recommend that you order a
copy of The Student’s Edition of Simi-
larities in Wave Behavior, by Dr. John
N. Shive, from the Williams & Wilkins
Company, Science Series, 428 E. Preston
St., Baltimore 2, Maryland. You can’t
get the booklet anywhere else, and it
only costs 35¢ postpaid. It shows you
how to make special jigs for holding the
rods in position while you're soldering
them, how to conduct many interesting
experiments with the machine, and how
to understand the significance of these
experiments.”

“This last is very important in the
opinion of Dr. Shive,” Jerry smoothly
scooped up the conversational ball. ‘“He
says science is more than just knowl-
edge; it’s a method. You can gather
facts in the aimless way that your car
radiator collects bugs and butterflies in
summer; but a scientist carefully se-
lects his specimens and studies them
carefully, looking for similarities and
differences, searching for clues that will
make what is new and puzzling fit into
the knowledge he already has. The scien-
tist is forever trying to reduce observed
phenomena to a least common denomi-
nator.

“To him, therefore, a wave is a travel-
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ing disturbance of a medium from its
normal condition. So, in view of that
definition, mechanical waves, sound
waves, light waves, and radio waves are
seen to behave alike. In each case the
passage of the wave disturbs the con-
ducting medium which returns to rest
after the wave has passed. By studying
mechanical waves in this machine,
therefore, we can understand the be-
havior of other waves whose actions
cannot be readily seen.”

He reached over and pumped the end
of the first cross arm of the machine up
and down once. A smooth undulation
ran slowly up and down the array of
steel rods until it gradually died away.

“That wave you see moving the rods
is actually a twisting and untwisting of
the steel spine,” Jerry explained. “The
rods soldered to the spine reveal the
movement of this torsion wave along the
spine by the up-and-down motion of
their ends as the twist-untwist I applied
at one end of the spine travels along its
length. The wave I started with a ‘pulse’
is a damped waved. It is damped by
three kinds of friction: air resistance to
the up-and-down motion of the cross
arms, rolling friction of the central
backbone in the bearing notches, and
hysteresis friction in the backbone it-
self. This damping gradually absorbs
the energy of the wave, and it dies out.”

“You talk about the ‘energy of the
wave,” Jack interrupted. “Can you use
that coat-hanger marimba to prove
waves transport energy ?”’

Jerry did not answer, but both he and
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