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It's New — It's Big — It's Better Than Ever

It's From the “World’s Hi-Fi & Electronics Shopping Center

Here it is . . . the exciting, all-new 1963 Lafayette Catalog. 388 giant-sized pages
(the largest in our 42-year history) . . .thousands of different items for the at;d:(l)-
... fully

phile, experimenter, technician, hobbyist, engineer, student, serviceman ua
illustrated . . . hundreds of different manufacturers. It's the “World's Hi-Fi and

Electronics Shopping Center” right in a catalog.
CHECK THESE OUTSTANDING LAFAYETTE BENEFITS

“/ SATISFACTION GUARANTEED OR MONEY REFUNDED. Lafayette’s 30-day
Free Home Trial lets you try-what-you-buy at home. If you're not completely
satisfied, the full purchase price will be refunded.

M LARGEST STOCK SELECTION. If it's in Electronics or Hi-Fi it's in the Lafayette
catalog — Citizens Band; Tape Recorders; Ham and Amateur Equipment; Test
Instruments; P.A. Equipment; Radio & TV Tubes, Parts, Antennas; and much more.

H/ EXCLUSIVE LAFAYETTE KITS. Easy-to-assemble kits designed by Lafayette
engineers for at-home construction. Dollar for dollar the best value for your money

today.
SPECIAL HI-FI SYSTEM PRICES. Select a hi-fi music system and get Lafayette's

n/ speciai money-saving price.

l‘b/ 24 HOUR SERVICE. Most orders fully processed within 24 hours after receipt.

“/ LOWEST PRICES. You always save more with Lafayette's low, low prices.

“/ 3-IN-1 EASY PAY PLAN. Choose the plan that suits you best. No money down,
up to 24 months to pay.

" Detach and Mail the Attached Card for Your FREE CATALOG
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PSS WITH TRANSISTORIZED
£METER . . . PLUS NEW “MODULAR
CIRCUITS” TO BUILD

AT HOME!
vt

Now Prepare for GOOD
JOB OPPORTUNITIES IN
ELECTRONICS Faster — with

) — Transistorized, PortableiC-DC Multimeter <58
— S-inch New Streamlined Commercial-Type Oscilloscope 3
— For 3-Dimension Circuit Building -/ aes

To help you get ready F-A-S-T-E-R..". . and THOROUGHLY . . . for good-paying job opportuni- =~
ties in the fast growing Electrenlcs field, DeVry Technical Institute now presents the new-
est and finest training advantages in its over 30 years of experience. Now ... AT HOME . ..
in your spare time, you prepare with “industry-type” home laboratory equipment. To
provide real PRACTICAL EXPERIENCE, you build a quality Transistorized Meter and a 5-inch
industrial-type Oscilloscope . . work with small, 3-dimensional circuits on DeVry's new
Design Console . . . use highly instructive home training movies . . . and follow up-to-date
lessons with many time-saving fold-out diagram sheets.

Little wonder DeVry men qualify for such fine opportunities in Space-Missile Electronics,
Automation, Computer Work, Radio-TV, Industrial Controls, and other fields.

You lea'n PRACTICAL techniques important in today's Space Age industry, because you
build many compact circuits with the streamlined Electro-Lab, using exclusive solderless
“modular cosnectors.” You perform-over 300 construction and test procedures in all! Your
self-built test equipment has function-grouped controls, meter scales color-keyed to the
panel markings—much like instruments used on today's jobs. What's so important, the
home laboraiory and the test equipment are YOURS TO KEEP!

r (4 * Trademark ©

Through thiz remarkable 3-way method,
DeVry Tech has helped thousands of am-
bitious men 3resare for good jobs or their
own profitatde full-time or part-time sery-
ice shops. It s the newest in a leng
series of PRACTICAL training aids that
we have pioneered and developed in mare
than three ecades of experience. Sound
interesting? Then see how Devry Tech
may help YAU. Mail the coupon today.

DeVry's training goes all the way from
radio repair . . . to Space-missile elec-
tronics. That's the range of subjects cov-
ered in its programs AT HOME or in its
well-equipped training centers In Chi-
cago and Toronto. You learn up-to-date
techniques, working with new equip-
ment, modern texts, movies—one of to-
day's finest coembinations of training
equipment . . . geared for RESULTS!

N n r
eMPLOVMENT SER v/ cp BRI
S

ready to help you get started. There 15 no extra charge—ever—for this aid.

|

f— I,AQCQEDH_EQ MEMBER, NATIONAL Hom; STUDY COUNCIL

' MAIL COUPON FOR FREE FACTS

DEVRY TECHNICAL INSTITUTE 2082
4141 Belmont Ave., Chicago 41, 1Il., Degt. EEH-T
Please give me your two free booklets, “Pocket Guide to Real
Eamings’ and “Electronics in Space Travel'’; also include detalls
on how to prepare for a career in Electronics. | am interested in
the following opportunity fields (check one or more):

Space & Missile Electronics O Communications

Television and Radio Computers

Microwaves Eroad:asllnr p
Radar Industriat Electronies
{0 Automation Electronics

Name s — Age.

PLEASE PRINT
Address — - — ARt e
City. — Zone___State.

[ Check here If you face military service.
Canadian residents: Write DeVry Tech of Canads, Ltd.
970 Lawrence Avenue West, Toronto 19, Ontario
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SPECIAL OFFER

FROM COMMAND RECORDS

The primary component in any high fidelity stereo equip-
ment is the record itself. No matter how good all your
other components may be, the ultimate excellence of the
perfarmance depends on the record. You can get no more
from your equipment than the quality and sound of the
record being played. It is at this point that Command has
no peer. Leading manufacturers of high fidelity stereo
equipment use Command recordings not only to demon-
strate the full potential of their equipment to the public,
but to check their products before they leave the faciory.
Get the most from your stereo equipment. Discover for
yourself how Command helps you enjoy the full potential
of stereo sound, sound that is virtually free of all mechan-
ical noises, sweeping in its magnitude, astounding in its
clarity.

Your choice of two special edition

COMMAND STEREO SAMPLERS

To give you a sampling of what makes COMMAND the
world leader in recorded sound, two special albums have just
been released.

These magnificent albums will open your eyes to the broad
scope and magnitude of Command recordings . . . will reveal
to you the unparalleled technical advances Command engi-
neers have achieved in master-recording on tape and on 35
mm magnetic film.

Here is your opportunity to savor the full range of Com-
mand artistry. The POPULAR SAMPLER contains 12 of the
most exciting selections from 12 different Command Popular
Albums. The CLASSIC SAMPLER contains 8 magnificent
selections from 8 different Command Classical Albums.

Unlike many sampler albums, these Command Albums
were created to give you full, uninterrupted musical pleasure.
There is no sales message . . .
in the Popular Albums are complete not excerpts! In the
Classical Album, great care was taken to select complete
movements for your greatest possible enjoyment.

THESE ALBUMS NOT AVAILABLE IN STORES

To obtain your Command Sampler albums, order direct by
mailing the coupon. You may select either the Popular
Album or the Classical Aibum for only $2.98 each. (Com-
mand Stereo albums are normally list-priced at $5.98).

If you wish, you can take advantage of an additional saving
by ordering both albums for only $5.00. Your albums will be
shipped postpaid.

You may order as many albums as vou wish, but don't
delay . . . mail your order today.

World leader in recorded sound

omwmwmand RECORDS

1501 Broadway, New York 36, N. Y.

no talk. The musical selections

POPULAR SAMPLER

(] 12 Complete

Selections from 12
Different Popular
Command Albums

HIREE BN

e HEAT WAVE (Stereo 35/ mm) .

MOON RIVER (Great Themes from Hit Films)

FINALE FROM CAROUSEL (Carousel) Alfred Drake,
Roberta Peters

CHEEK TO CHEEK (Enoch Light and his Orchestra
at Carnegie Hall play Irving Berlin)

GUITAR ESPANOL (Spanish Guitar) Tony Mottola
LOVE FOR SALE (The Big Band’s back in town)
VIEN] VIENI (Rome Revisited)

FORTY.SECOND STREET (Off Beat Percussion)

I'M OVER HERE (Something Wonderful) Ray Charles
Singers )

CLOSE YOUR EYES (The Persuasive Trombone of
Urbie Green)

THE CRY OF THE WILD GOOSE (Strange Interlude)
NINA (Roman Guitar)

CLASSIC SAMPLER

¥ . =

8 Selections

( from the
Following 8

Command Classics

o WAGNER — Der Ring Des Nibelungen Steinberg ...
Pittsburgh Symph. Orch. .

o BRAHMS — Symphony No. 2 Steinberg . . . Pitts.
burgh Symph. Grch.

e BERLI0Z — Symphonie Fantastique Vandernoot .
National Symph. Orch. (Paris).

o BEETHOVEN — Symphony No. 4 Steinberg . . . Pitts-
purgh Symph. Orch

» MUSSORGSKY-RAVEL — Pictures At an Exhibition

vandernoot . . . Conservatoire Symph. Orch. (Paris}.

e RAVEL — Rapsodie Espagnole Dervaux . . . Colonne
Symph. Orch. (Paris). )

e SCHUBERT — Symphony No. 3 Steinberg . . . Pitts-
burgh Symph. Orch

e RAVEL — Alborada Del Gracioso Dervaux ... Colonne

Symph. Orch. (Paris).

S e = = MAIL COUPON T[)[)i\Y'———-'l
COMMANID RECORDS, Dept. 63-EE
1501 Broadway, N. Y. 36, N. Y. |

Please scnd me the Command Sterco Sampler I
Albums checked below. | understand Com-
mand pays all postage and handling.

] POPULAR SAMPLER @ $2.98 each
[0 CLASSIC SAMPLER @ $2.98 each
[ $5 for BOTH

NAME

ADDRESS
CITY ZONE. ....STATE

CIRCLE NO. 6 ON READER SERVICE CARD
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The move into electronics is your decision. GRANT

]

HAM

R v

SCHOOL OF ELECTRONICS makes your move easier. ..

...easier by teaching you electronics in a logical,
step-by-step manner, while prepcring you to qualify
for your First Class Commercial FCC License. This
license is a "diploma" issued by the U. 5. Govern-
ment to certify qualified electronics technicians, and
is awarded only to those who pass certain technical
FCC examinations. Wa teach you electionics and
prepare you to pass these FCC examinations.
Giantham training is Specialized Training, en-
dorsed and recommended by many electronics firms
throughout the nation, and accredited by the Na-
tional Home Study Council. We teach you the how
and why of basic electronics, with the necessory
moth faught as an integral part of the lessons. The

GRANTHAM

SCHOOL OF ELECTRONICS

Accredited Member of the National Home Study Council Nome — Age.
Address
1505 N, Western Ave, 408 Marion Street 3123 Gillham Road 821 19th Street, N.W, City — Stote -

Los Angeles 37, Calif.
(Phone: MO 7-7727)

Seattle 3, Wash.
{Phones MA 2-7227)

Kansas City 9, Mo,
{Phone: JE 1-8320

Washington 6, 0.C.
(Phone; ST 3-3614)

course is thorough, easy to understand, and lays
solid foundation for all types of electronics work—
communications electronics, military electronics, com-
puter electronics, automation electronics, broadcast-
ing electronics, and many more.

The time required to prepare for your first class
FCC license, an important step foward your goal,
is cut to a minimum through quality instruction —
either by home study or in resident classes. You
learn more electronics in less time because the
Grantham Method is engineered with the student
in mind. Complete details concerning Grantham
training are available free for the asking. Now, it's
up to you—it's your move!

IMail in envelope or paste on poitol cord) EH3

To: GRANTHAM SCHOOL OF ELECTRONICS

NATIONAL HEADQUARTERS OFFICE
1505 N, Western Ave., Hollywood 27, Calit.

Gentlemen:

Please send me your free booklet felling how | con get my com.
mercial F.C.C. licente quickly. | d lhere is no obli
and no solesmon will call.

1 am interested in: [J Home Study, (] Resident Classes

CIRCLE NO. 13 ON READER SERVICE CARD
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Model 1500 . . . for the Hobbyist . . .

Now . . . you can be on the air, and operate a two-way radio, without a
license. The new International Model 1500 Executive transceiver is certified
to fill all FCC Part 15 requirements.

Designed primarily for short range radio communication, you can talk 1 to
10 miles with the Model 1500 depending on the height of the antenna/
transmitter. What's more there are no restrictions on working skip or sky-
wave signals 1,000 miles or more when a band opening occurs. You can
also use CW (code) transmission for maximum distance communicating.

The International Model 1500 transceiver is designed to put the maximum
RF power into the antenna. This is accomplished by combining the trans-
mitter and antenna into one unit for rooftop mounting, thus eliminating
loss through a transmission line.

The exciter unit remains with the receiver. A receiver preamplifier at the
antenna boosts weak signals and helps reception. And in addition, the
Model 1500 has a field proven supersensitive receiver with a crystal filter
to reduce interference from adjacent channel Ciass D radio units.

| -
=Tl R ST "
3 - g o |




. No License Required!

1
1
e Certified for FCC Part 15 ® Eight channels . . . all 3

communication crystal controlled
e 100 milliwatts input / 60 .
el atennE P ® 115 vac operation b
® 27 mc frequency range ® Quality components and "

® QOperates on phone and cw construction

The Model 1500 is a complete package, ready to go on the

air. The package includes: € receiver/driver complete with If
8 sets of crystals, @ transmitter/antenna assembly, (3]
tenna mount, @ 5 foot mast, @ 100 feet of control cable,

@ microphone, @ key for (CW).

Model 1500 Transceiver complete . . . . . . $299.50* ' |

an- I

See this exciting new transceiver at your International fhﬂm > “
dealer. You can be on the air tomorrow with International’s | r )
Model 1500. / ﬂlr i

*other models from $80.00

Write for International's complete cata-
log of radio crystals and equipment,

18 NORTH LEE

o OKLAHOMA CITY, OKLA.

CIRCLE NO. 16 ON READER SERVICE CARD -



Here’s the Newest Electronic Science Kits! They're Powered by the Sun!*

PERFORM AMALING
EXPERIMENTS WITH

7 Lab Models . ..
up to 75 Experiments!

Exclusive Master Control Panel on every

lab. Indicator scope, galvanometer, signal

buzzer, power switch, push-button switches.
Labs range in price from $9.95 to $39.95

( )

I s

*IR SOLAR CELLS

convert light into electricity

| Learn Electronic and Photo-Electric Build “‘Electric Eye” Circuits for bur- Build Solar Powered Radios, telegraph
Principles. Conduct experiments in glar alarms, counters and other light sets, intercoms, public address sys-
Solar Energy, communications, elec- beam systems. Make hot-cold indica- tems, even your own fascinating re-

tronic measuring and control systems. tors, moisture detectors, etc. mote control TV commercial killer!
I ; (/i i J\
e N
n Send for the FREE BOOKLET “Solar Cells for Experimenters”
Build Your Own 1 Plus IR Catalog with details on Labs and Cells!
SolarPowered Radio! | ~———_ A
DEPT. EEH A

Be first with a radio powered by INTERNATIONAL RECTIFIER, EL SEGUNDO, CALIF.\\
the sun. Easy to assemble, no
soldering. Choose from 2 kits.

]
]
'
Earphone: $12.95. Speaker: $19.95. | !
1
]
1
1

NAME _____ —— == . AGE

LOOK FOR THE

ON THE PACHAGE

ADDRESS . SN —

Get IR Science Kits in Toy, Hobby,
and Electronic Parts Stores Today!

oy ZONE ___ STATE
U N mmm o mm - -l
EDUCATIONAL PRODUCTS DIVISION: INTERNATIONAL RECTIFIER CORPORATION + EL SEGUNDO, CALIFORNIA
CIRCLE NO. 17 ON READER SERVICE CARD
8 ELECTRONIC EXPERIMENTER'S HANDBOOK




Chapter

Electronics
Around the Home

FEW hobbies provide as much fun as building electronic gadgets. And every
project offers an opportunity for you to learn something more about the fas-
cinating field of electronics.

These projects are a cross-section of the useful things you can build. On the
simpler side, the “Electronic Machine Gun" (page 24) will make any 7-year-old
boy the envy of his neighborhood. In the more complex area are the "SENSOR-
MATIC” (page 16) and the “Whistle Switch” (page 27), both means for con-
trolling electrical devices without manually throwing a switch.

“Emily,” a practical working robot (page 10), is already a lady of distinction,
having been counted among the distinguished guests on the Jack Paar Show. Very
much a challenge, Emily will set any experimenter thinking of ways and means to
improve the cause-and-effect relationships in elementary robotionics.

Emily—Robot with One-Track Mind........ ... . Bernard Dickman 10
Transistor Power Supply........................... Robert B. Kuehn 15
The SENSOR-MATIC. ... Hartwell M. Hughes 16
Supersonic Squawker. ... .....I. C. Chapel 22
Electronic Machine Gun. ... .. ....Martin H. Patrick 24
Bigger Bass from Broadcast Sets. ... ... ... R. H. Decker 26
The Whistle Switch ... .. ... .. .. e Martin J. Leff 27
Idiot Lights Qut—Meters In .. . Charles Caringella, WENJV 31
Banana Plug Splice. ... - William E. Bentley 34
Transistorized Power Flash ... ... ... .. Jim Kyle, K5JKX/6 38
Capacitor Stabilizes Solar Cell ................ .....Rufus P. Turner 40
Radiation Fallout Monitor................... . R. L. Winklepleck 41
Why Tune By Ear?. .. .......................... Rocco J. Carlucci 46
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XX

By BERNARD DICKMAN

The Rebot with a One Track M

THE strange-looking object following the white line is named
“Emily.” She may look like a dishpan with eyes, but this “Elec-
tro-Mechanical Inebriated Ladybug" is actually an electronic robot
of the simplest type. Though equipped with only one “sense organ”
(a photocell), two “muscles” (a pair of motors), and a very rudi-
mentary “brain” (a transistor and relay), she's capable of some
extremely intelligent (if slightly inebriated) behavior.

The ladies of our own species are often said to have “one-track
minds.” In Emily’s case, however, this is literally true. Set her
down on a white line and she'll doggedly follow it, regardless of
how many times it twists and turns. Though her weaving gait sug-
gests that she's a little “under the influence,” she always reaches
the end. This isn’t all Emily can do, though; blink a flashligat beam
at her and she’ll follow you to the ends of the earth.

ELECTRONIC EXPERIMENTER'S HANDBOOK



SWITCH
POSITION

OFF

FUNCTION

AlLL POWER OFF
TEST PCI CIRCUIT
———OPERATE WITH PCI
TEST PC2 CIRCUIT
OPERATE WITH PC2

WA -

Emily's uncomplicated cir-
cuit can be further simpli-
fied if optional photocell
PC1 is omitted. Positions
1 and 2 of S1 would not
be needed, and a 3-posi-
tion switch could be used.

B1—9-volt battery (RCA V'S305 or equivalent)
B2, B3, B4—3-volt battery;: 2 flashlight cells in
series (Burgess Type 2 or rquivalent)
11-—2.2-volt, prefocused-type  fashlight

(G.E. Type 222 or equivalent)

I.?;, I.;‘ Pilot lamp (G.E. Type 48, or equiva-
ent

K 1—Sensitive relay; 8§000-0hm, 0.7-ma. coil;
s.p.d.t. contacts (Sigma 26F-$000-CDS/SIL
or equivalent)

M1, M2—Miniature d.c. motor (supplied with
gear train kit—see “Hobby-Shop Items” listed
below)

PC1*, PC2—Selenium photocell (Intcrnational
Rectifier B2M or equivalent)

Q1—CK722 transistor ( Raythecon)

lamp

2—Wilson No. 3000 motor and gear train kits
-sce fext
2—2Y4"-diametcr, airplane-type whecls (VECO
No. 321 or equivalent)
1—1"-diameter, airplane-type wheel

PARTS LIST
@ )

Hobby-Shop Items

R1—2.2-0hm, V;-watt resistor

S1—J-pole, 3-position rotary switch (4-pole,
3-position switch if I'C1 is not used—sece text)

1-—2"x 7" x 5 aluminum chassis (Bud AC-402
or equivalent )

I*— 19" x 234" x 254”  miniature  aluminum
chassis (Bud CB-1623 or cquivalent)

I—Socket for 11 (Dialco 505 or equivalent)

3—Battery holders for B2. B3, and B4 (Key-
stone 186 or cquivalent)

I—Ba;lcry clip for B1 (Keystone 96 or cquiva-
lent

Misc.—Tcrminal strips, wirc. hardware, plastic
dishpan*, pilot lamp assemblies for 12 and 13
(if used), etc.

*Optional—sce text

1—6"-length of stifi wire (diameter to match
hub of 1”7 wheel above)

Misc.—Epoxy-resin glue (Duro E-POX-E or
cquivalent) or *‘heatless” solder (Craftsman
Metal-Mend or equivalent) J

How Emily Works. Emily's uncanny be-
havior is made possible by a very simple
electronic circuit. With switch S17 in posi-
tion }, as shown in the schematic dia-
gram, photocell PC2 is connected to the
base circuit of transistor @1. Also, power
is fed to the transistor, exciter lamp
(11), and motors M1 and M2 from bat-
teries B1, B2, B3, and B}, respectively.

Exciter lamp 11, a 2.2-volt flashlight
bulb, is powered from 3-volt battery B2
and provides illumination for photocell
PC2. Though resistor R1 drops the bat-
tery voltage a bit, /1 is still operated
slightly in excess of its rating. This is
done purposely, since the extra light out-
put is needed to insure positive operation
of the photocell.

When PC?2 is illuminated, a small volt-

1963 Edition

One of the two motor and gear train units which
drive rear wheels. Assembled from kits, these
units were set for reduction ratios of 216 to 1.




age is generated which biases @1's base.
This causes the collector-emitter resist-
ance of the transistor to drop to a low
value, allowing current to pass from Bl
through KI's coil. The energized coil
then pulls down the relay armature.

Motors M! and M2, each of which
turns one of Emily's rear wheels, are
controlled through the relay’s contacts.
When the relay coil is not energized,
power is fed to M2; when it is energized,
power is fed to M1. The two motors are
never powered simultaneously.

Photocell PC2 and eXciter lamp /1 are
mounted on the M1, or right, side of the
chassis, near the front, as shown in the
photos. The lamp, which is of the pre-
focused type. is pointed down. If it passes
over a white surface, light is reflected
back into the photocell and motor M1 is
switched on: if the surface is dark, M1 is
shut off and power is fed to M2.

When Emily is placed over a white line
on a dark floor, the left-rear wheel
(driven by M2) will rotate. Pivoting on
her single front wheel, she will turn
toward the right until /7 passes over the
line, reflecting light into PC2 and activat-
ing K1. This, of course, switches power
from M2 to M1, and Emily will turn
toward her left until /7 is moved away
from the white line and power is switched
back to M2.

The process is then repeated as de-
seribed above—the net result being that
the robot follows a mildly “drunken”
course along the line. Indicator lamps 12

View of robot’s underside with all major components
installed. Terminals of K1 should be prewired, since
they are difficult to reach once relay is in place.

B2 iﬂm‘u‘E WHEEL
‘ T

f

DRIVE WHEEL

and I3 (optional), wired in parallel with
M1 and M2, respectively, are Emily’'s
“eyes’; they blink on and off as she
changes direction.

Position 3 of S1 is used for test pur-
poses. With the switch set in this posi-
tion, photocell PC2, the transistor, and
exciter-lamp circuits are left unchanged
—but power for the motors is cut. In
this way, the operation of the white-line
tracking circuits can be checked without
running the motors.

With S/ in position 2, photocell PC1
is connected to @I's base circuit in place
of PC2. This optional photocell is mounted
on top of Emily’s cover and enables the
robot to follow, by means similar to
those discussed earlier, a flashlight beam
in a darkened room. Power is also fed to
the transistor and motor circuits, but ex-
citer lamp 7, not needed in this applica-
tion, is shut off.

Position 1 of S1I is used for testing the
light-beam following circuit. With S7 in
this position, everything is connected as
above, except that the motor circuit is
shut off. To cut off all of Emily’s power,
S1 is placed in the “off” position.

If the light-beam-following feature is
not desired, PC1 is not needed—nor are
switch positions 1 and 2. In this case,
Emily may be wired to use a 4-pole, 3-
position switch.

Putting Emily Together. Begin by as-
sembling the two Wilson No. 3000 motor
and gear train kits which will supply the
robot's motive power. Following the in-

Batteries which power the motors, exciter lamp,
and transistor circuit dominate top view. Bat:
tery leads are run through the rubber grommet.
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structions supplied with the kits, set up
each unit for a reduction ratio of 216
to 1.

These kits are available in most hobby
shops; but you can also get them by mail

write Wilson's of Cleveland, 6502 N.W.
16th St., P.O. Box 8995, Fort Lauderdale,
Fla., enclosing $4.00 for each kit). You’ll
find that more gears are included than
you will need, but it's more economical to
purchase the kits than to buy the re-
quired components individually.

With the power units assembled, the
main construction job can begin. Parts
placement is not critical, except where
specified, but the photographs should be
followed as closely as possible.

Mount the power units under the chas-
sis as shown. Each one should be posi-
tioned so that its output shaft passes
through the chassis lip at a point about
2” from the B2 end of the chassis. Use
sheet-metal screws wherever there isn’t
enough clearance to install a nut for a
machine screw.

Relay K1 is installed under the chassis
on the end opposite B2. Place it far
enough from switch S1 so you won’t have
difficulty wiring the switch terminals.
The terminals of the relay itself are dif-
ficult to reach once the unit is fastened
in place, so solder leads of the proper
length to each one before installation.

The bracket for /1's holder is fastened
to the lip of the K7 end of the chassis
and positioned 1” from the corner as
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shown. Before installing /1 in the holder,
wrap the bulb with tape so that only its
tip is left unmasked. Then, with /7 in
place, bend the bracket down so that the
tip of /1 projects only about ¥4” out from
the chassis. Photocell PC2, its right-an-
gled mounting bracket carefully bent out
straight, is also fastened to the chassis
lip and placed so that it centers on, and
almost touches, /2.

The leads of transistor Q1 are soldered
to a 3-lug terminal strip fastened under
one of the mounting nuts for B3’s holder.
Dropping resistor B! (not visible in the
photographs) is mounted on a 2-lug ter-
minal strip which is located under PC2
and fastened to another of the mounting
nuts for B3’s holder. Other terminal
strips found to be necessary as you pro-
ceed with the wiring can be installed as
you go along.

Holders for batteries B1, B2, B3, and
B} are mounted as shown in the photos
and need no special comment. The leads
from these batteries, and from the pilot
lights and photocell (if used) on Emily’s
cover, pass to the underside of the chas-
sis through a 6" rubber grommet placed
as shown.

This all but completes the mechanical
work on the chassis except for the in-
stallation of the wheels. The small front
wheel is mounted on a length of steel
wire, the diameter of which matches its
hub. As can be seen in the close-up photo-
graph of this assembly, the wire is bent

Mounting of PC2, 11, and front wheel can
be seen clearly at left. Terminal strip
for resistor R1 will be fastened under
nut directly below 11. Rear wheels with

setscrew pulleys glued on are shown be-
low, as is spare shaft used for centering
*heat-
be wused for gluing.

the hubs. Either epoxy resin or
less’’ solder can




This under-the-chassis view shows the completed
wiring. A 3-lug terminal strip is mount for QI;
connections to PC2 are made via a 2-lug strip.

at a right angle and fastened at two
points on the chassis lip with screws and
washers.

The driving wheels are mounted on the
gearbox output shafts by means of set-
screw pulleys (one is supplied with each
Wilson kit). These pulleys must be glued
to the wheels; either epoxy-resin glue or
“heatless” auto body solder will work
well (see Parts List).

The hubs of the wheels used in the
model were larger in diameter than the
35,7 pulley hubs. In order to center the
pulley hubs on the wheel hubs properly,
spare %»” shafts from the kits were
slipped through the latter. In each case
the diameter of the shaft, where it
passed through the wheel, was built up
with masking tape to match the di-
ameter of the hub. The pulley was then
slipped over the protruding end of the
shaft and glued in place. When the glue
dried, the spare shafts were removed and
the wheel mounted on the gearbox
shafts.

The design for the robot’s cover can
be as fanciful and imaginative as you
wish to make it. The cover used here was
made out of a Yyellow plastic dishpan
about 12%” in diameter and 4” high. A
1%” x 2%” x 2%” miniature aluminum
chassis, its two short ends bolted to
Emily and the dishpan, respectively,
serves as the mounting bracket.
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MOUNTING HOLE
13(NOT

SHOWN)
MOUNTING

BRACKET
/FOR COVER
&

Completed robot with dish-pan cover in back-
ground. All the components and wiring asso-
ciated with the cover are optional (see text).

Photocell PC1 and the pilot lamp as-
semblies for /1 and /2 are mounted on
the cover. A terminal strip installed un-
der PCI's mounting nut connects the
short leads of the photocell to the longer
ones required to reach the chassis. The
photocell and the two pilot lamps, as ex-
plained earlier, are optional.

Emily’s wiring is not at all critical. All
connections are made in normal point-to-
point fashion, and no special attention
need be paid to lead dress. Just be sure
to use a heat sink when soldering Q1's
leads and to observe carefully the polar-
ity of battery BI-—otherwise, the tran-
sistor might be damaged.

Testing and Operation. Install batteries
B, B2, B3, and B} and, if PC1 is used,
set switch S at position 1. Shine a flash-
light on photocell PCI and check to see
that relay K1 pulls in. When you block
the light beam with your hand, the relay
should return to its normal position.
(Look and listen carefully; the relay
movement will be slight and will make
almost no noise.

With PC1 illuminated, turn S1 to posi-
tion 2. This should start motor M1 and
illuminate /2. Be sure that the rotation
of the wheel is in the proper direction
(clockwise when viewed from the side).
If the rotation is wrong, reverse either
the motor leads or the polarity of bat-
tery B3.

ELECTRONIC EXPERIMENTER'S HANDBOOK



Next, shield PC1 from the light. This
should switch power from M1 and 12 to
M2 and 3. If the rotation of M2's wheel
is not counterclockwise when viewed
from the side, reverse the connections to
M2 or the polarity of battery B}.

Now turn S1 to position 3. This will
stop the motor, turn on exciter lamp /1,
and switch photocell PC2 to QI's base
circuit in place of PC1. Position a white
card in front of /1 so that the beam is re-
flected back into PC2 and check to see
that K1 pulls in. Then cover the photo-
cell with your thumb; the relay should
return to its normal position.

Finally, move S1 to position 4 and re-
peat the tests outlined above. With the
photocell illuminated, motor M1 should
turn and /2 should light. When the pho-
tocell is covered, power should be
switched from M1 and /2 to M2 and I3.

If Emily passes these preliminary
tests, you're ready to try her out. Use
%" masking tape, or some similar light-
colored material, to lay out a patch on
the floor (pick out as dark a floor as pos-
sible which is not too shiny). The path
may curve in as many directions as you
wish, but a turn that is too sharp can
make Emily “lose her way.” A little ex-
perimentation will soon show you just
how sharp a turn she can take. (Wider
tape will let her make sharper turns
with less chance of getting lost.)

Center Emily directly over the path
and set S1 to position 4. The robot should
travel to the right until she “finds” the
path, then follow it to the end. When the
end of the path is reached, she'll turn in
circles until you shut her off or place
her on the path again.

POWER TRANSFORMER

e

To
RECTIFIER
TUBE

If Emily doesn’t work properly at this
point, chances are one of two things is
wrong. Either motor M1 is running all
the time (PC2 receiving too much illumi-
nation) or motor M2 is running continu-
ally (PC2 receiving too little illumina-
tion).

Should the problem be too much illumi-
nation, PC2 is probably picking up a re-
flection of /1’s beam from the floor. You
can make the photocell less sensitive by
masking off part of it with black tape
(experiment to determine the best area
to mask). This tape can be removed when
battery B2 becomes so weak that /1 no
longer gives quite enough illumination
to operate the relay, and replaced when
a new battery is installed.

On the other hand, if PC2 is not re-
ceiving enough light when it passes over
the tape, you may have to make an ad-
justment in the position of /1. Place
Emily on a table with the exciter lamp-
photocell assembly close to the edge. Lay
a white card under the assembly and turn
81 to position 3. If the beam of /1
doesn’t reflect back into the photocell,
bend /1's bracket one way or the other
until it does.

Emily can also be used on a white, or
light-colored, floor with a dark path. In
this case, though, you’ll have to start
her to the right, instead of the left, of
the line.

To make her follow a light beam, turn
81 to position 2. Then, standing in front
of the robot, aim a flashlight (at a shal-
low angle) to the left of PC1. Emily will
travel to her right until she reaches the
beam, then follow it as if it were a white

line. B0

TRANSISTOR POWER SUPPLY

You won't have to provide a separate power supply for a
pnp-transistorized device if you're adding it to a piece of
equipment possessing a power transformer with a center-
tapped high-voltage winding. Just insert the circuit shown

in the shaded portion of the diagram in series with the

HEG DC
QUTPUT

grounded center-tap lead. The output voltage will be nega-
tive, as required, and its amount will depend on the load

] on this transformer winding and the value of resistor R

zout] +

You'll have to determine the latter by experimentation, but

100 ohms is a good place to start. The working voltage of
the 20-uf. electrolytic capacitor should be at least equal to

1963 Edition

the output voltage.

—Robert B. Kuehn
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Think you'd like

Then build the

—a one-tube capacity-operated relay

ERE'S a neat little capacity-operated

relay that operates from any 117-
volt a.c. line, Easy as well as inexpensive
to build, the *‘Sensor-Matic”” may well
make use of a few of the parts which
have been “gathering dust’” in your
spare-parts box. In addition to operating
the usual low-current devices, it will
handle small motors and appliances
drawing up to 5 amperes. And by substi-
tuting a heavy-duty relay for K2, even
larger currents can be handled.

Parts placement and wiring aren’t at
all critical, and changes in layout will
have little if any effect on operation.
While the unit is relatively insensitive
the “intruder” must actually touch the
door knob, window frame, floor mat, etc.,
to “trigger’” the relay, this is not a
serious drawback.

16

By HARTWELL M. HUGHES

The Sensor-Matic is built on a 2”
X 7”7 x 5” aluminum chassis, with tube
V1, transformer T1, and binding posts
BP1 and BP2 mounted on top. The 1-
megohm potentiometer R2 (the sensi-
tivity control) and its associated switch
(81) are mounted on one side, and bind-
ing posts BP3, BP), and BP5 on one end.
Oscillator coil LI consists of 60 turns of
No. 26 enameled wire, wound on a CTC
form (Cambridge Thermionic PLST-
2C4L/H) and tapped at the 30th turn.

Setting It Up. To place the Sensor-
Matic in operation, connect a length of
wire or an aluminum or copper plate to
BP1, and turn sensitivity control R2
fully counterclockwise (this will put
maximum resistance between the grid
and cathode of V1b).

Next, check to see if the oscillator is
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RCA training at home can be the
smartest investment you ever made

40 EXPERIMENT
LESSONS

Fascinating
40 THEORY
Look what ki TR
you get in 1| et |
the Course in
Radio and

Electronic
Fundamentals

Containing all the basic
principles of radio and
electronics in  ¢asy-to-un-
derstand form.

Each containing absorb-
ing. practical experiments
bound together in, 20
books.

PLUS ALL THIS AT NO

15 KITS

to build a Multimeter,
AM Receiver and Sig-
nal Generator. Kits
contain new parts for

experiments, inte-

MULTIMETER

A sensitive precision meas-
uring instrument you build
and use on thc job. Big
43" meter with 50 micro-
amp meter movement.
20,000 ohms-per-volt sen-
sitivity d-c, 6,667 a-c.

grated so as to demon-
strate what you learnin
the lessons and to help
you develop technical
skills. Each kit is fun to
put together!

LET RCA TRAIN YOU AT HOME

RCA Institutes, one of the leading technical
institutes in the United States devoted ex-
clusively to electronics, offers you the finest
training-at-home. The very name “RCA”
means dependability, integrity, and scien-
tific advance. Practical work with your very
first basic lesson. You build and keep prime
quality equipment. Pay as you learn. No
installment payments necessary. You pay for
your next study group only when you order
it. And remember, in electronics the more
you know the higher you go. Licensed by
the University of the State of New York.
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AM Receiver

Have the satisfaction of
building your own radio

receiver with this high-
quality 6-tube superhetero-
dyne set. Big 5” speaker.
fine tone!

40 SERVICE
PRACTICES

Full of practical. time-sav-
ing and money-saving scrv-
icing tips, bound into 20
books

-

SIGNAL
GENERATOR

A must’ for aligning and
trouble-shooting receivers.
Build it for your own use.
170 KC to 50 MC funda-
mental frequer- ies for all
radio and TV work

CIRCLE NO. 38 ON READER SERVICE

CLASSROOM TRAINING

Classroom training in New York City and
Los Angeles. Day and Evening classes start
four times a year. In addition, Radio Cor-
poration of America offers a limited number
of basic courses in Chicago, Philadelphia,
and Cherry Hill, N. J. (near Camden). Indi-
cate your preference on attached card.

SEND POSTCARD FOR FREE
ILLUSTRATED BOOK TODAY!
Check Home Study or Resident School Box

RCA INSTITUTES, INC. A SERVICE OF RADIO CORPORATION OF AMERICA, PTG
350 WEST 4TH ST., NEW YORK 14, N. Y. 610 S. MAIN ST., LOS ANGELES 14, CALIF.

®The Most Trusted Name in Electronics
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The *‘Sensor-Matic’® depends
upon a Hartley oscillator
(tube Vl1a in the schematic)

Oaps-on

OBPd-COMMON

for its operation. See text for
an explanation of precisely L’—’-{.)BPE"WF
how an external object is
able to ‘‘trigger’’ relay K2.
K2
BPI BP2
ANT GND. via
9. ) 12
O O 12a07a Q1
RED TI
R3
220K
390,. RED/YEL
4
i (sss R2
TEXT) tMEG.
) BLK | SI(ONR2)
: c3
N Olpt. |

Bri, Br2, BrP3, BP4, BP5—Insulated binding
post

C1--5-80 upf. trimmer capacitor (Alliecd Radio
601341 or cquivalent )

C2—390-uuf. ceramic disc capacitor

C3—0.01-uf., 200-volt paper capacitor

Cd—1-uf., 200-volt paper capacitor (sce text)

D1-—1N344 diode

KN1—Plate relay; s.p.s.t.. normally-open contacts;
4000-0hm coil (Advance SO/1C/4000D or
SV/1C/3500D with normally closed contacts
unused, or equivalent)

K2—Gencral-purpose  relay; s.pd.t. contacts,
117-volt a.c. coil ((Guardian Series 200 or
cquivalent )

L1—Oscillator coil (60 turns of #26 cnameled

| < BLK

» PARTS LIST :ee

GRN

9 WS

vi 4
HEATER

wire, tapped at 30th turn, close-wound on
CTC form PLST-2C4L/HIl—Ncwark Electron-
ics 40F 3202 or equivalent)

R1—15-megohm, Vi-watt resistor

R2—1-megohm potentiometer, linear taper

R3—220,000-0hm, Vi-walt resistor

S§1—S8.p.s.t. rotary switch (on R2)

T 1—DPower transformer; primary, 117 volts a.c.;
secondarics, 6.3 volts @ 1.0 ampere, 250 valls
CT @ 25 ma. (Stancor P'S-8416 or equivalent )

VI—124U7-A tube

1—2" x 7" x 5” aluminum chassis ( Bud AC-402
or equivalent)

Misc.—RKnob for R2, line cord and plug, termi-
nal strip, socket for V1, rubber grommets,
wire, solder, hardware, etc.

working by bringing a portable radio or
the antenna lead from an ordinary broad-
cast set close to LI1. You should pick up
a ‘'squeal” at about 1500 kec. with the
slug turned approximately halfway into
the form. If no ‘‘squeal” is heard, try
adjusting capacitor CI1. Actually, the
setting of C1 is quite critical and opti-
mum adjustment can only be reached by
trial and error.

Once the oscillator is working proper-
ly, connect BP4 and BP5 in series with a

20

light bulb and the a.c. line, and bring
your hand close to the antenna wire or
plate. The bulb should light when your
hand is near the “antenna’” and go out
when your hand is removed. Some
further adjustment of CI as well as R2
may be required: turning R2 clockwise
increases the unit's sensitivity, while
turning it counterclockwise decreases it.

About the Circuit. The capacity-oper-
ated relay incorporates a Hartley oscil-
lator which is adjusted so that it just
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Decals were added
to completed relay
to identify binding
posts and controls.

barely oscillates. The voltage appearing
on the cathode of Vl1a is rectified by
diode D1, filtered by capacitor C3, and
applied to the grid of V1b through po-
tentiometer R2. With the proper setting
of R2, no plate current flows in V1b,
there is no current through K1, the relay
contacts are open, and no current can
flow through K2. This results in an open
circuit between BP} and BPS5.

When an external object such as a
human being changes the effective load-

1963 Edition

Unit should be easy to wire with
the aid of the pictorial diagram
below. Note that only half the sec-
ondary of transformer T1 is used.

ing of the “antenna,” the oscillator is
thrown out of oscillation. This removes
the cutoff bias and causes the plate cur-
rent to flow in V 1b, which, in turn, closes
the relay contacts and allows current to
flow through K2. As a result, BP} and
BP5 will now constitute a closed cireuit,
and any device connected between them
will be energized.

Capacitor C}, incidentally, prevents
K1 from ‘‘chattering.” Since K1 is a d.c.
relay and its coil is in the plate circuit
of V1b which operates from an a.c.
rather than a d.c. supply, some smooth-
ing is necessary. The optimum value for
C} may vary from the 1 uf. specified: if
relay chatter is troublesome, other values
should be substituted for CJ} until it is
eliminated. 30—
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Supersonic Squawker

By 1. C. CHAPEL

Transistorized noise generator chases away unwelcome guests

VER hear of “lo-fi"” ? Here it is—tran-
sistorized, battery-powered, and fre-
quency-adjustable. What’s the purpose of
lo-fi? Well, if you've ever been bothered
by dog, cat, or bird congregations in your
vard—and wanted to shoo them off pain-
lessly—then this lo-fi squawker is the
answer to your prayers.

Construction. The complete unit is
housed in a 3” x 5” x 9” metal cabinet and
uses two modular subassemblies. Module
A is the relaxation oscillator and module
B the transistor oscillator. Both subas-
semblies and the speaker are mounted on
the front panel. The tone control and
on/off switch are mounted on the cabinet
where they are readily accessible.

Each module is wired on a 2%”-wide
phenolic or Bakelite board. All compo-
nents are mounted on the front sides of
the boards except power transistor @},
which is on the back of module B. Parts
placement is not important, but the ar-
rangement shown eliminates most cross-
ing of wires. The non-power transistors
and other components are mounted to the
boards by means of flea clips or copper
pins. This method allows easy parts re-
placement, if necessary.

The upper right-hand and lower left-
hand corners of module A should have
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eyelets or pins installed for connection to
module B. Since the speaker has no pro-
visions for mounting a transformer, T1
is fastened to the bottom of module B. A
simple bracket bolted to the inner bottom
of the cabinet holds the batteries in posi-
tion. Mount tone control R} and on-off
switch S7 on top of the cabinet.

Testing. After module A is wired ac-
cording to the diagram, power may be ap-
plied. This unit is complete within itself
and can be tested without connection to
the other circuits. The frequency of the
transistor oscillator (@1 and @2) can be
changed by variation of R} and Cj. The
values given for C1 and R1I cause a pulse
rate of about 100 per minute in the neon
lamp relaxation oscillator.

Module B can be tested without con-

secccsscsscssscee HOW IT WORKSeeerceosssssscoasy

Components C!, R1. NL1 and Bl comprise a
relaxation oscillator that pulses at a rate (approx-
imately 100 per minute) determined by the time
constant of (' and RI. This signal is applied to
(1 and Q2. which operate as an audio oscillator.
Il‘nl(-nlimm'l(-r R4 controls the frequency of oscil-
ation,

The combined output of the oscillators feeds a
driver stage (()3) which is followed by an inter-
stage transistor transformer (77). This trans-
former feeds the 2N2335 power amplifier (Q4),
the output of which is connected to a direct
radiating 20-watt tweeter.

FLLLTTTTTT
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Subassemblies (right) intercon- T
nected and ready to be installed
in cabinet. Note mounting of
power transistor Q4 immediately
below transformer on module B.

Rear view of cabinet with back
panel removed shows relative
placement of major components. o MODULE A
Use a larger cabinet if you find i = -

wiring or assembly too crowded. 94 MODULE B

MODULE A SPEAKER prmrmnnnennnnnen PARTS LIST ceesenmmnnnsnnnsg
B1—90-volt battery (three Burgess U20 bat-
teries or equivalent in series)

B2 volt battery (Burgess FABP or cquit
lent )

Cl.C2-—.05-pf.. 600-volt capucitor
C3—.002-pf.. 600-volt capacilor

C4. C5--.001-uf.. 600-volt capacitor

NLi- -NE-2 ncon lamp

Q1. Q2- -CK722 transistor ( Raythcon)
Q3--2N217 trausistor ( RCA)

(4---2N¥255, 2N234, GL-3, or SYLI09 tran

sistor
R1-—10 megohms All resistors
R2- -560.000 olms wall

R3-—3300 olms

R4 15.000-0ltm polentiometer

R5—180.000 olims

R6—18.000 ohms

R7i—91.000 ohms

R8—47 ohms

R9—2700 olrms

S1-—D.p.s.t. toggle or rotary swilch

Ti1-—Interstage trausformer: primacy 100
ohms. (CT not nsed),; secondary 10 alim
(Stancor T A-2 or cquivalent)

SPKR—Tuweeter speaker with 16-0hm voice
coil. 2”-3" diameter

1 3" x3" x9” metal cabinct

]
TI 90 VOLT BATTERY
6 VOLT BATTERY

SfNcceEreneEEREINaNEREssNEDsEsEsas oSS R EB s ERERRRRR N

necting it to module A if a 100,000-ohm
resistor is connected from the base of Q1
to ground. The power drawn by module
B is about 90 ma. at 6 volts. The signal
level, measured across the speaker voice

coil is approximately 10 db. —30— D e e e SEt e e SRS s o s m e (T e Sete
cajf R7
001 ] \uta

Ck722
Q2

MODULE cs)l
; 001/ [uta.
R2

Qi N

0V,
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Transistors provide rat-a-tat-tat sound effects
for Junior’s small artillery

By MARTIN H. PATRICK

‘ TOULD 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-
a-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 (QI1 and @2).
Collector-to-base feedback between npn
transistor Q2 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 B1 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 @1 and
@2 are mounted on a 1”7 x 1%” 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 that the trigger is pulled. (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 Bl 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, Cl1 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
ROLLER

mounting space available
you're using. The wiring is not ecritical

in the gun

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, watech out
for shorts to the case.
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BUZZER

\/ \

R R BUZZER
000 | ¢ le AHMATUREO
*l \ci Qz
SO 2N233 =
Ql c___’ BUZZER
2N508 — J D coiL
D

vevevsessersssnssess PARTS LIST revrecensearernnennes

B1-—Two 1.5-volt flashlight cells in series ( Bur
gess Type 1 or equivalent)

C1-—50-uf.. 3-wv.d.c. electrolytic capacitor

Q1—2N508 transistor

Q2—2N233 transistor

R1—100-0hm, Vi-watt resistor

R2—1000- a/lm potentiometer. linear taper

S1-—S.p.s.t. push-button or snap-action switch-
see text

1-—Door buzzer. modified see text

1-—Toy machine gun or materials for homemade
version—sce 16x4

Misc..—Perforated board. wire.
etc.

older. hardware,

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. —{30—
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BIGGER BASS FROM
BROADCAST SETS

By R. H. DECKER

I,

HERE 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 pro-
gressively less feedback at lower frequencies. This results in bass
boost plus a reduction in distortion 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. Before installing the circuit, remove the
chassis from the cabinet 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 C1I is connected to the unbypassed
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 chassis 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~

1

o

The audio section in most
older a.c./d.c. receivers is
similar to the circuit shown
here; tube V1 is typically a
12SQ7 or 12AT6, tube V2 is
often a 35L6, 50L6, or 50BS5.
Although the necessary com-
ponents can be easily added
to older radios, it's usual-

VOLUME

CONTROL | = T

J_ 3 ly more difficult installing
AW ——| iz them in receivers which em-

) ne L0471, E ploy printed-circuit boards.
=i B+ =3 N
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THE WHISTLE SWITCH

A cinch to build,

this whistle-operated relay

will turn electrical equipment
on or off from distances
up to 100 feet

By MARTIN J. LEFF

N A LARGE mid-town Manhattan

photo studio, the photographer had
just finished posing his pretty model.
“We're ready to shoot now,” he said;
“hold it while I switch on the lights.”
Expecting him to turn and walk to the
distant wall switch, the model was under-
standably startled when he merely put
his fingers to his lips and emitted a
piercing whistle. But, in instant response
to his signal, the great banks of lights
overhead flicked on.

The photographer was using a varia-
tion of the “Whistle Switch.” Responding
to a whistle of the “puckered lips” vari-
ety, this unit will turn electrical equip-
ment on or off from up to about 15 feet
away. The range can be increased to
some 50 feet by using a *lips and fingers”
whistle, and mechanical whistles—such as
the ‘police” type—will actuate the
switch at distances up to about 100 feet.

Definitely more economical than the
conventional radio remote-control system,
the Whistle Switch costs about $30.00 to
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build—much less than that if you already
have some of the parts on hand.

About the Circuit. The whistle com-
mand is picked up by the carbon micro-
phone (MIC) and converted to an elec-
trical pulse. Amplified by transistors @1
and @2, the pulse charges capacitor C}
(which is connected in Q2's collector cir-
cuit). Relay KI1's coil, connected in
parallel with capacitor C}4, is then ener-
gized—and KI's contacts close, connect-
ing the 117-volt line to the coil of latch-
ing relay K2.

With K2's coil energized, that relay’s
contacts switch from ‘‘off” to ‘‘on,” or
from ‘“on” to “off,” depending on which
position they were originally in. Then,
as soon as the whistle stops, capacitor C}
discharges, opening K['s contacts and
de-energizing K2. The contacts of K2,
however, remained locked in whichever
position they were switched to.

Since K2's contacts control the line
voltage to outlet JI, any device plugged
into that outlet will be ‘“whistle-con-
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Begin construction by tempo-
rarily fastening the two termi.
nal strips to a board. After
wiring as shown at right, re-
move assembly from board
and mount in utility box.

trolled.” One whistle will turn it on, the
next will turn it off, etc.

The sensitivity of the Whistle Switch
is governed by potentiometer R1, which
acts as a mike gain control. Resistors
R3/R} and R6/R7 are voltage dividers,
supplying bias for transistors Q1 and @2,
respectively. Coupling capacitors C1, C2,
and €3 also act (in conjunction with R1,
R4, and R7, respectively) as high-pass
filters. The filtering action reduces the
circuit’'s response to low-frequency noises
(voices, etc.), while having no effect on
the response to whistles.

Power for the Whistle Switch comes
from the a.c. line via low-voltage trans-
former T1 and a rectifying and filtering
circuit consisting of diodes DI and D2,
capacitors C5 and C6, and resistor R9.
Resistor R8 is a bleeder for the powcr
supply.

Construction. All of the components
within the dotted box on the schematic
diagram are mounted between two 10-lug
(none grounded) terminal strips. Begin
construction by temporarily screwing
these two strips (parallel to each other
and 2” apart) to a wooden board. Then
wire the components to the strips as
shown in the pictorial diagram of the
assembly and in the schematic. Install a
6” lead at all points where a wire must
run from the assembly to another part
of the circuit. These points are lettered
“A” through “I"” in both the pictorial
and schematic diagrams.

The completed terminal strip assembly
is removed from the board and mounted
under the top of a 6” x 3” x 4” aluminum
utility box (see photos). Transistors Q1
and @2, as used in this circuit, are quite
temperature-sensitive. Therefore, they

28
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PARTS LIST

C1, C2, C3—0.1-uf., 200-volt papcr capacitor
Cq4—2-pf., 25-w.vd.c. electrolytic capacitor

5, C6—50-uf.. 25-w.v.d.c. elcctrolytic capacitor
D1, D2—1N1692 diode (Gencral Electric)
J1—Surface-mounted duplex outlet (household

type)
K 1—Scnsitive relay; 2300-0hm, 4.6-ma. coil

(Sigma 11F-2300-G/SIL or equivalent—see
text)

K2—Ratchet-impulse relay. 115-volt a.c. coil
(Potter & Brumfield AP114 or equivalent—
see text)

MIC —Telcphone-type carbon microphone car-
tridge—sce text

Q1, Q2—2.N631 transistor ( Raythcon)

R1—10,000-0hm potentiometer. lincar taper

are snapped into a couple of fuse clips
(which act as heat sinks) fastened next
to the terminal strip assembly.

Potentiometer R1, switch 81, and relay
K1 are mounted on the front panel of the
utility box. Since one side of the a.c. line
will appear on the frame of relay K1, the
latter must be insulated from ground.
The author solved this problem by in-
stalling K1 on a small square of insulat-
ing material which, in turn, was fastened
to the panel. If you prefer, you can use
a Sigma 11F2-2300-G/SIL for K1 instead
of the unit specified in the Parts List;
the two relays are identical, except that
the former is already mounted on an in-
sulated base.

Mount transformer T1 and relay K2 on

ELECTRONIC EXPERIMENTER'S HANDBOOK



the bottom of the box. The transformer
is located as far as possible from sensi-
tive relay K1 so that K1 won't be affected
by the transformer’s magnatic field.

The relay specified for K2 in the Parts
List was used primarily because the au-
thor happened to have it on hand. It has
two sets of s.p.d.t. contacts. One of these
was not employed in this application;
the other was used as a s.p.s.t. switch.
Any similar relay will work in this cir-
cuit as long as it has a 117-volt coil and
at least one set of s.p.s.t. contacts.

Outlet J1 is located on one of the sides
of the box cover, and both its cord and
the line cord enter the box through
grommeted holes near the outlet. A sim-

TN ap———

ilar hole at the bottom of the front panel Completed Whistle Switch is shown
accepts the cord from the microphone. above. Mike is in separate box
To prevent the microphone from pick- to prevent pickup of relay noises.

ing up noise from relays K1 and K2, it

R2—3300 ohms \
R3—1 megohm. 5% | K2
R4—10,000 ohms, 5% 1 ol 10%, YVi-watt LRAEE:\C;NG

R5—10,000 olhms
R6—750,000 ohms, 5%
R7—4300 ohms, 5%
R&§—2200 ohms, 1 watt {
R9—100 ohms, 2 walts J
S1—D.p.s.t. switch
T1—Filament transformer; primary, 117 volts;
secondary, 26.5 volts CT @ 0.6 ampere (Thor-
darson 21127 or equivalent)
1—6" x 5” x 4”7 aluminum utility box (Bud
CU-2107-A or equivalent)
1—234” x 24" x 154" aluminum  utility box
(Bud CU-2100-A or equivalent)
10-lug  (none grounded) terminal strips
(Cinch-Jones 2010 or equivalent)
Misc.—Fuse clips, #16 and #22 hookup wire,
zip cord, line cord and plug, grommets, etc.

R3 RS
IMEG 10K

resistors unless '
otherwise specified !
: NOT

USED
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schematic are part of the termi- 2 9 *-—
nal strip assembly (above, left). 20631
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THREADED
RING

MIKE
CARTRIOGE

Method of mounting mike on box will vary
with type of cartridge employed. Author’s
instaliation (see text) is illustrated here.

is mounted in a separate utility box
(29”7 x 27 x 1°%”). A carbon mike,
salvaged from a government-surplus
handset. was used by the author. The
threaded ring sealing the carbon cham-
ber was removed and re-installed as a
retaining ring to hold the microphone in
place on the box's front panel (see

TERMINAL STRIP
ASSEMBLY

MIC

Positioning of termi-
nal strip assembly
can be seen in the
photo above (note
fuse clips used as
heat sinks for Q1 and
Q2). View at right
shows wiring as-
sociated with cover.

30

drawing). If you use this method of in-
stallation, be careful not to spill any of
the carbon granules while you have the
ring unscrewed.

A 5’ zip-cord cable is attached to the
microphone and run out of the utility box
through a grommeted hole. In the model
shown, one lead of the mike cable was
grounded to the box because the threaded
retaining ring (automatically grounded)
also serves as one of the mike contacts.

Now run the mike cord and a heavy-
duty line cord into the main box and
complete the wiring. Trim each lead from
the terminal strip assembly. as you come
to it, to an appropriate length. Use #16
hookup wire for the leads running from
S7 to JI and the contacts of K2. Else-
where, #22 wire may be used.

Operation. Plug the apparatus to be
controlled into JI, plug the Whistle
Switch into the line. and close SI. Set
the microphone well away from the main
unit. The sensitivity control (R1) should
be adjusted so that the relays just re-
spond to your whistle under actual op-
erating conditions.

Because of manufacturing variations
in the transistors, the sensitivity of your
unit may vary from that of the author's
model. If the sensitivity is too high (re-
lays respond to extraneous noise regard-
less of the setting of RI), increase re-
sistor R3 to 1.5 megohms. Should the
sensitivity be too low (relays don't re-
spond at all), try reducing R3 to 750,000
ohms.

The power-handling capacity of the
Whistle Switch depends primarily on the
rating of relay K2's contacts. With the
relay specified here. loads up to about
600 watts can be safely controlled. —{30-
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IDIOT LIGHTS OUT
-« MIETERS IN

No way to keep tabs
on your car’s exact
engine temperature?
Then dump those
“idiot lights” and
replace them with
this all-electronic
temperature gauge!

By
CHARLES CARINGELLA
WENJV

AS you no doubt know, the temperature
gauge is one ‘‘standard equipment”
item that is missing from a good many
cars. In fact, a colored light is often the
only indication that there's trouble brew-
ing somewhere in the auto’s cooling sys-
tem. And all too often, its warning
comes too late.

While canvassing the auto parts houses
in search of a suitable temperature gauge
for his automobile, the author decided
that he wanted a more versatile instru-
ment than the types commonly available.
An electronic temperature gauge was his
solution.

The model shown was designed to op-
erate as ‘“‘universally’ as possible. It will
work on either a 6- or 12-volt, positive-
or negative-ground system with simple
circuit modifications. In addition, it can

1963 Edition

be constructed for less than $10.00—
cheap “insurance” against costly auto
engine repairs from almost anyone's
point of view. And it can be duplicated
by virtually anyone without the need for
test equipment or tricky adjustments.
There are several advantages in using
an electronic temperature gauge. First,
a single-conductor lead of any length can
be run from the sensing unit to the
meter assembly. Secondly, its response
time is much faster than that of many
other gauges—bourdon-tube types, for
example. Last of all, any number of
sensing units can be switched; this fea-
ture should be of value to auto enthusi-
asts and race-car drivers who would like
to monitor cylinder-head and oil temper-
ature as well as water temperature.
The model was carefully temperature-
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calibrated, and, as long as the specified
components are used, this calibration
should be accurate enough for your unit,
A meter face has been reproduced as part
of this article and need only be traced,
cut out, and glued in place.

About the Device. The “heart’” of the
electronic temperature gauge is a ther-
mistor (RT1), which serves as the sens-
ing element. Technically speaking, a
thermistor is a resistor that has a nega-
tive temperature coefficient—that is, its
resistance decreases tremendously as its
temperature rises, and increases marked-
ly as its temperature falls. By contrast,
an ordinary resistor has a positive tem-
perature coefficient; its resistance in-
creases (although only slightly) as its

f i
160 190
P 22

New face for
milliammeter

TEMPERATURE gan l?e plrep::red

y simply trac.

O O ing this drawing.
PARTS LIST

Di1—Zener diode, 5.6 volts,
35%. 400 mw. (Texas In-
struments IN752 or equiv-
alent )

M1—0-1 ma. miniaturc d.c.
milliammeter (Lafayette
T1-400, or equivalent)

RI1—150 ohms all resis-

R2, R3—100 ohm.Ytors V-

RI—1500 ohms ‘wart, 5%

R3—68 ohms (for 6-volt
svstems) or 330 ohws (for
12-volt systems)

RTI1—Thermistor (Fenwal
KB23J1—available from
Allied Radia. 100 N, WWest-
ern Ave., Chicago 80, 1.,
as 2 10 FE 194)

1— Printed-circuit board-
see fext

Misc.—Wire, solder, etc.

Plastic cover must be re-
moved from meter to permit
installation of new meter
face. Rubber cement holds
new face securely in place.
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Bridge circuit is heart of electronic
temperature gauge. Resistance of ther-
mistor RT1 varies with temperature,
upsetting bridge balance, and caus-
ing current flow through meter MI1.

temperature rises, and decreases as its
temperature falls.

The thermistor is inserted into one
leg of a bridge circuit—see the schematic
diagram. At some temperature, the re-
sistance of the thermistor is equal to the
resistance of resistor R1, which is in the
opposite leg of the bridge. In this con-
dition, the bridge is balanced and no cur-
rent flows through the meter.

Whenever the thermistor is heated,
however, its resistance drops, causing
current to flow through the meter. In
order to read temperature rather than
current, the meter scale is calibrated
directly in degrees Fahrenheit.

The circuit is powered by the automo-
bile battery. Unfortunately, battery volt-
age is not always constant; furthermore,
since the generator is across the battery,
its output voltage exceeds the bat-

e _BLASTIC COVER
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tery voltage during the charging period, o

and the output of the generator will vary ; .
with engine speed. ‘

These voltage fluctuations would nat- } .
urally disturb the overall accuracy of the
instrument, had they not been eliminated
with zener diode D/, which keeps the
voltage applied to the bridge at a con-
stant 5.6 volts d.c. regardless of what the
actual battery voltage might be.

Construction. Begin construction by
carefully removing the plastic cover
from the front of the meter. (The cover BOSTIE
is held by two snaps on either side and TERMINAL
can be pried off with a small knife.) Re-
move the two screws which hold the me-
ter face (see photo), and carefully slide
the face out from under the pointer.
(The pointer is extremely delicate, so
hands off!)

Cut out the new meter face, including
the two holes for the screws. Apply a
thin layer of rubber cement to the
front of the old meter face
and also to the rear of the new
one. Join the two together, being
careful to align the two screw
holes in the process. Then
mount the new meter face on
the meter movement once again
and snap the plastic cover back
in place.

The entire circuit, except for the
thermistor sensing probe, is con-
structed on a printed-circuit board.”
(If you wish, a piece of perforated
phenolic board can be used in place of i )
the printed-circuit board, with the com- Fn"tt;'es':‘ne;flr a:;f"{'g'g;;" g,eu'r':‘sﬁ":‘:g
ponents mounted exactly as shown. A bracket and bolted to underside of auto-
similar point-to-point wiring arrange- mobile dashboard, as pictured below.
ment can then be used on the underside
of the board.)

The hookup shown in the schematic
diagram is for the conventional negative-
ground system. If your automobile em-
ploys a positive-ground system, reverse
the zener diode connection so that the
banded end is connected to ground, and 3 BRAGRET
reverse the meter connections so that . S l
the positive terminal is connected to the
junction of resistor R1 and thermistor

AUTO
BATTERY
+

GROUND

T0
THERMISTOR
TO BATTERY(+)

/TO BATTERY(-)

Special printed-cir-
cuit board which is
mounted directly on
back of milliam-
meter holds major-
ity of components.

ALUMINUM

--—METER

RT1.

It was decided to monitor the oil tem- \
perature, since the author’s car is air-
cooled rather than water-cooled, and oil =

“The printed-circuit board is available for $1.00
postpaid, from SESCO, Box 7)88, Alta Loma, Calif.
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OIL DIPSTICK

TO AUTO
CHASSIS GROUND
{OPTIONAL)

temperature is probably a better all-
around indication of an engine’s cooling
efficiency. Accordingly, the thermistor is
mounted in a special housing on the oil
dip stick and soldered into the end of a
piece of copper tubing which is slipped
over the dip stick.

One end of the thermistor should be
soldered to the copper case, and the
other end connected to the lead running
to the electronic assembly. A separate
ground lead to the auto chassis will prob-
ably be required, although the contact
between the dip stick and the engine
block may be good enough to make such
a lead unnecessary. Since the original
oil-level markings will have been covered
up, it will be necessary to scratch new
ones on the outside of the copper tubing.

If it is desired to monitor cylinder-

(I

SOLDER

Disc-type thermistor isn't much
larger than the head of an ordi-
nary household match, yet it func-
tions as the ‘‘sensing unit’’ for
the electronic temperature gauge.

HOLE FOR

COTTER PIN INSULATED WIRE THERMISTOR

SOLDER COPPER SOLDER CRIMP
TUBING END
FLAT

Thermistor can be mounted either
in a modified oil dip stick (above)
for measuring oil temperature, or
in a simple housing (below) for
monitoring temperature of cylin-
der head. See text for details.

THERMISTOR  SOLDER
DRILL HOLE
CRIMP END
Q FLAT
TEMPERATURE COPPER TUBING

GAUGE
SOLOER

THERMISTOR

head temperature, a simple housing can
be made. The thermistor is mounted in
a short piece of copper tubing, with the
tubing crimped at one end and flattened
along with one of the thermistor leads.
The flattened end is drilled so that it can
be bolted to the cylinder head.

Take care not to overheat the zener
diode when soldering it to the board, and
be certain to connect the electronic
temperature gauge to the ignition switch
so that the gauge is in operation only
when the automobile is running. —30—
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BANANA PLUG SPLICE

Many experimenters have standardized
their test leads by attaching a banana
plug to both ends of each one. It’s a good

34

idea, because the hollow end of a stand-
ard alligator clip can be easily slipped
over one of the plugs. It's not so easy,
however, to connect a pair of standard
test leads in series unless you have a
supply of banana plug splices like the one
pictured here (H. H. Smith No. 245 or
equivalent). If the local parts dealer
doesn’t have a stock of these little-
known items, you can probably obtain
them from your favorite mail-order
house. —William E. Bentley
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TRANSISTORIZED

This transistor-triggered B-C pack

AVE YOU EVER had a flash bulb

misfire when shooting a “once-in-a-
lifetime” picture ? Flash-bulb failures are
all too common, but you can stop them
from happening by investing a few hours
of your time and about five dollars of
your cash in this simple transistorized
“Power Flash” unit.

Why Flash Bulbs Don't Fire. By far the
most common cause of misfiring is lack
of current. Most of the older flash guns
(and some of the inexpensive modern
ones) were designed to fire bulbs by plac-
ing them in series, through the camera
shutter contacts, with a pair of flashlight
batteries. After batteries of this type
have been used for a while, however,
their internal resistance becomes high
enough to make them undependable for
delivering the large amounts of current
needed to fire a flash bulb.

To overcome this problem, the battery-
capacitor (“B-C’) flash gun was devel-
oped. In these units, a capacitor is slowly
charged to about 22 volts, then sud-

Top view of completed “‘Power Flash'' is shown below, left. Underside, with protective cover removed,
15 shown below, right. The four small screws near the edges of the cardboard (see underside) hold
the cover in place. Construction is extremely simple, but be sure to observe polarities of B1 and C1.

CARDBOARD ¢ *_ 20 x 3"
CHacoratO 20X ¥ SCREW

J3
Wl (ACCESSORY SHOE
CONTACT)

SOLDER TERMINALS
28 3 TOGETHER
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POWER FLASII

makes flash bulbs fire every time

denly discharged through the flash bulb
when the camera shutter is tripped.
Plenty of firing current is assured, even
with weak batteries. Just as in the
straight battery system, however, all of
this current must pass through the deli-
cate shutter contacts. These contacts fre-
quently become pitted after a little use,
develop a high resistance, and operate
erratically.

The Power Flash described here com-

weesssnnsnnasssreses PARTS LISTeersersemmemmanssnnns

B1—>Miniature 22%-volt battery (Burgess UlS
or equivalent)

C1—100-uf., 25-w.v.d.c. electrolytic capacitor

J 1-——Open-circuit phone jack. subminiature type
(Switcheraft 41 or cquivalent)

J2-—Closed-circuit phone jack, subminiature type
(Switcheraft 424 or equivalent)

J3—Accessory shoe contact (sce lext)

Q1—2N307 transistor

R1, R2, R3—1000-0hm, %-watt resistor

1-—Battery holder (Keystone 177, or equivalent)

Misc.—Perforated board or drafting cardboard,
transistor socket—if used, plugs jor J1 and J2,
hardware, elc.

sesessEsEsEsBEBEREBERERERUfsYSRERER D "
esEbesanNisenasEREEREsARERAERERESSRE

It’s not too much work to wire the Power Flash, as
vou can see from the pictorial diagram. Extra flash-
gun jack can be added, if desired, to left of J2.

POWER
TRANSISTOR
SOCKET

2n307

P
ac

Eo 9
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By JIM KYLE, K5JKX/b

bines a “B-C” unit with a transistorized
electronic switch. All of the firing cur-
rent passes through the transistor, and
only about %o of an ampere of control
current passes through the shutter con-
tacts. With this device, you can fire up
to five flash bulbs at once through 100
feet of extension cord. The author tested
it with a shutter which refused to fire a
conventional flash gun at even the slow-
est speeds and was able to obtain per-
fect synchronization at 'sw of a second.

About the Circuit. The shutter's syn-
chronizing mechanisms is connected to
the Power Flash unit via jack J3. When
the shutter contacts are open, the base
of transistor @1 receives a positive bias
through resistors R! and R2. The bias
prevents current flow between the emit-
ter and collector of the transistor. In
this case, @/ is esentially out of the
circuit and capacitor CI receives a charge
through resistors R1, R2, and R3, and
the flash bulb connected at jack JI. An
additional bulb can be connected, if de-

Schematic diagram of transistorized Power Flash.
Transistor Q1 is wired as electronic switch, con-
trolling discharge of Cl through flash-bulb circuit.

R3
looon
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sired, at jack J2—but if only one bulb is
used, J2's self-shorting contacts remain
closed to complete the circuit.

During the charging, not enough cur-
rent passes through the bulb, or bulbs,
to cause firing. When the shutter con-
tacts close, however, Q1's base is placed
at collector potential, reducing the re-
sistance between the emitter and collec-
tor to less than an ohm. Capacitor C1
then discharges through the transistor,
firing the bulb, or bulbs. The current
through the shutter contacts, though, is
never more than about 11 ma.

No on-off switch is included since, with
no flash bulb connected, the only drain
on battery Bl is QI's base bias current
—something less than 10 microamperes.
It’s possible, incidentally, to connect one
more flash-bulb jack in series with JI
and J2. Make sure that this jack, like J2,
is of the closed-circuit type so that, if it
isn't being used, the circuit will be com-
plete. If only one flash bulb is employed,
of course, it should be connected at J1I.

Construction. To keep down both weight
and cost, the author built the unit on a
chassis made by sandwiching together
two 2%” x 3” pieces of heavy drafting
cardboard. You might, if you prefer,
use sections of perforated phenolic board
instead.

Capacitor C1, the battery holder, jacks
J1 and J2, and transistor @1 are mounted
on one side of one of the cardboard
pieces. Though a transistor socket was
used by the author, it's not really neces-
sary. Resistors R1, R2, and R3 are in-
stalled on the other side, where all of
the wiring is carried out.

The second cardboard piece, fastened
to the first with four sets of 4-}0 screws

and nuts, serves to cover the wiring. A
small section is cut out of it to allow
clearance for the two jacks; and extra
nuts on the fastening screws, located be-
tween the two pieces, act as spacers.

A short length of zip cord serves to
connect the Power Flash to the camera.
On the author’'s camera, the shutter
terminals were located inside the acces-
sory shoe. A small square of cardboard,
of the proper dimensions to slide into the
shoe, was cut out and two }-40 screws
were mounted on it. The screws were
spaced so that their heads would con-
tact the terminals, and the two leads
from the zip cord were attached under
the nuts on the other side of the card-
board. Your camera may be fitted with
a small coaxial jack instead of accessory
shoe terminals; if so, pick up a plug to
match it at your local camera store.

If you're not planning to mount your
camera on a tripod while taking flash
pictures, you can fasten the Power Flash
to the camera’s tripod socket with a
117-20 x %” screw as the author did. If
you prefer not to tie up the tripod socket,
an alternate mounting method can easily
be worked out.

Operation. Just connect the Power
Flash unit to your camera, install the
battery (being careful to observe the
proper polarity ), and plug your flash gun
into J1. The flash gun, of course, should
be of the extension type—such as the
“*Accura Extension Flash” or the ‘B-C
Pocket Flash Extension.’”” It should have
no batteries or circuitry of its own.

After a bulb is inserted in the flash-
gun socket, capacitor CI charges within
half a second and the Power Flash is
ready for use. 30—
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CAPACITOR STABILIZES SOLAR CELL

If you're using energy from the sun to
power a piece of apparatus, here's a way
to keep your solar cell’s voltage output
more constant. Just connect, in parallel
with the cell, a 400-uf., 10-w.v.d.c, electro-
lytic capacitor (Mallory 1040A or equiva-
lent). During periods of illumination, the
large capacitor charges to the cell's output
voltage. Then, if the light is dimmed (by a
cloud passing in front of the sun, for in-
stance), the capacitor slowly discharges
through the circuit, maintaining the output
voltage near the original level. Don't try
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to use this idea with miniaturized equip-
ment, though: the Mallory capacitor speci-
fied measures 17" x 3%"”, and the dimen-
sions of equivalent capacitors will be about
the same. When conecting the capacitor, be
sure to observe the proper polarity.
—Rufus P. Turner

+
TABILIZED

+
DC
sotarR " Tiooo,r  OUTPUT
10V

CELL
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By R. L. WINKLEPLECK

“ RAOST OF US in this country,” warns a recent Federal Civil Defense Ad-

ministration booklet, “live within fallout range of same target which
it might be important for the enemy to destroy.” “Faliout,” of course,
causes the residual radiation from a nuclear explosion. Consisting of par-
ticles of radioactive dekris which have been carried into the upper air by
the force of the blast, it drops to earth over a wide and only generally
predictable area.

The “Radiation Fallost Monitor” described here provides o means for
keeping track of the radiation level in your neighborhoad. Using one of



RADIATION
FALLOUT
MONITOR
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the least expensive Geiger-Mueller tubes
available, the unit will give you a good
idea of the natural radiation density—
and any deviations will be immediately
apparent. Using little current, it can be
left operating continually to serve as a
round-the-clock monitor.

This monitor, however, is to be con-
sidered only as an extra household pre-
caution. The most reliable source of
emergency information continues to be
your local Civil Defense office. They'll
know if the radiation from fallout has
reached a dangerous level, and will ad-
vise you of the necessary protective
measures to take.

About the Circuit. The approximately
800 volts required for the operation of
the Geiger-Mueller tube (V1) is devel-
oped by a voltage-multiplier circuit con-
sisting of diodes DI1-D6 and capacitors
C1-C6. Resistor R1 and capacitor C7 act
as a filter network, and load resistor R2
tends to prevent excessive voltage fluctu-
ation.

Don't attempt to check the supply
voltage with a VOM, incidentally. You
won’t get a correct reading because even
the high resistance of this instrument is
enough to cause an overload. A VITVM
with a high-voltage probe must be used.

The output of the supply is fed to V1
through current-limiting resistor RJ.
Ordinarily, this voltage is not enough to
cause V1 to conduct. But when the glass

ELECTRONIC EXPERIMENTER'S HANDBOOK
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C1, C2. C3, C4, C5, C6. C10—0.1-pf., 400-volt
papcr capacitor

C7—0.1-uf., 1000-volt paper capacitor

C8—20-uf., 200-volt clectrolytic capacitor

C9—500-uuf. mica capacitor

D1, D2. D3, D4, D5, D6, D7—1N2070 diode
(Texas Instruments)

11—NE2 neon lamp

R 1—270,000 ohms

R2—10 megohms

R3—22 ohms

R4—2.2 megohms

R5--47.000 ohwms. 1 wats ]

all th-watt, 5%
resistors unless

¢k j. cified
R6—1000 ohims, 2 watls i g g

R7-—1.2 megohms

wall of the tube is penetrated by a par-
ticle of gamma radiation, the halogen
gas inside ionizes for an instant, allow-
ing conduction. This causes a positive
pulse of a few volts to appear across RJ.

Thyratron tube V2 serves to amplify
the pulse. Its plate is supplied with ap-
proximately 170 volts by a separate
power supply consisting of transformer
T1, diode D7, current-limiting resistor
R3, and filter capacitor C8. The voltage

1963 Edition

V2 HEATER

Pulses from G-M tube V1 are ampli-
fied by thyratron V2, then fed to
speaker and neon lamp indicator |1

R8—470,000 ohms. Vo watt, 5%
SPRR-—1'5" miniature speaker, 10-ohm
coil (Lafayeite SK-61 or equivalent)

T 1=—Power fransformer; primary, 117 volts a.c.;
secondaries. 125 volts @ 15 ma.. 6.3 volts @
0.6 amp. (Stancor PS-8415 or equivalent)

T2—Mbuature output transformer, primary,
2000 ohms; secondary, 8-10 ohms (Lafayette
TR-93 or equivalent

VI—CA 1026 Geiger-Mucller tube ( Raytheon)

V2-—20350 thyratron tube

1-—34” x 7'1” section of perforated board

Misc.—Wooden. plastic, or metal box, screen
wire and scrap aluminum for speaker opening,
serap Lucite for 11's window. hardware, ctc.

voice

feEssuesGssesEAeEsssususERRAREBERE

is delivered to V2 through load resistor
RS, and V2’s cathode is biased about 4
volts positive with respect to its control
grid by means of voltage-dividing re-
sistors R5 and R6.

With no voltage across R}, the cathode
bias prevents the thyratron from con-
ducting. But when a radiation particle
causes a positive pulse to appear across
that resistor, V2's grid swings positive
and conduction occurs. The instantane-
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Views of both sides of the perforated board clearly show locations of the major components. Di-
odes D2, D3, D4, and D5, however, are mounted In the spaces between capacitors C1 and C6 and
are not visible. The line connections are made via a pair of metal terminals inserted near C1-—C6.

ous voltage drop across R8, caused by the
current drawn by the conducting thyra-
tron, is fed through capacitor Ci10—
ionizing neon lamp /1. This gives a visual
indication of the presence of the particle
and also induces a voltage in the second-
ary of output transformer 72, causing
the speaker to click.

Thyratron V2 would normally continue
to conduct, even when the pulse disap-
pears from the control grid. However,
the instantaneous voltage drop across R8
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is large enough to reduce the plate volt-
age of the thyratron to the point where
conduction cannot be maintained. There-
fore, the tube cuts off, the load disap-
pears from RS, and the plate voltage
rises in readiness for the next pulse. This
conduction/non-conduction cycle can be
repeated a maximum of about 60 times
per second.

Construction. The circuit is assembled
on a 314” x 7Y4” section of perforated
board. All of the components are mounted

ELECTRONIC EXPERIMENTER'S HANDBOOK
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on one side of the board and (in most
cases) their leads are passed, through
convenient perforations, to the other
side. Here, the actual wiring is carried
out; make all connections point to point
and cover bare leads with spaghetti
wherever necessary.

In some cases, the author ran compo-
nent leads through brass eyelets installed
on the board, rather than directly
through the perforations. The eyelets
make convenient junction points and, if
all leads passing through are soldered
in place, provide an extra-rigid mounting.

Thyratron V2 is mounted horizontally,
its socket being installed on a home-
made aluminum “L"” bracket. The exact
dimensions of the bracket are not impor-
tant, but see that the socket is raised
high enough above the circuit board so
that V2 will clear all of the components.

The Geiger-Mueller tube (V1) is held
in place by a spring clip mounted on a
machine screw and nut which, in turn,
are anchored to the board. This elip also
serves as a contact to the outer shell,
or cathode, of the tube. It’s connected
into the circuit via a solder lug installed
under the screw head.

Tube V I's central pin, or anode, passes
through a small hole drilled in another
machine screw mounted near the tube. A
second solder lug is similarly installed
to connect the assembly into the circuit.
Run a nut down the screw to make a se-
cure electrical connection with the pin,
but make it only finger-tight (this also
applies to the nut holding the cathode
clip). Excess pressure can easily ruin
the tube.

The speaker specified in the Parts List
is a bit larger than the one actually used
by the author. It makes for a slightly
tighter fit on the board, but has the
advantage of being provided with its own
mounting lugs, and it gives more volume
as well. No great change in the relative
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component positions shown in the photo-
graphs is required.

The author installed his completed cir-
cuit board in a wooden box which origi-
nally contained “Christmas” after-shave
lotion. The speaker opening on top of the
box was covered with black screen wire
and decorated with the familiar radiation
warning symbol (cut from a scrap of
sheet aluminum). Flashes from the neon
lamp are visible through a piece of Lucite
glued into the end of the box near /1.

A set of rubber feet was installed on
the box bottom-—giving enough clearance
for ventilating air to pass through sev-
eral holes drilled there. An exit for the
heated air is provided by the speaker
opening.

The housing for the board isn't criti-
cal, of course, and yvou can adapt any
metal, plastic, or wooden box which ap-
peals to you. Just be sure to make ade-
quate provisions for ventilation.

(Continued on page 165)

Author used shaving-lotion box (shown here with
cover off) as a cabinet. Any similar container
will serve if adequate ventilation is provided.
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WHY TUNE
BY EAR?

By ROCCOQ J. CARLUCCI

Tricky tuning,
says this author,
is strictly

a matter for meters

TM™-12 RI T0

‘ OST EXPERIMENTERS are well aware that the eye is far more
L “sensitive” than the ear, but a good many fail to put this ob-
servation into practice. Take the matter of receiver tuning, for
instance—a simple tuning meter can easily be added to almost any
AM receiver to make accurate tuning as simple as 1, 2, 3.

Two of the less expensive tuning meters on the market are the
Lafayette TM-12 (82.95) and the Radio Shack R94L106 ($2.88).
Instructions furnished with the Lafayette meter explain that it
should be installed in the cathode circuit of the receiver's last
i.f. stage. However, the author installed this meter in a Heath
XR-1P transistor portable, only to discover that the variations in
current were so small that the meter was insensitive even on the
strongest stations.

To remedy this situation, the author connected the meter between
the a.v.c. line and a positive reference point provided by the junc-
tion of a 100,000- and a 1000-ohm resistor (R and RZ2. respectively,
in the diagram above) across the battery. When the receiver is
mis-tuned, there is little or no a.v.c. voltage, so the difference in
potential across the meter is very small. However, when a station
is tuned in, the a.v.c. voltage is greatest, and the difference of
potential across the meter is also at a maximum. Naturally, the
amount of deflection will vary with the receiver circuit and the
value of the divider resistors used, so some juggling of values may
be necessary for optimum operation. ~30-
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Chapter

Hi-Fi and Stereo

HE world of sound continues to win the interest of an ever-increasing number

of experimenters. The projects in this chapter also run the gamut from the
simple to the complex, and they're certain to interest both the neophyte and the
enthusiast of long standing.

“Private FM Listening” (page 59) shows you how really easy it is to get good
sound from even an inexpensive tuner, while the “Starved Circuit Amplifier”
(page 75) will give you some idea of the fantastic gain capabilities of the pentode
voltage amplifier. A trifle more advanced, the “Mini-Mono/Stereo” (page 48) is
a small amplifier which, while not strictly hi-fi, delivers surprisingly good sound
from a circuit which is very straightforward and exceedingly tiny.

Probably the greatest opportunity for experimenting with sound lies in speaker
enclosures. With the exception of Britain’s renowned speaker authority, Mr. G. A.
Briggs, next to no one is likely to think of housing a speaker in a drainpipe; yet
the “"Drainpipe 8" (page 65) is a startling performer. And the “Stereo Sixteen
Plus Four” (page 51, and pictured on our cover) is a truly compact stereo speaker
system that achieves impressive stereophonic sound by bouncing the waves off the
room wall.

Mini-Mono, Stereo Leon A. Wortman, W2LJU 48
Stereo Sixteen Plus Four Jim Kyle 51
Transistorized Tremolo A. E. Donkin, W2EMF 55
Private FM Listening Art Trauffer 59
Printed-Circuit P.A. ... Forrest H. Frantz, Sr. 61
Clean Sound from Drainpipe 8 . David Weems 65
The Audio Pack , E. G. Louis 72
Starved Circuit Amplifier ‘Howard Burgess and Karl Anderson 75
Hi-Fi Hints 78
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Two dual-purpose tubes and an a.c./d.c. circuit
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explain this amplifier’s miniscule proportions

By LEON A. WORTMAN, w2LJU

AY SOMETHING about ‘“compact-

ness,” and most people think of tran-
sistorized equipment. But here's a tiny
vacuum-tube stereo amplifier that all but
puts transistors to shame. It not only
offers stereophonic or monophonic opera-
tion at the flip of a switch, but (believe
it or not!) it packs voltage amplifiers,
power amplifiers. tone and volume con-
trols—everything, in fact—on a single
14”7 x 51%” x 3” chassis!

Dubbed the ‘“Mini-Mono/Stereo,” this
miniaturized amplifier is equipped with
two separate channels for stereophonic
operation. A flip of the stereo/mono
switch, and the two “channels” become a
single monophonic ‘channel,” complete
with push-pull output.

Two In One. As you may have guessed
from the appearance of the unit, this
novel circuitry is made possible through
the use of a dual-purpose tube which ac-
tually contains two different assemblies
in a single glass envelope. The tube in
this case is the 35HBS8, which incorporates
both a triode voltage amplifier and a
pentode power amplifier. A semiconductor
contributes to the design, too, since a
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tiny silicon diode rectifies the a.c. line.

Power output of the Mini-Mono 'Stereo
is approximately 1 watt per channel 1n
the stereo hookup and about 1.75 watt
in the monophonic mode—more than ade-
quate for most low-level listening. Fre-
quency response is reasonably flat from
50 to 10,000 cycles. All told, considering
cost, simplicity, ease of construction,
and fidelity, this little amplifier prom-
ises considerable satisfaction for the
builder and hours of pleasure for the
listener.

Block diagrams of amplifier in monophonic (left) and
its circuit. In mono operation, tube V2a serves as a

MONO via ViB wwmm= T| oo SPEAKER

e
INPUT 1
RT

b V2A e 2B mew T2 SPEAKER
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PARTS LIST

Stereo and Mono. The block diagrams
show the separate stages and how they
are interconnected in both stereo and tor
mono. And reference to the circuit dia-
gram should quickly reveal how the \
changeover is made from one mode to the
other. R

When switch S1 is in the stereo or “S”
position, tubes V1 and V2 operate as

-

stereophonic mode (right) should help you understand
phase inverter, driving tubes V1b and V2b in push-pull
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separate amplifiers, each with its own
input and output jacks. But throwing S1
to the mono or “M" position connects the
grid of V2a to the junction of resistors
R7 and R8. Since this pair of resistors
functions as a voltage divider, a portion
of the audio signal coming from the plate
circuit of Via is fed to the grid of V2a.

This ‘“‘sample” is then amplified by V 2a.
Due to the ratio between R7 and RS, the
audio voltages appearing at the grids of
power amplifiers VIb and V2b are still
approximately equal in amplitude. But
because of the phase reversal within V 2a,
they are now 180° out of phase with one
another—a condition which is essential
for push-pull operation of V1b and V2b.

The “M"” position of SI also connects
the voice-coil windings of transformers
T1 and T2 in parallel. Thus, we have Vl1a
and V2a operating as a voltage amplifier/
phase inverter, driving V1b and V2b
functioning as a push-pull power ampli-
fier.

Incidentally, you’'ll notice that the
volume controls for the two separate
channels are actuated simultaneously
through the use of ganged potentiom-
eters. The same is true of the tone con-
trols; however, the volume and tone
controls for V2a are automatically dis-
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Wiring the Mini-Mono/Stereo will
require extra care, due to the ex-
tremely small size of its chassis.
Note that insulating washers must
be used under jacks J1 through J5.

connected from the circuit when the unit
is in the monophonic mode.

Wiring and Phasing. Since this is an
a.c./d.c. circuit, it's important not to
connect any of the circuit wiring to the
chassis proper. Use a common wire or
“busbar’ for the ‘“ground” connections
instead, and connect a 0.1-pf. capacitor
(C1) from the busbar to the chassis. In
addition, be sure to insulate all jacks (J1
through J5) from the chassis with fiber
shoulder washers.

Proper phasing of the voice-coil wind-
ings of T1 and T2 is especially important
in the monophonic hookup. Improper
phasing may be difficult to detect when
the unit is operating as a stereophonic
system, but you’ll have no difficulty pick-
ing up incorrect phasing in the mono-
phonic hookup, since the outputs will
tend to cancel each other. To correct this
condition, simply reverse the secondary
leads of either T1 or T2 at the output
jacks. (Do not reverse the terminations
of both transformers—just one!)

Your Mini-Mono/Stereo amplifier is
now complete, and you're all set for years
of pleasurable listening. Who would have
thought a vacuum-tube stereo amplifier
with such impressive performance could
be so small? 30—
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STEREO
SIXTEEN
PLUS
FOUR

Sixteen 5” speakers and
four 2" tweeters deliver
super-sweet stereo sound

from a single enclosure

By JIM KYLE

O STEREO SPEAKERS pose a space
problem for you? If so, here’s a com-
plete stereo speaker system, housed in
a single enclosure measuring less than
2 feet deep and 3 feet wide, which you
can build in a single weekend for less
than $50.00. Based on the principles of
the “Sweet Sixteen” (see January, 1961,
POoPULAR KELECTRONICS, p. 55), this
speaker system, consisting of sixteen 5”
units and four tweeters, reproduces the
full audible range with outstanding clar-
ity and definition. What’s more, it effec-
tively spreads the stereo effect over the
entire room rather than along the con-
ventional “line down the middle.”

The only “drawback” (if it is a draw-
back) to the *“Stereo Sixteen” is that it
must be placed against a wall so that the
sound will be reflected into the room.
(Its stereo effect disappears when the
sound is not reflected, due to the need for
greater ‘“spread” between the two

1963 Edition

“groups” of speakers.) When reflecting
from a wall, however, this system has
outperformed a hundred-dollar-plus, fac-
tory-assembled system hands down, both
in response and separation!

Despite the outcome of this compari-
son, the “Stereo Sixteen’ is admittedly
a compromise, since it is designed for
maximum performance in limited space.
As a result, bass response drops fairly
sharply below about 45 cycles, and the
high end tapers off rapidly above 14,000
cycles. The reasons for this are that the
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All major pieces are cut from
a single sheet of 4’ x5’ ply-
wood, with a minimum of waste.
Since the two speaker boards
are identical (see dimensions at
left), holes can be marked in
both panels at once. Speaker
system, wired as shown below,
has impedance of 8:-16 ohms.

— =

——

Wire speakers as shown here,
paying particular attention to
polarities. A 7.5-ohm, 10-watt
resistor in series with each
speaker array decreases damp-
ing and improves bass response.

small size limits the bass, while the inex-
pensive tweeters limit the high end.

Total enclosure volume is less than op-
timum for even a “Sweet Sixteen” sys-
tem, and individual speaker quality was
deliberately held to the minimum which
would produce acceptable results.

Ready to build it? Gather the neces-
sary materials and let’s begin.

Getting Started. If you have complete
confidence in your woodworking ability,
you can begin by cutting all pieces to
size as shown above. However, if your
carpentry skills are no greater than the
author’s, it’s best to measure each new
item against the preceding pieces.

The place to start is with the speaker
boards: cut them 20” square, and sand
the edges to eliminate splinters. Next,
take eight 5” speakers and two tweeters
and position them on one of the boards,
leaving a 2” margin on all four edges to
accommodate the 2” x 2” bracing which
will be attached later. When you have all
10 speakers positioned on the board,
carefully mark through each mounting
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hole with a soft lead pencil. Then remove
the speakers and put them to one side.

Place the marked speaker board over
the other one and drill through both
boards at each mounting hole, using a
146" drill; this serves the dual purpose of
providing screw-starting holes and mark-
ing both boards simultaneously. Next,
draw lines to connect opposite mounting
holes so as to locate the center of each
individual speaker, and insure that each
speaker will be concentric with its hole
in the final board.

When all speaker centers have been
marked, you're ready to mark and cut the
speaker holes. A saber-saw or power jig-
saw is best for cutting the large holes,
while the 1'4” holes for the tweeters are
best cut with either a hole saw or an ad-
justable circle cutter in a power drill.

After you have cut all 20 speaker
holes, take one of the 20” 2 x 2's and at-
tach it firmly to one edge of one speaker
board, using at least three wood screws;
this will be the back brace. Next, attach
the other speaker board to the adjacent

ELECTRONIC EXPERIMENTER'S HANDBOOK
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edge of the 2 x 2 to form a right-angled
corner.

At this point, you're ready to mark
the top and bottom panels for cutting.
Place a length of 2 x 2 along what will
be the 29” edge of one of the panels.
Position the speaker-board assembly on
the panel against this temporary spacer,
and check to see that the 17” depth al-
lows the panel to overhang approxi-
mately '5” beyond the back brace at this
point; if it does not, make the panel
deeper or shallower until it does. Mark
the cutting lines square with the edges,
and cut both the top and the bottom
panels the same size. Then sand the cut
edges lightly to remove splinters.

Wiring the Speakers. Remove the
speaker boards from the back brace and
attach all the speakers to them. (No.
6 x %” sheet-metal screws are excellent
for mounting the speakers, since they
hold more firmly in the plywood than
most other types.) After all the speakers
are attached to the boards, wire them as
shown on the previous page.
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seneenmemnns BILL OF MATERIALS======memeenns

1-—4' x 5’ sheet of 2” plywood, cut into:
2——20" x 20” sheets (speaker boards)
2—17” x 29” sheets (top and bottom panels)
121" x 297 sheet (front panel)

28" lengths of 2 x 2 framing stock, cut into:
4—18” lengths
320" lengths
225" lengths

2—20" x 1”-diameter dowel rods

72—No. 8 x 1”7 flas-head wood screws

80-—No. 6 x V2" sheet-metal screws

16%~-5" speakers (Quam 5415, Lafayette SK-

26. Olson $-336, or equivalent)

4*—2" tweeters (Oaktron 3C8T, Jensen P-

35VAH, or equivalent)

2-—~4-uf. capacitors (non-polariged electrolytic or

paper)

2-—7.5-0hm, 10-watl resistors

1 Sq. yd. acoustic padding (or 6 papier-mache

egg cartons—sce text)

Misc.—Wire staples or thumbtacks, wire, solder

*A complete set of speakers for the “Stereo Six-
teen Plus Four” is available from Radio Shack
Corp., 730 Commonwealth Ave., Boston 17,
Mass. Catalog No. 40K508X028, the “kit” is
priced at $24.00, plus postage.

When wiring, make certain that the
speakers are correctly phased—i.e., that
they are so connected that the cones all
move in the same direction at the same
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Begin construction by placing speakers
on speaker boards and marking through
each mounting hole with a soft pencil.

After speaker mounting holes have been
marked, the next step is to mark and
cut holes for the speakers themselves.
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time. If all the speakers are of identical
make, simply connect right-hand to right-
hand terminals and left-hand to left-hand
terminals. Alternatively, if speakers of
mixed manufacture are used, check each
one with a flashlight cell and mark “-+"
on the terminal which makes the cone
move out when it’s positive.

Putting It Together. With the wiring
completed, reattach the speaker boards to
the back brace and add the upper and
lower braces (18” 2 x 2’s), using at least
three wood screws per brace and ignor-
ing the overhang at the front. Next, posi-
tion the speaker-board assembly on the
bottom panel as you did when marking
the bottom panel for cutting. The over-
hang of the braces will prevent use of the
2 x 2 spacer, but it must be allowed for.

Now, at the top of the speaker-board
assembly, align a straightedge with the
front edges of the speaker boards. Mark
the upper braces for cutting off the over-
hang, and cut along the markings. After
cutting, turn the speaker-board assembly
over on the panel and repeat the proce-
dure for the lower braces. (With the up-
per overhang removed, the 2 x 2 spacer
can be used when aligning the assembly
on the bottom panel the second time.)

Take the remaining 29”-wide piece of
plywood and attach a 20” 2 x 2 to one of
the narrow edges, allowing the panel to
ovetrhang the lower edge of the 2 x 2 by

(Continued on page 162)

Speakers (left) are easy to wire—see diagram on
page 52—but proper phasingls of utmostimportance.

Rear view of basic unit, showing relative positions
of speakers for each channel. Acoustic padding or
an egg-carton ‘‘diffuser’ should be attached to the
inside front panel before it is screwed in place.

ELECTRONIC EXPERIMENTER'S HANDBOOK



TRANSISTORIZED TREMOLO

adds ‘‘color’’ to musical instruments

By A. E. DONKIN, W2EMF

YOT A MUSICIAN in the family? You
can delight him (or her) and your
friends by constructing this little elec-
tronic tremolo. Reasonably easy to build,
it makes a perfect addition to an electric
guitar. Add a suitable mike, and you
can use it with almost any musical in-
strument.

Like other tremolos, this device pro-
duces a “throbbing” effect on the sound
of an electric musical instrument which
is played ‘“‘through” it. Unlike some
versions, however, this circuit is tran-
sistorized and battery-operated, with sev-
eral resultant advantages.

For one thing, the number of com-
ponents is reduced; and so, too, is the
cost. In addition, the unit is small
enough and light enough to be attached

1963 Edition

directly to the musical instrument; this
means that it can be readily controlled
by the musician himself. Finally, the
battery power supply substantially re-
duces the possibility of hum in the ampli-
fying system.

About the Circuit. The transistorized
tremolo is connected between the output
of an electric musical instrument and
an audio amplifier. It functions by vary-
ing the amplitude of the electrical signal
from the musical instrument at a rate
of about 5 to 15 times per second.

In the circuit shown here, transistor
@1 is connected as an amplifier and is
biased to draw very little collector cur-
rent. To match the impedance of a mag-
netic instrument pickup, its input im-
pedance has been increased by leaving
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Most components in the tremolo circuit are mounted
on a piece of Vectorbord, with only the battery
holder, jacks, potentiometers, and switch installed
on the metal chassis itself (see photo at right)
Although potentiometer R12 controls the ‘‘speed’’
or frequency, substituting other values for Rll
will alter the basic frequency, as explained in text.

a portion of the emitter resistor unby-
passed (R5).

Since transistor Q1 is operated in the
low-current region, its gain varies rapid-
ly with changes in collector current. A
low-frequency (5- to 15-cycle) signal is
superimposed on the d.c. bias for this
stage via resistors RI and R2, causing
the collector current (and hence the
gain) to vary.

Transistors @2 and @3 operate as a
phase shift oscillator to generate the 5-
to 15-cycle signal. Transistor @2 is a
common-emitter amplifier supplying the
phase shift network, and @3 is an emit-
ter follower to adjust impedances and
provide positive feedback. The frequency
of the phase shift oscillator is adjusted
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by varying one ‘“leg” of the phase shift
network (potentiometer R12); the depth
or “weight” is controlled by adjusting
potentiometer RI.

Construction. Layout of the transistor-
ized tremolo isn’t eritical, but it’s still a
good idea to follow the author’s parts
placement as nearly as possible. A 2%g¢”
x 3W” piece of Vectorbord facilitates
mounting the smaller components, and
Vector terminals can be used as tie-
points where needed.

Potentiometers R9 and R12, jacks J1
and J2, switch 81, and the battery holder
should be mounted in the utility box
first, leaving as much room as possible
for the Vectorbord assembly (be sure to
allow enough clearance to insert and re-

ELECTRONIC EXPERIMENTER'S HANDBOOK



Cl QIRS R4 Re C4 Rl

Ri2 RI Q3

RI3 R2

ce R8 (€5 Cé6 R4 C7

ORISR 7.1 - 5 £ I [ d S

Bi1-—4.5-volt baitery (three Burgess Tvpe 7
“stim' penlight cells in series or rquivalent)

Cl, C4—2-uf., 6-w.v.d.c. miniature electrolylic
capucitor

C2, C8——30-uf., 6-w.v.d.c. miniature electrolytic
capacilor

C3  0.02-uf. minialurc paper cudpacitor

C5. C6, C7—d-pf., 6-w.v.d.c. minigiure electro-
Ivtic capacilor

J1. J2—Phoue jack. shorting type

Q1. Q2, Q3—Audio lrausistors, pup type (La-
fayette SP-239 or equivulent;

R1. R2—47.000 ohwms

R3—1 megohm

R4--39,000 ohms

R5-—360 ohms, 5%

R6-—150 ohms

R7, R16--4700 ohms

R8—51,000 ohwms, 5%

All resistors
V4 watt, 10%,
unless other-
wise noted

move the batteries). The Vectorbord
should then be cut and drilled, after
which the other components can he
mounted.

Although the transistors in the au-
thor's model are of the “2 for 98 cents”
variety, they function quite satisfac-
torily. For optimum results, the transis-
tors should be interchanged in the cir-
cuit, and Q1 selected for lowest noise (Q2
and @38 aren’t particularly critical). If
the transistors are installed in either
sockets or Vector terminals, they can be
“selected” after the Vectorbord assembly
has been wired into the Minibox.

When wiring, be sure to *heat sink”
the transistor leads with a pair of long-
nose pliers. You may want to use the
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R9-—1000-0hm  wiiniature potentiometer, lincar
tapcr

R 10— 1000 ohwms

R11—10,000 ohms

R12-25,000-0hm smiviature potentiometer, lin-
car taper

R13-—2200 ohms

R14, R15--22.000 ohms

S1---3-pole, double-throw slide switch (lafayette
SW-94, with one scction unused. or equivalent)

1—514" x 3" x 24" aluminum utitity hox (Bud
CU-2106-A or cquivalent)

3- [Ball)cry holders (Keystone Type 137 or equiv-
alent

1 b."ldn" x 32" piece of Type 85G24EP Vector-

0r

Misc.—Type T28 Vector push-in terminals, mini-
ature knobs for R9 and R 12, wire, solder, hard-
ware. elc.

same treatment for the electrolytic ca-
pacitors, just to be on the safe side; in
addition, the polarities of the electro-
lytics must be observed.

After the wiring is completed, the Vec-
torbord should be fastened to the top of
the box with %” spacers, and the leads
from it to the balance of the circuit
soldered in place.

Check-Out and Operation. The unit is
ready for testing. Install the batteries,
again observing polarity, and turn the
unit on. To check for oscillation of Q2
and @3, simply measure the collector
voltage of ()2 or the emitter voltage of
@3. A rapid fluctuation indicates that
the oscillator is operating properly.

Now insert the tremolo between the
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output from the musical instrument and
the input to your amplifier, as shown.
The “weight” control, R9, should be ad-
justed until a “throbbing” is noticeable
in the amplifier output; don't advance
the “weight” control too far or you
may cause a “thumping” sound in the

4
& ®
1
1
1
4
| ON/OFF
SWITCH
WEIGHT
SPEED cou‘raot.
CONTROL
|
]
\ -4
c il

INPUT

OuUTPUT

The transistorized tremolo, all wired up
and ready for use. See text for details
on adjusting speed and weight controls.
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Here's how the Vectorbord subassembly should look
when it's ready to be installed in the chassis box.

MUSICAL AMPLIFIER

INSTRUMENT

[ |
TRANSISTORIZED |
g TREMOLO P

AND
| SPEAKER

Hooking up the transistorized tremolo is simplic-
ity itself—just plug the electric guitar or other
musical instrument into jack J1 on the tremolo and
connect an audio amplifier and speaker to jack J2.

speaker. The ‘“speed” control, R12, gov-
erns the rate of tremolo and should be
adjusted to suit your taste.

If desired, the range of adjustment of
the “speed” control can be modified by
adding a resistor in parallel with R11,
since reducing the effective value of R11
will increase the speed. In the author’s
model, R11 was paralleled with a 1000-
ohm resistor for an effective value of
about 900 ohms.

Possible Troubles and Cures. The sim-
plicity of the circuit is some insurance
against trouble. If the components and
wiring seem to be okay, lack of oscilla-
tion may be due to low beta in Q2 or @3,
although the requirements for this por-
tion of the circuit aren’t very exacting.

“Thumping” can be reduced by ex-
perimenting with smaller values for ca-
pacitor C3. The final value for this com-
ponent depends to some extent on the
amplifier you happen to use, but don’t
reduce the capacitance too much or you'll
cut out most of the low frequencies.

Since the amplifier stage (Q1) is op-
erated at low collector current, the ampli-
tude of the input signal is limited, and
large signals will cause distortion. Even
so, most guitar pickups won’t overload
@1. But if distortion does occur, you
should be able to correct it by reducing
the output level of the instrument and
increasing the gain of the amplifier ac-
cordingly. 30—
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By ART TRAUFFER

Private FM Listening

Inexpensive tuner and high-quality earphones deliver topnotch 'fi’’

OR private FM listening, you can't

beat an FM tuner and a pair of high-
quality earphones. With a simple setup
such as this, you can listen to your favor-
ite types of music as late as you please
without disturbing others. Then, too,
you can enjoy FM programing while
you're saving up for a high-quality am-
plifier and speaker. And you’ll still have
the phones for private listening later on.

There are two types of earphones on
the market suitable for FM listening
purposes. One is the low-impedance type
that uses voice coils and diaphragms or
cones, just like dynamic speakers. The

An FM tuner, such as the Granco
T-300 shown here, can be fed
directly to a pair of high-quality
crystal earphones for private
listening. Although the Granco
tuner does not have a power
transformer, capacitors feed out-
put to phones and thus pre-
vent danger of electric shock.
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other is the crystal-type transducer with
its cones connected to crystals. Although
both of these types are capable of low
distortion and wide-range response, do
not expect quality reproduction with
common magnetic phones that have flat
metal disc diaphragms.

The photo below shows a pair of high-
quality crystal earphones (Brush-Cle-
vite) connected directly to an FM tuner.
Since crystal phones have high imped-
ance, they match the tuner output with-
out the use of a transformer or an
impedance-matching amplifier. There is
no danger of shock while wearing the
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One-transistor amplifier ac-
tually operates as an im-
pedance-matching device
to couple high-impedance
output of tuner to low

impedance of earphones.
Construction details are
shown in open view (right).

Connecting
phones because the ?.'f: )(m
tuner manufacturer
has isolated the out-
put terminals from o
the chassis with metal strip
blocking capacitors.

The photo on p. 59. Phono
top. shows a music ?;gk
lover listening to FM -
with high-quality low- kA
impedance dvnamic bent ond
earphones (Lafayette drulledias
F-767). The small

plastic box contains a
simple amplifier which
matches the low impedance of the phones
to the high impedance of the FM tuner
output and provides a small amount of
amplification at the same time. Although
an audio output transformer having a
high-impedance primary and low-imped-
ance secondary could be used to match
the dynamic phones to the FM tuner, the
transformer would have to be a high-
quality unit to give hi-fi results.
Complete construction details for an
impedance-matching amplifier are shown
in the photos and diagram on this page.
The author used round-type phono car-
tridge clips for the pins on the 2N301
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LOW IMPEDANCE
HI-F | OYNAMIC
EARPHONES
{SEE TEXT}

TO FM TUNER
“GROUND"

I-vav

Schematic diagram of one-transistor
impedance-matching amplifier. Resis-
tor R1 is optional and may be omitted,
depending on output circuit of tuner.

2Vaxi¥ax Ve
plastic box

< Lid of box

Soldering fug

Flexible

e insuloted
= hook-up wire
} ‘ @ Phone tip jock
-2

Hole in metal
strip

Naot us -
used £ J3
Phone tip jock
Va'x 2’
metal strip

bent and drilled
0s shown

transistor. All holes in the plastic box
were made by reaming with the point of
a small knife blade and filing with a small
rat-tail file. Note that the metal-strip
battery clips also serve as connectors be-
tween the battery and jacks; phone tip
jack J38 should be an all-metal type.
Besides the Lafayette F-767 dynamic
phones mentioned above, quality dynam-
ic headsets are made by such companies
as Allied Radio (Knight), Jensen, Koss,
Permoflux, Roanwell, Superex, and Telex.
But whether you choose crystal or dy-
namic phones, you can be assured of first-
class private FM listening. 30—
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Transistorized miniature public-address amplifier
operates on 12 volts By FORREST H. FRANTZ, Sr.

LOOKING FOR a compact public-address amplifier that will operate
from your car battery? Here’s one that’s fully transistorized, light
in weight, and completely portable. Yet it packs punch enough to de-
liver about 3 watts from a 12-volt battery and about 1 watt from a 6-volt
battery. Since it was designed for operation from 12 volts, use of this
voltage naturally results in the best performance.

In addition to being battery-operated, this amplifier has several other
outstanding features. Due in pdrt to a special printed-circuit board, it’s
both attractive and professional looking. It measures a compact 3”7 x 5”
x 7” and incorporates separate “mixable” inputs for microphone and
phono or tuner. And its output transformer matches any 8-ohm speaker
or series/parallel combination of speakers totaling 8 ohms.

The amplifier contains only four transistors and is relatively easy to
construct. Once assembled, you’ll find that it’s ideal for use at pic-
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nics and other outdoor activities, or it
can be permanently installed in an auto
or a truck. It can also function indoors
with a battery eliminator for a.c. opera-
tion, or it can be operated from a spare
car battery or even a number of flash-
light batteries connected in a series/
parallel arrangement.

Construction. The major portion of the
circuit is constructed on a printed-circuit
board.” This type of construction insures
that the components will be held secure-
*A special printed-circiit bourd has been designed
for this amplifier and is uvailable from Irving
Electronies Co., P.O. Box 93222, San Antonio j,
Texas. Designated us Cataloy No. 78, it sells for
$2.75. postpuid. Since illustrutions of both sides

of the board appear here, you should have no
trouble making one of your ewn if you prefer.
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Fig. 1. You’'ll find construction a ‘'snap”
if you use the special printed-circuit board.
Heat sinks for power transistors Q3 and Q4
can be cut out from an old aluminum chassis.

ly in place and makes the amplifier a
“toughie” that can take rough treatment.
Figures 1 and 3 show the completed cir-
cuit-board wiring except for capacitor
C7, which is connected to the etched side
of the board after all other components
have been mounted.

Begin construction by cutting and
drilling the heat sinks for power tran-
sistors @3 and Q4. Then set the heat
sinks aside for the moment, and mount
transformers 71 and T2 on the circuit
board with '.” 6-32 machine screws.

Now proceed with the wiring, cutting
component leads to length and soldering
connections as you come to them. Use
a hot, clean soldering iron or gun and
rosin-core solder. Apply heat only for
as long a time as necessary, and don’t
forget to use a heat sink when solder-
ing the transistor leads. As you can see
from Fig. 1, all electrolytic capacitors
should be mounted vertically.

When you’ve completed the wiring up
to and including the primary of T1,
you’re ready to mount @3 and @4 on the
heat sinks. Be careful not to let the
emitter and base leads short to the
heat sinks, and mark the respective leads
on the sinks to avoid foul-ups with the
transistor connections.

Now mount the heat sinks containing
the transistors on the circuit board. Note

ELECTRONIC EXPERIMENTER'S HANDBOOK
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Fig. 2. Jacks and controls are all
mounted on front panel, independent
of the amplifier chassis. Jack J2
should match the microphone selected.

that the screws should again be about
!2” long, since longer screws may short
to the case. With this part of the wiring
completed, set the circuit board aside for
later installation in the metal case.

Next, drill one end of the case for the
controls shown in Fig. 2. Mark the hole
positions with a punch, then use a %¢”
drill to make ‘‘starter’’ holes. You can
enlarge the holes with a '4” drill and cut
them to the required size. Place a block
of wood under the metal when drilling.

After the drilling is completed, cut
the shafts of potentiometers R2, R3, and
R9 to a length of “%” beyond the mount-
ing bushing. (It's best to place the por-
tion of the shaft which is to be discarded
in a vise and cut with a hacksaw.) Then
mount R2, R3, R9, J1, J2, and SI on the
front of the case. Place a lock washer
between each of the controls and the
case to prevent the controls from slip-
ping.

The position of the hex nut on the
mounting bushing of SI should be ad-
justed so that only enough of the bush-
ing protrudes from the front of the case
to allow the switch plate and nut to fit
on the bushing. The battery and speak-
er terminal strip (see Fig. 3) can now be
mounted on the rear of the case.

Next, wire up the front panel controls
(phono jack JI1, microphone jack J2,
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Q3 HEAT SINK

Q4 HEAT SINK

SPEAKER i12vDC

Fig. 3. Completed circuit board, ready
to be installed in aluminum case.

phono volume control R2, microphone
volume control R3, tone control R9, and
on/off switch S1), exactly as shown in
Fig. 2. This done, drill four holes in the
top of the case to match the four mount-
ing holes at the extreme edges of the cir-
cuit board. Four 1” screws and four %”
spacers will be required to mount the
circuit board in the case.

Smear Duco cement over each screw to
hold the screws and nuts securely in
place, and position the circuit board in
the case. Fasten the board to the case,
then wire in the input cables, grounding
the shields to the ground bus which runs
around the edge of the board. To com-
plete the wiring, connect S1 and the bat-
tery and speaker terminals.

Testing. Before you test the amplifier,
be certain that there are no short circuits
between the circuit board and the bot-
tom of the case. Then connect an 8-ohm
speaker to the speaker terminals, and a
low-impedance microphone (100 to 2000
ohms should be satisfactory) to the mike
input (or a crystal phono pickup to the
phono jack ).

Connect the amplifier to a 12-volt bat-
tery or battery eliminator, turn SI on,
and test. If you don’t get satisfactory
operation, turn the amplifier off and re-
check your wiring. Incidentally, if the
microphone and speaker are close enough
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Fig. 4. Schematic diagram of amplifier. Capacitor C7 (shown dotted) mounts on
underside of board; like other electrolytics, it should be rated at 15 w.v.d.c.
t  BI—12-volt battery—see fext R10-—5600 ohms H
T C1, C4—20-uf., 15-w.v.d.c. miniature elcctro- R11—1000 ohms H
: Ivtic capacitor R12—47 ohms :
1 C2, C5—100-uf., 15-w.v.d.c. miniature clectro R13—100 onms
: Iytic capacitor R14—10 ohms, 2 watts H
+ C3—02 or 0.22-uf. ceramic capacisor (Spraguc R15 R16—1 ohm :
g 5C9 or equivalent) R17—470 ohms, 2 watts :
g C6, C7—160-uf.. 15-w.v.d.c. miniature electro- S1-—S.p.s.t. toggle switch (Cutler-Hammer 8280-
: Iytic capacitor K16 or equivalent) :
t  J1—RGA phono jack T 1—Driver transformer; primary, 100 okms; 3
+  J2—Microphone jack (to match microphone secondary. 200 ohms CT (Thordarson TR-65 ¢
: used) or equivalent) o
g Q1, Q2—2N 1380 transistor (Texas Instruments) T2—Output transformer; primary, 20 ohms CT; &
t 03, 04—2N301 trausistor (RCA} secondary, 8 ohns (Stancor TA-12 or equiva- &
¢ R1-—33,000 ohs lent) g
' R2—10.000-0/im miniature volume control (La- 1—4” x 518" printed-circuit board—see text :
: fayette VC-34 or equivalent) 1-—7" x 5” x 3” aluminum utility box (Bud CU- :
: R3—1000-0/im miniature volume control (La- 21084 or equivalent) g
} fayette VC-32 or cquivalent) 1—4-lug barrier terminal strip (Cinch-Jones 3
+ R4-—4700 ohms 4-140 or equivalent with 4-140 adapter solder @
:  R5—2200 ohms (Al resistors terminals) g
H R6—10,000 ohms V2 watl unless 1—Switch plate (Cutler-llammer 827-228F3 or :
T R7-—100,000 ohms otherwise noted) equivalent)
t  R8—470 ohms 2-—Traunsistor heat sink H
B R9—50,000-0hm miniature volume control (La- Misc—Knobs, wire, solder, speakers, microphone, s
: fayette VC-36 or equivalent) nameplates, elc. .
Zl]g- 5. /;\Alfl_ deckeg outI and farln'hto go, to each other, ‘“squealing’” may result.
e amplifier needs only a microphone, a . : .
BRE s e BT (o apasie. Such acoustic feedback is normal and is
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not an indication of trouble.

This amplifier is designed to operate
with a high-impedance (i.e.,, crystal)
phono pickup and a low-impedance micro-
phone; if desired, a tuner can be con-
nected to the phono input instead.

The Electro-Voice Model 623 micro-
phone (pictured with the amplifier and
the E-V Type PA15 paging speaker on
page 61) works well, but any other mike
with an impedance in the range of 100 to
2000 ohms will suffice. It's also pos-
sible to use a crystal microphone if it's
plugged into the phono jack, but volume
will generally be low with this arrange-
ment.

e

(Continued on page 158)

ELECTRONIC EXPERIMENTER'S HANDBOOK

SPXR



»
--a

SOu

Want to build a low-cost,
vibration-free speaker system?
Just take a single 8’/ speaker,
house it in (of all things!)

a 3-foot section of sewer pipe,

then sit back and enjoy . ..

Clean

ROM the many articles and books

written by G.A. Briggs, Britain's
famed authority on speakers, it is evi-
dent that he seeks the kind of solidity in
speaker enclosures ordinarily found in
his country’s Rolls-Royce cars. When I
first read of Mr. Briggs' sand-filled and
brick baffles, I admired his thoroughness
and uncompromising dedication to the
art. However, still the vietim of old
habits, I then went out and bought some
plywood.

The plywood made a very good “box,”
but the thought of Mr. Briggs’ inflexible
brick ‘‘walls” continued to obsess me.
Every time I sat before a fireplace or
crouched over the coals of a brick barbe-
cue, I wondered how a hi-fi speaker
would sound in them. I thought the fire-
place idea had some merit, but stereo
came in, and there just didn’'t seem to
be many houses with twin fireplaces!

Considering how much I had been im-
pressed with the possibilities of brick,
it's remarkable how long I overlooked a
good substitute—sewer pipe! After I
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DRAINPIPE

By DAVID WEEMS

got over the initial “‘shock” of my idea
(a sewer pipe is a rather unlikely can-
didate for a speaker baffle, needless to
say), I visited a local lumberyard. Sewer
pipes were there all right, not displayed
as prominently as the plywood, but defi-
nitely available.

The pipes, for your information, come
in two kinds: smooth tile, and a rough
concrete that they almost pay you to
haul out. I chose the tile. And here,
after some paper work, a number of
trials, and quite a few errors, is the re-
sult—a speaker enclosure to satisfy even
the proverbial ‘‘purist,” and at a cost of
less than $10.00.

Materials and Dimensions. After ex-
perimenting with two sizes of pipe and
various speakers, I fixed the inside di-
ameter of the pipe at 10 inches, which
happens to be a standard dimension. The
“Drainpipe 8" was designed to accommo-
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date an 8” speaker, so don't try to
squeeze in a 10-incher—you’d probably
be disappointed. And in case you're eye-
ing the dimensions and wondering if the
internal volume is sufficient (as I did at
first), don’t give it a second thought.
In spite of its small physical size, this
enclosure sounds ‘“big!”

Materials should be no problem. For
the pipe, check with the nearest lumber-
yards or, if they don't have any, with
distributors of plumbing supplies. The
polyurethane foam plastic can be ob-
tained from many sources, but I got mine
from an upholstery supplier for only
$1.25. The “Art Foam” that serves as
gasket material is carried by many
“dime’’ stores. Picking up the other ma-
terials should be routine procedure.

The dimensions for the various parts
are listed in the Bill of Materials, but
you may have to make minor changes
due to variations in the pipe.

Marking and Cutting. A good fit can
be insured by using the pipe as a pattern
for marking out Parts 4 and C (the “‘end
plugs” for the pipe—see photo at left,
above, and the drawings on page 68).
Although Part D (the plywood ring which
forms the top) doesn’t have to fit the
pipe, it's best to make it perfectly round
with a diameter equal to that of Part C.

Part B, the acoustic filter, should then
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be marked on a radius of 4%” from the
center of Part D. If you don't have a
saw that makes its own opening, you can
drill a small hole just inside the boundary
line for Part B and plug the hole later.
The acoustic filter, incidentally, is pur-
posely cut smaller than the pipe's inside
diameter. This allows the weather strip-
ping to make the snug fit required to
prevent unwanted air leakage and hold
the part firmly in position.

After Part B has been cut from Part D,
mark out the pattern for the 49 quarter-
inch holes in Part B by first drawing two
diameters at right angles to each other.
Then draw lines parallel to each diameter
at 1”7 intervals. Finally, using a 4” ra-
dius, draw another circle and drill at
each cross-point that lies inside the cir-
cle or touches its boundary. When the
weather stripping is attached, the filter
can be placed into position in the pipe.

The base (Part A) should be pre-
pared as shown; the 4”-diameter hole in
its center serves as the bass-reflex port.
For extra solidity. the short lengths of

” x 1%” material (Part E) should bhe
screwed as well as glued in place.

Note that the pieces used on the top
of the base are set on edge to act as
“ribs” or stiffeners as well as to locate
the pipe on its base. They may have to
be trimmed slightly with some kinds of
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pipe, so check the fit before you mount
them permanently. The bottom ‘feet”

‘”

are turned on their sides to provide °
clearance from the floor and spaced
equally between each top rib; the edge
and bottom of the base can be painted
to match the color of the tile if you wish.

There is no mandatory plan for the
top of the enclosure as there is for the
bottom. After Part C has been cut out,
you are ready to finish off the top as you
like. For best results, you should use
some kind of treble diffuser, such as the
funnel shown in the photos.

Treble Diffuser. The simplest plan is
to mount a 3” or 4” funnel on a narrow
strip of wood over the speaker. This is
done by cutting off the funnel neck at
the bottom of its conical section, and
screwing the funnel in place with a wood
screw and a washer large enough to pre-
vent the head of the screw from going
through the funnel neck. Then mix
enough plaster of Paris to fill the funnel.
If you wish, you can also use some plas-
ter of Paris to fill in any chips or un-
evenness in the pipe.

To improve the appearance of the en-
closure, the ring (Part D) may be used,
with the area between Parts C and D as
well as the opening in Part D covered
with grille cloth and trimmed with “wood
tape.” Part D is held at the correct
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Because it requires a minimum
of woodworking skills,

the “Drainpipe 8" should be
a pleasure to build.

To insure a proper fit for

the top and bottom end plugs
for the pipe, it's best

to use the pipe as a pattern
(see photo at far left);

the acoustic filter, Part B,
should then be prepared
exactly as described in text,
Photos on this page show

(1) various parts, minus pipe,
as they appear in relation

to one another, and (2) an
open-top model

without the top ring.

height by three of the nine pieces of
#” x 1%” material specified in the Bill
of Materials.

A round piece of grille cloth may be
cut and tacked under the ring (Part D),
and a piece of the %” x 1'” wood about
117 long (Part F) glued and screwed
across the bottom of Part D. The funnel,
in this case, can be fastened to the cross-
piece with small nails in a position that
will place it over the center of the speak-
er, or over the tweeter if you use a co-
axial speaker.

It’s possible that some kinds of pipe
will require more than a 36” length of
grille cloth. Of course, if the enclosure
is to be set in a corner or against a wall,
a slight gap will be no problem. But if
all sides are to be visible, you may either
have to buy a longer strip of grille cloth
or use a vertical strip of wood tape to
camouflage the gap.

Wood tape is very easily attached
around the top ring (Part D) and the
speaker board (Part C) because of its
almost paper thinness and complete flex-
ibility; small brads and glue should do
the job nicely.

Finishing Touches. Before final assem-
bly, the ‘““Art Foam” which serves as a
gasket for the speaker board (Part C)
and the base (Part A) will have to be
cut and glued in place. In the case of
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BILL OF MATERIALS 374"
(i

D
4"_‘\\
(o \
i / '

13" section” (actually 38" long) of
10”-i.d. scwer pipe, concrele or glazed

[

Parts A, B, C, and D)

14" x 4'%” picces of " pine (for
parts labeled E)

14" x 117 piece of 3~ pine (for
funnel holder F)

22" x 30" shect of 17 polyurethane
foam plastic (for lining above filler)
1—13" x 30”7 sheet of 17 polyurethanc

foam plastic (for lining below filter
1—12" x 36" sheet of K" foam plastic.

known as “Art Foam” (for gaskets)
1—3* length of vinyl-covered foam
plastic weather-stripping (for filter

~ e

44,

gasket ) 3/4"

SW” v 36 length of grille cloth [}

tile E F E
157 x 42" sheet of %" plywood ( for _i__'_
1
3/4

T o] l "
\_ SPKR 0 i
— C

BETT

bt (D

(for side grille)

1—11"-diameter round piece of grille
cloth (for top grille)

1—Package of “wood tape” (for top
trim)

1—4” or 5" plastic funnel (for treble
difiuser)

1—Small lead swivel casting sinker or
other conical plug (for use with =
funnel) 314

15-174"

E

1

E

1-—8” PAl speaker

Misc.—Plaster of Paris. glue. wood
serews, tacks, brads. additional wma-
terial for padding, ectc. (sec text)

the speaker board, the art foam may be
cut to the same diameter as the board
and first glued to the entire surface,
then trimmed away from the speaker
opening. Used this way, it forms an
extra gasket for the speaker itself as
well as a gasket between the pipe and
the board.

The walls of the pipe should be lined
with the polyurethane foam plastic both
above and below the acoustic filter; it
isn’t necessary to use glue here unless
desired. When the glue has dried on the
gasket material, set the pipe on its base,
mount your speaker, and you're ready
to listen.

A mismatch between your speaker and
the enclosure is unlikely, because most
good 8” speakers have similar funda-
mental resonances. If a mismatch should
occur, however, there is an easy cure.
Simply fill the entire pipe, above and
below the filter, with some kind of pad-
ding. This will cut down on the efficiency
somewhat. of course. but it will also
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These drawings show sizes and
placement of all parts in the
“‘Drainpipe 8."
almost any high-quality 8” unit.
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Speaker can be

broaden the “Q" or tuning of the en-
closure. Another solution is to tune the
pipe as you would any bass-reflex en-
closure by covering part of the hole in
the base.

Actually, the shape of any enclosure
will affect the sound, and the “Drainpipe
8" is no different than any other enclo-
sure in this respect. The acoustic filter
does much to eliminate any effects of
the round “organ pipe” shape, which in
itself is admittedly not ideal. Some peo-
ple will prefer more padding—just re-
member to use the minimum amount of
padding (except for the walls) that will
remove peaks in the response, and you
won't suffer any unnecessary loss in ef-
ficiency.

Bouquets and superlatives for this
neat little system are hardly called for
if you keep one fact in mind. Once you
get used to listening to this vibration-
free setup—as I have, you’ll never again
be satisfied with makeshift wooden
“boxes."”’ -3
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THE AUDIO PACK

By E. G. LOUIS

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

YW 'HETHER 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 power 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 1”7 x 4” x 2”. Follow
the general layout shown in the photographs
when mounting the components.

A small “L”-shaped bracket (measuring ap-
proximately 17 x 17, with a %” mounting lip) is
used as a heat sink for power transistor Q3.
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. If 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 @3's
base and emitter pins via small clips
(these can be obtained by breaking up
a used T7- or 9-pin miniature tube
socket). Since the PM speaker, battery
B1, and jack J1 are external to the
chassis, it's necessary to provide leads
to reach them. Make the battery and
speaker leads 10” to 12” long, the lead
to the jack should be a 4” to 6” length of
shielded cable.

Final Assembly. A standard sloping-
front wall bafille, 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.

1963 Edition

feet are mounted at the wide end—nor-
mally the top—of the bafile, 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
11” 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 81,
potentiometer R2, and jack J1I. The
mounting nuts for SI and R2 could be
used to hold the amplifier in place on the

=,
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[ «—HEAT SINK BRACKET
Q’;’. BE

Top and bottom views of amplifier chas-
sis. Note use of fiber washers to in-
sulate chassis from heat sink for Q3.

seessssssescessssase PARTS LIST cecccscessscescecsss

Bl1—6-volt lantcrn battery (Burgess F4H or
equivalent)
C1—0.5-puf., 200-volt paper capacitor

e S
C2—6 pf. 15-w.v.d.c. electro-

C3—30 uf. ; .
1 (\5_’300 uf. \ [ytic capacitors

J1—Open-~circuit phone jack

Q1, 02—2N109 transistor

()3—2N301 transistor

R1—270.000-0hm, Vs-watl resistor

R2—5000-0hm potentiometer, audio-taper

R3—100.000-0hm, Vi-wall resistor

RA—100-0lm, Yi-watl resistor

R5—2700-0km, 1-watt resistor

SI—S.p.s.t. toggle switch

SPRKR—8" to 12” PM speaker, 3.2-0hm voice coil

T 1—Transistor transformer; primary, 500 ohms
CT; sccondary, 8 ohms (Argonne AR-164 or
equivalent)

1—1” x 414" x 234" miniature aluminum chassis
(Bud CB-1626 or equivalent)

I1—11"all baffle to fit speaker

Misc.—DPerforated hardboard, sheet aluminum,
carrying handle, rubber feet, transistor sockets,
terminal strips, etc.
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cossscssrccsansss HOW IT WORKS seesssecesse

The = Audio 'ack™ is a self-contained audio am-
plitving svstem using a 3-stage transistor ampli-
fier. Sienals applied to input jack /1 are coupled.
through capacitor C1, to the base of transistor
(}1. This transistor is connected in a common col-
lector temitter-inllower) circuit which provides
a hizh input impedance. Base bias for (01 is fur-
nished by resistor R1. aind gain control poten-
tiometer R2 serves as the emitter load.

From R2. the signal is coupled to the base of
driver transistor (02 through capacitor (2. Re-
sistor R3 supplies ()2°s base bias, and resistor R4
introduces a small amount of degencrative feed-
back to improve the frequency response and re-
duce distortion. Half of transformer T I's primary
winding is the collector load for (02: the other
half is not used.

Transiormer 71 matches (2’s comparatively
high output impedance to (3's low input im-
pedance. From 71, the signal is coupled—through
capiacitor C3—to the base-emitter circuit of (J3.
Base bias for (33 is taken from resistor RS5,
and the speaker serves as the collector load. No
output transformer is required. since the output
impedance of ()3 is low enough to be comparable
to the impedance of the voice coil winding of
the speaker.

Power dor the unit is supplied by 6-volt battery
B1. and bypass capacitors (4 and CS5 prevent
possible interstage coupling through B or through
the circuit wiring. In this way, the possibility of
oscillation and squealing is reduced and distor-
tion is kept to a minimum,

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 S1, and
you're in business. Volume is set to the
desired level with R2.

To avoid acoustic feedback when work-
ing with a microphone, speak in a slight-
ly louder than normal 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;
simply use two 6-volt lantern batteries
(wired in series) instead of one. No cir-
cuit 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. 30—
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Oversized load resistor reduces both plate voltage and current,

yet gives gain of almost 2000 times

AVE you ever put an amplifier on a

starvation diet? It's almost unbe-
lievable how much gain an ordinary tube
can turn out when it gets really “hun-
gry.” Special circuits, sometimes known
as “starved circuits” because of their
very low plate voltages, have been de-
signed for just this purpose and are
among the oddities of electronics.

Few other tvpes of amplifier circuits
can do so much with so few parts. For
example, a two-tube audio amplifier
using ‘‘starved” circuitry can give volt-
age gains in excess of 50,000 with only
4 resistors and 2 capacitors; this prob-
ably qualifies it as one of today’s best
bargains. The little starved-circuit am-
plifier to be described here will give you
a good idea of what can be done.

Theory. Those who like to know the
“why" before they build should start by

1963 Edition

By HOWARD BURGESS
and
KARL ANDERSON

Completed
unit has high
gain and good fre-
quency response, an
unbeatable combination
for aimost any application.
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(SEE TEXT)

50V

mEmvavaEmEnsessRanEn PARTS LIST-w-.-.--------u.uu--

C1—50-uf.. 50-w.v.d.c. electrolytic capacitor

C2—0.25-uf.. 200-volt paper capacitor

J1—Phono jack

L—20 to 50 uh. inductor—see text

R1—22-megohm, V3-watt resistor

R2—4.3-megohm, Vi-watt resistor

R3—390-0hm, 1-walt resistor

R4—680-0hm, I-watt resistor

R5—500,000-0hm potentiometer, audio taper

T1—Output transformer; primary, 5000 ohms;
secondary, 3.2 ohms (Knight 62G064 or equiv-
alent)

V1—6A4UG6 tube

V2—6A405 tube

1—51" x 3" x2%"” aluminum box (Bud CU-
30064 or equivalent)

Misc—Hardware. tube sockets, etc.

aaseEassGEsEaNsAatAsasasaas st anaR A s anannnnnnaad
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looking at the data sheets for a 6AU6
pentode. This tube gives a gain of about
300 with a 250-volt plate supply; and if
the voltage is reduced to 100, the gain
may fall as low as 110. If the screen
and plate voltages are reduced to about

KEY TO POWER 8 OUTPUT
PLUG TERMINALS ON J2

5-3.2 OHM SPEAKER
6-

7-6.3V
B-GROUND {B- AND

Inductor ‘‘L"" in ‘‘Starved
Circuit Amplifier’' extends
high-frequency response

NIO'SPEAKER PR which would otherwise be
AN BEoT) limited by e_xtra-large
3- piate-load resistor R2.
g5 Optional gain control is

shown in the shaded area.

HEATER RETURN)

15 volts, however, the gain may go up to
well over 2000 under the right circuit
conditions.

One of the secrets of achieving this
high gain is the use of a very large
plate resistor. The signal voltage de-
veloped across a 10-megohm plate re-
sistor, for instance, becomes quite high
for even a very small plate current.

Starved circuits should not be con-
fused with circuits using 12-volt plate
tubes, by the way. The gain of a true
starved circuit depends on the use of
several hundred volts dropped across the
plate load resistor.

The Circuit. The schematic diagram
shows the extreme simplicity which can
be designed into a starved-circuit am-
plifier. Almost any of the common tubes
can be used if slight changes in circuit
values are made; some tubes, of course,
will give more gain than others. Two

Two possible applications for starved circuit amplifier: modulating low-powered
transmitter (left, below); and amplifying output of small crystal receiver (right).
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very common types are used here—the
6AU6 pentode (V1) and the 6AQ5 beam
power audio tube (V2).

One of the main points of interest in
this circuit is the direct coupling from
the plate of the 6AU6 to the control grid
of the 6AQ5. It is possible to elimi-
nate the usual coupling capacitor and
grid resistor because the plate of V1
is only about 17 volts above ground. The
grid of V2 has a comfortable value of
negative bias—even though it is tied to
the plate of Vi—because V2's cathode is
about 32 volts above ground.

It was found by experiment that V1
works very well with about 20 volts
on its screen. This voltage could have

The model shown was

constructed in a fairly large

box, with standard-sized components.
Your version can be smaller, if you wish.

been taken from the plate supply, in the
ordinary way, with a dropping resistor
and bypass capacitor. Instead, however,
the screen grid is tied to a point on
the cathode resistance of V2 about 20
volts above ground-—so no bypass capaci-
tor is needed for the screen grid.

The schematic diagram shows two
fixed resistors (R3 and R4) with a total
value of 1070 ohms in the cathode cir-
cuit of V2. If you like to experiment
however, you might replace these re-
sistors with a 1000-ohm, 2-watt poten-
tiometer. The screen grid of V1 could
be connected to the slider arm. Adjust-
ing this arm would vary the value of the
screen voltage on V1, which in turn could
be used to control the amount of plate
current in V2.

1963 Edition

Control grid bias for V1 is furnished
by the so-called ‘‘contact” potential
which is developed across resistor RI.
This allows the cathode of V1 to be
grounded, eliminating another resistor
and bypass capacitor which are usually
necessary.

Potentiometer R5 and capacitor C2
constitute an optional gain control cir-
cuit; there must be a capacitor here even
if the gain control circuit is not used,
in order to avoid loss of bias on V1.

We have now ‘‘thrown away’ almost
as many resistors and capacitors as we
have kept. With fewer components, the
amplifier circuit is easier to manipulate.
It would be no problem now for the ex-
perimentally minded builder to alter the
characteristics of the unit with a few
simple resistor changes.

Frequency Response. Of course, no
amplifier offers everything, and starved
circuit units are no exception. Though
these amplifiers are long on gain, they
are somewhat short on high-frequency
response.

In this particular circuit, the gain is
between 25,000 and 30,000, but the
upper frequency limit is between 2500
and 3000 cycles—without inductor L.
However, thanks to this inductor, the
high-frequency response of this ampli-
fier is equivalent to that of amplifiers
costing much more. The proper value of
this inductance will depend on the amount
of stray capacitance in your particular
amplifier, but it will probably fall some-
where between 20 and 50 ;h.

The upper frequency limit of the am-
pifier can also be increased by reducing
the resistance of R2, though the gain will
suffer. Since direct coupling is used be-
tween the tubes, about the only limits
to the low-frequency response are the
sizes of C1 and C2 and the character-
istics of the output transformer (71).

Uses. The starved-circuit amplifier
can be used as a very sensitive signal
tracer or voice amplifier. It has suf-
ficient gain to operate from a low-leve!
microphone and can serve as a low-
power modulator, a driver for a higher
power modulator, or an intercom ampli-
fier. Since the circuit is adaptable to
miniaturization, many other uses will
suggest themselves. And the minimum
of construction involved won't upset any-
body’s time or parts budget. —30—
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RELIABLE PHONO PLUGS

Coax antenna cable makes bhetter phono
cables than most of the flimsy stuff on the
market. Try making your next set out of
Amphenol Type RG-58A/U cable. First pre-
pare the cable by stripping back the outer
insulation 11%”. Clip off about 1%” of the
! braid and 1%¢” of the center insulation,

[ 172" and wrap five or six turns of #20 wire
around the braid to prevent fraying. Then

"m ;;E:. slip on the phono plug and solder the cen-
i ter conductor. Point the phono plug toward

the floor and allow solder to flow around
the wire wrapping so that it will be se-
curely attached to the phono plug. Finally,
cut off the excess solder from the center
conductor and clean the soldered connec-
tions with solvent. —Paul Galluzzi

TAPE COUNTER

If your tape recorder lacks a counter, you

can easily attach one without tearing up

the insides of the recorder. Check the cat-

alog of your favorite electronics parts

house for three- to seven-digit counters

that are pulley-driven. Fabricate a simple

bracket to mount the counter to the side of

the recorder near the takeup reel. Then at-

tach the counter to the hub of the takeup

reel with a rubber band, and away you go.
—Fred Blechman

*(0x1/2

WOODSCREW.

o TURNTABLE MOUNTING

N\ \MOUNTING

BOARD You can make your own shockproof turn-

table mounting with four dime-store rubber

RUBBER
BALL™

Sean” ) il SUgroAT balls—look for very soft rubber balls with
T e T T l‘ a diameter of about 1%4”. Pierce the top of

ORI ot Y oo each ball with a sharp instrument and hold
} il AT s the ball in place by filling the screw threads

/3 /A with glue. Countersink small recesses in

NA /| the turntable support—5"” deep will do

¥ " nicely—being sure that they line up with

4 o the balls attached to the turntable board.

Let the four balls rest in the countersunk
holes, and your turntable will be vibration-
proof. —Rudolf Bohm

PROTECTIVE COVERING

Your local hardware, building or lumber
supply dealer can sell you Visqueen plastic
film for protective storage of hi-fi, CB, or
ham gear. This flexible plastic sheeting is
only two or three cents per square foot and
comes in various thicknesses (.004” being
the most popular). It will also be useful as
a transparent dust cover in many spots
around the home. —George Cunningham
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WATCH FOR THE PUBLICATION THAT COVERS THE ENTIRE FIELD
0F;(I.0MMUNICATIONS—12E 1963 COMMUNICATIONS HANDBOOK

Here’s the most complete and helpful handbook ever published in the communications field!
Four big sections—each one illustrated with graphs. charts and tables filled with all brand-
new material and inside information for

THE CB’ER

How to Get a License
The Ten-Code

Designing a Station
Operating Practices
Setting Up a Mobile

CB in Civil Defense
Joining a CB Club

Latest USA and Canadian
license requirements

THE HAM RADIO OPERATOR
The Choice of a Ham License
Studying the Code

How and Why of the FCC Tests
Setting up a Station

QSL Bureaus Around the World
Listing of Certificates and Awards
Why CB’ers Switch to Ham Radio

THE SWL

Getting started in SWL'ing

What Equipment to Buy or Build

How To Report and Get QSL Cards
Frequencies and Time Zone Tables
International Postal Rates

Station Lists, Where to Buy

How to Identify Different Radio Signals
Time Signals and Weather Broadcasts
Equipment Suggestions

BUSINESS RADIO SERVICE
Who Qualifies For a License
How it Differs From CB
Equipment Required

List of Industrial Associations
Operating Practices

The Future of Business Radio
Manufacturers Directory

COMMUNICATIONS ¢

BEEEEl-t ANDBOOK I

Retail Sales Division EEH3
Ziff-Davis Publishing Co.—Dept. BT
One Park Avenue, New York 16, N.Y.

Please send me a copy of the 1963 COMMUNI-

All in all, you'll get 164
pages of comprehensive

information on every |

e b CATIONS HANDBOOK. ! enclose $1.00. the
phase of communications T AWUAY | [ cost of the HANDBOOK, plus 10¢ (o cover mail.
for only $1.00. The 1963 FIRS | ine and handling charges.
COMMUNICATIONS oF 119 AW e -
HANDBOOK is on sale ADDR

: ESS

in March, but you can re- - I CITY
serve your copy now with | zon: STATE _
this coupon. » L S (add 3% sales tax if N.Y.C. resident)
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What Job Do You Want

In Electronics?
Whatever it is, Cleveland Institute can help you get it!

Yes, whatever your goal is in Electronics, there’s a  use it! This ability makes you eligible for any of
Cleveland Institute program to help you reach it  the thousands of challenging, high-paying jobs in
quickly and economically. Here’'s how: Each CIE  Electronics. Before you turn this page, select a pro-
program concentrates on electronics theory as ap- gram to suit your career objective. Then, mark
plied to the solution of practical, everyday problems.  your selection on the coupon below and mail it to
Result . . . as a Cleveland Institute student you will  us today. We will send you the complete details. ..
not only learn electronics but develop the ability to  without obligation . . . if you will act NOW!

First Class FCC License

Electronics Technology

A comprehensive program
covering Automation, Com-

If you want a Ist Class FCC
ticket quickly, this stream-

munications, Computers e el 3 lined program will do the
tndustrial Controls, Televi- 3 trick and enable you to
sion, Transistors, and prep S S e p maintain and service all

aration for a Ist Class FCC
License.

types of transmitting
equipment.

Mobile Radt, Microwave
and 2nd Class FCC prepa-
ration are just a few of the
opics covered inthis “com-
pact” program Cartier
Telephony too, if you so
desire.

This exciting program in-
cludes many important
subjects as Computers
Electronic Heating and
Welding, Industrial Con-
trols, Servomechanisms
and Solid State Devices.

Here's an excellent studio Cleveland Institute of Electronics

L. PEY
engineerin hich H
will get you a 1st Class FCC v Informa. | TVOW to Succeed
License and teach you all epared 1 get d ir tn Electronics

about Program Transmis-
sion and Broadcast Trans-

PN At amt, o

CITECK AREA OF MOST

|
|
|
|
|
|
|
g : INTEREST -
' I O & I" |
I O :
= ! i
|
| i
= |
Cleveland Institute | .. .|
of Electronics o, | |
2 a g | Ciny one___State___
1776 E. 17th St., Dept. PE99 ! J | pe-99 |
Cleveland 14, Ohio A“"d““’““mb" : -}
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the key to your future

By JOHN D. & IRENE LENK

CS'PT'HE Electronics Age . . . Outer Space . . . FCC License . . . Color

TV . .. Earn While You Learn . . . Radio Astronomy .. . B.S.E.E.
Degree . . . Technical Writing . . . Big Pay . . . Computer Specialist . . .”
Any of these sound familiar? If so, it's likely that you've been reading
some of the advertisements for electronics training schools. If you've
paid any attention to -hese ads, you know that they point to an almost
unlimited futur= in the field of electronics. They indicate that there are
thousands of job openings today, with many thousands more to come in
the years ahead.

But what are the facts? Is the picture really this bright? Can you
step into a rewarding career by spending the next year or so at intensive
study? The answer i3 unquestionably, “Yes.” Why? To find out all
about electronics schoals and the status of the professional electronics
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technician today, we've poured through
reams of government and independent
manpower surveys. We've questioned
dozens of schools, and we've interviewed
leaders of the electronics industry. De-
spite a certain confusion in terminology
(there are at least four different de-
scriptions of an “‘electronics technician’),
certain facts are quite clear.

The electronics field is expanding at
a fantastic rate. and the advertisements
tell only part of the story. If all of
the schools operated all of their training
facilities at full blast, they would still
have difficulty in filling present job open-
ings. And they wouldn't even make a
fair-sized dent in the potential jobs due
to open up within the next few years.

You will need training and more train-
ing to qualify for the newer develop-
ments in electronics. There has never
been any room for the ‘‘screwdriver-and-
pliers mechanic” in the electronics field.
The half-trained or “self-taught” man
is equally lost. There is only one way
to enter or to advance yourself in the
electronics industry. You must study a
planned program under the direction of
qualified instructors. And that's where
electronics schools come in.

There is an electronics school to fit
every specific need and every pocket-
book. Our survey shows that there are
at least 240 schools in the United States
offering some form of electronics train-
ing. Over 50 of these provide home-
study courses. Another 150 schools have
evening classes. This means that there
is really no excuse for someone who
wants to enter the electronics field, but
feels that he has no chance because he
lacks training.

So where does this leave you? Let’s
say that you're wise enough to realize
the value of electronics training. But
which school and which course will be
best for you? Your first step is to decide
which particular branch of electronics
you want to enter. Then find out the
qualifications (and rewards) for this
specialization. Next, determine what
training the various schools have to of-
fer, and how they operate. This will tell
you which school will “phase in"” with
your particular needs.

For purposes of the survey, we defined
an electronics technician as ‘‘anyone
whose job duties demand a basic knowl-
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edge of electronics, as well as specific
knowledge of a particular electronics
field, but who is not a graduate en-
gineer.” With this in mind, we arbitrarily
divided the entire electronics field into
five sections. Actually, some sections
overlap others. But each section has cer-
tain characteristics that make it stand
out from the rest.

SERVICING

ALTHOUGH not the largest and not
necessarily the most rewarding, radio
and television repair is still the best
known phase of electronics. Today, there
are nearly 50 million TV sets in the
United States, not to mention the mil-
lions of radios, hi-fi systems, phono-
graphs, and tape recorders. All of these
devices, needless to say, will require
touch-up and repair at some time in their
lives. This means 100,000 jobs in home
electronics servicing at present, with an
estimated increase of 159 per year over
the next seven years.

Even in large metropolitan areas
where the TV repair business is most
competitive, a trained repairman can
earn from $6000 to $10,000 per year.
However, to make the top end of this pay
scale, a repairman must be thoroughly
trained in more than one specialty—color
TV, for example, is a subject that is al-
most impossible to master without pro-
fessional training. And while the radio/
TV repair field offers the greatest oppor-
tunity for self-employment, complete
training in all phases of home electronics
is of utmost importance to the man who
is seriously planning to enter this end
of the business.

BROADCASTING

O SOME, radio and television broad-

casting is the most glamorous phase of
electronics. With just a little imagina-
tion, you can visualize yourself as techni-
cal director on some network variety
show, taking your coffee break with
Dinah Shore. In reality, however, most
cameramen, technical directors, sound
men, and so on are not in the business
for its glamour. Our survey shows that
starting salaries in this field are in the
$6000-per-year bracket, with top techni-
cal personnel receiving $14,000—and
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these figures are for a
40-hour, “full-coffee-break”
week!

To some degree, this rela-
tively high pay scale is the
result of the rapid expan-
sion in the field. Take TV
as an example. In 1952,
there were about 100 TV
stations. Today, there are
roughly 500 such stations,
and the supply of trained
personnel has never quite
matched the demand.

The most important consideration for
training in this field is the fact that
you must hold a first-class radiotelephone
license for just about any position. So
most schools now include license prep-
aration as part of their courses.

COMMUNICATIONS

OBILE and communications radio is

another branch of electronics that
has expanded into a big business over-
night. Ten years ago, there were about
100,000 licensed communications stations
in use. These included stations for po-
lice and fire departments, airlines, the
merchant marine, pipelines, telephone
companies, taxicabs, railroads, trucking
firms, delivery services, and so on. To-
day, there are over a million such sta-
tions on the air, and the number is grow-
ing constantly.
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About 60¢7 of the techni-
cians working in this field
are employed by service com-
panies who install and main-
tain equipment on a contract
basis. Another 109 are em-
ployed by state and munici-

url

pal governments as civil
service employvees. The re-
maining 30¢ is divided

between employees of the
merchant marine, airlines,
telephone companies. and in-
dividual technicians who op-
erate their own service companies.

Although actual earnings will depend
upon the individual. the average is quite
high. For example. a typical mobile ra-
dio service maintenance contract pays
about $100 per month. It's quite possible
for a trained technician to maintain
eight to ten such mobile stations single-
handedly, while some individuals are now
covering as many as 15 stations by them-
selves.

Besides a first-class radiotelephone li-
cense, the person interested in communi-
cations must have practical experience
with communications equipment. And
this is the snag. Since you are not per-
mitted by law to use or operate such
equipment without a license, or without
being under the direct supervision of a
licensed operator, your chances of by-
passing formal electronics training and
breaking directly into the communica-
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tions field are just about non-existent.
Fortunately, most electronics training
schools already include mobile radio
courses (sometimes called communica-
tions courses) as part of their programs.

INDUSTRIAL

HE TERM “industrial electronics” is

Just about as broad as the term “elec-
tronics technician.” For that reason, it
has been next to impossible to pin down
exact figures as to the number of people
employed in this field. It is even more
difficult to predict the future needs of
this vast and rapidly growing branch of
electronics.

For example, there are about 3300
computers and electronic processing ma-
chines now in use (excluding those op-
erated v the military). The estimated
non-military potential is for 50.000 to
60,000 such machines and this figure
assumes no increase in our population!
While a widespread use of this equip-
ment may wipe out armies of semi-
skilled clerical help, it will create even
greater needs for trained electronics
technicians.

Using the present figure of 8 to 10
technicians for each computer operating
on a 24-hour basis, we will need over
one-half million technicians to maintain
our future electronic processing systems
alone. And this is only part of the pic-
ture. Our term ‘“industrial electronics”
includes automation, all non-military
research and development, medical elec-
tronics, closed-circuit TV, railroad con-
trol. materials control, and several other
minor fields or specializations.

To qualify as an industrial electronics
technician, you must have intensive
training in both the basics of electronics,
and in one or more specialized fields.
Assume that you now have a good work-
ing knowledge of basic electronics. Fur-
ther assume that you want to enter the
field of automation—say at the Ford
Motor Company, which has an auto-
mated factory producing motor blocks.

To qualify as an operator or mainte-
nance technician for the electronics nerve
center which controls this factory, you
must be trained in all aspects of elec-
tronics automation. Because these auto-
mation techniques are so advanced and
so far removed from the every-day
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branches of electronics, a specialized
course at an electronics school is almost
the only way to acquire the necessary
skills.

The rewards in industrial electronics
are understandably high. Our survey
shows that starting salaries for gradu-
ates of electronics schools are in the
area of $6500 a year. And we have re-
corded many examples of industrial elec-
tronics personnel earning in the very
pleasant neighborhood of $20,000. De-
spite what you may think, these men
are not graduate engineers. But they
are graduates of advanced level trade
schools or, in most cases, of technical
institutes.

MILITARY

ALTHOUGH there are no precise fig-
ures available, it has been reliably
estimated that about half the electronics
technicians working in the U.S. are con-
nected directly or indirectly with the
military. And while we will not deal ex-
tensively with military personnel in this
series, it can be said that a graduate of
an electronics training school who enters
one of the armed services will have a
300% better chance of promotion than
the untrained recruit.

For every military technician, there
are five or six civilian technicians to
back up the man behind the gun. Sev-
eral thousand of these technicians work
directly for the services, or as liaison
men between the services and the equip-
ment manufacturers. Generally known
as field engineers, they maintain and re-
pair radar, sonar, and guided-missile
equipment, solve technical problems, or
instruct service personnel. Such men
enjoy officer status, receive generous
travel and “per diem’ allowances, and
draw salaries in the range of $7000 to
$11,000 a year.

At one time, the field specialist came
largely from the ranks of graduate elec-
trical and electronics engineers. But
this has been changed by the rapid post-
World War II expansion. Today, less
than 20% of the field engineers are col-
lege graduates. The remaining 809 are
recruited directly from the electronics
schools of the advanced trade or tech-
nical institute level.

The great bulk of military electronics
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technicians are employed by firms which
manufacture electronic equipment. These
people work as engineering aides, re-
search and development laboratory
technicians, quality-control specialists,
production-line trouble-shooters, and
technical writers, to name a few classifi-
cations. Significantly, there are over
1000 such electronics manufacturing
firms in the United States.

To solve the shortage of electronics
personnel, some companies will even hire
you, then send you to a training school
at their expense! Most firms are not in
a position to do this, however, so they
must rely on new graduates to fill their
needs. It goes without saying that if
you are already trained, the electronics
manufacturing firms will welcome you
with open arms.

CORRESPONDENCE
SCHOOLS

ETTING AHEAD in electronics
makes some type of formal electron-
ics training almost a necessity. But
whether you decide to take this training
at home from a correspondence school
or away from home at a residence school
depends on individual circumstances
and preferences. Since ‘‘home-study”
schools have proven extremely popular
over the years, let’s take a close look
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at how this type of school operates.

Almost all correspondence schools di-
vide their home-study courses into a
number of individual lessons. In actual
practice, each lesson is a separate book-
let devoted to a specific subject—modu-
lation, time constants, electron tubes,
and so on. In fact, by carefully group-
ing the training material, a student can
easily build up a reference library in
which almost any subject can be readily
located.

Usually, each hooklet opens with an
introduction and then goes into the sub-
ject in detail. Each booklet ordinarily
includes all necessary diagrams and ex-
ercises, as well as a summary of the ma-
terial covered. Sometimes, too, each
booklet contains a glossary of new terms
to be learned in that particular lesson.

The average electronics home-study
course will have 60. 80, or even more
lessons, depending upon the particular
electronics field covered. In each case, the
first 40 or so lessons will cover basic elec-
tronics and elementary mathematics. The
remaining lessons will be devoted to a
particular subject-—TV servicing, FCC
license preparation, etc., or perhaps even
to specialized subjects such as TV cam-
eras, servomechanisms, and computer
logic.

In the case of a Technical Institute or
Advanced Trade School, a home-study
course will probably be divided into 80
or 100 lessons. In addition, each lesson
will be broader in scope and quite a bit
more ‘‘meaty’ than those from an “ordi-
nary’ correspondence school.

How Long Will It Take? As with most
home-study schooling, the time required
to complete any given course is pretty
much up to you. A good rule of thumb,
however, is one lesson per week, or 8 to
10 hours per lesson-—whichever fits your
situation. Thus, a full 100-lesson course
from an Advanced Trade School or Tech-
nical Institute will take you the better
part of two years to complete.

Some schools impose a time limit (usu-
ally about three years) for completion of
their courses. They reason that either
the course is too difficult or that you're
not applying yourself if you can’t com-
plete a “1%%-" or ‘‘2-year” course in three
years.

Even so, most schools recognize that
each student is an individual, with in-
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Electronic kits form a part of many
correspondence school courses.

Kits help you to become familiar

with many basic circuits and give you
an opportunity to build and test

a wide variety of electronic equipment.
All will prove very. useful to you,
especially the test instrument kits
which you will probably need

later in your professional career.

dividual capabilities and circumstances.
However, a student who regularly turns
in one lesson every two or three weeks is
considered a much better prospect than
one who intermittently keeps up with a
one-a-week average schedule and then
falls badly behind. In other words, if you
can show steady progress and are doing
good work, most schools will allow you
to take additional time.

Will | Get Any *‘Extras’? At one extreme,
you might receive nothing but basic
lesson material and the corresponding
examinations. At the other extreme,
you could receive the parts for a 21-inch
TV set (which you can assemble and fit
into your own cabinet) along with a
fairly complete set of test equipment in
kit form (which you can also build and
later use in your work). Generally, the
more you receive in the way of “extras,”
the more you will pay.

Some schools supplement their basic
lesson material with such training de-
vices as motion picture films. The coun-
terpart of classroom lectures, such films
are loaned to you during the course,
along with a hand-operated silent pro-
jector and a viewing screen. This type of
extra training aid is the exception, how-
ever—in most cases, the “extras” consist
of slide rules, reference books, electronics
dictionaries, tips on turning your new-
found skills into spare-time cash, and
SO on.

As far as kits are concerned, some
home-study schools supply them and
some do not. Those schools which don’t
furnish kits—about 50% or more—offer
several reasons for their stand. They feel
that the prime purpose of kit construc-
tion is for the student to acquire me-
chanical skills, to become familiar with
the physical appearance of electronics
parts, and to “learn by doing.” Students

86

of the advanced schools (particularly the
Technical Institutes) are ordinarily al-
ready working in electronics or have at
least been exposed to basic shop prac-
tices, so kits might serve only to slow
them down. Other schools state flatly
that they omit kits to reduce the cost of
training.

If you decide that kits are a necessary
part of your home-study course, you’ll
find that there is a vast difference in both
their quantity and quality. In general,
the shorter courses supply fewer kits,
and the less expensive courses supply
kits of lower quality. But this isn’t al-
ways so. Some schools have gone “all-
out” in their kit programs, particularly
those which provide test equipment in
the form of kits. Such schools assume
that you will make use of test instru-
ments in your professional career.

What Will | Need? If you select a non-
kit type of home-study course, you can
get by with a minimum of equipment.
About all you'll need is a few pencils,
possibly a slide rule, a ream or two of
scratch paper, and (if worse comes to
worst) several gallons of black coffee!

The situation is a little different if
your study course includes kits. First,
you'll need adequate work space (a con-
ventional workbench is best) and a
source of electric power. Most kits re-
quire 117 volts a.c. (at least for the
soldering gun), even though they may be
battery-operated. This may seem a minor
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You set your own pace. You neither fall be-
hind, nor are you held back by a ‘class
average’' schedule.

You can repeat the study material. In resi-
dence-school training, you recelve a class lec-
ture or a demonstration only once. If you
miss it or fail to understand it, you've more
or less had it. With home study, you can read
the lessons any number of times. And you
can keep the lesson material after you have
completed the course.

You receive more personal attention. No
other student shares the time of your instruc-
tors with you. An instructor at a residence
school can answer just so many questions
after each lecture or demonstration. A home-
study instructor answers all of your ques-
tions, and in writing. Thus, you retain the
answers for future use.

point, but some schools have reported
cases where students in remote areas or
foreign countries have had to skip key
portions of their training because of in-
adequate or otherwise unsuitable power
sources!

Next comes the problem of tools and
test equipment. Some schools supply
common hand tools, some make tool kits
available at reduced cost, and some expect
you to dig up your own. Tools present
no great problem, since most are in-
expensive and readily available. Unfortu-
nately, this isn't true of test equipment,
at least as far as cost is concerned. And
since a number of schools specify that
you must have certain items of test
equipment to complete kit training, this
is a point to watch when selecting a
home-study course.

What About Exams? The majority of
home-study courses in electronics pro-
vide an examination with each lesson.
One exception is where the lessons are
supplied in groups of two, three, or five,
in which case there will be an examina-
tion for each group. A very small num-
ber of schools require examinations at
periodic intervals during the course as
well as a final examination.

Those Technical Institutes which grant
an A.S.E.E. degree for home study re-
quire that you sit for a final exam at the
school or for a “proctored’” exam some-
where nearer your home. (A proctored
examination is one supervised by a rep-
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You have less problems with temporary inter-
ruptions in study. You can't interrupt in-resi-
dence training more than a day or two with-
out missing vital lectures and demonstrations
(or examinations). Therefore, no matter what
the reason, residence schools cannot tolerate
your being absent for any length of time.
They must drop you, or put you back. Home-
study courses can be far more lenient in
this respect.

The hidden factor of personal application.
By its very nature, home study develops your
ability to analyze and extract information,
as well as to strengthen your sense of re-
sponsibility and initiative. Electronics tech-
nicians, even though they do not intend
working for themselves, must be ‘‘self start-
ers.”” Anyone who can satisfactorily complete
a home-study course in electronics need have
no worry about his initiative.
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resentative of the school or by an in-
structor so designated.

It’s not that the Technical Institutes
don’t trust you; in fact, they won't even
allow you to take the final exam until
they feel you're qualified! However, the
accrediting agency (usually the State
Board of Education) will not permit the
institutes to grant an A.SE.E. degree
without a supervised final exam.

Home-study course examinations are
almost always “open-book.” But since
the lessons and examinations are written
in such a way that you can’t ““‘match up”
the questions and answers, you must do
more than merely memorize facts. In
short, you must understand the princi-
ples you have learned to get the right
answers; simply memorizing facts isn’t
enough!

When the course includes kits, most
schools require that you also submit
examination papers on various stages of
kit construction. In this way, your in-
structor can check your practical knowl-
edge and tell whether you are developing
the necessary manual skills.

For example, assume that you have
constructed a simple ohmmeter kit. You
might then be asked to make up a net-
work of resistors, to measure the re-
sistance at various test points in the
network, and to write up the test results.
By carefully studying your answers, the
instructor can tell: (1) if the ohmmeter
was constructed properly, (2) if the re-
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sistor network was arranged as indi-
cated, and (3) if you performed the tests
correctly. If you've “goofed” some-
where along the line, you’ll hear about it.
So it’s not just a matter of putting
home-study kits together and making
them work.

And If | Fail? At this point you may
be wondering, ‘“What happens if I flunk
one or more of the exams?”’ Although
each of the schools has its own particu-
lar procedure for ‘‘problem” students, it
usually goes something like this.

Your instructor sends you a new exam-
ination paper (the schools have several
dozen examinations for each lesson), and
a letter explaining why you failed. He
will then recommend that you re-study
the lesson, and he may point out certain
areas on which to concentrate. If you
fail this second examination, the instruc-
tor will again supply you with a new one
and sufficient written comment to point
out your weaknesses.

A third failure will bring one of two
things. Some schools will permit you to
take the examination any number of
times, although you’ll receive no addi-
tional lessons until you pass. Other
schools set a limit on the number of fail-
ures. If you exceed the limit, they tact-
fully request that you drop the course.
If you're in the early stages of training,
the schools will quite often refund all or
most of your money; if you're toward
the end of the course, they will pro-rate
the refund.

The lack of training and supervision in man-
ual skills. A professional electronics tech-
nician must be able to assemble, wire, and
solder electronic equipment In a workman-
like manner. The only way you can learn this
is by actually doing it. Unless you have
worked in the field, you'll likely need training
and supervision to acquire the skills. Even
with a home-study course that supplies kits,
there is no instructor to inspect your prac-
tical shop work in person. It's true that
home kit experiments and test results will
tell the instructor that you have wired a par-
ticular kit correctly, but they won't show
if you have produced a good wiring job.

The lack of personal contact with instructors.
There are some people who must be shown
how a thing is done, or how it works, to fully
grasp a new subject. Once they understand
the subject, they have no trouble in remem-
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Personal Contact. In any type of home-
study course, there is the obvious draw-
back of the student not having personal
contact with his instructors in the class-
room. This situation is particularly criti-
cal in the study of electronics, or at least
far more critical than with comparable
studies—say accounting or law.

All of the schools recognize this draw-
back, and each school has developed its
own methods for bridging the “in-per-
son” gap. In general, the methods boil
down to (1) clear, straightforward les-
son material, and (2) personal attention
for each student.

The lesson material is written and il-
lustrated in such a manner that the av-
erage student should be able to grasp
the subject without further help from
an instructor. Naturally, the schools
aren’t going to force you to “go it alone,”
but they do try to prepare their material
so that you can digest it without the aid
of an instructor.

Most texts are written in two steps:
first, by an expert in the particular field
the lesson covers, then by an editorial
specialist to make sure that the lesson is
clear and readily understandable. All of
the material is heavily supplemented with
drawings, diagrams, and photographs to
clarify or stress particular points.

Each examination sent in by a student
is personally evaluated, corrected, and
graded by individual instructors who are
experts in their particular fields. Incor-
rect answers are noted, and special com-

bering, or in putting the knowledge to work.
It you are one of those people, home study
may prove difficult.

The lack of practical experience in special-
ized fields. Some specialized electronics
fields require on-the-job type training before
a techniclan is qualified to fill a position—
such as operator of a radar set or a TV cam
era. Until a person has actually operated
these devices, no amount of theoretical study
will enable him to make full use of them.

Lack of academic credit. As of this writing,
it is not possible to obtain a B.S.E.E. degree
solely through home-study training. Also, it
is quite difficult to obtain an A.S.E.E. degree
without some resident work. If a degree is
your immediate goal, you may as well plan
on spending months, if not years, at resi-
dent training.
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ments are made, showing the proper ap-
proach to the problem. The instructors
rarely give you the correct answers; in-
stead, they make you ‘“dig” to find the
solution on the basis of their comments.

There are times when even a correct
answer will draw comment from an in-
structor. This is so when the instructor
feels that you have stumbled onto the
right answer without really understand-
ing the subject. Since you are always en-
couraged to ask questions, and these
questions bring a prompt, complete an-
swer in writing, there is no excuse for
having anything but a full grasp of the
subject.

It is interesting to note that the way
in which examinations are handled and
graded by the instructor is also a good
measure of the course’s overall quality.
If the examination is essentially a “‘copy”
exercise, tests only what you have
learned, and could be graded by a clerk
(or a machine), its quality is likely not
“top-drawer.”

A good examination should help you
understand the lesson, help you learn
more, and require an expert to grade.
In general, the more you have to analyze
and write out, and the more hand-writ-
ten comments you receive back, the bet-
ter the course.

What Will 1t Cost? The question ‘“How
much does an electronics home-study
course cost?” is in the same category
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Periodic examinations are the rulc

for most home-study courses.

The majority of these exams

are “‘open-book’’ and are designed to gauge
your knowledge of electronic principles
rather than specific facts.

When completed, the exams are mailed

to your school’s home office

where your instructor carefully checks them
and grades you on your progress.

as “How long is a piece of string?’ As
a very rough rule of thumb, however,
each lesson will cost somewhere between
$2.50 and $5.00. Thus, a 60-lesson TV
servicing course might cost $150.00,
while a 100-lesson Advanced Trade
School course could cost $500.00.

The reason for this difference in cost
is quality. If the lessons are better pre-
pared and more comprehensive, the kits
are of better quality, and you receive
more personal attention from top-grade
instructors, the cost per lesson is natu-
rally going to be higher than for a course
which gets by with the minimum.

But all this does not necessarilv mean
that the minimum-cost courses provide
inferior instruction. To a large extent,
what is “good” or “bad” here depends
on what you need in the way of training.
Only you can be the proper judge of that.

How Will | Pay? Although individual
schools vary, there are primarily three
basic payment plans available. First, if
you are prepared to pay cash in advance
for the entire course, most schools will
allow a discount.

The next and most popular plan is to
pay for the lessons more or less as you
get them. After making an initial down-
payment, you receive a group of lessons.
When you are about half-way through
this group, you make another payment,
and receive a second group. In this way,
you always have lessons on hand. The
schools which offer this type of pay-as-
you-go plan also supply their kits in es-
sentially the same manner.

The third plan involves a contract
whereby you make an initial down-pay-
ment and fixed monthly payments, no
matter how many or few lessons you use.

The pay-for-each-lesson type of course
is usually easier to discontinue or inter-
rupt than the monthly contract arrange-
ment. Otherwise, the plans are about
the same and are a matter of choice.
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RESIDENCE
SCHOOLS

OW THAT we’ve looked at the inner
1Y workings of electronics home-study
schools—what subjects are covered, how
these subjects are taught, the approx-
imate cost of the courses, and so on-
let's cover the same ground for electron-
ics “residence” schools. These are schools
which you attend in person.

As you might expect, the number of
hours a week in class, how this time is
spent, the amount of homework, the sub-
jects covered, and (most important) the
total length of the training will vary
with the particular school.

At most residence schools, you will
spend between 20 and 30 hours a week in
class as part of a full-time electronics
training course. In general, the schools
which provide less in-class training make
up the difference with additional home-
work, but some amount of homework will
be required with any training course.
Usually, the schools expect you to devote
a total of about 40 hours a week to your
study. Thus, a 6-hour-a-day, 5-day-a-
week course will also involve an extra
10 hours a week of home study.

You must put in about 9 hours a week

90

of classroom work for the average part-
time or evening course, and you will
spend at least 9 hours a week at home-
work. (Such courses usually operate on
a 3-hour-a-night, 3-night-a-week basis.

If you take a TV Servicing, Communi-
cations, or Advanced Trade School type
of course, you will spend about 50% of
your time in classroom lectures, the oth-
er 50% in the shop or laboratory. The
Technical Institutes follow the lead of
most Universities, and devote about 2
hours to lectures for each hour of labora-
tory work.

Total Length of Course. The average
TV servicing course will run approxi-
mately 9 months of full-time day study,
while a corresponding communications
course will take 9 months to a year for
completion. An advanced trade school
course, which includes TV servicing and
communications as well as specialized
study in other fields of electronics, will
usually require at least 1'% years of full-
time training. The full technical institute
courses run from 2 years to 27 months;
usually, they are comprised of 8 or 9
quarters, with each quarter being 12 or
13 weeks in length.
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In general, those schools which pro-
vide equivalent courses for evening
classes allow more time for you to com-
plete the training. Thus, an evening
course in TV servicing will take at least
1% years to complete.

Our survey shows that the evening
training is identical with that provided
for full-time day classes, exeept in the
case of technical institutes and universi-
ties. Most evening classes at technical
institutes cover about 757 to 90% of the
day class material. Then, if you want
to go on toward a full B.S.E.E. degree,
you must put in 3 to 6 months of resi-
dence work.

A comparison of evening and day-time
residence courses can be summed up like
this. If you want a TV servicing, com-
munications, or advanced trade school
course, you can have the training either
during the day or in the evening, but
evening study will naturally be spread
over a much longer period of time. The
chief advantage of evening work is that
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it permits you to complete the course
and perhaps obtain a degree without a
long interruption in your regular em-
ployment.

If you want a technical institute
course with a degree, you had best at-
tend “full-time,”” or at least plan to
squeeze in a few months of full-time resi-
dent training at the end of the line. And
if you are after a B.S.E.E. degree, those
few months of study are going to expand
into at least a year.

Examinations. Unlike home-study
schools, residence schools rarely require
an examination at the end of each lesson.
Instead, you take an examination after
completing study of each subject.

In general. the TV servicing, communi-
cations, and advanced trade schools form
a new class every month or 6 weeks.
Such a class stays together for the dura-
tion of the entire course, and each month
or 6 weeks the class moves on to study
a new subject. For example, your first
month of study might cover applied sci-




ence; the next month, electricity and
magnetism; the third month, radio prin-
ciples; and so on, through 9 to 18 months.

Each week, you are given a “brush up”
or “preview” examination covering the
past week’s study. If you show any signs
of weakness, the instructors bring them
to your attention. Then there is a final
class examination covering the entire
subject. If you pass this final exam
satisfactorily, you move on with your
class to the next subject.

The technical institutes follow essen-
tially the same plan, except that final
examinations are usually given at the
end of each quarter, as are university
examinations. A few technical institutes
also require that you pass a ‘master”
examination before granting a degree.

Each school has its own particular
method of presenting examinations. To-
day, a number of residence schools follow
the practicc of ‘open-book’™ examina-
tions, as in home-study courses. Natural-
ly. the questions are worded so that you
can't simply “match up’” answers.

In most cases, the questions are prob-
lems to be solved, with the answers to
be written out in essay form. And you're
actually encouraged to read through the
reference material as well as your own
lecture notes while you're solving the
problems. The theory here is that this
method tends to duplicate circumstances
vou will encounter in your future work.

Other schools still hold to the idea that
vou must understand and remember what
you have learned. Their examinations
are written and presented accordingly.

Checking Your Progress. Since resident
training involves considerable shop and
laboratory work, your progress in these
areas is also carefully monitored. Al-
though the schools usually do not pre-
sent formal examinations on shop or
laboratory work, you must show the in-
structors that you have learned the prac-
tical side of electronics and that you are
acquiring the necessary manual skills.

For example, in any course you will
learn basic shop practices (wiring, sol-
dering, etc.). And you will probably be
expected to construct simple (or even
complex) electronic devices.

After you build a device, the instruc-
tor will check it out for proper operation
and look over your workmanship. If
your work is not up to standard (even
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though the unit operates), the instructor
will point out the defects. If you have
done an exceptionally sloppy job, you
may have to build the entire project over
again.

Again, the instructor may want to
check your ability to use an oscilloscope.
After instruction, you will be assigned
to measure various waveforms under the
watchful eye of the instructor. If you
fail to use the 'scope properly, the in-
structor will have you repeat the meas-
urements until he is certain that you
understand what you are doing.

A Second Try. Now we come to the fa-
vorite question, “What happens if I
flunk ?” If you fail to pass a monthly
subject examination in a TV servicing,
communications, or advanced trade
school, you will usually be asked to re-
peat the entire month's study.

Sometimes, too, the schools will permit
you to take a special examination on the
month’'s work if they feel that you might
pass with a second try. They realize
that you may have been suffering from
“examination jitters,” or that there may
have been extenuating circumstances,
such as absence from class due to ill-
ness, personal problems, etc.

But if they feel that you simply don't
understand the material, they will prob-
ably want you to repeat it in another
class. A second failure generally brings
a request that you discontinue the course
(although some schools have allowed stu-
dents to repeat a particular subject three
or four times, in rare instances).

The technical institutes and universi-
ties usually employ the standard grading
system for examinations: A, excellent;
B, good; C, average; D, poor, but pass-
ing; F, failure. You can pass any given
subject with a D, but you must maintain
a C average to receive a degree.

Shop and Laboratory Training. Personal-
ized shop and laboratory training is the
strong point of in-residence electronics
study, whether you go during the day or
in the evening. And residence schools
pride themselves on the quantity and
quality of their laboratory equipment.

A school specializing in TV servicing
will have at least one completely
equipped TV service shop, while a com-
munications school will duplicate a typi-
cal TV and radio broadcasting studio.

(Continued on page 150)
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#” These men are getting practical training in NEW Shop Labs of

ELECTRONICS
ON REAL

Motors—Generators
—Switchboards—
‘] Controls—Modern
Appliances—
Automatic
Electronic
Control Units

-
- ™

RADIO ELECTRONICS
ON REAL

TV Receivers—
and Color
AM-FM and
Auto Radios

Transistors
Printed Circuits

COYNE offers

LOW COST EVls
00 Training in
Spare Time AT HOME

rADIC

Black and White |

Test Equipment |

“a
}
1

COYNE!

in Chicago—prepare for today’s TOP OPPOR-'
TUNITY FI%LD Train on real full-size equnp-l
ment at COY NE where thousands of successful
men have trained for over 60 years—largest,
oldest, best equipped school of its kind. Profes-
sional and experienced instructors show you
how, then do practical jobs yourself. No pre-
vious experience or advanced education necded.
Employment Service to Graduates.

START NOW— PAY LATER—Liberal Finance and Pay-
ment Plans. Part-time employment heip for students.
GET FREE BOOK—“Guide to Careers” which describes
all training offered in ELECTRICITY and TELE-
VISION-RADIO ELECTRONICS—no obligation;
NO SALESMAN WIILL CALL.

CoyneElectrical School, 1501 W. Congress Parkway
Chartered Not For Profit ® Chicago7, Dept. 23-V
OR WRITE TO

MAIL COUPON 25orcss serow ‘_ :

COYNE ELECTRICAL SCHOOL

Dept. 23-V—New Coyne Building

1501 W, Congress Pkwy., Chicago 7, NIl
Send B!G FREE book and details of all the training
you offer.

Name.

Address.

City. State

The future is YOURS in TELEVISION!
A fabulous field—good pay-—fascinating work—a
prosperous future in a good job, or independence in
your own business!

| Send Coupon ot write to ad-ress below
for Free Book

and full details,

Coyne brings you MODERN-QUALITY Television Home Train-
ing; training designed to meet Coyne standards at truly lowest cost
no costly “‘put together kits." Not an
Here is MODERN
TELEVISIOM TRAINING induding Radio, UHF and Color TV.
No Radio background or previous experience needed. Personal
guidanee by Coyne Staff. Practical Job Guides to show you how to
do actual servicing jobs —make money eorly in course. Free Life-

—you pay for training only

old Radio Course with Television “tacked on.”

time Employment Service to Graduates.

- N
ELECTRICAL SCHOOL

including easy
Payment Plan
No obligation, no
salesman will call.

co
o e o e e e e s e o |V BT Sen semoo

' COYNE Television

| Home Training Division

| Dept. 23-H1, New Coyne Building
| 1501 W. Congress Pkwy., Chicago 7, Il1.

| Send Free Book and details on how I can get
Coyne Quality Television Home Training at
| low cost and easy terms.

| Name -
CHARTERED AS AW EDUCATIONAL INSTITUTION B W.COOKE, Jr . Prosident |
NOT FOR PROFIT Coune~the natitution behind thia train- | Address ~
o) 0. . the targeut, oldest, beat cquipped )
1501 W. Congress Parkway o Chicago 7, Oept. 23-H1 res i ntial se kool af ita §ind. Foundlod 1459 | City State.
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the ;- hallicratfers fouch

7//2}) makes the big difference |

T /,{ in kit performance.
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\
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Ultimate performance of the
kits you build depends on the
excellence of their original
design. Design excellence de-
pends on experience and cre-
ativity. In over 30 years of
amateur equipment engineer-
ing, the Hallicrafters labora-
tories have piled up more ex-
perience and more important
engineering ‘‘firsts” than any
other manufacturer by a
country mile. It makes sense
to team up your skill with the
communications know-how of
the leader.

hadiie )

hach of oG,

HT-40K TRANSMITTER KIT, $89.95 SX-140K RECEIVER KIT, $114.95
e FEATURES: Excellent CW performance as well as 1 e FEATURES: Complete coverage of all amateur
AM. Full band switching, 80 through 6 meters. bands 80 through 6 meters, with extremely high
Easy tune-up and crisp, professional styling. Unit sensitivity and sharp selectivity. Unit has RF
is fully metered, TV filtered. stage; S-meter; antenna trimmer; and XTAL cali-
o SPECIFICATIONS: Maximum DC power input: 75 brator. Tuning ratio is 25 to 1.
watts. Power output in excess of 35 watts CW, e CONTROLS: Tuning; Antenna Trimmer; Cal. Reset;
30 watts peak AM phone. (Slightly less on 6 me- Function (AC off, standby, AM, CW-SSB); Band Se-
r ters.) Frequency bands: 80, 40, 20, 15, 10 and lector; Cal. on/off; RF Gain; Auto. Noise Limiter
6 meters. on/off; Selectivity/BFO; Audio Gain; Phone Jack;
S-meter Adj.
e FRONT PANEL: Function (AC off, tune, standby, .
AM, CW); Band Selector (80, 40, 20, 15, 10, 6) All three units are available fully wired
Drive Control; Plate Tuning, Plate Loading, Crystal PS and tested. SX-140, $139.95, HT-40,
VFO; Grid Current; Meter; AC Indicator Light; RF » « $109.95, S-119, $49.95.

Output.

o REAR CHASSIS: Microphone gain; antenna co-ax .S’en dfor (bmp@/ggpec/‘ﬁbaﬁons

connector; remote control terminals; AC power

Y TR

cord. - D D D D D D O D D e .
£ Hallicrafters, Dept. 5-A
| 5th & Kestner Aves., Chicage 24, linois
S-119K I Gentlemen: Flease send immediately latest
. technical information on kits indicated:
General Coverage Receiver |
Kit, $39.95 SN i O HT-40K [J SX-140K [J S-119K
Three-band, superheterodyne receiver for AM ‘
plus short wave coverage from 2.0-16.5 Mc. B nveme
Planetary drive tuning; transformer-operated.
Built-in speaker, headset provision. 3 tubes. | Address
thﬁ\'::%m:l?:ﬁlscatlons ﬁ //‘ / : B pis
wwna J1@/licrallers !
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Chapter

Communications
for the Hobbyist

NE of the greatest pleasures for the electronics hobbyist comes from the satis-
faction of having built a piece of equipment designed to fill some specific need.
All of the projects in this chapter are intended for the “communications hobbyist™
the ham, the CB’er, the SWL. And all are unique in the sense that they provide
one or more special “extras”—features that raise them far above the ordinary units
of their type.

The "Loud-Speaking CPO,” for example (page 100), employs a minimum of
components, yet it's powerful enough to be heard dozens of feet away. Far more
specialized in function, the “Gabble Kitler” (page 109) is an uncommonly good
device that does exactly what its title suggests—"kill” much of the meaningless
“gabble” that pervades the Citizens Band

Another unique project, "One for the Road” (page 96), is a tiny auxiliary re-
ceiver that tunes the little-known 122—144 mc. VHF band; it can either be used
by itself (with headphones), or you can feed its output into the audio section of
your car radio for full speaker volume. "The S-9'er” (page 116) employs an unu-
sual circuit to improve the sensitivity and selectivity of any communications re-
ceiver tuning from 5 to 20 mc.

One for the Road Howard F. Burgess, WOWGF 96
Loud-Speaking CPO Michael S. Robbins 100
The Simple Sidebander Hartland B. Smith, W8VVD 101
The Gabbie Killer Hartland B. Smith, w8vvD/19W1375 109
The S-9'er....... " ....James G. Lee, WO6VAT 116
The *“10-8" De Luxe Hartland B. Smith, W8VVD 121
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ONE FOR THE ROAD

Auxiliary receiver tunes 122—144 mc.,

operates from any 12-volt car battery

By HOWARD F. BURGESS, W5WGF

OME EXCITING LISTENING is to be
had in the VHF regions—signals from
airplanes en route, emergency operations
at airports, Civil Air Patrol missions,
even local hamfests lurk in these frequen-
cies, literally waiting to be pulled in.
Unfortunately, though, most of the VHF
“events” seem to take place just when
you don’t have a VHF receiver handy!

Of course, the obvious way to be pre-
pared for a “find” on the VHF airwaves
is to carry a VHF receiver in your car
at all times. There's nothing very orig-
inal about this idea, and it may even
sound somewhat impractical. But it is
Just what we would like to suggest:
“One For The Road” ... and only the
road; a VHF receiver so small that it can
get lost in the glove compartment and so
inexpensive that you can toss it into
the car and forget it until you need it!

Although the unit shown here is the
extreme in simplicity, it covers the 122-
144 mec. range and is more than capable
of satisfying the curiosity of the occa-
sional VHF “eavesdropper.” In addition,
it can do a creditable job as an auxiliary
receiver in times ot emergency.

Since it uses one of the tubes designed
for “hybrid” car radios, the need for vi-
brators or high-voltage power supplies
is eliminated—the only power required to
operate this receiver is 12 volts d.c. Thus,
not only are costs and circuit complica-
tions reduced, but installation is as quick
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as 1-2-3. In fact, all you have to do to
install this receiver is plug it into your
cigarette lighter!

About the Circuit. As you may have
already noted, the 12ECS8 tube in the set
consists of a triode and a pentode in the
same envelope. Fortunately, the tube's
triode section will oscillate at frequen-
cies up to 200 mec. or more with plate
voltages as low as 6 volts! And the same
characteristics that make it a good VHF
oscillator also make it a good superregen-
erative detector.

A single tube in a superregenerative
circuit can often equal a full-sized com-
munications receiver in sensitivity. How-
ever, one of the unfortunate features of
the “superregen” is its tendency to radi-
ate interference on the channel being re-
ceived. In this receiver, the power input
to the detector is in the vicinity of 300
microwatts or less, so radiation should be
of little concern.

With the triode section of the tube
used as a detector, the pentode section
is still available as a stage of audio
amplification. However, in the circuit
shown in Fig. 1, the pentode is triode-
connected and serves as a cathode fol-
lower. This hookup gives very good re-
sults, since it isolates the detector and
its load very nicely.
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Fig. 1. An excellent per-
former, this little VHF

VIA
1/2-12EC8

L
(SEE TEXT)

receiver is built around a
single, dual-purpose tube.
Here, the pentode section is
triode-connected and oper-

vig ates as a cathode follower.

172-12EC8

Tl
{SEE
TEXT)

J2
PHONES

— |

[

C1—2-uuf. mica or ceramic capacitor
C2—8-uuf. midget variable capacitor, “butter iy

type (E. F. Joimson 160-208 or cquivalent)
C3—100-upuf. mica capacitor

C4—0.001-uf. ceramic capacitor
C5—350-pf., 15-w.v.d.c. electrolytic capacitor
J1—Banana jack

J2—Miuiature phone jack, non-shorting type
insulated type required for circuit in Fig. 2)

Li—Aunteuna coil (5 turus of #16 wire, 387 in
diameter, spaced V4" long, tapped at center
and 1 turn from end)

L2—2-uh. r.f. choke or 24 turus of ¥ 30 enameled
wire closc-wound on and connected in parallel

The alternate circuit of Fig. 2 shows
how the pentode section can be used as a
conventional audio amplifier. Naturally,
this configuration has more gain than
the previous circuit, but it does require
that the output jack be insulated.
However. the added voltage gain will be
appreciated in many cases, especially if
you intend to do most of your listening
with headphones.

Construction. If full speaker volume is
your goal. then your best bet is to build
the circuit of Fig. 1 and feed its output
into the audio section of your car radio.
Alternatively, with the 4” x 2”7 x 23,;”
case suggested, there's still room enough
for the serious experimenter to include
a power transistor to drive a speaker.

Several versions of the receiver have
been built, and they have all worked—
even with substitute parts and some
pretty “haywire” hookups! With the
construction and circuit as simple as
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3.3K3
2
4
BLK
a
I_;ERz — To
210Kk €5 12-VOLT
=3 sopt| t A BATTERY
15V P
. < dSI - +

(ON R2)

with a 2-megohm. Vi-watt resistor

R1—3.3-megolm, Vi-watt resistor

R2—10,000-0/im minature potentiometer, linear
taper, with s.p.s.t. switch S1

R3—3300-0lim, Vi-watt resistor

S1—S.p.s.t. switch (on R2)

T1—AMiniature interstage transformer, at least
1:3 turns ratio—sce text

V1a/V1b—12ECS8 tube

1—4” 2 2" x 234" aluminusn utility box (Bud
CU-2115-A or equivalent,

Misc—AMlica-filled 9-pin socket jor V1, telescop-
ing antenna. scrap aluminum for shelf, wire,
solder, carphones. etc.
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they are, the photos and drawings should
just about tell the complete story.

In the author’s case, the small inter-
stage transformer (T1) came from his
spare-parts box, but any miniature plate-
to-grid coupling transformer with a turns
ratio of 1:3 or more will work (the Ar-
gonne Type AR-135 is a good choice). A
standard size interstage transformer can

J2
PHONES

Eiaz
$3.3k
B-
Fig. 2. Placing the
phones in the plate lead TO B8+
increases overall gain.
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be used with quite a saving in cost if the
receiver is spread out on a larger chassis.

All of the parts except regeneration
control R2 and capacitor C5 should be
mounted on a small aluminum shelf. As
long as you keep the leads from capaci-
tor C2 to socket pins 1 and 2 as short as
possible, placement of the other com-
ponents isn’t especially critical. For best
results, however, coil L1 should be kept
at least 14” away from such large parts
as transformer T1 or the chassis itself.

Adjustment and Operation. After the
receiver is wired, it can be tested by
“clipping” it across a 12-volt car battery
for a trial run—just make sure that
the ground lead on the receiver is con-
nected to the negative lead on the bat-
tery. Plug a pair of phones into the
phone jack and advance the regeneration
control until you hear the familiar
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An aluminum shelf (left), about 21,”
deep x 174" wide, holds most of the
components, with tuning capacitor C2
mounted on the shelf's 1” lip; pins 3
and 4 on tube socket must be grounded.
Holes in lip of shelf (below) must
match those In front panel of case.

smooth rushing sound of the superregen-
erative detector.

If the signals are strong enough, a 12”
section of a telescoping antenna inside
your car should be sufficient. The same
antenna will do for weaker signals if you
hold the receiver out of a window, but
for best results you should mount a good
VHF antenna on the outside of your car.

Very little “trimming” or adjusting
will be required, although in some cases
it may be necessary to vary the location
of the point where antenna coupling ca-
pacitor C1 is tapped onto the tuning coil
in order to get the detector to oscillate.
It’s a good idea to make this connection
at the grid end of the coil as a start.
Then, if the detector refuses to oscillate
even with the regeneration control at
maximum, move the tap one turn closer
to the center of the coil.

ELECTRONIC EXPERIMENTER'S HANDBOOK



TO
BATTERY

The ideal method of checking the fre-
quency range covered by the receiver is
to feed in signals of known frequencies
from a signal generator. Lacking a sig-
nal generator, the range can be checked
with an absorption-type wavemeter or a
grid dip meter, since the detector is of

the oscillating type. And, even if you
don't have either of these instruments,
it's always possible just to tune in
“known” stations and use the dial set-
tings as marker points. Some ‘‘squeez-
ing” or “pulling” of the coil may be re-
quired in order to get the set to tune the
intended range.

If speaker operation is desired, it
should be an easy trick to feed the output
of the circuit in Fig. 1 into the audio
portion of your car radio, as mentioned
earlier. Just be certain that you have
a coupling capacitor at the input to the
amplifier in order to keep the small
amount of d.c. at the output jack from
being fed into the audio amplifier.

Since a superregenerative detector also
produces frequencies just above the aud-
ible range, an amplifier capable of pass-
ing these frequencies—a hi-fi unit, for

1963 Edition

Those few parts not on the shelf are
mounted on the receiver's front
panel (shown here face down)
As explained in text, jack

J2 must be insulated from

the chassis if you build

the circuit in Fig. 2.

The almost completed unit shown below
needs only an earphone, an antenna, a
12EC8 tube (V1), and a battery to op-
erate. Note that entire receiver is
housed in the front portion of the case.

example—may be inclined to ‘“howl”
when connected to the receiver. This
noise can usually be stopped by placing
a 0.01-uf. capacitor across the output of
the circuit in Fig. 1.

Ready to Go. However you use this
little receiver, you'll find that it boasts
a sensitivity equal to that of units cost-
ing many times as much. On the other
hand, the output of a single tube with
less than a milliampere of plate current
can’t give more than medium headset
volume when used by itself, so don’t ex-
pect the impossible. As we said before,
this is an auxiliary receiver—just “One
For The Road.” —{30+-
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IRCUITS for code-practice oscillators

aren't exactly a ‘‘dime a dozen,” but
there are certainly more than enough to
go around. The circuit shown here has
a number of points in its favor, chief of
which is the fact that it's LOUD. And
remarkably enough, it supplies room-
level volume using only seven compo-
nents, plus a key and a speaker.

As you can see from the schematic dia-
gram, the circuit is an oscillator/switch
similar to that found in many incan-
descent lamp flashers. Since the 2N322
transistor (©2) functions as a ‘“‘switch,”
the audio tone is not a pure sine wave.
Nevertheless, the unit sounds good, and
a sacrifice in waveform is a very small

Loud-Speaking CPO

price to pay for the increased volume.

The frequency can be controlled by
varying the setting of potentiometer R2,
and it can also be altered by changing
the value of capacitor C1. Don't make
C1 too large, though, or transistor Q2
will draw excessive current.

The author assembled his oscillator on
a small piece of perforated ‘‘Vectorbord”
(see photo below, right). This material
is especially easy to work with, since it
requires no drilling and permits con-
nections to be made both above and be-
low the ‘‘chassis.”

Either a 6-volt lantern battery or four
flashlight cells in series will power the
unit. And while virtually any PM speak-
er will do, the author obtained best re-
sults with a 4”, 45-ohm intercom speaker.

No fantastic claims are made for this
little device—other than that it's small,
inexpensive, and LOUD! 30—

vecncesessncsassesasPARTS LIST eseveevareacsoranaens

B1—6-volt battery—sece text

C1—0.01-u4f., 200-volt paper capacitor

Q1-—=2N170 transistor (General Electric)

(2—2N322 transistor (General Elcctric)

R1—390.000-0hm, Vs-watt resistor

R2—10,000-0hm potcutiometer, lincar taper

R3—1000-0fim, YVi-wall resistor

I—45-0hm PM speaker—see text

Misc.—Transistor sockets. wirc, soldcr, knob.
phenolic board. key. ctc.

PFEnaasssscennssssensnssnnsnsy,
%sesssanansansesnunanncecces

100

By MICHAEL S. ROBBINS

Simple code practice oscillator
delivers “really big” sound

PHENOLIC
, BOARD
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Bargain phone package for the ham

l ERE’S a rig that proves you don’t
have to build complicated circuits or
spend a great deal of cash in order to ex-
periment with sideband transmission.
Surprising as it may seem, the “Simple
Sidebander” needs only three tubes to
produce a 40- or 75-meter signal with
“talk power’ better than that of the av-
erage 25-watt AM phone transmitter.
How can this unit be so simple and
inexpensive when the usual sideband rig
is loaded with tubes and carries a purse-

By HARTLAND B. SMITH, wavvDl
flattening price tag? The answer lies
in the fact that it generates a double-
sideband suppressed-carrier signal

The ‘“double-sideband” signal occupies
twice the spectrum space of th2 more
common “‘single-sideband’ signal and, on
a selective ham receiver, is aboat half
an “S"-unit weaker. With these minor
exceptions, DSB and SSB are equivalent.
Over the air, they sound almost identi-
cal, and receiver adjustment is tke same
for either mode of transmission. As a

Completed transmitter (left), with companion power supply, is a neat-looking rig.

1963 Edition

ci? sS 84

101



LxXV21-2/1
8¢A

Haixvai-zn

ALIAILISNIS
ETET

(1x31 338) wv

€19

11}
TION
L) o]




matter of faet, very few people contacted
with the Simple Sidebander have noticed
the extra sideband.

Construction. First prepare coils L1,
L3, L), and L6. These coils should be
constructed for the specific band on
which the transmitter is to operate (40
or 75 meters), and complete specifica-
tions will be found in the Parts List.

In building the transmitter proper, fol-
low the parts layout illustrated in the
photographs as closely as possible. Since
the area around tubes V1 and V3 is
rather crowded, wire as much of this
portion of the transmitter as you can
before installing either coil L1 or ca-
pacitor CI10.

Orient V I's socket with pins 8 and 9
nearest C10. Put ground lugs under both
mounting nuts and place a 1-lug terminal
strip on the side wall of the chassis near
the socket; it should be positioned about
#” down from the chassis top. This tie
point supports the junction of resistors
R7, R10, and RI1! and the B-plus line.
Be sure, incidentally, that you ground
heater pin 5, rather than heater pin 4,
on VI, pin 5 not only carries heater cur-
rent, but is also internally connected to a
shield and focus electrode.

Orient V38's socket with pin 2 nearest
jack J1, and put a ground lug under the
mounting screw nearest potentiometer
R17. A 4-lug (one grounded) terminal
strip, mounted between terminal strip
TS1 and jack JI on the rear wall of the
chassis, serves as a support for the ca-
pacitors and resistors associated with
V3. Locate capacitor C6 well away from
J1 in order to prevent feedback from the
plate of V3b to the grid of V3a.

Fasten a 1-lug terminal strip under
the crystal-socket mounting nut nearest

“Simple Sidebander” employs 12AX7
speech amplifier, 6AR8 oscillator/mod-
ulator, and 6AG7 linear amplifier. Os-
cillator frequency can be shifted over a
small range by adjusting slug of LI.

1963 Edition

C10 and put a ground lug under the oth-
er nut. Use this terminal strip to make
the junction between choke L2, capaci-
tors C1, C2, and C3, diode D1, and re-
sistors R2 and R3. Connect the other
end of choke L2 to the ground lug, keep-
ing the choke close to the chassis where
it won't interfere with the later installa-
tion of L1. Support C1 on 1'%” leads
so that it, too, will be positioned out of
L1's way.

Coil L1 is mounted in a *§” hole drilled
in the front panel. Push the coil through
this hole until the ears spring out to hold
it in place. Turn the coil adjusting screw
as far counterclockwise as you can. Next,
cut a piece of scrap brass volume control
shafting to a length of exactly %” and
drill out its center with a 's” bit. The
shafting is then pushed over the coil ad-
justing screw and sweat-soldered in
place. A conventional knob can now be
installed over the shafting. For smooth
operation, lubricate the threads of the
coil adjusting screw with heavy oil or
grease.

Remove and discard the mica trimmers
on the sides of capacitors CI/0 and C17
before installation. It's necessary to
mount CI10 about 1'3s” back from the
front panel, so this capacitor must be
provided with an appropriate extension
shaft.

A 2-terminal tie point located midway
between C/0 and C16 supports coil Lj.
Slip coil L3 inside L}, being careful to
prevent shorts between the turns of the
two coils. After soldering 1%” leads to
battery B1, connect it between the C12
end of L} and ground (positive lead
grounded).

Mount V2's socket with terminals 3
and 4 nearest the rear wall of the chas-
sis. Install ground lugs close to termi-
nals 1, 3, 5. and 7. Very short leads are
used for the connections between the
socket and the lugs. The power cable
enters the chassis through a grommet-
lined hole in the rear wall above the
socket and terminates at a nearby 4-lug
(one grounded) terminal strip.

A couple of 1-lug terminal strips sup-
port coil L6 above the chassis. Leads to
the coil pass through 'i” holes drilled
near the terminal strips and lined with
grommets. An “L”-shaped bracket, the
front dimensions of which are 2%” x 4”,
is fabricated from scrap aluminum to
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simple power supply. Switch S5
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peeessecccssnncscses: PARTS LIST FOR TRANSMITTER AND POWER SUPPLY esessessesscoccscen
B1-—13-20lt battery (Burgess U0 or cquivalent) Mi1—Miniature “AM-Tuning” type meter (la-
Cl1, C11-—3-30 ppf. mica trimmer capacitor fayette TN-12 or equivalent)
C2, C21—1350-ppf. mica capucitor P1—Octal plug, cable type ( Amphenol 56-1')18
C3. C5, C15-—0.01-gf.. 1000-v0lt ciramic disc or cquivalent)
capacitor Ri1. R13—150,000-0hm, Yi-wall resistor
C4.C7.C12, C19—0.001-uf., 1000-v0ll ccramic R2—470.000-0hm, Yi-walt resistor
disc capacitor R3—330-0hm, Yi-watt resistor
Co—0.1-pf.. 600-v0lt paper capuacitor R4, RS, R10, R11, R19-—56,000-0hm, I-walt
C8,.C9, C14 0.0047-pf., 1000-v0lt coramic disc resistor
capacilor R5—25.000-0hm potentiometer, linear taper
C10. CI7 2-gang variable capacitor. 467.8 puf. R6—100.000-0hm, I-watt resistor
per section (Alied Radio 61 1 039 or rquiv.) R7—33,000-0hm, Vi-watl resistor
C13—Two 3V57 lengths of insulated haokup wire R9—120,000-0hm, 1-wall resistor
wisted tightly together  see text R12—-100,000-0hm potentiometer, linear taper
H Cl16-—140-ppuf. variable capacitor ( Bud 1356 or R14--22-megohm, Yi-walt resistor
: equivalent ) R15, R16—75,000-0hm, Yi-watl resistor
s C13-—100-puj.. 1000-20lt coramic dive capacitor R17—-500,000-0hm potentiometer, andio taper
C20—12-pf.. 430-w.and.c. electrolytic capacitor R18—1000-0hm, YVs-walt resistor
C22—10-pf.. 25-w.vd.c. clectrolytic capacitor R20-—--270,000-0hm, 2-walt resistor
C23, C24—H0-pf.. 450-w.vd.c. boctrolytic capa- R21—15,000-0hm, 10-watt resistor
citor SI1—S8.p.s.t. slide switch
D1, D2 INS4 diede S2—D.p.d.t. slide switch
F1—"y-ampere, 3100 fuse S3—D.pd.t, spring-return switch (Centralab
J1—Chassis-type mike receptacle  (Amphinol 1464 or cquivalent)
75-PC1M or equivalent ) S4, S5—S.p.s5.t. toggle switch
J2-~Chassis-type  coax  receptacle Amphenol — SOI1-—Octal socket ( Amphenol 7858 or equivd-
83-1R or equivalent ) lent )
Li1—For 75 meters: 08 turns of £32 cnamded T1-—Power transformer; primary, 117 volls; scc-
wire close-wound on Supeiex C-3 coil form ondarirs, 720 volts CT @ 120 ma.. 5 volts @
(Form available from Radio Shack Corp., 730 3 amprres, 6.3 volts @ 3.5 amperes (Stancor
Componweealth Ave., Boston 17, Mass.) PA-8410 with center tap of 6.3-voll winding
For 40 meters: 25 turns of £32 cnameled wire unnsed, or equivalent )
closc-wound on Superex (-3 coil form TSI--2-lug, screw-type terminal strip
L2, L5, Li—2.5-millikenry, 250-ma. r.f. choke V'1—6.1R8 tube
(Millen 34103 or cquivaliont) 12—6AG7 tube
L3—For 75 meters: 34 turns of %24 tinned wire, V3—I124X7 tube
347 in diameter, spaced 32 turns per inch (cut VA4—30U4-GB tube
from B&IW 3012 “Miniductor” stock) X1—CQuartz transmitting crystal, ground for
For 40 meters: Same as above, but 22 turns operating frequency
L4——For 75 meters: 50 turns of £24 tinned wire, 1—3" x 107 x 57 aluminum chassis for transmit-
17 in diameter, spaced 32 turns per inch (cut ter (Bud AC-404 or cquivalent)
Jrom B&W 3016 “Miniductor” stock) 1—3"x 7" x 57 aluminum chassis for puioer sup-
IFor 40 meters: Sante as ahove. but 34 tirns ply (Bud AC-429 or equivalent)
. Lé6—Yor 75 meters: 48 turns of 220 tinned wire,  2-—Octal sockets for V2 and V'4
H 1”7 i diameter, spaced 16 turns per inch (cut 1—9-pin muniature tube socket
& from BEW #3015 “Miniductor” stock) 1—9-pin miniaturc tube sockei with 23487 shield
E For 40 meters: Same as ahove, but 24 turns Wisc.- Extension shaft for €10, crystal socket,
= L8—1.5-henry, 200.ma., filter choke (Stancor ciramic or crystal mike, grommets, kunobs,
H C2327 or cquivalent ) holder for F1, assorted terminal strips, cle.
H
H
-
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C20 RIT VZSOCKET o™ POWER CABLE | '

Views of top and bottom of transmitter chassis (zbove) show locations of most of the
major components. Photograph below illustrates piacement of parts on the back panel.

support meter M1 and potentiometer
R12. Choke L7 is connected between a
1-lug terminal strip near R12 and a
ground lug fastened under one of the
bracket mounting screws.

The construction of the Simple Side-
bander's power supply is not critical and
needs no special comment. Just follow
the schematic diagram and use the pho-
tograph as a guide for the parts layout.

Adjustments. Meter M1, the r.f. output
indicator, is the only instrument needed
to make all tests and adjustments. When
R12, the meter sensitivity control, is set
at minimum resistance, even a slight
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Simple
Sidebander

amount of unsuppressed carrier will de-
flect M1's needle. By increasing the re-
sistance of R12, the sensitivity can be
set at a point where the full transmitter
output can be safely handled. From time
to time during the tune-up process. you'll
find it necessary to adjust RI2 in order
to keep MI's needle near mid-scale, the
position where changes in output are
most easily noted.

To ready the transmitter for testing.
set R12 and RI7 for minimum resistance
and gain, respectively, set C/ and C/1
for maximum capacitance. and turn L1I's
adjustment control fully counterclock-
wise. Then switch SI to “Tune' and 82
to “Off,” and connect the coaxial feed-
line from a dipole antenna to J2.

Now turn on S84 and. after a 1-minute
warm-up, turn on S5 and depress the
push-to-transmit switech (S3). Holding
S3 down, tune C10, C16. and C17 for
maximum indication on M1. As the tun-
ing progresses, you will undoubtedly
have to increase the resistance of R12
to prevent the meter needle from going
off scale.

With C10, C16, and CI7 tuned, throw
S1 to the ‘“‘Operate’ position and. con-
tinuing to hold down S3, set R5 for
minimum carrier output (minimum
deflection of M/). Then reduce the ca-
pacity of CI and again adjust R5 for
minimum deflection. Continue the proc-
ess until R5 can be set at a position
where there is little or no reading on
meter M1.

To achieve this degree of carrier sup-
pression, you will probably have to re-
duce the capacity of C1 to a point where
the crystal just goes into oscillation
whenever S3 is pushed. A reduction in
the capacity of C1/ may also help to cut
down the amount of residual carrier. If
you should discover that minimum car-
rier occurs when the arm of potentiom-
eter R5 is at the R4 end, reduce R} to
33,000 ohms. If the minimum occurs at
the R6 end, increase R} to 82.000 ohms.

108

To check for correct neutralization of
V2, leave S/ and S2 at their previous
settings, remove both the crystal and
antenna, and set R/2 at maximum sensi-
tivity. With S3 depressed. no combina-
tion of the settings of C10, C16, and C17
should produce a reading on M /.

If MI's needle moves off zero during
the test, change the capacity of C13 by
untwisting the wires a bit. Should this
fail to help, replace the capacitor with
one made from longer wires twisted to-
gether over a greater distance. Chang-
ing the position of C/J3 relative to C16
will also affect the neutralization.

During the above operations, play it
safe! Disconnect the a.c. plug and dis-
charge the filter capacitors before you
make an underchassis adjustment.

Operation. You're ready to go on the
air. Plug in the crystal, reconnect the
antenna, connect a ceramic or crystal
mike at J/, and wire any external re-
ceiver-muting or antenna-changeover re-
lays to TS!/.

As before, peak (10, C16, and C17 for
maximum output, and null the carrier
with R5. Then, while whistling loudly
into the mike. advance R17 until maxi-
mum r.f. output is obtained. Next, set
R12 for a full-scale reading on M/ and
stop whistling. Finally, adjust RI/7 to
the point where M/ “kicks™ up to a
maximum of half-scale as you speak in
a normal tone.

Now call CQ or, if you hear someone
near your frequency with whom you'd
like to chat. set S2 to “Zero” and zero-
beat the desired station by adjusting L /.

While operated at the author's south-
ern Michigan QTH, the Simple Sideband-
er provided many solid-copy 75-meter
QSO’s with stations in Wisconsin, Illi-
nois, Indiana, Ohio, and Kentucky. Even
though its output drops a bit on 40 me-
ters, the unit does an excellent job local-
ly and has produced a number of 1000-
mile contacts. It can’t be adapted for
20, 15, or 10 meters, however. 30—
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The GABBLEKILLER

By HARTLAND B. SMITH, wsvVvD/I9Wi375

Nerves jangled by QRM? This selective calling system will
silence your CB base receiver until the mobile unit calls in

RE YOU one of the many CB’ers who are rapidly going mad listening .0
the squawks, squeaks, and channel chatter emanating from their base
station receivers? Then here’s the answer to your prayers. The pretty CB
operator above is triggering the “Gabble Killer,” an easily constructed tone-
selective calling system described on the following pages. Though the base
station receiver is turned on awaiting her call, not a peep will come out of
it—till she presses the button.

This turns on both her transmitter and a tone generator connected to the
rig’s mike circuit. The resulting tone-modulated signal is intercepted by the
base station receiver, which is operating with its speaker disconnected. A
resonant-reed relay, activated by the signal, restores the speaker connection.
So if you, too, are fed up with hearing about Uncle Herman’s lumbago or
Aunt Suzy’s favorite recipe, and the ear-shattering noise on 11 meters, read
on and build—the Gabble Killer! (Continued on next page)
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Tone generator parts are
“poured'* into small utility ”
box. There's little wasted
space, but you should
have no trouble if you & R0l

follow the author’'s layout.

TRANSCEIVER MIKE PIOI

COMMON GND-

MIKE CTNCUIT

Building the Tone Generator. All of the
tone generator components are fitted into
a 5” x 2%” x 2%” aluminum utility box
as shown in the photo and pictorial dia-
gram. Since paper capacitors are un-
stable when subjected to the temperature
extremes encountered during mobile op-
eration, don't attempt to substitute them

110

THE
TONE
GENERATOR

CONNECTOR
FOR B10I

TO TRANSCEIVER

MIKE INPUT

PUSH-TO-TALK
CIRCUIT

J 101 AND
JACK COVER

o
5

Schematic of tone generator cir
cuit shows phone jack at J101,
phone plug at P101. Connect-
ors actually used should match
those on your mobile transmitter.

for the Mylar units specified in the Parts
List. The heavy-duty potentiometer spec-
ified for R101* was also chosen for its sta-

*To avoid confusion, three-digit numbers have
been assigned to euch component in this system.
The purts used in the tone generator have numbers
beginning with 10, while the first two digits of
the parts used in the audio-actuated relay circuit
are ‘“20.”
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A couple of strategically located ter-
minal strips make it easy to mount
and wire the smaller components,
as can be seen in this pictorial
diagram. Battery 8101 is placed
atop L101, fastened with tape.

siol

PARTS FOR TONE GENERATOR CIRCUIT

BIIOI 9-volt battery (Burgess 2U6 or cquiva-
cnt)

C101--0.068 uf. ]

C102. C104- 02248 —see text | 3%h 2900
g103. C105-—0.015 uf——sec text capacitors

106--0.14f

C107-—0.001-uf. ceramic capacitor
J101-—3-conductor. open-circuit phone jack—see

lent
L101-—1.5-henry, 10-ma. choke; d.c. resistance,
95 ohms (Thordarson 26C40)

P’101-—-3-conductor phone plug—see text
Q101—2N 1381 transistor
R101--10,000-0hm. 2-walt potcutiometer-

bility during wide temperature changes.
It's important, too, that you make no
substitution for the recommended choke
(L101) ; if you do, the tone produced by
your unit may not be of the proper fre-
quency.

A 3-conductor, opan-circuit phone jack
is shown for J101, which accepts the
transceiver mike plug. Similarly, a 3-con-
ductor phone plug is shown for P101,
which plugs into the transceiver’s mike
input jack. The units actually used for
J101 and P101, however, depend on the
type of mike jack employed on your
transceiver. If, on the other hand, your
mike is permanently wired to the trans-
ceiver, you’ll want to install a plug sys-
tem so that you can remove the tone
generator when required.

Regardless of what type of plug and
jack you use, be sure that the “Common
Gnd.,” *“Mike Circuit,” and “Push-to-
Talk” leads (see schematic diagram of

1963 Edition

screwdriver-controlled, with shaft lock (Claro-
stat Type 53C2 or equivalent

R 102—-1600 ohms

R103—56.000 ohms

R104—220,000 ohms all Ya-watt
R105—6200 ohms resistors
R106—200.000 olrms

R107—150,000 0/1ms

S$101—3-pole, double-throw, push-button switch

(Switchcraft 1009 or equivalent—see text)
57x247x2V4”  aluminum utility box (Bud
CU-2104-A or equivalent)

Misc.—Transistor sockel, shielded cable. rubber
grommet, terminal strips. battery plug. ct

tone generator) are wired to match the
appropriate connections in your mike and
transceiver. The wiring shown is typical
for most transceivers using 3-conductor
jacks. If your rig has no provision for
“push-to-talk™ operation, the wiring as-
sociated with the top set of contacts on
S101 will not apply, and you can use a
d.p.d.t. switch instead.

Most of the tone generator components
can be mounted as illustrated and perma-
nently soldered in place. Capacitors C10}
and C105, however, should be only tem-
porarily installed until final adjustment
is complete.

Battery B101 is placed atop L101,
where it is held in place with plastic tape.
It’s wise to use a battery plug rather
than soldering directly to the terminals.
The battery can then be disconnected
during preliminary adjustments, pre-
venting accidental short circuits.

(Continued on next page)
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TO BASE STATION TRANSCEIVER
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Schematic of relay circuit. One reed of K201 is in use, others are in reserve to change
signaling tone if necessary. Dotted section shows alternate wiring for K201 coil (see text).

K201
RESONANT

SPEAKER
OFF
$ 202

S$201

Parts placement for the relay unit is
not critical, and there’'s plenty of
mounting room. But be sure to insu-
late the frame of K201 from the box.

Building the Relay Circuit. The compo-
nents for the base-station relay circuit
are mounted in a 6” x 5” x 4” aluminum
utility box. Since the frame of relay
K201 is at a high potential when the
contacts are closed, the relay cannot be
fastened directly to the box. Instead,
mount it on a 1” x 3%” piece of Mason-
ite. A solder lug should be installed un-
der one of the mounting serews; this lug
will serve as the terminal for one relay
contact.

Fasten the Masonite to one of the
end walls of the box with machine screws
and nuts. A couple of rubber grommets
slipped over the screws, between the Ma-
sonite and the chassis, will act as spacers
and sound deadeners. The rest of the
mechanical work needs no comment,
and the photos and pictorial diagram of
the relay circuit will serve as a guide.

When you're making the connections
to the contacts of K201, connect R201 to
the solder lug previously installed. The

ELECTRONIC EXPERIMENTER’'S HANDBOOK



Leads between base receiver and relay circuit are marked with circled

numbers here; the numbers are keyed to schematic at left and ‘\

those on next page. Author needed only four leads to make hookup. 4 \
£ \
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STAGE

GROMMET

PARTS FOR RELAY CIRCUIT

C201, C202—40-uf., 350-wwvdc. clectrolytic
capacitor
K201§—Resonant reed relay ( Bramco No. 5114-

00085)

K202—10,000-0hm, 4.5-ma. plate relay,; d.p.d.t.
contacts (Potter & Brumfield Type LM11 or
equivalent)

§A special relay designed ior this project avail-
able from Bramco, College & South Sts., Piqua,
Ohio, for $9.75 postpaid.

connections from lead 2 of the cable in-
terconnecting the transceiver and relay
circuit and from R202 are made to the
terminal corresponding to the 345-cycle
(next-to-longest) reed.” Don’t hook up
K201's coil, however, or install the inter-
connecting cable, until you've read the
following paragraphs.

Installation. Insert the tone generator’s
plug (P101) into the mike jack on your
mobile transceiver, and plug the mike
into J101. That's all there is to the mo-
bile installation.

Now remove the base station trans-
ceiver from its cabinet and examine the
audio output stage. One lead from the
output transformer’s secondary should be
connected directly to the speaker. Break
this lead as shown in the sample output

«Relay K201 also contains three other reeds, tuned
to three other frequencies. You can switch to one
gj these (see section on “Changing the Signaling

one’”’ on page 115) in the event of inlerference
from another station using this calling system.
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R201
R202

-3000-0hm. 1-watl resistor

-15,000-0hm, 2-walt resistor

R203—15,000-0/im, 1-walt resistor

R204—150-0hm, Vo-watt resistor

$201—S.p.s.t., normally-open, push-button switch

$202—S.p.d.t. push-button switch

1—6"x5"x4” aluminum utility box
2107-A or equivalent)

Mise.—Color-coded cable, rubber grommets. ter-
minal strips, Masonite to mount K201, ctc.

Bud CU-

stage schematics (which appear on the
next page). The other output transform-
er lead will either be grounded (see sam-
ple schematic ‘““A”) or connected to the
“Send-Receive” switch (see sample
schematic “B”).

If the lead is grounded, run a 4-con-
ductor cable between the relay circuit
and the receiver. The cable is wired as
shown in the pictorial and schematic of
the relay circuit and in output stage
schematic ‘“A.”” Corresponding points on
the pictorial and schematics are labeled
with identical, circled numbers. Ignore
the dotted section of the schematic dia-
gram of the relay circuit. Now wire in
the coil of K201, still ignoring the dotted
section of the diagram.

If the lead is not grounded, but con-
nects to the “Send-Receive” switch,
you’ll have to use a 5-conductor cable.
Wire in the coil of K201 according to the
dotted section of the relay circuit sche-
matic; connect the cable according to
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sossssss HOW THE SYSTEM WORKS sveesese

The tone generator connects to the mobile
transceiver’s mike input jack via plug 101, and
the mike plugs into jack J7101. \When switch
$101 is in the normal position (shown). the trans-
ceiver operates as usual. With 5707 depressed.
however, power from battery BI01! is applied to
the tone generating circuit, the output of the cir-
cuit is fed (via coupling capacitor C107 and
voltage-dividing resistors R7106 and R107) to
the input of the transceiver. and the transceiver's
“push-to-talk™ circuit is activated. The net re-
sult is that a 345-cycle tone is broadcast by the
transceiver.

A modified Colpitts oscillator. the tone-gen-
erating circuit is designed around transistor
()101. Base bias for (101 is taken from the junc-
tion of voltage-dividing resistors R104 and R103.
and the oscillator's output is developed across
emitter-load resistor K105, The feedback neces-
sary to maintain oscillation is provided by a
network consisting of resistor R102, the tuncd
circuit formed by (102-C'105 and choke L101.
and coupling capacitor C106. Capacitors 102
and C103, as well as CI104 and CI035. are in
parallel because it is difficult to obtain stock
capacitors having exactly the required values.
Potentiometer K101, with jts series capacitor
(C101), is used to make small adjustments in
the frequency of the generated tone.

An audio-actuated relay circuit is connected to
the base station transceiver via the leads marked
with circled numbers (see schematic of relay cir-
cuit and sample schematics of transceiver audio
output stages). When a call from the mobile unit
is expected. the transceiver is turned on and set
to receive on the proper irequency. Though the
receiver is operating. no sound is heard because
one of the leads between the speaker and the out-
put transformer is disconnected.

The mobile operator activates the base station
receiver by holding the tone generator button
(5101) closed for about four seconds. The re-
sulting 345-cycle tone is picked up by the re-
ceiver and fed. via leads 3 and 4 (or 3 and 5—
see “Installation™ section). to the coil of reso-
nant-reed relay A201. \ vigorous vibration is
then set up in a small metal reed. tuned to 345
cycles and located in the relay. This closes a
circuit which allows B4 voltage to flow, via
lead 2, from the transceiver to a delay network
(resistors R201 and R203 and capacitors (201
and C202). After an interval of about three sec-
onds (necessary to prevent activation of the re-
ceiver by a random tone). capacitors 2071 and
€202 charge ecnough to close relay A202. One
set of contacts on A202 restores the broken speak-
er/output transformer connection via leads I and
3. the other set holds A202 closed by bypassing
the contacts of K201, allowing 134 voltage to
flaw (through dropping resistor R202) directly
to K202's coil.

When communication with the mobile unit is
ended. the base station operator presses push-
¢ button switch 5202. This action breaks the hold-
ing-current path to relay A202, the relay contacts
open, the receiver is silenced. and capacitors
€201 and C202 are discharged (through resis-
tor R204 and the cnil of A202) to await the
next signal. For manual activation of the re-
ceiver in the absence of a tone signal, push-but-
ton switch 82017 is wired in parallel with A202's
“holding™ contacts. It's necessary only to press
the button momentarily to lock A'202 in a closed
position.
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this schematic and to output stage sche-
matic “B.”

Whether you use a 4- or a 5-wire cable,
run it through a ventilation louver or
other convenient opening in the trans-
ceiver cabinet before making the con-
nections.

Adjustment. Switch on the base station
transceiver, setting the volume control
to its normal level and disabling the
squelch. After a 1-minute warmup, push

A

MDD/RCVR-OUTPUT ouTPUT
TUBE TRANS BREAK
HERE
ll SPKR
! 0-REC
SEND-RECEIVE
T0 B+ Do nect

ass

OUTRUT

TRANS, BREAK

HERE

SPKR

T0 B+

Q00

T
SEND~=
RECEIVE
SWITCH

I
Sample schematics of wiring you may en-
counter in audio output stage of base
transceiver. Type ‘A’ requires only four
wires to the relay circuit; "B" needs five.

switch S201. Relay K202 should now
snap closed, and the usual background
hiss should come from the speaker. If
the relay fails to operate, try reducing
the spring tension on its armature.
Should the transceiver power supply fur-
nish less than 200 volts to lead 2 of the
interconnecting cable, you may also have
to reduce the value of R202 to about
10,000 ohms.

With the relay closed, push switch
8202; this should open it, silencing the
speaker, in about half a second (the time
required to discharge C201 and C202).
Now switch on the speaker by pushing
8201, and you're ready to proceed with
the next step.

ELECTRONIC EXPERIMENTER'S HANDBOOK



Temporarily set up the mobile rig next
to the base station transceiver, switching
it to the base station’s channel. Next,
depress S101 on the tone generator (if
your mobile unit has no push-to-talk cir-
cuit, you'll also have to flip its “Trans-
mit-Receive’ switch to “Transmit”). You
should now hear a tone in the base sta-
tion speaker.

Vary the frequency of the tone, using
potentiometer R101. At the same time,
keep vour eye on K201's 345-cycle reed.
It should be possible to find a setting of
R101 which will throw the reed into
lively vibration. If not, the tone gen-
erator’'s frequency range isn't quite
right; adding an 0.068-.f. capacitor
(Mylar!) in parallel with C10} and C105
will probably clear up the trouble. Once
you obtain the proper vibration, perma-
nently solder C104, C105, and the extra
capacitor (if used) in place.

At this point, push S202 to release
K202. Now push S101 again; the 345-
cycle reed should vibrate and, after a 2-
or 3-second delay, K202 should snap
closed. You'll again be able to hear the
audio tone in the base station speaker.
When you let go of S101, the tone should
stop and the receiver should continue to
function normally until S202 is actuated.

If K202 closes less than 2 seconds after
K201 starts to buzz, increase the value
of R201; if the delay is greater than 3
seconds, reduce the value. Some delay is
necessary in order to keep heterodynes
and other spurious noises from acciden-
tally switching on the receiver speaker.

As a final check. have an assistant
drive the mobile unit 4 or 5 miles away
from your base. Try out the system
again, making sure that it still functions
dependably. It might be necessary to
touch up the setting of R101.

The tone generator can now be fas-
tened permanently on or near the mobile
transceiver. But if the generator, over a
period of time. drifts so far off frequency
that K101 fails to operate. try another
2N1381 transistor at Q101. Now and
then, one encounters a transistor which
is extremely sensitive to temperature
variations.

The selective calling system, as de-
scribed, works only from mobile to base
station. The average CB’er enjoys listen-
ing to activity on the band as he drives
along the highway, so there is no need

19463 Edition

FREQUENCY CONVERSION CHART

Reed Capacitor Values Required

Longest reed *Shortest reed

Frequency | ¢102, c104 | C103, C105
315 cps* 22 ,f. ’ 047 uf. g
345 cps .22 uf. .015 uf. g
375 cps 1 uf. | 1 uf.
405 cps* ¥ 15 uf. 022 ut.

SETUEsaTEAEEESAEEEEESEsEEEEEERCEEEEWAASARARANAT

to immunize his receiver against signals
not meant for him. Any reader who
wants selective calling in both directions,
however, can readily combine a tone gen-
erator and relay circuit in a single pack-
age. He can then install one of these
dual units at each end of the line.

Changing the Signaling Tone. As CB
interference increases and more selective
calling systems are installed, you may
discover that a nearby station is using
a signaling tone identical in frequency
with yours. If this happens, you can
readilv shift to one of the three other
reeds on K201.

It will be necessary also, of course,
to change the frequency of the tone gen-
erator. This ean be done by changing
the values of C102-C105; a table of

values for these capacitors, correspond-
ing to each of the four reeds, will be
found at the top of this page. As before,
you may have to make slight variations
in capacitance to produce exactly the
right frequency.
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THE S-9’er

By JAMES G. LEE, W&VAT

From 15 to 60 meters, this short-wave preselector

will vastly improve sensitivity and selectivity

CeY\)/ OW! What black magic did you
use to get those rare QSL's ?”’ one
SWL asked his buddy in amazement.
“I’'ve never really been sure I've heard
those guys through all the QRM.”

“No black magic,” replied the second,
“just that little black box sitting on top
of my receiver.”

The “black box” referred to by the sec-
ond SWL was the 8-9’er, an unusual type
of preselector. If your receiver has no
r.f. stage, this unit can increase its sensi-
tivity and image rejection to the point
where you, too, will have a better chance
of hearing and receiving QSL's from
those rare DX stations. Covering 5 to
20 megacycles, the S-9’er is also useful
to hams who do much of their operating
in the 40- or 20-meter bands.

About the Circuit. The S-9’er is designed
to be inserted in series with the line be-
tween the antenna and the receiver.
With S1 Out (see schematic on p. 120),
the preselector is bypassed and the an-
tenna connected directly to the receiver.

16

When S1 is in the In position, however,
the antenna is switched to the preselec-
tor’s input and the output of the pre-
selector is connected to the receiver’'s
antenna terminal.

In the latter case, the r.f. signals en-
tering input jack JI from the antenna
pass through coil L1, which is a movable
link coupled to coil L2; this adjustable
coupling allows the use of a variety of
antennas. Coil L2 is tuned by a dual
variable capacitor (C1) in such a way
that, for any setting of CI1, the L/C
combination resonates at two frequen-
cies at once. In this way, the ranges of
5-12 and 11-20 megacycles are tuned
simultaneously—eliminating the need
for a bandswitch or for separate plug-in
coils.

From the tuned circuit, the selected
signals pass to the grid of triode V 1a,
which is connected as a neutralized r.f.
amplifier. Capacitors C2 and C3 adjust
the degree of neutralization; when the
neutralization is reduced below a certain

ELECTRONIC EXPERIMENTER'S HANDBOOK
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point, V1a oscillates (regenerates) due
to increased interelectrode coupling. The
regeneration, carefully controlled, is used
to increase the sensitivity and gain of
the amplification stage, and the selectiv-
ity of the tuned circuit.

The amplified signal passes, through
triode V1b. to output jack J2 and is fed
to the receiver. Triode V 1b is connected
as a cathode follower and contributes no
further amplification. It serves, rather,
to isolate the neutralized r.f. amplifier
from the load of the receiver and con-
necting cable.

Power for the preselector comes from
a built-in supply utilizing a silicon diode
in a half-wave circuit.

Construction. A 7”7 x 5” x 3” chassis
box houses the preselector. The controls,
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{INSULATED)

The power supply and all controls
and jacks are mounted on main chas-
N, sis as shown in this pictorial. Coil
‘;\";\\Ll couples to coil L2 on subchassis.

\\\\

and input and output

power supply,
jacks are mounted on the chassis itself,
while the r.f. section is built on a sep-

arate subchassis. Construction details
are shown in the photographs and pic-
torial diagrams and should be followed
fairly closely.

Begin by mounting the main tuning
dial at the center of the front panel. then
install slide switches S and S2. When
the above front-panel components are in
place, the power transformer, filter ca-
pacitor, tie points, line-cord grommet,
and input and output jacks are mounted
on the rear wall.

At this point, the line cord should be
installed and the power-supply circuit
wired. When the wiring is complete,
temporarily install a 10,000-ohm, 1-watt
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Pictorial diagram of r.f. section sub-
chassis. Leads lettered *‘A’’ through
“D’" connect to similarly lettered
leads on pictorial of main chassis.

load resistor from the junction of C8a
and RS to ground. Plug in the line cord,
switch on S2, and measure the voltage
across the load resistor. It should be
at least 100 volts.

When the power supply has been
checked out, wire the input and output
Jjacks to switch SI using RG-58/U coax-
ial cable. The main chassis is now set
aside for the time being and construe-
tion begun on the r.f. section.

The r.f. section is built on a 27 x 4%”
Bakelite board which is copper-clad on
one side. This type of board is intended
for printed-circuit work, and is used here
merely to simplify construction. The ma-
terial is easy to drill and grounds can be
soldered directly to the copper—allow-
ing the use of short leads.
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Reverse side of S-9'er subchassis

4 is shown in photo below. Num-
bered connections match those on
VI SOCKET pictorial above and on schematic.

Vi
SOCKET

All three major components—capaci-
tors C1 and C2 and the socket for V1—
mount along the center line of the board.
The tube socket is mounted in the exact
center of the board; capacitor C1 is
mounted 1%4” in from one end and posi-
tioned so that its lugs point away from
the tube socket; capacitor C2 is placed
%” in from the other end of the board.
The shafts of the capacitors and the
bottom of the tube socket should pass
through to the copper-clad side of the
board. Capacitor C1's shaft must be iso-
lated from ground, so be sure to make
the hole through which it will pass large
enough to avoid shorts to the copper.

The connections (labeled 1, 2, and 3
on the schematic) to coil L2 are made
via three terminals (labeled with cor-

ELECTRONIC EXPERIMENTER’'S HANDBOOK



MAIN REGENERATION
TUNING CONTROL

COUPLING CONTROL

The relationship between the ma.n chassis and sub-
chassis can be seen in this photo of the completely
assembled S-9’er. Main tuning and regeneration con-
trols are coupled to shafts of C1 and C2 respectively.

smsEsEEssEsEsEEsEEEE PARTS L|ST RETRITTELTEEIEEEEET

C1—195-puf. and 87-upf. two-gang midget vari-
Iablc capucitor (Lafayette MS-270 or equiva
ent

C2—140-upuf. miniature variable capacitor
(Hammarlund APC-140 or equivalent)

C3—30-upf. trimmer capacitor

C4, C5—0.02-uf., 600-volt ccramic disc capaci-
lor

C6—270-upj. silvered-mica capacitor

C7--0.001-yuf. silvered-mica capacitor

C8—20/20-uf., 150-w.v.d.c. electrolytic capaci-

tor

D1—Silicon diode, at lcast 25 ma., 350 P.1.l.
rom.s.

J1,J2-——Phono jack. RCA-tvpe

L1—4 turns of B&W 3011 Miniductor coil
stock, or cquivalent (34”-diameter, 16 turns
per inch)

L2--28 turns of B&W 3015 Miniductor coil
stock, or equivalent (1”-diameter, 16 buras per
inch) tapped at 10 turns from “cold” end

L3, Ld—1-mh. r.f. choke

R1, R3—100,000-0hm, Ya-watt resistor

R2, R4-——68-0hm, Ye-wat! resistor

R5-—1000-0hm. 2-watt resistor

R6—39-0lm, 1-watt resistor

Si-—D.pd.t. slide switch

§2---8.p.s5.t. slide switch

T 1-—Power transformer: primary. 117 volts: scc-
ondaries, 125 volts @ 15 ma., 6.3 volts @
0.6 amp. (Stancor PS-8415 or equivalent)

V1—6CG7 tube

17" % 5" x 3" chassis box (LM B 145 or equiv-
alent)

1--2” x 4W” Bakclite board, copper-clad on one
side (Lafayette MS-513 or equivalcns)

1--2"-diameter vernier dial

Misc—Knobs, shaft bushing, shaft couplings,
tube socket, wire. hardware, line cord and plug,
tie points, RG-38'U coax, elc.
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responding numbers o2 the plctorial dia-
gram and photo of the r.f. section)
mounted on the end of the board nearest
C1. Each terminal consists of a }-40 x
14" screw and nut insulated from ground
by means of shoulder washers. The
screw heads should be located on the un-
clad side of the board. Install terminals
1 and 3 at the corners of the board as
shown in the pictorial. Terminal 2 is
mounted about 4” from terminal 3:
place two solder lugs under its screw and
do not tighten it.

Now cut coil L2 from the B&W Mini
ductor stock, leaving the leads extra
long. The coil is then placed against
the end of the board on which the termi-
nals are mounted; one lead is soldered
into the screw-slot of terminal 1, the
other into that of terminal 3. Use the
excess lead lengths to make connections
to capacitor CI. One of the lugs on ter-
minal 2 is soldered to L2 at a point 10
turns up from the terminal 3 end of the
coil, the other is soldered to the appro-
priate lug on C2. Terminal 2 may now
be tightened and, to insure good elec-
trical continuity, the two lugs should be
soldered to the screw.

The two tie points are mounted on the
copper-clad side of the board as shown
on the pictorial diagram. Fasten the tie
point nearest VI under one of the tube-
socket mounting screws. The other tie
point may be soldered directly to the
copper. This all but completes the me-
chanical work on the r.f. section, but be-
fore beginning the wiring you should
drill a small hole in the chassis. near the
terminals of C2, to accommodate the
leads to that component.

All wiring is point-to-point, and the
grounds can be soldered directly to the
copper. To make some of the ground
connections, the author used a semi-
circular ground-lug strip which was sup-
plied with the tube socket; it’s not neces-
sary to employ such a strip, however.
All further connections to L2 and C1,
incidentally, are made via leads soldered
directly to the nuts of terminals 1 and 3.
Leads 4,B,C, and D are connected to the
main chassis as shown in the two pic-
torials. Make leads 4,B, and D 8” long;
lead C should be about 3” long.

The r.f. section is mounted on the
front panel of the main chassis by means
of two studs spaced 1'»” from the panel;
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Unusual design of S-9'er is evident from sche-
matic diagram. The r.f. amplifier (V1a) is tuned
to two frequencies at once by dual capacitor
Cl. Cathode follower (V1b) provides isolation.

additional support is given by the insu-
lated coupling between the shaft of CI
and the tuning dial. After the r.f. section
is mounted, connect the free ends of leads
A,B,C, and D. Then drill a hole in the
front panel to line up with €2’s shaft
(use a piece of paper to catch any metal
shavings which might fall onto the sub-
chassis). Attach an extension to the
shaft to bring it out through the front
panel, and install a pointer knob.

The last item to be put together is
the variable antenna coupling. Drill a
“” hole, positioned symmetrically with
respect to the hole for C2’s shaft, on
the other side of the tuning dial. Install
a %” shaft bushing in the hole, then cut
a 2%” length of %” Bakelite rod.
Three holes for #4 screws should be
drilled in the rod—the first is located
¢” from an end; the second, %” further
in; and the third, 1”7 in from the other
end. Cut coil L1 from B&W Miniductor
stock, making the leads about 13%” long,
and slide a %” length of spaghetti over
each lead. The lead ends are secured un-
der #4 sheet-metal screws installed in
the first two holes; about 3” of each lead
is left protruding for use in making con-
nections to the coil.

Run a 4-40 nut up to the head of a
4-40 x %” screw and insert the screw
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through the remaining hole. This screw
is secured in place with another 4-40 nut,
and a %” grommet is slipped over the
undrilled end of the shaft. Slide the
same shaft-end through the bushing in
the panel; push it in so that the grommet
is slightly compressed between the
screw and the bushing, and install a
pointer knob on the shaft.

The leads of coil L1 are bent so that
the coil penetrates a turn or two into
L2 at the maximum coupling position;
the plastic structural bars of both L1
and L2 may have to be filed down a bit in
order to make this possible. Be sure
that the coils do not short together at
any point in the adjustment range.
Solder leads to each of the coil wires,
running one to 81 and the other to a
ground lug secured under one of the tun-
ing dial nuts. Make a final check of all
the connections, and you're ready to try
out the S-9’er.

Adjustment and Operation. Attach your
antenna, receiver antenna terminal, and
ground to the input and output jacks of
the S-9%er (see schematic); be sure to
use coaxial cable between the output
jack and the receiver. The chassis cover
should be left off temporarily. Switch
both the receiver and the S-9er on and

(Continued on page 126)
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DE LUXE

FEavesdrop on the news

while it’s happening-

with a converter that pulls in everything

from police cruisers to cabs and fire engines

LTHOUGH a good many SWL’s are
unaware of it, one of the busiest
portions of the radio spectrum extends
from 150.8 to 162 mc. This band is lit-
erally alive with police and fire calls,
mobile telephone conversations, and the
voices of taxicab dispatchers! Public
utilities employ this segment of the ether
to keep in touch with their repair crews.
And, in coastal areas, even steamships
can be heard on these frequencies.
Attached to a standard F1I receiver or

1963 Edition

tuner, the 10-8 converter enables you to
eavesdrop on all this exciting activity. If
you're the kind of fellow who enjoys
“keeping up with the news” while it’s
happening, you’ll undoubtedly want to
try your hand at building this little
gadget. Costing less than $20.00, it can
provide you with many hours of fasci-
nating entertainment.

Why is the converter dubbed the
10-8? Because “10-8”’ in the “10” system
used by the police means “in service”
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Housed in the top
half of an aluminum

utility box, the 10-8 con-
verter need only be connected
to suitable antennas and an FM

tuner for operation. All wiring must
be as short and direct as possible.

which is just what your 710-8 will be most
of the time.

Construction. The top half of a 5” x 4”
x 3” aluminum utility box supports all
of the parts. Component placement
should closely follow that of the original,
since changes in layout may adversely
affect the circuit’s performance.

Capacitor C7, a Hammarlund HF-15
variable driven by a small vernier dial,
is supported on a '»” metal spacer held
in place with a 6-32 machine screw. The
dial should be set so that it reads 10
when the capacitor’s plates are com-
pletely unmeshed.

The other tuning capacitor, C1, can be
any small variable with a maximum ca-
pacity between 10 and 15 ppf. Mount it
on the front panel and orient it so that
the stator lugs are positioned as illus-
trated. A capacitor taken from the au-
thor’s spare-parts box was used in the
prototype. However, if you don’t happen
to have such a unit on hand, a second
HF-15 can be used at this point.

The socket for V1 should be mounted
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with pins 1 and 9 pointing toward the
center of the chassis and pins 4 and b
near the edge. One mounting lug of a
four-lug terminal strip is held by the
tube-socket mounting nut near pins 4
and 5. The other mounting lug on the
terminal strip is fastened to the chassis
with a 1%” 6-32 screw, and this same
screw also holds C2 atop a 1 metal
spacer. Make certain that the movable
plate of this capacitor is the one which
is grounded to the spacer.

Another four-lug terminal strip, held
by T1's mounting nuts, provides support
for D1, R3, R}, and one end of R5; a
single-lug tie point acts as a convenient
terminal for the other end of R5. In
addition, a couple of two-lug, screw-type
terminal strips are mounted on the rear
of the chassis and serve as antenna con-
nectors. One terminal of each strip is
grounded to the chassis.

Grommets should be placed in two
holes in the top of the chassis through
which the transformer leads pass. Two
other grommets at the rear of the chassis
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Circuit of 10-8 employs a 6EA8 ™
mixer/oscillator to convert in-

” s coming signals to 108 mc. Switch
S1A selects police or FM antenna.

L3

VIA
1/2-6EAB

POLICE
ANT.

5

C1—2 - 10 puf. midget variable capacitor—see
text

C2--3 - 30 puf. mica trimmer capacitor

C3. C4, C8, C9, C10—0.001-uf., 600-volt disc
capacitor

C5-—-0.0047-uf., 600-volt disc capacitor

C6—51-upuf. tubular ceramic capacitor, zero
temperature coefficient

C7-—2.8 17.5 uuf. midget variable capacitor
(Hammarlund HI-15 or equivalcnt)

C11-—-30/30-uf. 150-w.v.d.c. electrolytic capacitor

D1-—-1N 1695 diode

L1—Five turns of #20 tinned solid copper wire,

" in digmeter, spaced 4 times the diameter

of the wirec and tapped 1V4 turns from cach
end, with 38" leads—see text

L2—Four turns of £20 Nyclad wire, 38" in
diameter, close-wound, with 38" leads—see
text

L3-—Three turns of =20 Nyclad wire, 34" in
diameter, close-wound, with 34" leuds—see
text

L4 -Six turns of #20 tinned solid copper wire,
spaced the diameter of the wire, 58” in diam-

protect the a.c. power cord and the co-
axial lead which runs between the FM
receiver and the 10-8. Four more grom-
mets, inserted in holes drilled at each
corner of the bottom cover, serve as
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eter, tapped 3 turns from the ground end, with

R 1—2200-0hm. Vi-watt resistor
R2—47.000-0hm, Vi -watt resistor
R3—-27-0hm, Y3-watt resistor
R4—1800-0)hm, 1-watt resistor
R5—-18,000-0hm, 1-wait resistor

T'1—Power transformer; primary, 117 volts a.c.;
secondaries. 125 volts @ 15 ma. and 6.3 volts

Vi

5-408 or equivalent )

1—5" x 47 x 3% aluminum utility box (Bud
CU-2105A or equivalent)

1—36-mm. (13" ) vernier dial ( Lajayette F-348
or equivalent)

Misc.—Screws, grommels. knobs, terminal strips,
ground lugs, etc.

34" lead at ground end, 17 lead at grid end
see lext

D.p.d.t. slide switch

@ 0.6 amp. (Stancor PS-8415 or equivalent)
6EAS8 tube

Nine-pin miniature tube socket, shicld base

(Amphenol 59-407 or equivalent)

Miniature tube shield for above (Amphenol

157 length of RG-122/U coaxial cable

protective feet for the device. Additional
holes include those for C1 and C7 as well
as one in the side of the cover to provide
access for adjusting C2.

Wind the coils exactly as specified in
123



THE 710" SIGNALS

The APCO “10” signals were developed
by the Associated Police Communica-
tion Officers, Inc., to reduce the content
of police messages to a codified form.
Listed below are the “10” signals most
often heard on the air, together with
their meanings.

10-1 Receiving poorly—move to better fo-
cation.

10-2  Receiving well.

10-3 Stop transmitting.

10-4 Acknowledgment (OK).

10-5 Relay message.

10-6 Busy.
10-7 Out of service.
10-8 In service, subject to call.

109 Repeat, conditions bad.

10-10 Out of service—subject.to call.

10-11 Talking too rapidly.

10-12 Officials or visitors present.

10-13 Advise weather and road conditions.

10-14 Convoy or escort.

10-15 We have prisoner in custody.

10-16 Procure prisoner at ————.

10-17 Procure papers at ————.

10-18 Complete present assignment as
quickly as possible.

10-19 Return to your station.

10-20 What is your location?

10-21 Call this station by telephone.

10-23 Stand by.

10-24 Trouble at station—unwelcome visi-
tors—all units in vicinity report at
once.

10-29 Check for wanted.

10-31 s lie detector available?

10-32 Is drunkometer available?

10-33 Emergency traffic at this station.

10-34 Clear for local dispatch?

10-35 Confidential information.

10-36 Correct time?

10-37 Operator on duty?

10-38 Station report satisfactory.

10-40 Advise if Officer ———— is avail-
able for radio call.

10-60 What is next message number?

10-63 Net is directed.

10-64 Net clear.

10-67 Stations ———— carry this message.

10-68 Repeat dispatch.

10-70 Net message.

10-71 Proceed with traffic in sequence.

10-83 Have Officer number ———— call
this station by telephone.

10-92 Your quality poor—transmitter appar-
ently out of adjustment.

10-97 Arrived at scene.

1098 Finished with last assignment.

10-99 Unable to receive your signals.

All municipal, county, and state police, spe-
cial emeryency; forestry, fire department;
local government, and highway maintenance
radio stations appear in the ‘“‘Official Registry
of Public Safety Radio Systems.”’ Avatlable
from Communication Engineering, Box 629,
Mineola, N. Y., for $6.00. the book lists fre-
quencies, call-signs, locations, and number
of mobile units.
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the Parts List. Strip the insulation from
a short length of No. 20 tinned solid
hookup wire to make L1, and solder
this coil between the terminal strip
mounting lug near the tube socket and
the closest stator terminal of C1. Next.
run a bare 1” lead from pin 2 of V1
to a point 1'> turns from the ‘“‘capacitor”
end of L1. Finally, solder a 51”-long
insulated wire between the ungrounded
end of the police antenna terminal strip
and a point 1'% turns from the opposite
end of the coil.

Nyeclad wire (No. 20), with its tough.
chip-resistant coating, is recommended
for both L2 and L3, be certain to scrape
the insulation carefully from the leads at
the ends of these coils. Note that coil L2
is supported by the 4-lug terminal strip’s
two insulated lugs nearest the tube
socket. A ¥;” length of bare wire runs
from pin 6 of V1 to the near end of L2,
a 2'4” wire is also soldered to this end of
L2 and then run to the fixed plate of C2.
A wire soldered to tube pin 3 is con-
nected to the opposite end of L2.

Coil L3 is fastened to the two insu-
lated lugs nearest C2. A short insulated
wire runs from the end of L3 next to L2
to the grounded terminal strip mounting
lug near C2. A 6%”-long insulated wire
is then run from the other end of L3 to
the “Police” terminal of Sia.

Before installing Lj. solder a %4” piece
of bare wire to the third turn from the
bottom end of the coil. More room will
be available for making this tap if you
bend the second and fourth turns inward
by pushing on them with a screwdriver.
Place the coil between the ground lug
near pin 9 of V1 and the adjacent stator
lug of C7. The wire from the tap at turn
3 can now be soldered to tube pin 8.

Finally, trim the leads of C6 to ”.
One end of this capacitor is soldered to
pin 9 of the tube; the opposite end is
wrapped around and soldered to the lead
of L} which connects to C7.

Alignment. With power applied to the
10-8 and the bottom cover removed,
there are a number of exposed high-volt-
age points in the converter which are apt
to shock the unwary. Therefore, it's wise
to ‘‘play it safe” and put on a pair of
gloves before making the following ad-
justments.

First, connect a 150-mec. antenna to the
‘“police” antenna terminal strip and an
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FM antenna to the FM antenna strip.
Run the output cable from the 10-8 to
the antenna terminals of the FM set, and
temporarily solder a 1” wire between
pins 5and 7 of V1.

Next, set the FM receiver dial at 108
me. and C7 at maximum capacity, then
adjust C2 for the loudest hiss in the re-
ceiver’s speaker. Spread the turns of L2
slightly if maximum noise occurs with
C2 wide open. Bend L3 back and forth
with respect to L2 until you determine
the position which results in the greatest
background noise.

Remove and discard the wire between
pins 5 and 7, then tune C7 from maxi-
mum to minimum capacity. As you do
this, you should hear several signals
which are harmonics of the variable os-
cillator. If no signals are evident, V1b is
not oscillating-—try increasing the plate
voltage by reducing RS to approximately
4000 ohms. If this fails to start the oscil-
lator, look for a defective component or
a wrong connection. Another check is
to tune the FM receiver to 94 mc. and
see if the second harmonic of V1b can
be heard; this should occur when the
plates of C7 are about half-meshed.

Once you have the oscillator perking,
tune the vernier dial back and forth in
search of police calls and other v.h.f.
transmissions. When you come across a
signal, peak C1 for maximum volume.
Since this particular adjustment is rather
broad, a slight touch-up will suffice when
tuning from one end of the band to the
other. If CI must be fully meshed for
best reception, squeeze the turns of LI
closer together. If optimum results are
obtained with C1 at minimum capacity,
open up the coil a bit.

Mobile telephone and taxicab dis-
patcher signals should be picked up with
the vernier dial set somewhere between
3 and 5. Likewise, police calls should
come in between 5 and 7. If you can re-
ceive no mobile phones, but police calls
are found between I and 3 on the dial,
add a turn to the top of L. On the other
hand, if mobile phones are heard around
7 or 8, remove a turn from the coil.

Performance. Naturally, the perform-
ance of the converter depends to a large
extent on the quality of the antenna in-
stallation. At an average location, mobile
stations will come through at distances
up to about five miles. Base stations,
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especially the higher powered ones, will
be audible for at least 20 miles.

Be sure to log the dial settings of the
various services you hear so that you can
retune to them in the future. And al-
ways set the FM dial to exactly 108 mc.

HOW IT WORKS

Many police, fire. public utility, and maritime
mobile stations operate between 150.8 and 162
mec. The 10-8 makes it possible to tune in these
signals on an ordinary FM radio.

\ 135-mc. police call. for example, arrives at
the antenna. drops down the feedline, and finally
reaches coil L1. Since L! and capacitor CI form
a resonant circuit that can be tuned to 155 mc.,
a 155-mc. voltage can be built up across this LC
combination and applied to the grid of I'Ja.

Tube 116 is a variable-frequency oscillator
which. in this case. is tuned to 47 me. The 47-mc.
output of V1b is fed to the cathode of I'fa via
capacitor C4. Because Vla is a non-linear device,
the 47-mc. energy combines in the tube with the
155-mc. police signal to produce two new fre-
quencies. These new frequencies. or “beats,” are
equal 1o the sum of and the difierence between
47 and 155 mc.

The sum (202 mc.) and the difference (108
mc.). as well as the 47- and 1535-mc. signals. are
all present at the plate of ¥V 7a. Only one of these.
the 108-mec. signal, is desired. Consequently, coil
L2 and capacitor (2 are resonated to this partic-
ular frequency. Coil L3. which is inductively
coupled to L2, picks up 108-mc. energy and feeds
it. via switch S1g¢ and the coaxial cable, to the
input of the I'M receiver. The 155-mc. police
signal will now be heard when the I'M set is
tuned to 108 mc.

I'o eavesdrop on a mobile telephone conversa-
tion at 152 mc., C!I is peaked to this new fre-
quency and capacitor C7 reset for an oscillator
requency of 44 mc. The FM set need not be re-
tuned. because the difference between 132 and
44 is again 108.

P’ower to operate the 10-8 is supplied by a
small isolation transformer. TI. and a silicon
rectifier. DI. When normal broadcast reception
is desired, SI is thrown to the I'M poesition. This
action shuts down the power supply. disconnects
the converter from the I'M set. and connects an
"M antenna to the input of the receiver.

when using the 10-8—failure to do so
will nullify vour loggings.

The 10-8 is designed to receive one or
two stations well-—not for continuous
tuning. Readers who live close to a TV
transmitter on Channel 2 may pick up its
audio signal in the middle of the band
and its raw a.c. video carrier at 8 or 9
on the dial. Two or three unmodulated
carriers may also be noted as you tune
across the band. In the unlikely event
that one of these signals falls on the
frequency of a desired station, simply
shift the FM dial to 107.5 me.; this will
“move’”’ the offending carrier so that it
will no longer be troublesome. 30—
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FREE Catalog

+ OF THE WORLD'S FINEST
. ELECTRONIC GOV'T
_ SURPLUS BARGAINS

DC SUPPLIES

Operate from 115 volts 60 cycles:
are complete with Transformer. Rectifier.
Capacitor. Switch, Line Cord, Pilot Light,
Line Fuse, etc. Indicated ratings are for

3

load conditions

DUAL OUTPUT 12 14 or
24/28 VDC @ 6 amps
Size: 7 x 61> x 13"—Wt
17 1bs.—STK =P8-12/24
VDC6A

]_ KIT of Parts $20.00
-r wired Complete $24.98
ouTPUT 12/ 4VDC @ 6 A, Size: 5’/2 X 91/,
X 5"—Wt 15 Ibs.—STK #PS- DCGA
KIT of Parts $1

wired Completo. Sle 95

OUTPUT 24/28 VDC @ 4 A. Size: 5%2 x 912 x 5"—Wt.: 12
lbs.—STK =PS-24VDC4A:
KIT of Parls $13.00 Wired Complete . ..$17.95

OUTPUT 12/14 VDC @ 4 A. Size: 512 x 91/, x 57
~Wt.: 12 lbs.—STK zPS-12VDC4A:
Wired Comple!e $

14.95
KIT of Parts $10.00 MAIL COUPON

s O P hepuatt on sl €65 orders. FOR CATALOG!

FAIR RADIO SALES
2133 ELIDA RD. - Box 1105 - LIMA, OHIO
FAIR RADIO SALES
Dept. EH-3—P, O. Box 1105~Lima, Ohio—U.S.A,
NAME:
ADDRESS:
CITY:

-----------------‘

CIRCLE NO. 12 ON READER SERVICE CARD

[0t

ELECTRONIC KITS

03 STEREO & MONO HI-FI O TEST INSTRUMENTS
O HAM GEAR J C!TIZENS TRANSCEIVERS
O WALKIE-TALKIES O TRANSISTOR RADIO

e All easy-to-build — with complete,
step-by-step, beginner-tested
pictorial instructions

o Al tr dously ec ical —
cost 50% less than comparable
wired units

e All professional quality —
uncompromisingly engineered

1

- e = Mail COUPON 100aY = w - -m ’

EICO Electronic Instrument Co., Inc.
3300 Northern Blvd., L.1.C. 1, N.Y,

Please send FREE catalog and
name of neighborhood dealer.

Name.
Address.

State.
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CIRCLE NO. 10 ON READER SERVICE CARD

The S-9’er
(Continued from page 120)

| set the coupling for maximum, the re-

generation control (C2) for maximum
capacity, and switch SI to Out.

Tune in a signal on the receiver at
about 6 mc. and set S/ to In. Adjust
capacitor C!/ (main tuning) for maxi-
mum signal volume, then slowly decouple
coils L/ and L2 (keeping capacitor C1I
peaked up) until. once again, you've
reached the point of maximum volume.
If regeneration occurs while you're ad-
justing the coupling, slowly vary the
capacity of CJ3 until it stops. Now de-
crease the capacity of (2 until regen-
eration occurs, then back off slowly,
keeping the coupling and main tuning
peaked up, until the signal is loudest.
This optimum point. ideally, should not
be far from the minimum-capacity set-
ting of C2; if C2's setting is much
higher, it will be necessary to increase
the capacity of C3.

Check the operation of the unit over
several other frequencies within its
range, making sure that all controls op-
erate smoothly and that regeneration
can be stopped., even with the coupling
at minimum. Then install the cover—
and your S-9'er is all set to go.

You'll find, incidentally, that it's
best not to set the regeneration too
high—or settings will require frequent
changing as you tune a band. Though
the controls do interact to some extent,
a little practice will soon enable you
to make adjustments quickly. 30~
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“He either got an income tax refund
or his Novice permit!”’
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Chapter

Electronics
in the Workshop

HESE projects include a number of devices which will be of value around your

workshop. “The Signal Monitor” (page 128) combines a field strength meter
and an audio monitor in one package and belongs in every ham shack. But the
bulk of the devices described here are more properly classed as “test equipment.”

Audio enthusiasts will be interested in such devices as the "Simple Square-Wave
Generator” (page 131) and "The Imp Sleuth” (page 141), the latter being a
simple bridge circuit which provides a reasonably accurate indication of speaker
and output transformer impedances. “Solid-staters” will want to build both the
‘Experimenter’s Transistor Tester” (page 144) and the "Automatic Diode Checker”
(page 143), while the "Nickel-Cadmium Barttery Charger” (page 145) will be of
appreciable value to anyone using these longer-lived cells.

Some of the devices, such as the "Pint-Sized Carillon” (page 148), are just
plain fun. One of these “tinklers” hooked up to your hi-fi system is sure to im-
press friends and neighbors alike.

The Signal Monitor Thomas M. Browning 128
Simple Square-Wave Generator C. E. Miller 131
Spray Can Short Cuts ....Ken Murray 134
Transistor Frequency Standard Donald L. Stoner, W6TNS

and Lester A. Earnshaw, ZL1AAX 137
Vibration Pickups Lou Garner 139
The Imp Sleuth Anthony Troiano 141
Automatic Diode Checker Keith Sueker 143
Experimenter's Transistor Tester Charles Caringella, W6NJV 144
Nickel-Cadium Battery Charger Herbert Friedman, W2ZLF 145
Pint-Sized Carillon _Art Trauffer 148
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By THOMAS M. BROWNING

This combined field-strength meter and AM/CW monitor

s self-powered, covers frequencies from 80 to 10 meters

NCE you've put together this handy field-strength and audio monitor,
you'll never have to guess about the tuning of your transmitter or
wonder how good your signal sounds “on the air.” Actually a simple,
self-powered receiver, the instrument needs no connection to your rig.
Just place it in, or near your shack, extend the short whip antenna, and
you're ready to go.

The Signal Monitor covers the frequencies from 80 to 10 meters (in-
cluding the Citizens Band). When operating as a field-strength meter, it
provides a visual indication of the transmitter’'s r.f. output. When it's
set for audio monitoring, you can check the quality of your AM or CW
signal using either the built-in speaker or a pair of headphones.

Construction. All of the components, except for the battery holder,

~r

are mounted on the main section of a 7”7 x 5” x 3” aluminum utility box;
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Z:’Rmms 3PSTRENGTH
1
R2 2
u L2 100K
2.5mn. METER ADJUST
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6V,
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O-ma. 53 '
POWER 2 475/ .
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5192 c3 }
BANDSWITCH 005t
OPEN:
808 40 METERS IZ = e
CLOSED: . |
20,,BIOMETERS = ” * & 4
- by =
. 2NI07 2N256 ._’
2N35 c6 7
o o0 o
(a_299) >
o Bl CCASE)
SPKR GROMMET FOR
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Numbers on connections
in schematic dlagram
above correspond to
those on terminals in pic-
torial diagram at left. Cir-
cled letters in schematic
represent similarly let-
tered points on 5-lug
terminal strip (see text).

HOLE FOR
BASE OF
STAND-OFF
INSULATOR
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Interior of completely wired Signal Monitor is seen at left; battery Bl is located in the box
cover (not shown). At right is view of front panel, showing placement of the various controls.

B1—6-volt battery (4 Burgess Type “Z” pen- R1—13,000-0hm, Yo-walt resistor

: light cells in series. or equivalent) R2--100,000-0hm potentiometer, linear-taper :
3 C1—365-unf. wvariable capacitor (Lafayette (CTS-IRC Q11-128 or equivalent ) 1
. MS-214 or equivalent) R3—20,000-0nm potentiometer, linear-taper :
: C2,C3, C4—0.005 pf. ( all ceramic disc ~ S1, S3—S.p.s.t. switch :
: C35—0.04 uf. . capacitors. at  S2~S.p.d.t. switch P
! C6—0.05 uf. f least 25 volts ~ S4—D.p.d.t. switch i
: D1—1N344 diode SPKR—2Y4" speaker, 3.2-0hm voice coil (Quam :
e J1—Closed-circuit phone jack 25A07 or equivalent) :
H L1—28 turns cut from B&W 3015 (1”-diam- T1—Output transformer: primary, 15,000 ohms 1
eter, 16 turns-per-inch) Miniductor coil stock, CT, secondary, 4 ohms (Stancor A-3881 or
. tapped at 5% turns equivalent ) i
o L2—-2.5-mh. r.f. choke 1—7” x 57 x 3”7 aluminum utility box (Bud H
: M1—0-1 ma. d.c. milliammeter (Simpson Model CU-21084 or equivalent)
[ 1227 or equivalent) Misc—Battery holder, 5-lug screw-type ter- s
B Q1-—-2N35 transistor (Sylvania) minagl strip, 2-lug terminal strip, knobs, H
Q2—2N107 transistor (G.E.) fuse clip for antenna connection, stand-off in-
H Q3-—2N256 transistor (CBS or Sylvania) sulator, rubber feet, rubber grommet, etc. £

the holder is installed on the box cover. be cut from an old set of TV “rabbit
Though there’s little waste space, you ears.” Pass its base into the box through
should have no trouble duplicating the a grommet-lined hole (see photograph
parts layout shown in the photographs at left, above), and secure it in place
and pictorial diagram. with a stand-off insulator. Connections
When mounting the parts, remember can be made via a 3AG fuse clip snapped
that both the case of transistor @3 and onto the bottom portion of the antenna
the frame of jack JI must be insulated at some convenient spot.
from ground. Transistor @3 is installed To simplify wiring, the terminals and
on a small square of Lucite (about 1%” leads of the components shown on the
x 2”) which is fastened to the box on a  pictorial diagram are keyed, by matching
pair of %” spacers. The mounting hole numbers, to the corresponding connec-
for J1 is drilled slightly oversize and tions on the schematic diagram. Since
“sandwiched’” between a pair of fiber all the major chassis-mounted parts ap-

insulating washers. pear on the pictorial, it should be easy to
The antenna, which extends about 34~ “fill in” the others as you go along. Just
above the top of the box when open, can (Continued on page 166)
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A

Waveforms obtained from unit. (A) is the voltage across R1. (B) to (E) show the effect of
increasing the input amplitude at 60 cycles (see p. 132). The waveform at (D) is about what
would be expected at 6.3 volts input. (F) is the output waveform obtained when an audio
oscillator set at approximately 500 cycles is substituted for the 6.3-volt heater transformer.
An audio oscillator output voltage on the order of 5 to 10 volts is required for proper clipping.

Simple Square-Wave Generator

By C. E. MILLER, General Radio Co.

Construction of ultra-simple
clipper that employs

contact potential to produce
square waves. Only two
resistors, a tube, and a
transformer are required

[ NTIL the Second World War the use

/' of square waves in testing electronic
equipment was limited almost entirely to
laboratories and commercial manufactur-
ers. Since that time there has been a
growing recognition of the value of tests
involving nonsinusoidal waveforms. Most
square-wave generators are characterized
by complex circuits, waveform distortion,
or high cost. A limiter-type sine-wave
clipper gives good results with a simple

Fig. 1. Open-circuit contact potential of 6H6 as the heater voltage is increased
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Because of the manner in which these traces were
photographed off the screen of the oscilloscope
used, the waveforms shown here appear as though
the oscilloscope sweeps from right to left as would
occur in a mirror-image of the actual waveforms.

circuit, but usually requires an additional
power supply, batteries that must be re-
placed, or expensive zener diodes.

The device to be described is very sim-
ple, yet has few of the disadvantages of
other types of square-wave generators.

Theory of Operation. The circuit of the
square-wave generator is shown in Fig. 2,
although its operation is not too obvious
from this schematic. A sinusoidal input
voltage is applied between point “A” and
ground and a square-wave output voltage
appears between point “B” and ground.
Unlike a conventional sine-wave clipper,
this circuit requires no external bias volt-
age. Instead, the circuit generates its
own ‘bias” voltage, which is then
chopped by the input voltage.

The “bias” voltage in the circuit is
developed by the Edison Effect in V1b.
When the temperature of a material is
raised, the random motion of its free

w Eour

f\j ' 2 3
|
X P
2 Rl
%M
oND

GND = =

Se.3v.
@5A.

@

'~]
)
>

bl

Fig. 2. Schematic of a unit using a twin-
diode. If a twin-triode is used, the con-
trol grids should be tied to the cathodes.
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electrons is increased. In vacuum tubes,
the cathode material is heated to a point
where some free electrons are actually
“boiled” from its surface. These elec-
trons form a space charge (or space
cloud) about the cathode. With no ex-
ternal voltage applied between the plate
and cathode, the space charge forces
many of the electrons on the outer
boundary toward the plate, giving it a
negative charge. The cathode becomes
positive because of its loss of electrons.
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Fig. 3. Effect of circuit loading on 6H6 and 6SN7 tubes operating at normal heater voltage.

This process continues until the plate
becomes sufliciently negative with respect
to the cathode to repel space-charge elec-
trons back to the plate-to-cathode region.
The magnitude of this plate-to-cathode
voltage, sometimes referred to as contact
potential, depends principally upon the

composition of the cathode material and
the temperature to which it is heated.
Fig. 1 shows the effect of increasing the
heater voltage.
If the external circuit between the
cathode and plate of V /b is closed, as it
(Continued on puge 160)

Author used 6.3-volt secondary winding of a Stancor PS-8415 power transformer to deliver
sine-wave signal to the clipper. The under-chassis view shows the simplicity of the construction.

OUTPUT
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SPRA

LECTRONIC EXPERIMENTERS are
being bombarded with pressurized
spray cans containing everything from
clear acrylic and enamel to non-are, non-
short coatings. Even penetrating oil and
a fire extinguisher for the workbench are
now packaged in pressurized cans. In
fact, about the only other ‘“tool” the
modern experimenter needs to clean and
degrease, prime, prevent rust, eliminate
static, and perform a host of other opera-
tions is a fingertip.

Helpful though they are, spray cans
can never be as handy as they might be
unless you know some of the inside tricks
for using them. Here are a few ‘“short
cuts” to help you make the most of all
the various spray cans now on the
market.

Clean Nozzles. One thing many of these
pressurized products have in common is
the need to keep their nozzles clean. As
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SHORT CUTS

By KEN MURRAY

Handle-and-trigger assembly
removed from an old coffee
maker enables you to hold and aim

a spray can in ‘pistol-fashion.”

Attach a coat hook to a spray
can with a rubber band and
you can hang it anywhere. Cap
can be wedged between bot-
tom of hook and side of can.

their labels command: “When finished
spraying, invert can and press trigger to
remove excess from tube and spray
head.” Otherwise, they will clog.

When you happen to use a burst of
acrylic or print-coat a dozen times during
the day, there'll be a generous amount of
waste if you clean the feed tube and
head each time—you may waste as much
as half the pressure in a can that way.
A good trick is to plaster a piece of mask-
ing tape over the nozzle after using it.
The tape will stop evaporation, and you
can clean out the feed tube, as directed
on the label, at the end of the day.

Can Hook. If you don’t have a satisfac-
tory place to set a spray can when it’s
not in use, hang it from a ladder rung
or a nail. Just cut the screw point from
a wire coat hook, turn it upside down,
and fasten it to the side of the spray can
with a heavy rubber band (see Fig. 1).
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An accessory spray head (below)
produces a ‘‘splatter-type’ finish
for old cabinets, enclosures, paneis.

As a bonus feature, the lower end of the
hook will make a handy clip for the
can’s dust cap.

Handle and Trigger. With the addition
of a longer metal band to fit the spray
can, the handle from a glass coffee maker
can provide a comfortable hand grip. The
trigger shown in Fig. 2 is a semi-circular
piece cut from 7i¢” tempered Masonite.
Bolt or rivet it to one side of the handle,
and add a bolt near the end to depress
the spray-can release.

How Much in the Can? If you can dis-
tinguish one tone from another, you can
easily and quickly estimate how much
liquid remains in a spray can. All you do
is grasp a wooden pencil firmly, then
lightly tap the can with the rubber eraser
from top to bottom, as shown in Fig. 3.
With a little practice, you’ll find that the
sound of the tapping changes pitch when
the eraser passes the level of the liquid
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All you really need is a
pencil to learn how much
liquid is left in spray can.

et

Qstic fintsf
e

*

5 Any rotary device, such as

the electric drill shown
here, can be a big help in
spraying small parts evenly.

inside the can. As a test, try tapping the
side of a partly filled can of water.
Spatter Head. An old cabinet can be
given a new look with the ‘“spatter”
treatment. Simply replace the regular
spray head on a can of enamel with
another that spatters instead of sprays
—see Fig. 4. When spatter painting, hold
the can about three feet from the work.
Newspapers or a drop cloth should be
draped around the article being painted
to protect the area which surrounds it.
Rotate for Even Spraying. A short
burst from a spray can will coat small
parts evenly and give them a profession-
al finish if they are being rotated by a
slow- or medium-speed drill (see Fig. 5).
You can refinish split-shaft knobs, for ex-
ample, by using a split bolt for the spin-
dle. Cover the chuck and shaft of the
drill with a paper sleeve and a piece of
masking tape. -0~
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Here’s how you can receive
the next 6 months of

POPULAR ELECTRONICS
Free...

as part of this special
introductory offer:

18 months for only $3.85!

The regular subscription rate for 1 year (12
issues) of POruLar ELECTRONICS is $4. How-
ever, you can receive 18 project-packed issues
for less than the regular price of 12—actually
giving you 6 EXTRA ISSUES AT NO
EXTRA COST!

If you like to take a set of diagrams and pho-
tos, a paragraph or two of clear directions,
some simple tools, and build a practical, ex-
citing electronics project—then this offer is for
you.

‘st IWNIOA

During the next year and a half, POPULAR
ELECTRONICS will bring you more than 270
projects—each one in complete detail, with
exclusive “pictorial diagrams” that guide each
step, complete parts lists, and clear instruc-
tions. Experts who have designed and built
these projects will show you how to construct
or assemble such valuable devices as hi-fi
components and enclosures, money-saving
test equipment, tape recorder gear, electronic
games and computers, photo aids, radio appa-
ratus, short wave receivers and antenna sys-
tems, solar powered and transistorized
equipment—and much more.

FIINMONLIITIZ NV INIOL

PopruLar ELECTRONICS also reviews every ma-
jor electronic kit released, gives full specifi-
cations, and the experts’ opinions.

Just fill in the card opposite this page and
mail it today. Or, if someone has already used
the card, write to

POPULAR ELECTRONICS

Dept. 6921
434 S. Wabash Ave. Chicago 5, lll.
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Transistor
Frequency Standard

By DONALD L. STONER,

W6TNS and LESTER A. EARNSHAW, ZLIAAX

Design of a one-transistor calibrator that generates

100-kc. marks at frequencies up through 30 megacycles

A NUMBER of publications have de-
scribed several transistor communi-
cations receivers but none, to date, has
included a frequency standard for spot-
ting band edges—or if they have, the au-
thors have missed such an article. Actu-
ally, the design of a device to generate
100-kc. interval marks up to 30 mc. pre-

XTAL c2

S
it~
T

JE

9
R
T

Fig. 1. Circuit diagram of the standard.

R1—39,000-0hm, V3-watt resistor
R2—10,000-0hm, Yi-watt resistor
R3—1000-0hm, Vi-watt resistor
C1—60-600 unf. padder capacitor
C2-—47 nuf. mica capacitor
C3—500 unf. paper capacitor
C4—.02 uf. disc ceramic capacitor
C5—5.6 nuf. ceramic capacitor
C6—.02 uf. paper capacitor
L1—10 mh. choke—see text
L2—90 turns of #36 enameled wire, scramble-
wound on 34" slug-tuned form
Xtal.—100 kc. crystal
V1—2N274 transistor
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sents some pretty knotty design prob-
lems.

One principal reason is that a tran-
sistor oscillator has far less output than
its tube counterpart. Harmonics from
a tube standard can be considerably at-
tenuated and still be audible on 10
meters.

Harmonics from a transistor 100-ke.
oscillator are heard with difficulty, if at
all, on the 10-meter band. Consider that
28 me. is the 280th harmonic of the fun-
damental and a crystal oscillator is not
normally high in harmonic output. To
increase the harmonic content, it be-
comes necessary to distort the oscillator
waveshape in one way or another and
then, with the aid of a suitable circuit,
accentuate the harmonics that are de-
sired.

Theory of Operation. The frequency
standard shown in Fig. 1 is just such a
circuit. It may be redrawn as shown in
Fig. 2(A). Reduced to this form it will
be immediately apparent that the circuit
is nothing more than a transistor version
of the simple Colpitts oscillator. Capaci-
tor C1, in Fig. 2(A), 18 made up of both
the variable padder and the base/emit-
ter junction capacity. The latter may be
quite high—as much as 1000 puf.—with
some transistors. Capacitor C2 in Fig.
2(A) includes the collector-to-ground
capacitance of the transistor. These two
capacitors form a divider across the
crystal. The small capacitor in series
with the crystal effectively reduces shunt
capacity which would otherwise tune the
crystal to a frequency somewhat lower
than 100 kec.

Distortion of the envelope is created
by the non-linear transfer characteris-
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Circuit is mounted in coil shield
can shown in the background.

tics of the transistor and harmonics are
thereby produced.

Coil L2, in connection with the emit-
ter capacity of the transistor, forms a
tuned circuit which is resonated to the
center of the 80-meter band. Thus, har-
monics between 3.5 and 30 mc. are em-
phasized and output, even on 10 meters,
is more than adequate.

Construction. There is nothing difficult
about the construction of the frequency
standard. A small piece of phenolic
board makes an excellent chassis as can
be seen in the photographs. The sug-
gested construction size is 2”7 x 2”. To
prevent radiation of unwanted harmonics
between 100 ke. and 3.5 me., the entire
unit may be placed in a discarded coil
can of the type popular in broadcast re-
ceivers many years ago.

Inductance L1 may be a choke with a
minimum of 10 millihenrys inductance.
The coil shown in the photographs was
a winding from a discarded ARC-5, 85-ke.
i.f. transformer. To increase its induct-
ance, a powdered-iron slug was cemented
inside the form.

Adjustment. Transistors other than the
one specified in the parts list may require
different values for C1 and C2. The crys-
tal is normally “pulled” to frequency by
carefully adjusting the padder, C1, while
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The crystal side of the Micarta
circuit board used by authors.

listening to a harmonic beating with
WWYV. Coil L2 should then be adjusted
for maximum output with the oscillator
connected to the receiver antenna termi-
nal and the dial set to 3.7 mec. Coil L2
(Continued on page 161)

RECEIVER AUDIO~
QUTPUT STAGE,

+3v.DC TO

FREQ. STO.
100pt| + 3 .
& 10K E I
s |- 25K 5] ~ JEXISTING B1aS
e ! COMPONENTS

(8)
Fig 2. (A) The circuit may be redrawn to show
a Colpitts-like oscillator configuration. (B) Nov-
el method of obtaining + 9 voits from an exist-
ing receiver. A portion of the audio output stage
cathode bias voltage is used. Filter capacitor
keeps audio signals from being fed to circuit.
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IBRATION PICKUPS are devices

that change mechanical vibrations
into electrical signals. Their action is
similar to that of a microphone’s when it
converts sound (air vibrations) into a.c.
signals. They can pick up a heartbeat,
“listen”” through a wall, or help track
down a noise source.

Commercially available vibration pick-
ups are generally in the $100-and-up
price range. However, all it takes to
make a pair of pickups yourself is an
interesting evening’'s work and a modest
investment in components.

There are two types you can build
high-impedance and low-impedance units.
The high-impedance pickup is most sensi-

drying, cut a circular hole in the case for
the cap to pass through.

The cap does several jobs: it acts as a
direct mechanical coupling between the
vibrating object and the speaker’s cone;
it loads the speaker, peaking the low-
frequency response and lessening its
tendency to act as a microphone; and
finally, it provides a smooth, non-scratch-
ing pickup surface. Vibrations are car-
ried by the cap to the cone, thus moving
the voice coil. The coil, vibrating in a
magnetic field, generates an a.c. signal.

When using the low-impedance pickup,
let the cap lightly touch the vibrating ob-
ject and press the button. The output
signal can be fed to either the high- or

Track down cqueakc, elinke,and thude with...

By LOU GARNER

tive in the mid-audio frequency range,
while the low-impedance unit responds
best to lower audio frequencies.
Low-Impedance Pickup. A modified
permanent-magnet, 45-ohm, intercom-
type loudspeaker mounted in a metal case
makes up the low-impedance pickup (see
illustrations on next page). Also in the
case is a normally closed push-button
switch; unless depressed, it effectively
shorts out the speaker and thus prevents
harsh noises when setting up the unit.
Cement a light plastic “‘cap’ to the
cone of the speaker. The cap’s exact size
is not critical, but it must fit on the rigid
portion of the speaker’s cone, and it must
be large enough to project through a
hole in the metal case. (The author used
a cap from a “blister pack” of 45-rpm
record adapters.) While the cement is
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low-impedance input of an audio ampli-
fier, Feed the amplifier's output to an-
other speaker, a pair of headphones, a
voltmeter, an oscilloscope, or a combina-
tion of these instruments.

Although most high-gain audio ampli-

fiers (hi-fi, p.a., signal tracer, etc.) are
suitable for amplifying the pickup's sig-
nals, they are not suitable for listening
to heartbeats. For this purpose, you'll
need a direct-coupled scope as the ampli-
fier and indicator, and you will have to
lower the scope’s sweep rate. Many bet-
ter-quality scopes have a set of terminals
on the front panel for an external capaci-
tor to lower the sweep frequency—-one
cycle might be a good starting point.
High-Impedance Pickup. The high-im-
pedance unit is simply a high-output
crystal phonograph cartridge mounted

139



High-impedance pick-
up at right consists of
phono cartridge mounted
in plastic case. Above,
unit is shown detecting
vibration in fan base.

Low-impedance pick-
up, made from small 45-
ohm speaker, uses plas-
tic ‘‘cap’” for mechan-
ical coupling. The switch
mounts on top of case.
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in a small plastic case (see photographs at the
left).

Drill mounting holes carefully so you won't
crack the case. (The holes could be made with a
hot nail, but you would have to trim away the ex-
cess raised plastic rim around the hole.) Use a
length of shielded microphone cable with a suit-
able plug on one end to connect the pickup to an
audio amplifier’s high-impedance input.

When the high-impedance pickup is held against
an object, any vibrations are carried to the cart-
ridge case. The crystal bends with the movements
of the case, and because of
its piezo-electric proper-
ties, generates an electri-
cal signal corresponding
to these vibrations. The
audio amplifier boosts the
strength of this signal
sufficiently to enable it
to be listened to over a
speaker or with earphones
or to be observed on a
scope. Noises in machin-
ery or in cars are best

- detected with the high-
impedance unit.

You can use your home-
made pickups to listen to the “tick’ of a watch, to
locate a scraping noise in a machine, to check the
effectiveness of shock-mounting a motor, or to
find that squeak in the rear seat of your car. And
you’ll probably “pick up" other ideas as you go
along. 30—

PARTS LIST

P1—Connecctor to match amplifier’s input jack

S1—S.p.s.t.. normally-closed, push-button switch
{ Switcheraft 102 or cquivalent)

Cap—1Light plastic cap (see text)

SPRR—3V" PM spraker. 45-0hm voice coil
(Quam 34070T or equivalent )

1-—5" x 4” x 37 aluminum chassis box (Bud
C'L'-2105-A or cquivalent )

136" length of shiclded microphone cable

Misc.—1lousehold cement, screws, nuts. clc.

Schematic diagram and parts list for low-im.
pedance pickup. Switch S1 is normally closed.
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IMP
SLEUTH

ATCHING IMPEDANCES, as every
D hi-fi fan knows, is mighty important.
But what can you do about those spare
speakers around the house that carry
no indication of what their impedances
might be?

While you could simply measure the
d.c. resistance of the speaker voice coils
and assume that their impedances were
roughly equal to these values, this would
hardly solve the problem. A voice coil’s
impedance is not the same as its d.c. re-
sistance and can actually be as much as
ten times as large.

Speaker impedances, as you may al-
ready be aware, are usually measured at
around 800 cycles with an a.c. bridge.

sSemiconductor and Materials Division,
Radio Corporation of America, Somerville, N.J.
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Measure speaker voice coil

immpedance with bridge circuit

By ANTHONY TROIANO*

But such equipment is costly and ordi-
narily found only in laboratories. The
“Imp Sleuth” described here is intended
as a simple and inexpensive substitute.

Easily constructed from readily avail-
able parts, the “Imp Sleuth” utilizes the
60-cycle frequency of the a.c. line. While
not the equal of its more elaborate coun-
terparts, it can be used to obtain a fairly
close approximation of speaker and even
transformer impedances in the range
from 0 to 25 ohms.

Construction and Calibration. Building
the “Imp Sleuth” should be a snap, if
you follow the schematic diagram closely
and use the photos as a guide.

Although a Stancor Type P6465 or
equivalent is specified for transformer
T1 in the Parts List, this component can
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TO T1 SECONDARY

Bottom view of the “imp Sleuth,”
showing location of most major
components. Transistor Q1 s
directly beneath indicator lamp
I1 and therefore is not visible.

Schematic diagram of this inex-
pensive impedance-measuring de-
vice. Polarities of capacitors and
diode must be observed; poten-
tiometer R5 can be wire-wound.
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simsmansnsnnsneen PARTS LIST reesesesccsasananans;

C1-—250-uf., 6-w.v.d.c. elecsrolytic capucitor

C2—10-uf., 6-w.v.d.c. elecirolytic capucitor

D1- IN285% diode

[1-~Type 49 miniature lamp

J1, J2—Iusulated binding post

Q1-—2N109 transistor (RCA)

(2- 2N405 transistor (RCA)

R1--3300-0m, Vi-wait resistor. 10% tolerance

R2. R4-—-24-0hm, I-watt resistor, 3% lolerance

R3—470-0hm, Vi-walt resistor, 10% tolerance

R5-—-25-0hm. 2-watt polentiometer. linear taper

S1-—S.p.s.t. toggle switch

T1-—Filament transformer: primary. 117 wolls
a.c.; sccondary, 6.3 volts CT @ 0.5 amp. or
more (Stancor P6465 or equivalent—see text)

1--2" x 44”7 x 347 open-end aluminum chassi:
(Bud CB-1625 or equivalent)

AMisc.—Mounting assembly for 11, switchplate
for S1, pointer knob and dial jor R3, sockets
for Q1 and Q2, grommets, line cord and plug,
wire, hardware, solder, ctc.

SNV NG AN NP EEEE AN AN ANAS I ENA SR ARURERARERRERERESD
S en0eae0ct00acnunREOURENEBERERNIBE R RaRERRERRRARARERES

have almost any current rating as long
as it is center-tapped. When wiring, be
sure that you connect the positive leads
of electrolytic capacitors C1 and C2 to
this center tap, and make certain that
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you hook up diode DI exactly as shown.

To calibrate the unit, simply place an
ohmmeter across jacks JI and J2. Ro-
tate the pointer knob on R5 from mini-
mum to maximum setting, and mark the
various resistances indicated on the ohm-
meter directly on the dial plate.

If an ohmmeter isn’t available, you
can calibrate the “Imp Sleuth” by an al-
ternate method. Connect resistors of
known value (in the range of 0 to 25
ohms) across jacks JI and J2, then ro-
tate the knob on R5 and mark the posi-
tion at which indicator lamp /I shows
maximum brightness. Only three or four
points need be marked; other values can
be determined by extrapolation.

Applications. To measure the imped-
ance of a speaker, connect its voice coil
to jacks JI and J2, and rotate the knob
on R5 until indicator lamp /I reaches
maximum brightness. The impedance can

(Continued on page 168)
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AUTOMATIC
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. . . for silicon power rectifiers

By KEITH SUEKER
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PARTS LIST

C1, C2—1000-uf., 15-w.v.d.c. electrolytic capac-
itor

D1, D2—1N1217 diode (Westinghouse)

11,12, I3—%49 pilot lamp

J1, J2—Combination binding post and banana
jack; one red, one black

R1, R3-—33-0hm, 1-watt resistor

R2—10-0hm, 5-watt resistor

R4, R5—15-0hm, 1-watt resistor

T1—Filament transformer; primary. 117 volls;
secondary. 6.3 volls 1.2 amp (Stancor
P61.)34 with sccondary CT unused, or equiva-
lent

1—5'%” x 37 x 28" aluminum utility box (Bud
CU-2106-A or equivalent)

Misc.—Pilot lamp assemblies for 11, 12, 13,
test leads, terminal strips, line cord, etc.
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Manager, Product Planning
Semiconductor Div., Westinghouse Electric Corp.

ITH the increasingly widespread use

of silicon diode power-supply recti-
fiers, experimenters and servicemen alike
find it handy to have a means for quickly
checking them. This little unit was de-
signed to do just that; all you have to
do is plug it in and connect the suspected
diode across its test jacks. Then, depend-
ing on which of the three pilot lamps
lights up, you'll have an immediate indi-
cation of the condition and polarity of
the suspected unit. The automatic check-
er will handle any silicon rectifier rated
at 250 ma.—or greater—average current.
Construction. The checker is built in
a 5%” x 3” x 2%” aluminum utility box.
Parts layout and wiring are not critical;
use the photos on page 157 as a guide.
In some cases, the author used two
paralleled resistors to make up a resist-
ance value specified in the Parts List.
This was done only to take advantage of
the contents of his spare-parts box,
however. All of the specified resist-

(Continued on page 156)
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EXPERIMENTER’S

N inexpensive, yet reliable and accu-
rate transistor tester is something
no experimenter should be without. There
are plenty of testers on the market, of
course—including some sophisticated
laboratory models costing hundreds of
dollars, but most of them aren’t intended
for the average experimenter. Why?
Because when you're constructing equip-
ment from P.E. articles or even when
you're breadboarding an original idea of
your own, you usually have only one con-
cern—is your transistor good or bad?
The tester described here greatly sim-
plifies the testing problem by eliminat-
ing most of the tests you probably have
no interest in. Furthermore, it offers
several distinct advantages of its own.
First, and most important, this tester
will check most transistors in as well as
out of the circuit. What’s more, it’s ca-
pable of testing all types of transistors,
including power, low-level audio, and
even r.f. types. And finally, it uses only a
handful of parts, and can easily be built
in a single evening for $5.00 or so.
About the Circuit. As you can see from
the schematic (on page 155) the tran-
sistor under test becomes part of an
audio oscillator circuit when it's hooked
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TRANSISTOR
TESTER ...

checks ’em all

By CHARLES CARINGELLA, WoNJV

up to the tester. If your transistor is
“good,” an audio tone will be heard in
the speaker. If your transistor is ‘‘bad,”
no tone will be heard.

The feedback to produce oscillation is
provided between the transistor’s col-
lector and base by transformer T1, with
the amount of feedback determined by
the setting of “Beta” control R3. This
control, incidentally, is calibrated from
0-150 in units which correspond ap-
proximately to the small-signal current
gain (beta) of the transistor.

In actual operation, the control is ro-

(Continued on page 154)
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NICKEL-CADMIUM
BATTERY CHARGER

Heavy-duty charger
with two

output circuits
extends life

and usefulness

of N-C batteries

By HERBERT FRIEDMAN, w2/

“’ITH everything from transistor
radios to children’s toys being pow-
ered by batteries these days, even the
average family is apt to spend a sizable
amount of money each year on battery
replacements. Accordingly, the nickel-
cadmium battery tonce practical only for
large-scale industrial use) is now finding
its way into many homes and workshops.
Though they represent a high initial in-
vestment, most nickel-cadmium batteries
can be recharged considerably more than
a thousand times. In addition, these bat-
teries are virtually leakproof and are
now available in a variety of popular
sizes.

After making the switch to nickel-
cadmium batteries, the author soon found
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himself using several different types-
each having a different charging-current
requirement. The battery charger de-
scribed here was designed to meet all
present needs and to anticipate any
which might come up in the future. It
has two fully adjustable outputs-—one
delivering a maximum of 500 ma., the
other a maximum of 150 ma. These out-
puts can be used individually or simul-
taneously; they’ll charge most nickel-
cadmium batteries from the smallest
flashlight types to the largest sizes em-
ployed as power supplies for electronic
flash guns.

Construction. For neatness of appear-
ance and ease in reading the meters, the
unit is housed in a 87 x 10%¢” x 8”
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OPTIONAL
HANDLE
{ONE OF TWO)

PENLIGHT.
ik N
SiZE"c .

Holders for three sizes of nickel-cadmium cells are mounted on top of

cabinet (above, left), but all charging-circuit components are instatied on
the front panel (above, right). Jacks J1-J4 must be of the insulated type.

sloping-panel cabinet. All of the compo-
nents in the charging circuit are mounted
on the panel itself, and a series of holders
for the batteries to be charged is in-
stalled on the cabinet top.

There’s no permanent electrical con-
nection between the battery holders and
the charging circuit, incidentally. The
holders are wired to the charger, as
needed, via leads plugged into J1-J2 and/
or J3-J4.

You can get a good idea of the parts
layout from the photographs and pic-
torial diagram. Notice that the two cur-
rent-control potentiometers (R2 and R3)
have been mounted above the meters, so
that any heat generated by the controls
will not damage the plastic meter cases.
Notice also that, contrary to usual prac-
tice, TI's center tap is not grounded.
This prevents unwanted contact between
the battery holders and the charging
circuit. Jacks J2 and J3 therefore, like
jacks J1 and J}, should be of the in-
sulated type.

The pilot-light assembly specified in
the Parts List has current-limiting re-
sistor R1 built in. If you use an assem-
bly without this built-in resistor, R1
must be installed externally.

The choice of the battery holders to
be mounted on top of the cabinet is up
to you. Six double holders were used by
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the author: two for “D” cells, two for
“C” cells, and two for penlight cells.
Each pair of holders was wired in series
so that, depending or the placement of
the leads, two or four cells of any type
could be charged at once. Batteries with
clip or screw terminals, of course, can be
connected directly to the test leads and
need no holders.

To make the charger easier to carry,
you can, if you wish, install a pair of
handles on the sides of the cabinet.
Finally, provide yourself with two sets
of output leads, and you're ready to go.
The output leads pictured here were
made from coiled-cord test leads and will
not easily become tangled with other
equipment on the bench.

Using the Charger. First determine the
charging rate for the battery to be
charged. This figure is often printed on
the battery case; if it is not, the manu-
facturer will supply it. Charging rates
are usually given in terms of current
to be applied for 14 or 16 hours. Some
manufacturers also specify a “rapid
charge’” rate, involving a larger amount
of current applied for a shorter period
of time.

Try not to use a “‘rapid charge’ unless
you are desperate for battery power, and
never use it unless you are certain of
the exact recommended rate. Too high
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Parts layout and wiring are clearly
illustrated in the pictorial diagram.
Note that, to avoid heat damage, M1
and M2 are installed below R2 and R3.

a charging rate can build up enough
pressure to burst the battery case. Some
nickel-cadmium batteries now have built-
in safety valves to relieve this pressure,
but once the valve releases, the battery
is ruined.

When you've determined the proper
charging rate, place the battery, or bat-
teries, in the appropriate holder(s) and
connect the charger output leads. The
positive lead goes to the positive battery
terminal, the negative lead to the nega-
tive terminal. If the battery has termi-

C1—0.005-uf., 500-volt ceramic capacitor

D1, D2—Silicon diode, at lcast 0.75 amp., 100
rry

Fi, F2—0.5-amp., 3AG fuse (in line plug)

11— NE-51 neon lamp

J1, 12, 13, J4—Iusulated tip jack (two red, two
black)

M 1—0-500 ma. panel wmcter (ENICO RF-2%4C
Scries or equivalent)

M2-—0-150 ma. panel meter (EAIICO RF-2YC
Series or equivalent )

R1—-56,000-0/1m, Vi-watt resistor (supplicd in
pilot light assembly listed at right)

R2—-100-0him wirc-wound potentiometer, at least

1963 Edition

nals to which the output leads can be
directly connected, as already mentioned,
it's not necessary to use a holder. Groups
of batteries to be charged simultaneously
should be placed in series. so that each
battery gets the same current.

If the charging rate is under 150 ma,,
use either output (jacks J1-J2 or J3-J4).
If it's more than 150 ma.. use only J1-J2.

Before turning on the charger, set the
current-control potentiometer to be used
(R2 and/or R3) at minimum current.
Then flick on switch SI and set the con-

6 waits (Ohmite Type 0112 or cquivalent)

R3—250-0hm wire-wound polentiomelcr, at least
2 waltts (CTS Type 252 or equivalent )

S1-—8.p.s.t. toggle switch

T1—Filament transformer; primary, 117 volts;
secondary, 24 wvolts CT (@ 1.0 amp. (Triad
F-45X or cquivalent—sce How It Works)

1—DPilot light assembly for 11 (Dialco 95408 X -
931 or equivalent)

1—8” x 10Yie” x 8” sloping-pancl cabinet (Bud
C-158811G or equivalent)

Misc.—hnobs for R2 and R3. test leads. line
cord with fused plug, terminal strips, bauc:;
holders. cabinet handles, cte.
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’
sw t * 4} OUTPUT
0-150ma. O*’

Two diodes are used as a full-wave rectifier, but T1l's center tap, con-
trary to usual procedure, is not grounded. Both d.c. outputs can handle
up to 500 ma.; however, one output is limited to 150 ma., which is more
than adequate to handle almost all of the battery types experimenters use.

Power transformer 7 1°s secondary is connected a 115/230-volt primary and two 12-volt secon-
to a standard. full-wave rectifier (diodes 21 and daries: it was wired (see schematic and pictorial
D2). The resulting d.c. (12 volis) is available  diagram) for a 113-volt input and a 24-volt CT
either at jacks J7 and J2? (the 500-ma. output)  output. Such an elaborate unit is not really neces-
or jacks J3 and /4 (the 150-ma. output). Current sary, and the simpler. lighter-duty transformer

taken from the former output passes through  specified in the Parts List will work just as well.

meter /7 (0-300 ma.) and botentiometer R2: It's similar 1o the P’-6377 in style. but has wire
current tuken from the latter passes through  leads instead of the numbered terminals shown.
meter A/2 (0-1350 ma.) and potentiometer R3. I'he charger is protected by two fuses (F1 and

IFor transiormer 7'1, the author used an indus-  /'2) located in the line plug. Switch S1 controls
trial control mode! (Stancor P’-6377) which he the power, and neon bulb /7 (with limiting re-
had in his spare-parts box. This transiormer has sistor K1) acts as a pilot light,

trol for the proper charging current. four times a year. Recycling simply
Leave the battery, or batteries, on means allowing the battery to become
charge for the recommended amount of completely discharged before recharging

time. and that's all there is to it. it. This procedure arrests internal “plat-
To insure maximum life, a nickel-cad- ing,” which would reduce the battery’s
mium battery should be recycled three or efficiency. 30—

PINT-SIZED CARILLON

The tinkling of a music box will have a carillon-like
effect if played through your hi-fi system. All you need
to pick up the sound is a low-priced crystal microphone
(Lafayette MS-108 or equivalent) placed under the unit.
Most hi-fi amplitiers aren’t equipped with a mike input,
but a magnetic phono or tape-head input will provide
plenty of gain. The bass boost from the phono or tape
equalization circuit shouldn't affect the essentially high
frequency sound of the music box. However, if too much
mechanical noise is picked up, try experimenting with the
position of the mike.

—Art Trauffer
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BREAK THROUGH TO HIGHER PAY
s, - ELECTRONICS

AVERAGE INCCME

START NOW! Break through the Earnirg Barrier that stops
half-trained men. N.T.S. “All-Phase’ tra ning prepares you —
at home in spare time — for a higt-payirg CAREER in Elec-
tronics — TV — Radio as a MASTER TECHNICIAN. One Master
Course at One Low Tuition trains you for unlimited opportuni-
ties in All Phases: Servicing, Commun.cotions, Preparation
F.C.C. license, Broadcasting, Manvufacturing, Automation,
Radar and Micro-Waves, Missile and Rocket Projects.

LOW INCOME

A more rewarding job a secure

future...a richer, fuller life can Vou & work on B
be yours! As an N.T.S. MASTER 4 ac’ua' lOb
TECHNICIAN you can go straight to .

the top in industry...or in your \ PrOIGC’g

own profitable business.

SUCCEED IN MANY HIGH-PAYING '9 BIG KITS

JOBS LIKE THESE... YOURS TO KEEP
« TwRadio Sales, Service and Repair

» Profitable Business of Your Own

* Cammunications Technician— F.C.C. License

 Hi-Fi, Stereo & Sourd Recordiag Specialist

* Tw-Radio Broadcast ng Operatar

* Tachnician in Computers & Missiles

» Electronics Field Engineer

* Speclalist in Microwaves & Servomechanisnis

« Expert Trouble Shocter

* Al -Phase Master Technician b _. N glves you all the facts

NATIONAL At SCHOOLS

WORLO-WIDE TRSINNG BINC!
4300 $0. HGUIROA ST, 13 AIGIIB ", (All' U.S. A
write Dept. R5A-33

N.T.S. Shop-Tested HOME TRAIN-  tional cosi. You alsa get a Profes.
ING is Better, More Complete,  sional Muhitester for your practical
Lower Cost. .. and it is your key job projects.

. to the most fascinating, opportu-
Al ‘_-;al, il ; nity-filled industry todoy! EARN AS YOU LEARN...
ot i) g WE SEOW YOU HOW!
S ANGELES YO0 LEARH GMCKLY AHD EASILY Many students pay for entire tuition
ENT TRAINING AT LC! Y any entire tuiti
T“,::*‘"‘ e youv"::“;{, o THE N.Y.S. SHOP-TESTED WAY Srd Ware auch more — el
gt v ity start WOW in our You get lessons, manuals, job proj-  spare time work they perform while
big. modern Shops. Lab R ects, unlimited consultation, gradu-  training. You can do the some...
o o boaly ate advisory service. we show you how.
Ty a0, E c You build a Short Wave-long Wave
i tors. P G A ".“’"“’ ""‘."‘““ Superhet Receiver, plus a large- SEND FOPR INFORMATION NOW...
chool—and part time recourlred occreding screen TV set from the ground up, TODAY! IT COSTS YOU NOTHING
{TE FOR SPECIAL RESIDENT SIS with parts we send you at no addi- TO INVESTIGATE.
,CV:’..';OL CATALOG AND INFORMATION

NJ.S. HOME TRAINING is
® Classroom Deweloped ACTUAL LESSOM NATIONAL ncm bCHOOLS (’ |
® Lab-Studio Plansed WORLD-WIDE TRlINING SINCE 1908
® Shop-Testzd |
® |ndustry-App-oved
e Specifically Designed
for Home Study

Mcil Now To
National Technical Schco 5, Dept. I5A-33 1
4000 S. Figueroa 5t., Les Angeles 37, Callf 5
Please rush FREE Electronics-
TV-Radio “Opportenity’ Baok and Actual /
Lesson. No Salesman will call

Nome— —— A GO e

I City ‘ - __Zore___State -__ -
NO OBLIGATION! Check here if In'leiulnd ObLY in l‘uldml “raining at bos Angeles.
§ VETERANS: Give date of discharge_
NQ SALESMAN WILL CALL TR RSEN S T




SURPLUS BARGAINS  SURPLUS BARGAINS

BC-733 RADIO RCVR, converts to FM $7,00
rcvr, w/conv sheet

BC-453 Q'Sr RCVR, 190-550 kc, xiInt 12.75
cond.

IBM MEMORY PLANE, 200 bit plane 15.00
$5.00; 8,000 bit plane

NIKE BATTERY, charged, 12. volt 6 2.00
amp hr

IBM COMPUTER sub-assembly w/wired 2_75
memory plane

i8BM COMPUTER sub-assembly, over 1.00
100 parts ... . -
TELESCOPE, PANORAMlC TYPE, rotates 7.50
360°, 3 power. . ,

17 FI' GIANT BALLOON aluminum 4.50
coated, weighs 25 Ibs..

PRINTED CIRCUIT copper Iamlnated .00
board, 4 x 10 inch. PP 8/1
SNIPERSCOPE as used on military 150 00
rifles, ready to use.....

GEIGER COUNTER KIT, with 900 volt 9.50
power supply

MINIATURE MOTOR operates from 15 .50
volt btry

AIRCRAFT AMPLIFIER with conv. sheet 1.25
for phone patch. .

TRANSISTORS, 15 gen. purpose 1.25
PNP

EARPHONE, single phone, 1,000 .35
ohm
SNIPERSCOPE IR VIEWER TUBE 7.50
#6032, with spec sheet...

DISC CAPACITORS, 100 mixed with rat- 1.00
ings marked.

ALNICO HI-POWER magnets bag 1,00
of 4

PERISCOPE PRISMS, optical glass B 1,00
inches long. :

SOUND POWER PHONES w,/100 2.00
ft wire

RESISTORS, carbon, with ratings, 1,00
bag of 100

TELESCOPE, M-7 elbow scope 8 power, 12,50
xInt cond.

LM FREQ. METER w/orig calib .00
book 49

TELETYPE PERF. PAPER 11/16 mch 5.00

wide, case 40 rolls.

TELESCOPE, ZOOM FOCUS 10-20 pow- 25.00

er, govt cost $700.

1IBM COMPUTER plug-in assembly w/6 transistors,

diodes, toroids, resistors, tantalum .00

cond, a bonanza of parts

28 VOLT DC POWER SUPPLY 4 AMPS, unused

govt cost $300, operates from regular 12_50

115 volt house power.

REMOTE CONTROL, #TDZ, unused, gadgeteers

delight, tel. dial, 3 selsyn indicator meters,

switches, parts galore, Govt cost $200 6 00

each. :

SUN BATTERY make electricity from sunlight.
.50

Solar bank kit of 5 cells w/book 13
experiments.

SEXTANT, late model #5851 automatuc 12_50
averag. Exint w/book.

Above is only a smoll selection from our giant 70
page illustrated catolog of gov! surplus materiol.
Send 10c handling cost for catalog.

JOHN MESHNA JR.

19 Allerton Street, Lynn, Mass.

CIRCLE NO. 31 ON READER SERVICE CARD
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| duced cost.

Electronics Schools

(Continued from page 92)

In all cases, the schools use this labora-
tory and shop equipment to reproduce
actual industrial and commercial situa-
tions, giving you the opportunity to
“learn by doing.”

Although the shop and laboratory
programs vary with each school, all

| schools follow a general pattern of dem-

onstration and lecture on a group or class
basis, followed by individual instruction.
When your class progresses to a particu-
lar shop or laboratory, each item of
equipment is fully explained in class lec-
tures and demonstrations. The instruc-
tors describe what the equipment is for,
how it operates, and how it is used.
Sometimes, these lectures are supple-
mented with various technical films.
After the theoretical discussion and
practical demonstration at the class
level, each student, or group of two or
three students, will perform experiments
using the particular item of equipment.

| This gives each student an opportunity

to “get the feel” of test equipment. Once
you've completed these courses, you
should be able to recognize all standard
types of test instruments, and use them
without fumbling over the knobs or con-
necting an ohmmeter across a high-volt-
age source!

Tools and Equipment. Normally, you
will not be required to provide any tools
or test equipment for residence training.
Most schools lend you a complete kit of

| tools (and sometimes simple test equip-

ment, such as an ohmmeter) for the
duration of the course. There is no addi-
tional charge, unless the tools or equip-
ment are damaged or missing when it’s
time for you to return them.

Some schools recommend that you
purchase your own set of tools and will
provide tool kits at reduced cost. Other
schools make standard test equipment
available to students at discount prices.
In general, reference texts, slide rules,
and similar items are also supplied at re-
Occasionally, a school will
recommend that you buy special ref-
erence texts.

(Continued on page 152)
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FREE— world’s |

4

Fastest growing hobby of
the space age — Heathkits!

Explore this most rewarding of *do-
it-yourself'’ ideas. Heath combines
fine components and latest engi-
neering techniques with complete
check-by-step instructions to pro-
vide quality electronic kits with guar-
anteed performance specifications.
Choose stereo/hi-fi, marine gear,
ham radio, test & lab instruments,
educational courses, home, hobby
& auto items. It's fun, it's easy, and
you save up to 50% . . . by buying
direct and by assembling your own
Heathkit.

E:.; HEATIHIKIT
by Dayiirom

O Please send my FREE copy of the 100
page 1963 Heathkit catalog describing
over 250 electronic kits.

Name- . e
Address- —

City. Zone. State

HEATH COMPANY
Benton Harbor 10, Michigan
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worth 1000 words,

choose residence training.

class.

RCA 6032 IMAGE-CONVERTER TUBE

Combined with suitable op-
tical systems, this 3-elec-
trode tube permits viewing
of scene with Infrared radia-
tion. Scene to be viewed is
lmaged by optical objective
uponsemi-transparentphoto-
cathode. Spectral resp., 8-1;
good response up to about |
1200A. Max. ratings, abso-

fute. grid #2, 20,000VDC or

peak AC. grid #1,2700 VDC. $9.95 ppd.

You'll find companionship with others in the
same status. At best, a thorough study of elec-
tronics is a long, hard road. Some people pre-
fer to make this “‘trip”’ with others. You may
be able to gain a better understanding of a sub-
ject If you can discuss the problems with other
students in the same situation. Most residence
schools encourage this type of group discus-
sion, as well as group activities outside of

creestectasasasaasancecsssese ADVANTAGES OF RESIDENT SCHOOLS esessseaesensaassanaaassancas

You have personal contact with your instruc-
tors. There are those who say a picture is
but a demonstration
often worth 10,000 words. If you are one of
these people, residence training is your best
bet. In other words, if you have difficulty in
learning a manual skill (such as soldering, op-
erating test equipment, etc.) until you have
seen someone else do it, or if it gives you more
confidence to have an expert at your shoulder
to check your work, you should definitely

is

dios, and research

quite obvious that

going to ship you a complete working model of
a shipboard or aircraft radar. Nor are they go-
ing to install a full-scale electronic computer in
your home. But both of these units (or units of
the same complexity) are available at the lab-
oratories of various technical
would even be difficult for a home-study course
to supply all of the equipment found in the av-
erage TV service type of resldence school. So
if you want exposure to specialized equipment,
it would be best for you to consider resident

training.

What About Cost? As is the case with
home-study courses, all in-residence elec-
tronics training courses do not cost the
same amount. The best ‘yardstick” to
cost is that you will pay between 75
cents and $1.00 for each classroom hour
of residence training. Thus, a 9-month

'ELECTRONIC SURPLUS BARGAINS

SAVE UP T0 90%

NICKEL CADMIUM BATTERY 1.2 VOLTS

Rechargeable thousands of
times. Alkallne storage battery
sintered-plate. Flat voltage
curve durlng discharge. Will
hold charge for long pertod of
time. High dlscharge rate up to
50 amps. Spill-proof, may
used in any position. Approx.
6-ampere-hour capacity. Dimensions:
6” high; 2” wide; %" thick. Approx.
wt.: 6 oz. Uses potassium hydroxide
{30% Eiectrolite). $1.95

You'll see major electronics installations first-
hand. Practically all resident-type electronics
schools conduct class field trips to local manu-
facturing concerns, TV shops, broadcast stu-

students an opportunity to see professional
technicians at work and to see today’s elec-
tronics equipment in use.

A wider range of equipment is availabie. It's

laboratories. This gives the

a home-study schoo! is not

Institutes. It

TV servicing course (1080 hours, based
on 36 weeks at 30 hours a week) will
cost between $750.00 and $1000.00.
Except for the length of training, the
difference in cost often reflects the qual-
ity and scope of the program.
If you can pay for a course in cash at

SILICON RECTIFIERS

All rectiflers listed at maximum peak in-
verse voltage rat
ings ;approximate
forward  voltage
drop, 1.5 velts,

NT-6 WILLARD & VOLT STORAGE BATTERY

Rated 2.4 amp hr.
Approx. dimensions
3%” I x 1%” w. x
214” h. ‘Weight: 1
Ib. 3 o0z (plastic
case) Dry-charged.
$2.50

SIGMA;EXTRA-SENSITIVE PRECISION RELAY— SERJES:SF
Extremely precise, rugged
DC general purpose sensitive
relay. Balanced armature,
single-pole, double-throw
Suitable for wide range of
adjustments. Dimensions

4% oz.

13,”x15)5"x1114¢” high. Weight:
5F-10,0008 : 10,000 coll ohms.

Operates 1.0 ma DC $4.95
5F-16.000-S : 16,000 coil ohms.
Operates 0.5 ma DC $5.95

N144 075 | amp. | 100 volts .50
1IN1447 075 | amp. | 200 volts .60
IN1448 .075 | amp. | 300 volts .75
1N1449 .075 | amp. | 400 volts .85
IN1450 5 amp. | 100 volts .00
IN1451 5 amp. | 200 volts 1.28
IN1452 5 amp. | 300 volts 1.50
1N1453 5 amp. | 400 volts 2.00
IN1454 25 | amp. | 100 rolts 3.00

1455 25 | amp. | 200 volts 3.50
IN1456 25 | amp. | 300 volts 4.50
IN1458 35 | amp. | 100 volts 3.50
1IN1459 35 amp. | 200 volts .00
INOS | 50 | amp. 50 volts 6.00
IN1462 50 | amp. | 100 volts 7.00
IN1466 % amp. | 100 voits 10.00
IN1467 75 | amp. | 200 volts | 11.00
1N1468 75 | amp. | 300 volts | 12.50
INO5V? 150 | amp. 50 volts 16.50
IN1474 150 | amp. | 100 volts | 17.00

POTTER & BRUMFIELD RELAY
dia. x
Standard 7-pin minlature base. $2.00
‘ﬁ.—} prox. dimensions: 4”7 long

#SM5LS SpDT E
long Approx
MINOR SWITCH
X 4%” high x 1%” wide,

8,000 ohm

weight 1 oz. Hermetically sealed.

A $ite,, 10-position, 3-pole with

m <fstopper coll and reset coil
>6-12 volts D.C. off-normal

‘%“ non-bridging  wiper ap-
weight: 1 1b. $9.95

CIRCLE NO. S
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POWER TRANSFORMER

Output: 12, 24, 36 volts. In
put: 100 volts, 60 cycles,
single-phase. Will handle 2

amps. Steel case Is hermetl-
cally sealed. 3%”x23;"x414"”.
Wi.: 3% pounds. $2.95

&g

X-BAND POWER LEVEL TEST SET, TS-36/AP

Brand new, in original
"/ packing, with accesso-

>
tle r ries. Measures 10 to 30
*d) dbm. 8700-9500 nic.

by $14.95

All prices FOB Pasadena unless

DIRECT-READING MAGNETIC COMPASS
=y Full-floating card. compensating
magnets, and dial Hght avall
n or 12-v. bulb. Luminous
dlal. Mfed. by RBendix-Pioneer
%" x 34" x 3%". 1% Ibs
o $8.50 postpaid.

otherwise noted. No COD’s.

C& H SALES CO.

2176 E. Colorado St., Pasadena, Calif.
MUrray 1-7393

ON READER SERVICE CARD

ELECTRONIC EXPERIMENTER'S HANDBOOK



.

cessnsssseeeearsnenannesn DISADVANTAGES O

School is a “‘full-time job.” This is the most
obvious drawback to in-residence training. Un-
less you plan to take an evening course, you
must spend about 25 hours a week in class,
and devote a few more hours to homework.
This routine is extremely difficult when added
to another 40 hours on a full-time job. Even if
you are working only part time and can get
along on the reduced income, you'll find that
the strain will show up after a few months.

Schedules must be maintained. Unlike home
study, you must keep up with the '‘class av-
erage'’ in residence-type work. If you're slow in
learning or you find the subject difficuit, you
will always be under pressure. If you're fast,
you may become impatient and will probably
become bored. Even if you're "average,’” you
will have to scramble to catch up if you happen
to miss a few classes.

Study is difficult to interrupt. Because you
must keep up with the class, residence schools
can't tolerate frequent or long interruptions in
training, no matter what the cause. This means

S E N AENN A NSNS EASEN AN EsANASERESCAD ANl NANEINARE AR NAEERANnsEONRAONONARS

the beginning of it, you will receive a

substantial discount on the overall price
However, the technical

institutes and

F RESIDENT SCHOOLS: esseeseeasarecsanessassanas

that illness or personal problems can easily
throw you off. Most residence schools will drop
you back a class after a prolonged absence.
Or, they could ask you to prove (by special ex-
amination) that the interruption did not affect
your standing. If these interruptions are fre-
quent, the school may ask you to discontinue
the training until you have placed your affairs
in order.

Study material is not repeated. Except in very
rare cases, lectures, class demonstrations, and
examinations cannot be repeated for individual
students. If you miss something of importance,
you'll just have to get along without it. Even
more significant, if you don’t understand a par-
ticular point, you will have a very limited op-
portunity to question the instructor on an in-
dividual basis. Obviously, an instructor with
20 or 30 students cannot handle more than
about one question per student. On the other
hand, you can read each home-study lesson as
many times as necessary. Likewise, your home-
study instructor will answer all questions, and
in writing.

not expect you to plunk down $2000.00 or
. more.
A great number of schools arrange for

other schools offering long courses do weekly (about $25.00), monthly (about

UM TUBE
VoG mETER KIT

ER)
(6-INCH METER)

MS and p. to p- e.
ll:‘nput imped. 12.2
megs. Professional per- r 0 m

formance and appear:

ance,  Kit: $31.95 It's full

Get your FREE 1963 CATALO

CONAR

of exciting new electronic

Assembled: $44.95

“CcUSTOM 70" TV
SET KiT—Excellent
sensitivity. Trans-
former power supply;
3 gtages of 1F. ln-
cludes slimline cabi-
net, 19 inch picture
tube—everydutﬁg.

NOT a portable.

Kit Pri(‘:::z: $135.00

TRANSISTOR RA-
DIO KIT—Superb tone
and sensitivity. No del-
icate printed circuits.
Attractive, durable
case. All U.S. made
parts;  Kit: $25.50

.INCH WIDE BAND
Cs)éh::l LLOSCOPE
KIT—For black-white,
color, AM-FM and
electronic applications.
High intensntg trace.
Extremel sta. le sync.

dvance
« Kit

it:
Assembled: $

1963 Edition

CIRCLE NO.

kits of highest quality. Many items
available in both kit or assembled
form. Home entertainment items
that make perfect family gifts or
test instruments for the technician
who appreciates quality and high
performance. Tools, too, to make
your work easier, faster. And you’'ll
like the reasonable prices and con-
venient payment plans which make
CONAR Kits easy to own. Mail
coupon for new 1963 Catalog now.

CONAR

1963 CATALOG
"BEST BUY" KITS

and Bactionic Equipmen! trom

CONAR

division of
NATIONAL RADIO
INSTITUTE

.. Mail this Coupon A

CONAR |
gg:g‘::g[ 3939 Wisconsin Ave., N.W. AQ3C |
performance | Washington 16, D.C. |
guaranteed Send 1 0 (o '
by NRI— nd me your new 1963 CONAR KI ATALOG I
nearly 50 Name |
years of
pioneering in Address, '
Electronics. City P e !
3¢ GN READEW SERVICE GARD —— —— " T—— -
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$100.00), or quarterly (about $250.00)
pay-as-you-go installments after you
have made an initial down-payment. Usu-
ally, this type of plan allows you to dis-
continue the course at any time.

A number of schools offer a contract
plan in which you make an initial down-
payment, and fixed monthly payments
until the total price is paid, no matter

Transistor Tester

(Continued from page 144)

tated from the 150 position toward the
zero point until the audio tone is heard.
The point at which the oscillation just
begins is the approximate transistor beta
or h,,—probably the most meaningful
of the various para-
meters, since it deter-
mines the gain which
can be expected from
the transistor.

The tester is powered
by two penlight cells in
series, and switch 81 re-
verses battery polarity
so that both pnp and
npn types can be tested.
If the type of transistor
is unknown, it can be
quickly determined by

Bakelite front panel holds most y
of tester's parts. Three leads
at bottom connect to transistor.

R3/82

FRONT PANEL

how long the course takes. They usually
offer this as an alternative to the pay-
as-you-go plan, and at a substantially
reduced cost. But you are under obliga-
tion to pay for the course, whether you
finish it or not. You can definitely save
money this way, but you should under-
stand the contract and make sure of
your future plans before you sign it. —30—

switching between the pnp and npn posi-
tions and rotating the beta control until
oscillation is heard. And regardless of
the position of switch SI, there’s no
danger of burning out a transistor, since
the voltages are comfortably low and
the tester’s circuit includes current-lim-
iting resistors.

Putting It Together. The tester is housed
in a small Bakelite instrument case, with
all components mounted on the front

EXPER'MENTERS o AMATEURS hd HOBBY'STS Once again... brand new vacuum

prices.

Q}/rz

6& Order all of these assortments for just $13.95 and we will include trans-
mitting tubes for VHF and UHF. Giant jumbo surprise!
7, and 12 inch CRTs for only $24.95; shipped by Express only.

$:’ ing 3, 5,
JOE PALMER

ELECTRONICS

P.0. BOX 6188 CCC
SACRAMENTO, CALIFORNIA

10 tubes, all different, including 3" electrostatic CRT
15 tubes, all different, including 5" electromagnetic CRT
20 tubes, all different, including §" electrostatic CRT
30, including 3" electrostatic and 7" electromagnetic CRTs 5.55

tubes at our inventory reduction

Send only indicated price; we will forward your assortments via
insured parcel post. Just pay postman the postage plus small CODcharge.

$2.22
3.33
4.44

/‘5

&

100 tubes includ-

WRITE TODAY FOR FREE
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B1-—3-volt battery (two Burgess Type Z flash-
light cells or cquivalent in serics)

R1—3900 ohms All resistors

R2, R4—1000 ohms V4 watt

R3-—25,000-0hm potentiometer, lincar taper, with
switch §2

R5—330 olns

S1—D.pd.t. slide switch

8§2—S8.p.s.t. switch (part of R3)

T1—Transistor output transformer; primary,
5000 ohms; secondary, 100 ohms (Argonne
AR-111)

1—1%"” PM speaker, 10-0hm voice coil (Lafay-
ctte SN-61 or equivalent )

1—6'4" x 334” x 2” Bakelite case (Lafayctte
MS-216 or equivalent )

1—Bakelite front panel for above (Lafaycite
MS-217 or equivalent )

Misc.—>Miniature alligator clips, rubber grom-
mels, grille cloth, knob, wire, solder, etc.

PesEEENNaNaNNaNaNGARGEGEGASEasaSSsERaNEacEEeReEeRel,
Quesunansesansesnnsnansesnesnnangeanasunscoannsened

panel. Three short leads of hookup wire
are brought out the front panel, and
miniature alligator clips are soldered to
the ends of the leads for connection to
the transistor’s emitter, base, and col-
lector leads. This arrangement enables
you to check any type of transistor, re-
gardless of its actual mechanical con-
figuration.

In the author’s model, the batteries
comprising Bl were soldered directly
into the circuit, having first been in-
serted into a block of Styrofoam which
was notched to the battery size and glued
to the case; if you wish, battery holders
may be employed instead. Decals were
used to label the front panel, and the
numerals around the beta control were
spaced evenly throughout the 270 de-
grees, with 15 divisions overall.

Incidentally, the phasing of the wind-
ings on transformer T1 must be exactly
as indicated for oscillation to occur.
Since the transformer leads are identified
by colored wires, all you have to do is

follow the connections shown in the
schematic diagram. — 30—
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BUILD YOUR OWN INFRARED DETECTOR
... SEE IN TOTAL DARKNESS

Use 1P25A ln{r.lr(‘d . wage Tube to eonu‘rl Infrared

rays to vizglble Im: You see everythlng—cven in

lolal durkm‘-i mmn 5.000 volis. 4 o long x 1

ca. Tested hl‘f'\rl‘ shipmel
95 Pnsn‘nld

r R(‘A Tuh "Mi 0~

h g at
Slntk Nn 70 127 GD

ant. g
[: plete cthon,
Al 23 rth s

= 6032

Paten 10 Its. 4 2 dia.
Stock No. 70. ASO GD 5[2 SO Pnslnald
MAT ALARM—NEW SIGNALING DEVICE
\; FOR HOMES, STORES AND OFFICES

-3 Mat_Alarm and Signsling Deviee, 8/32° thiek x 137
etects presence of anyone enterlni honie.

store o mr \Inv be used as burglar alarm. «
minatlon for private homes.
erc r'I u«l umler rmu cte.. al cntrances or below
esure actuates low-voltage bell
n r. or ¢ celr-' hull Switching elemenis elee-
1" A ally scaled o Transformer to step down voltuxe.
Stock No. 70,591-GD $10.75 Postpaid
.{N‘-’T ANT-SIGNALING . DROI" RELAY Oi{"TIONAL aetlvated hyv mat

Stock No. ‘40.393.gp ! mame! s 7.50 Postpaid
INSTANT ELECTRICITY with
SUPER-POWER WET CELL BATTERY

Parks power galore. yet welghs only 15 grams,
al atont  and/or demonstrate eleeim:chemisiry.

il alreeaft motors. ete.. with this ’lyu'ln'nlnv
postage-stamih, sized hatiery. For one-time aac.
a ¥ adrdlng brinc, Stores indefinltely. l.lV

wE oo Stock NO. 40.590-GD Set

o
$2.00 Pstpd.

ORDER BY STOCK No.—SEND CHECK or M, O.
—Money-Back Guarantee. EDMUND  SCIEN-
TIFIC CO.. BARRINGTON. NEW JERSEY

| MAIL COUPON for FREE CATALOG “‘GD”’

164 Pages—1000‘s of Bargains!

EDMUND SCIENTIFIC €O., Barrington, N. J.
Please rush Free Giant Cotclog-GD

r————

NGM O™ ivacey s

Address......

City. Zone State
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PART KITS
HANDBOOK PROJECTS

The 10-8 Deluxe. $19.25
Sensor-Matic p——_ 29.25
ldiot Lights OQut—Meters In 13.50
The Signal Monitor 34.50
Mini-Mono, Stereo

The Imp Sleuth
Automatic Diode Checker
Radiation Fallout Monitor

SEND CHECK OR MONEY ORDER

14.95
30.75

PARCEL POST.PAID IN U.S.A.

Part Kits for Other Electronic
Projects can be Supplied

R. H. ELECTRONICS CO.
P.O. Box 13236
Houston 19, Texas
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EARN YOUR DEGREE
in ELECTRONICS
ENGINEERING

at home

Our AS.E.E. degree is recognized the
world over by personnel men in the
electronics industry, Qur graduates are
always in demand.

College level HOME STUDY courses

-taught so that you can easily under-
standd them. Continue your education.

. Earn more in the Inghly paid elec-
tronics industry.

Learn about Missiles, Computers,
Transistors, Automation, complete elec-
uonics.

Over 27,000 graduates now employed
by industry. Resident school also avail-
able at our Chicago Campus.—Founded
1934.

Send for our FREE course catalog.
AMERICAN INSTITUTE OF

ENGINEERING & TECHNOLOGY
1137-1139 West Fullerton Pkwy.—Chicago 14, Illinois

C}RCLEﬁNO. 2 Oﬂ READER SERVICE CARD

INTRODUCTORY OFFER

DOUBLE
BONUS!

BONUS : BONUS 2
$50 00 woum oF § 1 POLY PAK OF
inciuge RADIO-TV YOUR CHOICE
ranarine PARTSHL | LISTED BELOW

BOTH FREE WITH EVERY $10.00 ORDER
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heo NPO». HiUs: worth 330 |colors. push & screw. .

30 WORLDs SMAL‘-ES" $ 20 MICROSWITCHES. by
RESISTORS, 1% [GE1 1 SVRE, SPDurenk 2N
jw) GD CARBON RESISYOHS
B S AT S S o e 3 V(D) 2 TRANSISTOR soexers, 5
f,?v Pol“:’,ﬁgmﬁfs'"s,'ol"oi $7/0 6050CKETS. recentacies. §
DdlS NPN TRANSISTORS. § piugs. tube. pwr. audio 1
‘Gold Bonders' hobby muxt a 0 ';5:’:‘):;‘;} BTRIPSY 1 Y |
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1S TOP HAT ch«”,,,sl TS, phono. amp. tuners
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o TROLYTICS. 3 to 20 mf
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O il TR 1S 2 ) | FAmm to 02 mi OAT [
32 Two WATT RESIS §q|5, 60, MICA CONDENSERS. 5y
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CIRCLE NO. 26 ON READER SERVICE CARD

Automatic Diode Checker
Continued from page 143)

ances are standard and appropriate sin-
gle resistors are available.

While carrying out the construction,
be sure to observe carefully the polarities
of D1, D2, C1, and C2. Also check to see
that no leads or connections are shorted
to the cover (you may want to line the
sides of the cover with wide adhesive
tape).

Operation. No line switch is provided
because the current drawn by the check-
er when it is not in use is negligible,
and it can be left running continuously.

To check a diode, connect it across
jacks J1 and J2. If only I1 lights, the

diode is open; if only /2 lights, it’s
shorted; if only I3 lights, it’s good.
Should all three indicators light, the

avsssssEsssensnny HOW |T WORKS ssssssessssEnsne

Transiormer T provides the 6.3-volt a.c.
source needed to operate the checking circuit.
\With no connection across test jacks JI and J2
or with an open-circuit diode connected), d.c.
current dows through diode D1, resistors RI and
R2, and —open” indicator /1 on the positive
hali-cycles. Indicator /I then lights up, but no
current tlows through /2 because of reverse-
connected diode D2. and the voltage drop across
R2? is too small to allow /3 to light

If a good diode is connected across JI and
J2 according to the polarity labeled on the jacks,
D1, R1.and /1 will be shorted out on the positive
half-cvcles and DI will be open on the negative

hali-cvcles; therefore /I will not light. And,
once again. no current will flow through 72 be-
cause of reverse-connected diode D2. But now

enough d.c. voltage appears across R2 to charge
capacitor C1 to the point where “good” indicator
13 will light (the voltage applied to capacitor C2
is in reverse polarity, so acts as a short
circuit and does not charge)

If a shorted diode is connected across the jacks,
D1, R1, and /1 will be shorted out--so /1 will
remain dark. But the voltage across R2 is now
a.c. and neither C1 nor C2 will charge. Instead,
these capacitors act as a low-reactance shunt
across /3 and resistor RS, and /3 also remains
dark. Diode D2, however, conducts on the nega-
tive hali-cycles and passes enough current to
light “short”’ indicater /2

If a good diode is connected across /1 and J2
with polarity opposite to that labeled on the
jacks, a d.c. voltage will appear across R2 (with
the upper end of the resistor negative) on
negative half-cycles. Diode D2 will then con-
duct. lighting /2. Capacitor C2 also charges
up enough to light /3 (capacitor CI has volt-
age of reverse polarity applied to it and acts as
a short cnrcmt) On the pdsitive half-cycles, the
situation is the same as the open-circuit case first
discussed; d.c. current flows through diode D1,
resistors R1 and R2, and “open” indicator /1-
illuminating the latter.
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LINE CORD

Photographs of diode checker's interior and front panel reveal construction details. Capacitors
Cl and C2 (see photo at left) have been partially disconnected and moved aside for a better view.

diode is good, but connected in reverse at less than 250 ma. average current. If
of the polarity marked on the jacks. you do, you stand a good chance of burn-
Never use the checker on a diode rated ing out the diode. -30-

Soldering Kit

Features a professional DUAL © & " — PURPOSE
HEAT gun. Two trigger positions 0 g e, SOLDER

let you switeh instantly to low /TN

240-watt or high 325-watt heat to
suit the job. By using high heat
only when necessary, you prolong
tip life. Heat and spotlight come
on instantly when trigger is pulled.
Included: Soldering tip. Smooth-
ing tip. Cutting tip. Tip-changing
wrench. Solder. Instructions. Plus
break-proof plastic case which can
be used as a lunch, fishing tackle
or tool box. Model D-550PK.
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. \(;’ / For quick, easy soldering
3 and scores of Louszhold repairs
WELLER ELECTRIC CORP. EASTON, PA.
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To guide you to a
successful future in
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COMPUTERS
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This interesting pictorial booklet tells you
how you can prepare for a dynamic career
as an Electrical Engineer or Engineering
Technician in many exciting, growing
fields:

MISSILES ° AVIONICS - AUTOMATION
SALES * DEVELOPMENT
ELECTRICAL POWER * ROCKETRY
RADAR * RESEARCH

Get all the facts about job opportunities,
length of study, courses offered, degrees
you can earn, scholarships, part-time work
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recreational facilities. No obligation — it’s
yours free.
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Printed-Circuit P.A.
(Continued from page 64)

Installation Tips. The appearance of the
amplifier can be improved by placing
suitable nameplates on the front and
back panels. Since the on/off switch is
already identified, placing Phono and
Mike on the respective jacks and vol-
ume controls and Tone on the tone con-
trol will take care of labeling the front
panel. Plus and Minus as well as Speaker
labels may be fastened to the back of the
amplifier to identify these terminals.

If the amplifier is to be installed per-
manently or semi-permanently in a car
or truck, some additional fittings will
have to be fastened to the amplifier case.
Since the requirements will vary consid-
erably with each individual installation,
you're pretty much on your own. How-
ever, a few tips may be helpful.

For a semi-permanent installation,
power can be secured from the cigarette
lighter outlet, and the amplifier can be
placed in the glove compartment. For a
permanent installation, a set of angle
brackets (available at most hardware
stores) attached to the case will permit
easy under-the-dash mounting.

If you want to use the amplifier inside
or move it about a good bit, attach rub-
ber feet to minimize chances of scratch-
ing table tops. B0

*‘Is this EICO? | think I've found an error .
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with the Deluxe
PROGRESSIVE RADIO “EDU-KIT//®

A Practical Home Radio Course

CIRCUITS AT HOME $

Now Includes % No Knowledge of Radio Necessary

* RECEIVERS % No Additional Parts or Tools Needed

TRANSMITTERS
: SQ‘.\WAVE GENERATOR % EXCELLENTBACKGROUNDFORTY
% SIGNAL TRACER
* AMPLIFIER .l 5CHOOL INQUIRIES INVITED
* SIGNAL INJECTOR N
* CODE OSCILLATOR % Sold In 79 Countries

YOU DON'T HAVE TO SPEND
HUNDREDS OF DOLLARS FOR A RADIO COURSE

The ‘'‘Edu-Kit’‘ offers you an outstanding PRACTICAL HOME RADIO COURSE at a
rock-bottom price. Our Kit is designed to train Radio & Eiectronics Technicians, making
use of the most modern methods of home training, You will learn radio theory, construc-
tion nracllce and servicing. THIS A COMPLETE RADIO COURSE IN EVERY DETAIL,.

Yo le. how to build radios, using regular schematics; how to wire and solder
in a proln ignal manner; how to service radios. You will work with the standard tyPe of
punched :nauh as well as the iatest development of Printed Circuit chassis,

You wil basic principles ot radio. You will construct, study and work with
RF and AF ampllﬁers and osciliators, detectors, rectifi test equipment. You will learn
and practice code, using the Progressive Code_Osciilator. Vou will learn and practice
trouble-shooting. using the Progressive Signal Tracer, Pm rﬂslve sllnal Injector, Pro-
gressive Dynamic Radio & Electronics Tester, Square Wa
lng instructional mate:

You will receive tra or the Novice, Technician and General Classes of F.C.C. Radlo
Amateur Licenses. You wlll build Recewver, Transmitter. Sauare Wave Generator, Code
Os. ator, Signal Tracer and Signal Injector circuits, and iearn how to onera the You

w receive an excellent background for television, HWi-Fi and Electronic:

Absolutely no previous knowledxa of radi0 or science is required. The "Euu-l(l(" Is the
product of many years of teachin en;lneerlng elrerlence. The **Edu-Kit’'* wili pro-
vide you with a basic education ln ectronics and Radlo, worth many times the low price
¥ou pay. The Signal Yracer alone worth more than the price of ths kit.

THE KIT FOR E‘#ER?ONE

o ol maed i s 84 bl oaa el ages I il Gl Mv. successfully
n rmlo or science. wnet . von are inter- used m- **Edu-Kit*’ in e than 79 coun-
ested in Radlo & Electroni b tries of the world, The "Edu-ln" has been
want an ln(erenlnf { n, carefully designed, step by step, so
business or a job with a futu b7 you cannot make Mmistake. The **Edu- Kn
lnen;;'zydu- W Ch yourself at your own

iteasive i - wL dio in the worid,
nd ls univirsally mamed s m slmdard in "l. ﬁold of elect onlcn tralnln.. The ‘‘Edy-
un-' uses the modern educational principle of *‘Learn by Do 'nnerel ore you construct,
learn schematics, study theory, Dractice trouble shooting—al a closely integrated pro-
&ram designed to provide an easily-learned, morouun and interesting background in udlo-
You be adio of the '*Edu-Kit.’* You then lea
function, theory and wiring ot these pms. Then you build a simple radio. With th
set you ‘will enloy listening to learn meory, practice umnt
and trouble-shooting. ‘l'h en you buTld a more advanced radlo le e advanced theory
and techniques. Gradually, in a progressive manner, { r rate, wil
llnd yourselt Hructlnl Mmore advanced multi-tube rldlo clrcul S, and dolnl "ork like &

Rad
" included in tne "EduoKlt" course are Recelver, Transmitter, Code Oscillator, Signal
Tracer, squue Wave eencrnov and $ig Injector Circuits. These are not unprofessional
XPer| bu adio circuits, constructed by means of profession-
al wlrlnt and ulderlnl on me cnluls. plus the new method of radio construction known
as **Printed Circuitry.’® These circuits operate on your regular AC or DC house current.

THE “EDU-KIT" IS EGMPLETE

You will receive all parts and instructions Y to b
electronics circul ch guaranteed to operate. O I con n tubes, tul
able, electrolytic, mica, ceramic aml paper ﬂleleclrlc condennrs resistors, tie strips.
hardware, tublnl. Dum:ned metal "“’..f,,.'.. a 2ls, hook-up wire, soider.

col d swi .

in addl tion, you recelv. Printed clrcull male ial: Im:ludlnl Printed Circuit chas:
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You receive all parts, tools, instructions, etc. Evernhin; ls yours to keep.
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mai to: OLSON ELECTRONICS, INC.
905 S.Forge St., Akron 8, Ohio
NAME

ADDRESS
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Interested in a space age electronics career?

THINK

For a free copy of this folder write:

Penn Technical Institute

5440 Penn Ave., Pittsburgh, Pa.
Phone 441-3502
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Square-Wave Generator
(Continued from page 133)

is by R1 and R2 in Fig. 2, for example,
the contact potential causes a current

| to flow as though there were a battery in

the circuit. Thus, some of the energy re-
quired to heat the cathode in normal
operation is also utilized to provide a

| d.c. source in the circuit. If the negative

plate-to-cathode potential is increased
substantially by means of an external
negative voltage applied to the plate,
current in V1b will cease to flow.

A sine-wave signal applied at point
“A” is rectified by Vl1a and appears
across R1 with respect to ground. On
negative input peaks, no current flows
through R1. On positive input peaks, the
full input voltage developed across RI
causes the cathode of V1b to go positive
with respect to ground. Hence, V1b is
biased off by positive peaks of the input
signal, while during negative peaks the
Edison Effect previously described takes
place. If R1 (required only to provide a
chopping signal from the input voltage)
is made small compared with R2, almost
all of the contact potential appears at
“B’” with respect to ground when V1b
conducts. As the output is taken only
across R2, the output consists of the

chopped contact potential exclusively.

If the peak value of the input voltage

' equals the contact potential, the output

voltage resembles the output of a half-
wave rectifier circuit without a filter.
Increasing the amplitude of the input
signal considerably reduces the rise and
decay times of the output waveforms.
This is clearly illustrated in the oscillo-
grams.

Description of Unit. One advantage of
this circuit is that almost any thermion-
ic-emission type of vacuum tube can be
used. Also, the same voltage can be used
for both heater supply and input voltage.
Although a twin-diode was used by the
author, twin triodes may be used equally
well. When triodes are used, the control

| grids should be tied to the cathode for

best results.

As with any source, output amplitude
decreases as the output load increases.
In this case, the total load is R2 plus the
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device under test, connected between
point “B” and ground. The effect of this
loading on the output voltage is shown
in Fig. 3. If maximum output is desired,
R2 should be from 1 to 10 megohms. The
principal load is then only that provided
by the input circuit of the device under
test. Changes in this impedance will
cause relatively large changes in the out-
put amplitude. If it is desired that the
output voltage remain essentially con-
stant with changes in load impedance, R2
may be made relatively small. Then the
total parallel resistance presented by K2
and the changing load impedance will be
essentially constant.

The photographs illustrate a unit built
around a 6H6 twin-diode. The trans-
former provides both the heater voltage
and the input drive signal, making it a
completely independent unit with a 60-

cycle square-wave output. For operation |

at other frequencies, the input signal may
be obtained from any sine-wave gener-
ator with a 5- to 10-volt output. —30-

Transistor Frequency Standard
(Continued from page 138)

should show a definite, although broad,
peak. If necessary, add or remove turns
as indicated by the position of the iron-
core slug. The adjustment of L2 may
result in a small frequency shift and the
setting of C1 should again be checked
with WWYV after adjusting the coil L2.

Current drawn from a 9-volt battery
will be around 1.5 ma. There will be a
small frequency variation when the sup-
ply voltage is changed and it should be
held as constant as possible.

The transistor frequency standard may
also be used in vacuum-tube communica-
tions receivers if kept isolated from heat-
producing components. A novel system
of obtaining the supply voltage, without
resorting to batteries, is shown in Fig.
2(B). A voltage divider, consisting of a
10,000-ohm resistor and 25,000-ohm po-
tentiometer, is placed across the cathode-
bias voltage (usually between 10 and 15
volts) and the potentiometer is adjusted
for 9 volts. A filter capacitor smooths out
any audio variations. 30}
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Stereo Sixteen Plus Four
(Continued from page 54

the thickness of the bottom panel. Posi-
tion the panel at the front of the en-
closure, with the bottom edge flush with
the surface of the bottom panel, and
mark the other edges for cutting. After
the front panel is cut and edge-sanded,
attach the remaining 20” 2 x 2 to the
other narrow edge and the two 257
2 x 2's to the top and bottom edges.

Pad or Diffuse. The acoustic padding is
attached to the inside of the front panel
with either thumbtacks or a staple gun;
if desired, an inexpensive substitute for
acoustic padding can be made from six
egg cartons of the papier-mdché variety.
Simply tack the bottom halves of the egg
cartons to the inside of the panel.

To attach the front panel to the en-
closure, position it in place and drill
through the front edges of the speaker-
board panels for a No. 8 x 1” wood screw
(three screws per panel), drilling
through the panel at an angle so as to
go into the front-corner-brace 2 x 2
straight. In addition, attach the top and
bottom panels to the front-edge braces
with four screws per panel, and, if you
haven’t already done so, tie the top and
bottom down to the upper and lower
speaker-board braces with two screws
per brace.

The rear corner supports are attached
by a single wood screw run into each
end of each dowel, through the top and
bottom panels, and pulled up tight. This
done, the electro-acoustical part of the
system is now complete, and you can
give it its test run.

Finishing the System. If you keep in
mind that both sides and the back must
be acoustically open to let the sound out
without restriction, the “‘sky’s the limit”
on finishing.

The original system was finished in an
Oriental motif, with solid gloss black top,
ebony and brass legs, and a mosaic Ma-
sonite front-panel overlay. This results in
a striking piece of furniture, but a sim-
ple “wrap-around” of grille cloth (hard-
weave drapery fabric does as well and
is less expensive) will also look ex-
30
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Radiation Fallout Monitor
(Continued from page 45)

Operation. First of all, remember that
this is not a precision instrument. Nor
will it respond to extremely high levels
of radiation (about 60 counts per second,
as mentioned earlier, is the maximum).
For this reason, it's not suitable for use
in locating areas of heavy contamination
during emergencies. What it will do is
provide an approximate indication of the
normal level of background radiation in
your area, giving positive evidence when
the count varies excessively.

To operate the device, just plug it into
the line. (No on-off switch is provided
because the current drain is so low that
the unit can be left running continually.)
After the thyratron heater has warmed
up, the instrument will begin to respond
to background radiation. This activity
will be sporadic—there may be no pulses
for several seconds, then several at once.

To get an idea of the counts per min-

ute at any given time, always make your
observations over a period of several
minutes and take an average. The au-
thor has measured rates ranging from a
low of 30 counts per minute to a high
(during a period of fallout from the Rus-
sian bomb tests) of over 100. In the P.E.
editorial offices, when this article was
prepared for publication, the instrument
registered about 15 counts per minute.

Small variations in the rate are not
significant (they may be due, in part, to
variations in line voltage). But if the
radiation level begins to drive V2 at a
frequency close to its maximum ability
to respond, chances are that something
unusual has occurred.

If you find your instrument counting
at a very high frequency, don't be imme-
diately concerned about radiation injury
(even luminous watch dials, when placed
close to V1, will produce quite high
rates). You'd better check your radio,
though, to see if there's anything going
on. We hope that a radiation emergency
situation will never arise, but if it does,
instructions will be broadcast (via Conel-
rad) over 640 or 1240 kec. 3o
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The Signal Monitor
( Continued from page 130

try to keep all wiring associated with
capacitor C1 and coil L1 very short.

Coil L1 and transistors @1 and @2 are
supported only by their own leads. Tran-
sistor QI's base and emitter leads, and
all of the leads from @2, are wired into
the circuit by means of a 5-lug, screw-
type terminal strip. The lugs on this
strip are lettered “V”’ through “Z” on the
pictorial diagram and represented by
identically lettered circles on the sche-
matic diagram. All leads to the latter
circles are connected to the appropriate
terminals on the strip. The leads ending
in arrows are fastened under the screw,
the plain ones are soldered to the lug.

About the Circuit. The signal from the
transmitter is picked up by the monitor’s
whip antenna (ANT), tuned by L1/C1,
and rectified by diode DI1. Switeh S7,
which shorts out part of L1 when closed,
acts as a band selector. Passing from D1

to transistor @1, the signal is amplified
and fed to switch S2.

When S2 is in the “Field Strength”
position, meter M1 is connected to @Q1's
output through ‘“Meter Adjust” potenti-
ometer R2. The meter then provides a
visual indication of the relative signal
strength. With S2 in the “Audio” posi-
tion, Q1I's output is fed to the base of
transistor @2 and further amplified by
@2 and Q3. The output of @3 is coupled
either to the speaker or to a set of head-
phones plugged into J1.

If a CW signal is being monitored,
switch S} is flipped to the “CW" position.
This introduces collector-to-base feed-
back in @3, providing a BFO action, and
potentiometer R3 acts as a combined
volume and “pitch” control. For AM
monitoring, S} is set at “AM.” disabling
the feedback; in this case, R3 acts only
as a volume control.

Power for the unit comes entirely from
6-volt battery B1 and is controlled by
“Power”” switch 83.

Operation. Turn on “Power’’ switch S3,
extend the antenna, and set ‘“Band-

Continued on page 168
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BARGT CU8B 2AUT 35! T
BAB4 6DE4 2AXT S0A5
RA DQ6 ‘ 2A27 50B6
6AG 'A/B 2AVS BOC5
6AF DT 2AX4 SOEHE
4/A |BEAS8 GTA/B EOW'T
6ERR 1284 OLTGT

Partial listing—
send for free complete tubg listing,
FREE SURPRISE BONUS ON
ORDERS OF $3 OR MORE!
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ELECTRONICS MARKET PLACE

FOR SALE

CBERS, Amateurs, Speech clipper-kit complete $17.85!
Dual Conversion adapter-kit all parts, chematic, pictorial.
Hear only the channel you tune. HE-15, A, B; TR-800,
910, B; etc. HE-20, A, B, C; Mark VII; 770, 1, 2; Messen-
ger; GW-10 etc. $15.50 with tubes $17.50 or $5.00 de-
posit plus C.0.D. Free literature. Dept. 'Y"’, BAINBRIDGE
RADIO ELECTRONICS, 2839 Briggs Ave.,, New York
58, N. Y.

BEFORE You Buy Receiving Tubes, Test Equipment,
Hi-Fi Components, Kits, Parts, etc. . . . . send for your
Giant Free Zalytron Current Catalog, featuring all Stand-
ard Brand Tubes all Brand New Premium Individually
Boxed, One Year Guarantee—all at Biggest Discounts in
America! We serve professional servicemen, hobbyists,
experimenters, engineers, technicians. Why Pay More?
ZALYTRON TUBE CORP., 461 Jericho Turnpike, Mineola,

WORLD Radio-TV Handbook latest edmon with callsigns,
frequencies, and programs all short wave broadcasting
stations $3.25. GILFER, Box 239, Park Ridge, N. J.

CBERS, HAMS, SWL'S 3.5-:30 Megacycle Preselector kit,
$18.98. ‘“‘Audio-Aid-All” Clipper-filter kit, $10.99. All
band vertical, $16.95. Postpald! Free catalog! HOL-
STROM ASSOCIATES, Box 8640, Sacramento 22, Cali-
'orma

DIAGRAMS for repalring Radios $1 .00. Television $2.00.
(énve make, model. DIAGRAMS, Box 672A, Hartford 1,
onn.

HIFI amplifiers, tuners, radios, TVs Free Electronlc
Catalog. GM PHOTOELECTRONICS 623 Gay, Knoxville,
Tennessee.

ELECTRONIC Surplus “Great Buys” 10¢. FERTIK'S, 9TH
Tioga, Phila. 40, Pa. = — -
TRANSISTOR ignition Coil—Instructions. Special $8.50
Kits Available. ANDERSON ENGINEERING, Wrentham,
Mass.

PRINTED Circuit Boards, Complete Etching Supplies $5
. HAMKITS, Cranford, N.

FCC Warnlng Decal Agamst Unauthorized Use. Mobvle
(2x3) 35¢ 4/1.00 Base (3x4) 65¢ 2/1.00. CB, Box 457,
Enclno California.

cB Transminers $5.99. Other bargains, send 10¢ for list.
VANGUARD, 190-48 99th Ave., Hollis 23, N.

NEW Surplus Electronic Components. Free Catalog On
Request. JRB SURPLUS SALES CO., P.O. Box E, Pismo
Beach, California.

CONVERT any television to sensntuve, big-screen oscnllo
scope. No electronic experience necessary. Only minor
changes needed. Inexpensive. Clearly illustrated pians
%_2.00. RELCO ELECTRONICS, Box 10563, Houston 18,
exas.

TREE ‘Gegraph_any distance. Detector Pian, Sl_ SENSLt-
TRON SYSTEM Box 1126, St. Augustme Florida.

14 Weather instrument Plans $2. SACO PRESS Box
2513D, South Bend, indiana.

ROCKETEERS. Supplies, Fuel Chen;ica—ls,_ Ign?ti_or-i Mate-
rials. lllustrated Catalog 25¢. CENTRAL ROCKET COM-
PANY, 89E Waupaca, Wis.

EDUCATIONAL OPPORTUNITIES

ENGINEERING And Art Degrees earned through home

study. Electronics, Mechanical, Liberal Arts, Major Ac-
counting. When writing specify course desired. PACIFIC
INTERNATIONAL COLLEGE OF ARTS & SCIENCES, pri
marily a correspondence school. Resident classes also

?:vallable. 5719-X Santa Monica Bivd.,, Hollywood 38,
alifornia.

1963 Edition

MONMOUTH RADIO ELECTRONICS INSTITUTE, Evening
Classes on Electronics, Radio, Television, and Mathe-
matics. 814 Cookman Avenue, Asbury Park, New Jersey.

LEARN while asleep, hypnotize with your recorder, pho-
nograph. Details free. RESEARCH ASSOCIATION, Box
24.ZB, Olympia, Washington.

WANTED

WANT Pre-1920 Wireless Equipment, Callbooks, Maga-
zines, Personal Collection. W4AA, Box 72, Concord, N. C.

WANTED: Quicksilver, Platinum, Silver, Gold. Ores Ana-
lyzed. Free Circular. MERCURY TERMINAL, Norwood,
Massachusetts.

QSL, SWL, WPE, CARDS

QSL Cards. Low Prices. Free Samples. DEBBELER
PRINTING, 1309-M North 38th Street, Milwaukee 8 Wis.
CREATIVE QSL Cards—Free, new catalog and samples.
Personal attention given. WILKINS CREATIVE PRINTING,
P.O. Box 1064-6, Atascadero, California.

REPAIRS and SERVICING

ELECTRIC motor repairing simplified! Free booklet!

MODERN, Box 8573 Kansas City 14, Mo.

LOUDSPEAKERS reconed Any Make. Pnce List. JaMAC,
8845 N.E. Sandy, Portland, Oregon.

FOR INVENTORS

INVENTORS: Save time and money. Prepare and File
Your own patent application. Qur complete “'Patent Kit"”
makes it easy. Includes detailed instructions and all nec-
essary material. Only $12.95. Money back guarantee.
Don’'t delay. Send check or money order today to iN-
VENTORS SERVICE, INC., Box 88, Benjamin Franklin
Station, Washmgton D. C.

HELP WANTED

AIRCRAFT RADIO TECHNICIAN. Excelient opportunity
with well-known Midwestern aviation firm for man of
higher-than- averaFe intelligence. Must have heavy back-
ground in aircraft radio installation and maintenance.
Pteasant and stable personality. Highest satary offered.
All Inquiries held in confidence. Box 101, Electronic Ex-
pgrimenters Handbook, One Park Avenue, New York
16, N. Y.

BUSINESS OPPORTUNITIES

BUY DIRECT FROM FACTORIES! Appllances, Cam-
eras, Watches. Free Details! CAMP COMPANY, 436EA
Bioomfield Avenue, Verona, New Jersey.

MISCELLANEOUS

AUTHORS! Learn how to have your book published, pro-
moted, distributed. Free booklet “ZD-1". Vantage, 120
West 31 St., New York l
SWISS Musical Electncal M0vements sG 75. SPIELMAN
131 West 42nd, New York 36.

QUALITY Engraving. New Catalogue 10¢ (refunded).
ERROL ENGRAVING, Hampden Street, Westfield, Mass.
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switch” SI to the bands you desire.

If you're going to measure field
strength, throw switch S2 to the “Field
Strength” position and rotate ‘“Meter
Adjust” potentiometer R2 fully clock-
wise. Turn on your transmitter and peak
capacitor C1 for maximum indication on
M1. Should the meter go off scale, turn
potentiometer R2 counterclockwise to re-
duce the reading. The results of any ad-
justments made on the transmitter can
now be readily seen on M1.

To monitor AM or CW, set S2 to the
“Audio” position and turn S} to either
“AM” or “CW.” With S} in the “AM”
position, potentiometer R3 will act as a
volume control; with the switch set for
“CW,"” R3 will act as a combined volume
and “pitch” control. Headphones may be
plugged into J1 (disconnecting the
speaker) at any time, and can be used to
avoid feedback through the transmitter
mike, in situations where there isn’t
enough gain to operate the speaker, etc.

When working close to the transmitter,
the instrument may become overloaded
by too much signal. If so, shorten the
antenna and/or detune CI1. 30~

The Imp Sleuth
(Continued from page 142)

then be read directly from the scale.

The bridge can also be used to meas-
ure the impedance of output transform-
ers designed to match speakers in the
range of 0 to 25 ohms. For example, you
may have an output transformer of un-
known primary impedance which you
want to use with an 8-ohm speaker. To
find its impedance, connect jacks J1 and
J2 of the “Imp Sleuth” to the secondary
(speaker side) of the transformer, and
a resistor of some known value across
its primary.

If the impedance read on the bridge
is less than 8 ohms, the primary imped-
ance is greater than the value of the re-
sistor, and vice versa. Given two or
three tries, you should be able to find
a resistor which will indicate approxi-
mately 8 ohms on the “Imp Sleuth.” The
value of this resistor is the primary im-
pedance of the transformer. 30—

PRINTED IN U.S.A.
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WHERE You Train is as Important

As Your Decision to Train

Electronies is a growing
and expanding industry.
That’s why so many ambi-
tious men are training for
Icareers in this exciting
field. They recognize the
| opportunities to fill in in-

sitions. But where a man
itrains and. how the school
of his clmu‘e teaches the many fields of Electronies.
Automation, Radio-Television . . . how it encourages
him to reach his goals and realize his ambitions . . . is
most important to his success.

This is a fast changing world. A school offering Elec-
tronics courses must keep pace. That's why NRIl—with
nearly 50 years of ~p(‘(|nluc d experience—now offers
eight choices of trair ing. Select the course of most in-
terest to you and receive the kind of home-study train-
ing that prepares you for a specialized career NRI's
Jarge stafl’ of specialists is always on the job keeping
your course material up-to-date . . . helping you earn
your way while you train . . . aseMm« you with job
placement. In short, NR1 is qualified to The Ip you grow.

Specnal Training Equipment Included
! . r‘Tll(‘ NRI “learn-by prae-

B : " tice” method is the time-
I proved way to better pay.
11t makes training easier,
faster, hetter. Most NRI
{courses include—at no ex-
tra cost — speeial training
equipment to give shop and
laboratory experience in
your own home. All equip-
ment is yours to keep.

Projects you build, experiments you perform, make
NRI lessons come to life. Complex subjeets take on real
meaning. You measure voltage and current in circuits
you huild yourself. You use a Vacuum Tube Voltmeter
which you eonstruet. Later on, you progress to more
involved experiments. If yon like working with your
hands, you'll enjoy learning Electronies with NRL

=

Oldest and largest School of its kind

NRI training of the 60’ is based on nearly half a cen-
tury of experience gained from training thousands of
men like yourself for new careers. NRI has carned the
confidence of students, graduates and the Electronics
industry. They all recognize NRI training material as
an outstanding educational value. And as the oldest and
largest Radio-Television-Electronics home-study school,
NRI can supply training at reasonable cost. Mail the
postage-free eard today for facts on the school, on op-
portunities in Electronics, on monthly payment plans
and special Trial Enrollment Offer. NRT TRAINING,
Washington 16, D. C.

BACKED BY NEARLY 50 YEARS
EXPERIENCE TRAINING MEN 2
FOR SUCCESS BY HOME STUDY ™

JOIN THE THOUSANDS
WHO TRAINED AT HOME FOR
NEW CAREERS WITH NRI

N | want to thank NRI for making it all pos-
sible,” says Robert L. L'Heureux of Needham,
Mass., who sought our job consultant’s advice
in makmg applications and is now an assistant
Field Engineer in the DATAmatic Div. of Min-
neapolis-Honeywell, working on data systems.

“T have gone ahead ﬁnunclally ever since | en-
rolled with NRIL™ writes Gerald W Kallies,
now a chief Instrument Technician of Rio Al-
gom Nordic cerenium mines and part-time TV
engineer for CKSO-TV, Elliott Lake, Ont. He
enrolled with NRI on finishing high school.

His own full-time Radio-TV shop has brought

steadily rising income to Harlin C. Robertson

of Oroville, Calif. In uddmon to employing a
full-time technici two NRI dents work for
him part-time. He remarks about NRI training,
1 think it's tops!™

Nuw NRI COURSES

SEE OTHER SIDE
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NOW 8 WAYS to Assure Advancement

or Turn Your Hobby Into a New Career

No matter how much or how little education you have,
one of NRI's eight career-training home-study courses can
help you toward a better future in the great and growing
fields of Automation-Electronics. Radio-Television. There has
never been a time when ambitious men with specialized
Electronies know-how were as much in demand as today.
Industries. businesses, government, the miliiary all need men
with practical Eleetronics training to install. operate. service
and supervise equipmeni. Automation continues to eliminate
jobs for unskilled labor as fast as skilled technicians are avail-
able to run Electromnically-controlled machines.

YOU TRAIN AT HOME m

WITH THE LEADER

Good jobs await Communications technicians, since hroad-
casting now means more than entertainment; hecoming an
essential in trucks, ears, trains, planes, ships, ete. In the home,
Color TV has come of age along with FM siereo multiplexing
and increasing popularity of Hi-fi: television and radio means
more opportunities for Service Technicians in spare time or
full 1ime businesses of their own. NRI training has heen
tailored to meet present and future needs of Electronies, Com-
munications and Servicing. Check the field of most interest
to you and mail the postage-free card now. NRI TRAINING,
Washington 16, D. C.

SEE. OTHER SIDE

CUT OUT AND MAIL CARD NOW!

FRE E 64-PAGE

CATALOG
No stamp necessary I

|—ﬁ1e-—A.mazing ‘
Field of

Electronics '

NRI pays postage

NRI Training

3 AE 2
Washington 16, D. C.

Please send your catalog. I am
interested in training checked
below. {No salesman will call.)

O Industrial Electronies O Mobile Communications
O Radio-TV Servicing
0 Complete Communications [] Aviation Communications

0O FCC License

O Marine Communications

O Math for Electronics

Name, Age
(Please Prim)

Address. - - .

City ___Zone State_

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

- D e i e o e e S e o o ] . . S S i e . e e e S S o S S o o o . e i e e ]

INDUSTRIAL-MILITARY ELECTRONICS

Learn Principles, Practices, Maintenance of Elee-
tronic equipment used today in business, industry,
defense. Covers Electronic controls and measure-
ment, computers, servos, telemetry, multiplexing,
many other subjeets.

RADIO AND TELEVISION SERVICING
Learn to service and maintain AM-FM Radios, TV
sets, Sterco Hi-fi, PA systems, etc. A profitable, in-
teresting field for part-time or full time business
of your own.

COMPLETE COMMUNICATIONS

A comprehensive training course for men seeking
careers operating and nuaintaining transmitting
equipment in Radio-TV Broadeasting or mobile,
marine. aviation conununications. Prepares you

for FCC License.
FCC LICENSE

Prepares you quickly for First Class License ex-
ams. Everv communications station must have one
or more I'CC.licensed operators. Also valuable for
Service Technicians. You train at home.

MOBILE COMMUNICATIONS

Training in installation and maintenance of mo-
bile equipment and associated hase stations like
those used by fire and police, taxi eompanies, ete.
Prepares you for First Class FCC License exams.

MARINE COMMUNICATIONS

Shiphoard transmitting equipment, direction find-
ers, depth indicators, radar are all covered in this
course. You prepare for your First Class Radio-
telephone License with Radar Endorsement.

AVIATION COMMUNICATIONS

For men who want careers working with and
around planes. Covers direction finders, ranges,
markers, loran, shoran, radar, landing systems,
transmitters. Prepares you for FCC License exams.

MATH FOR ELECTRONICS

From hasic arithmetic review to graphs and elec-
tronic formulas in one complete “short course”
package of five carefully prepared texts. Quick,
complete and low in cost.

OO -1 O U1 - Qo N

CUT OUT AND MAIL

POSTAGE-FREE CARD




SPRING EDITION $125

ez, ELECTRONIC

EXPERIMENTER’S

HAINDBOOK
HOW TO BUILD

- VHF, SWL, & HAM BAND RECEIVERS e HI-Fi
- SPEAKER SYSTEMS  SCIENCE FAIR PROJECTS
PHOTOELECTRIC ALARM « TEST EQUIPMENT

AUTOMOTIVE E, -
~ELECTRONIC % 'lé,x*
PROJECTS . il Y&t
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MAKE YOUR =
OWN 0-5000
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SIMPLIFIED PLANS
~(see page 11)




LAFA

'RADIO ELECTRONICS

F R E E J 1965 CATALOG
No. 650
=) Now— Over 500 Pages!

Featuring Everything
in Electronics for
« Home
« Industry
- Laboratory
from the

“World’s Hi-Fi &
Electronics Center”

See the Largest Selection in Our 44-Year History:

~ STEREO HI-Fl . . . there's a complete selection of stere:t) hi-fiteguipment
4 1 at Lafayette. All famous brands plus Lafayette’'s own top-rated compo-
lt s altin the new, nents. All at Lafayette's low, low prices too.
1965 Lafayette catawg' CITIZENS BAND . . . Lafayette still leads the field in transceivers, Walkie-
Detach and Mail the Card ::I:ize a:gO:cc:sssories.fAnd thet pbrlice is a(ljwayst right a]t tLa‘fdayektte. o
R DERS . . . from portable recorders to complete decks--you
for YOUI‘ FREE COpy' find the right recorder at the right price at Lafayette.
or wrife— HAM GEAR . . . for receivers, transmitters, as well as the smallest
a::cesspry, amateurs everywhere make Lafayette their headquarters for
Dent. all their gear.
La(f)ay;tte ‘Road'so oEsl::ttmL""?s " ﬂ}g, Want More? There's Test Equipment, Radios, Tools, Books, TV and Radio
P 0X y Tubes and Parts, Auto Accessories, Cabinets, Drafting Supplies, Intercoms.

AND Marine Equipment, Cameras, Optical Goods, Musical Instruments,
P.A. Equipment, TV Sets, and Much More.

BUY ON TIME . .. Use Lafayette's famous Easy-Pay Credit Plan—up to
24 Months to Pay.
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5 in. Oscilloscope 1

Transistorezed Meter 2

Moder~ Lessons 3

Job Opportunities continue to
increase for the Electronics Technician

Electronics is a multi-billion dollar industry. growing rapidly, calling for
well-trained technicians, offering many good-paying opportunities. DeVry

TRAINING prepares you at home — or in its well-equipped training centers — for
FILM Radio, Television, Communications, Missiles, Computers, Radar, Control
Systems, etc. ¥

You afso get the loan
of a motion picture
projector and 16 reels
of film to help you
learn quickly, remem-

DeVry sends the type of materials you need for learning electronics at
home. You build and keep (1) a modern 5-inch oscilloscope and (2) a
portable transistorized meter. Use these on the job or to make money as
you learn. You work 300 construction and test procedures with our ex-
clusive ‘Electro-Lab’’. Modern lessons (No. 3 above) with their handy

ber more. foldout diagrams help to speed your progress.
Let us put our more than 30 years of “know-how’ behind you today
to help you prepare for a lot of brighter, more prosperous tomorrows.,
Send coupon for 2 FREE booklets today.
Accredited Member of National Home Study Councll
FREE!
DeVRY TECHNICAL INSTITUTE
Send For 2 4141 Belmont Ave., Chicago, Ill. 60641 Dept, EEH-1.v
Please give me your two free booklets, “'Pocket Guide to
Bocklets TOdayl Reeal Eamings.“yand “Elec’lrgnics in Space Travel“': also
inciude detalls on how to prepare for a career in Elec-
tronics. | am interested in the following opportunity flelds
EMPLOYMENT {check one or more):
] Space & Missile Electronics [ Communications
SERVICE ] Television and Ra;lo’ n H CBommnersi
s | Microwaves roadcasting
All Devry gradua'e_s can ’ece!ve ] Ralcl::rw [ Industrial Electronics
the help of our highly effective 1 Automation Electronics [J Electronic Control
employment service without ad-
ditional cost. e ——ay ———Age
PLEASE PRINT
Address__ S Apt.
- .
DeVry Technical Institute /.. .. wo
n [ Check here it you are under 16 years of age
Ch'cago e Toronto Canadian residents: Write DeVr¥ Tech oflgagada. Ltd.
0 Lawrence Avenue West, Toronto 19, Dntario
4141 Belmont Avenue 2093

Chicago, Illinois 60641
CIRCLE NO. 11 ON READER SERVICE CARD
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,j /,g//icraﬁers qualiiy

=l the BIG NEWS in
- TEST INSTRUMENT KITS

. . . and hallicrafters engineered quality means outstanding
specifications and performance . . . plus simplified construction!

& NEW “Fail-Proof’ soldering  NEW assembly ease. Mechan-
iy terminal strips simplify mak-  ical parts are riveted to the
U ing of positive connections.  chassis at the factory.

CAPACITANCE DECADE
Kit HD-1
Ideal for experimental and

. RESISTDR DECADE Kit HD-2
Use to substitute known-value
& precision resistors in a cir-
service work requulng pre- ——" cuit. Resistors are one-watt,
cision capacitors. Sixteen - 10%. Twenty-eight commer.
commercial slide switches g:ve total variability in cial sllde switches give total variability in 1.ohm
100 pf steps. Uses silve. mica capacitors and fong steps. Range: 1 ohm to 10 megohms in seven
lasting stable defilm capacitors. Range .0001 to 1,0 decades. Price $14.95

mid in four decades. Price $14.95 .

R.F. GENERATOR Kit HG-1

. Generates frequencies from 50 kc.
CONDENSER TESTER Kit HC-1 to 55 Mc. in six steps. Calibrated
Handy service bench instrument for harmonics in two steps from 55
cpecking unknown condenser and re- Mc. to 220 Mc Lovr frequenc
Sistor values under operating condi- range_exceptionally stable, AcCu.
tions, Has precision tuning eye for racy 1%% of the readin'g RF
easy ODfBat'on} tFou; 0%%"“'1;3"“ output .l-volt Bandswitcﬁ és:
ranges: mmf to 2, mid. My .
Three resistance ranges: 0.5 ohm i :e[::\bly”pgreg-;vned and calibrated.
to 5 megohms, Price $29.95 IR TAS

-
-
-
-

VACUUM TUBE VOLT MILLIAMETER
Kit HM-1

Has an exclusive built-in milli-
ameter circuit, available at the
turn of a switch. llluminated meter

S-INCH OSCILLOSCOPE Kit HO-1

A perfect scope for servicing color
TV sets. Has full 5 Mc. bandwidth.
Tube is 5 UPI. One-volt peak-to-peak
source attenuator permits voltage and separate front panel On-Off
measurements over range of 10,000 switch. Has seven AC, DC voltage
to 1, Retrace blanking amplifier pro- P e[ ranges, from 1.5 to 1500; seven
vided. Phasing is continuously vari- 'F C ohmeter ranges, 0 to 1,000 meg-
able from O to 140 . Has two axis b\h *! ohms; and six milliameter ranges,
(beam) modulation. Price $84.95 1.5 to 500. Price $29.95

BATTERY ELIMINATOR Kit HP-1

Reliable source of 6- or 12-volt DC power for servic-
ing car radios, including transistor and “hybrid.” AC
ripple less than .25%; exceptionally low. Voltage
ranges 0-8 voits and 0-16 volts. Also use as battery
charger. Has voltage and current panel meters.
Price $49.95

T e ¢ Authorized
h s d:sl’l f | : yo‘;l licrafters Kit

//eadquarfers

hallicraffers
Maaten Kito

+ For FREE Catalog, write Dept. 5-A, 5th & Kostner Aves., Chicago 24, IlI.
Export: International Div., Hallicrafters. Canada: Gould Sales Company, Montreal, P. Q.
CIRCLE NO. 17 ON READER SERVICE CARD
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It you looked closely at the cover, you will have noted that we said ‘*Spring
Edition.” Yes, in response to hundreds of requests, the EXPERIMENTER’S HAND-
BOOK will be issued twice in 1965—the usual Spring Edition, and a brand-new
“Fall Edition.”” We are also pleased to announce that projects will appear in
both editions that are new and not reprints from POPULAR ELECTRONICS. As in
the past, your Editors have taken great pains to double-check all circuit dia-
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of printing. We hope you enjoy the projects described herein and that you will
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Nation’s most popular, most

complete Citizens Band line!

Everything you ever wanted for
CB — from compact, hand-held
“*Personal Messengers’’ to the
tiny, newalltransistor *Messenger
11! Information-packed, full-
color 8-page brochure gives you
all the details—see your distribu-
tor or use the coupon below,

Viking Amateur Equipmentopens
the door to world-wide adventure!
Excellent value, solid performance,
and an unmatched reputation for
reliability—that's why novice and
experienced amateurs check
Johnson first! Complete, 20-page
amateur catalog gives you all the
dope on these world famous trans-

mitters and station accessories.

“Messenger’ Industrial Radio
for a fully integrated system!
Priced within easy reach of any
business, here’s the line that
offers everything from hand-held
units and portabte field pack to a
choice of base station and mobile
equipment for use in 25 to 50
megacycle range! Complete de-
scriptive literature available from
your distributor, or use coupon.

S o o e SEND

E. F. JOHNSON COMPANY COUPON

/® 2503 10th Ave. S.W. « Waseca, Minnesota 56093 TODAY!
Please rush me the following literature: Indicate the

0 4-Color “*Messenger'* Citizens Radio Literature [ 20-Page

Amateur Equipment Catalog [J 20-Page Booklet **All About Two- %55/ material you wish

to receive—for

Way Radio** [J 4-Color ‘*Messenger'* Industrial Radio Literature R

detailed information
NAME. - see your Johnson
ADDRESS. distributor!
CITy STATE 2IP % Manufacturers of the world’s most widely

e used personal communications transmitters
CIRCLE NO. 21 ON READER SERVICE CARD
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IT'S EASY TO CHECK WITH INTERNATIONAL'S

s AOC VMK-1 VOLTMETER

S

This compact test instrument will measure DC
voltages from 0 to 500 volts, AC voltages from
0 to 250 volts, DC milliamperes from 0 to 100
milliamperes. Accuracy within = 10 percent.
Dimensions: 3” x 3” x 2”

® Tests batteries

® Tests generators

® Tests AC power sources

Use the VMK-1 voltmeter aboard your boat, at
home, in your workshop, office or car. Prevent

Write Today For Our Free Catalog!
[ ]

MANUFACTURERS OF
PRECISION MADE CRYSTALS
AND EQUIPMENT

CIRCLE NO. 19 ON READER SERVICE CARD

expensive equipment failure due to improper
voltages. Handy as a screwdriver. It takes only a
short time to assemble the kit from easy to
understand instructions.

® Designed by International

® High quality components

e Economically priced

Order your AOC VMK-1 voltmeter today!
Kit, complete with test probes $7.95

wired, complete with test probes. 9.95

AEE

e ;H‘Pj "
INTERNATILONAL

CRYSTALMAN UFACTURING €O ., INC.

18 NORTH LEE e OKLAHOMA CITY, OKLA.
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Chapter

ELECTRONICS
AROUND the HOME

E LECTRONIC gadgets or devices that you can build for use around your
home are practically limitless. In this chapter, your Editors have offered
a sampling that is sure to attract your interest and attention. Automo-
tive electronics is represented by four projects, including a precision
tachometer with a 0-5000 or 0-6000 rpm range; a battery charger that
thinks for itself; a “Car Battery Saver’’—just in case you (or someone
in the family) has a tendency to walk off and leave the headlights
burning; and a simple “'Safety Flasher.”

Everyone with a portable TV set should read Lew Harlow’s story on
rabbit-ear antennas, and SWL's, CB‘ers, or hams bugged by TV sync
interference should find Bill Orr's ideas on suppression of value.

The remaining projects include some telephone attachments, a metro-
nome, a science fair project, and a photoelectric alarm that actually tells
which way a person is moving when the light beam is broken.

——pr—e—y
The Cloud Sentinel.....................coocoooiiiii H. E. Sanders, W4(WK 8
X-Line Tachometer................................... Charles Caringella, WONJV 11
Cheater Cord Deluxe....................cocoocoooiiiiiiiiiiiii James A. Fred 16
X-Line Charger........................................ Oliver P. Ferrell 21
Automatic Safety Flasher........................................ Lou Garner 26
Exterminate TV Sync-Bug Interference.................. William [. Orr, W6SAl 28
Pickup Pranks........................ooocii Fred Blechman, K6UGT 30
BoOoSt BOX.............ooiiii e e Art Trauffer 32
Telephone Beeper...............................ccoocii. Fred Blechman, K6UGT 34
TV’s Best Guarded Secret............................................. Lewis A. Harlow 39
Coming or Going..................cccoooiiiiiiiiiii Arthur J. Davison 41
Largo to Presto Metronome...................coocooiiiiiiiiiin., John F. Cleary 47
“Loud-Hailer’” for the Telephone............................. Donald L. Wilcox 50
Car Battery Saver.....................c..occoiiiiiiiiiiei R. C. Apperson, Jr. 53

1965 Spring Edition



THE
(LouD
SENTINEL

Watch far-off flashes

of lightning, small
storm discharges,

OLTS OF LIGHTNING have
frightened, puzzled, and fasci-
and fair weather nated mankind from the begin-
currents as they ning of recorded time. These
bright, intense flashes of electricity be-
tween clouds and earth, or between
needle concentrations of opposite polarity with-
in clouds, may pass average currents
as high as 30,000 amperes. Not so famil-
iar as visible and audible discharges,
however, are the infinite number of
unspectacular discharges which pass
varying and continuous currents so
small that even sensitive microam-
meters have difficulty detecting them.

These tiny currents, which pcss
through any conductor rising above the
earth’s surface, flow during both fair
weather and foul. With a device that
shows the direction of current flow and
the amount and rapidity of the changes
constantly taking place, it is possible to
predict the approach of a storm, and to
“see" far-off flashes of lightning as tkey
occur. Day-to-day observations can be
correlated with weather conditions for
a science fair project, or just to satisty
your curiosity.

“The Cloud Sentinel” is a simple,
easy-to-build device which you can use

animate the meter

By H. E. SANDERS, W4CWK




PARTS LIST

B1-Size A4 dry cell

B2—Size D dry cell ( two required)
M1—-0-50 ya. meter (Lafayette TM-200,
$4.95)

Q1—Pnp tramsistor (G.E.2N508 or
2N1977)

R1—1.5-megohm, Y -watt resistor

R2, R5—2200-0km, Y2-watt resistor
R3—10000-0km poteriiometer, log taper
R4—-50C-0hm pozentiometer, linear taper
S1-3.p.5.t. snap-action switch
S2—3.p.5.t. slide switck

§3—2-pele, Z-position iever switch
1—Battery kolde: for AA cell

(Kesstone £139 or equivalent)
1—Battery koldes for two D cells
(Kexstone £176 or equivalent)
1-Twanzistor socket

1-3"x 4" x 3" Minibox ( Bud CU-30054)
Misc.—Z" x 212" compement mounting
board, plastic pils box c1p, knobs, wire,
braceet, rubder feet, scider, hardware,
pane’ devels

Antenna Ground System
1-3G'-5% lergth of # I insulated solid
copper wire
1-306"-92 ler gth of micsophone cable
(Belden #8201)
1-3"dength of # 4 galranized ground or
guy wire
1—1G-1C" an®enna mas?
1—6"densth of V2" galvanized steel pipe

to detect cloud-earth currents as low as
several hundredths of one microampere
as they pass through your antenna-
ground system.

How It Works. The Cloud Sentinel is
essentially a basic d.c. current amp.i-
fier circuit which has been =xpanded to
include a meter shunt to allow the oper-
ator to reduce amplification as a storm
approaches and electrical activity ia-
creases. Another switch permits revers-
ing the polarity of the input in the eveat
of cloud-earth polarity reversals.

Transistor QI, resistors R2 and RS,
potentiometer R4, switch S2, and battery
B2 form the d.c. current amplifier, wizh
meter Ml and shunt potentiometer R3
providing current indications. On tke
author’s unit, a current amplification of
30 is obtained with R3 in “off” position.
With R3 in the “on” position there is ro
noticeable meter movement. Various in-
between settings allow the operator io
choose any desired amplif:cation factar.

Switch S3 connects the entenna and
ground t the transistor’s base and emit-
ter with a choice af polarit:es, With £3
in its neutral position, the antenna is
connected directly 1o ground. Switch Si,

Misc—W ooe plug to fir in top of mast,
screws, soldes, mast platform, guy wire,
insulctors (az necessarv)
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Completed Cloud Sen-
tinel is shown above,
the parts layout at
the right. Parts val-
ues and arrangement
are not at all criti-
cal; principal require-
ment is sensitive me-
ter. (The new Lafay-
ette catalog number
for the TM-200 spec-
ified in the Parts
List is 99 G 5060.)
At the far right is a
photo of antenna used
by the author (see
text). Use #14 bare
copper wire for spikes,
insulated wire for the
lead-in taped to mast.

resistor R1, and battery Bl provide a
known current of one microampere to
the amplifier for calibration purposes.

Construction. The prototype Cloud Sen-
tinel was built into a 3 x 47 x 5” Mini-
box which provided ample space for easy
assembly with the miniature meter and
batteries specified. The on-off switch
(S2), meter M1, and potentiometers R3
and R} are mounted on the front panel,
and the antenna-ground terminal board
and polarity-reversing switch, 83, are
fitted on the top. The calibrate switch,
S1, is a microswitch mounted behind the
front panel at the left top corner, and
is actuated through a hole in the top of
the unit.

A small 2”7 x 24" piece of component
mounting board is used as a chassis for

10

@1, R2, R5, and several tie points, and
is attached to the front panel with a
12 x W” x 2” bracket. Battery holders
for B1 and B2 are screwed to the bottom
of the box with %" space above them to
provide clearance for wiring the tran-
sistor. Mechanical details, parts layout,
and lead dress are not critical, and may
be altered as desired.

Although not absolutely essential, it
is a good idea to surround the transistor
with a thermal barrier. For the proto-

type, papier-miché was made by soak-
ing newspaper in water. A plastic pill
box lid was filled loosely with this mix-
ture and pressed down over Q1.

Parts Substitutions. Resistance values
specified for the Cloud Sentinel may be
altered within reason. The author satis-
factorily used a large surplus 50-0-50
microammeter in a breadboard version
of the Sentinel, which eliminated the
need for polarity-reversing switch 83.
A multi-position switch and a series of
resistors in place of R3 would permit the
operator to switch from one known am-
plification to another and eliminate the
need for the calibration circuit. With
minor resistance changes which can be
worked out by the reader, up to 6 volts

(Continued on page 159)
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COVER STORY

-Line Tachometer

Pre-packaged low-cost semiconductors offer epportunity to build

linear-scale, high-accurezy foch for @utemotive or marine use

By CHARLEZS CARINGELLA, WoNJV

n OUNTED under the dashboard m the phoio ahove is 1 Yachometer that
would rake any hot-rod enthusiast geeen with envy. The circuit and
some of the semiconductors were tukei from General Electric Company’s
new ‘‘Experimenter Line” of control devites which come tamplete with sche-
- matics. These devices consist of 1ener diodes, fronsistors, reed switches, etc.,
and the “Line” is available throughout the United States. Tha tach described
here uses twa of the packoged dev.ces. The remaining tach components can

- be purchased gt prices ranging from about $20 to a high of $30.

How It Works. The tachometer input terminals are cannected directly
across the distributor breakzr points. While the points are closed during the
dwell time, the base of tronsister Q1 is a? ground potential. Since the Q1
emitter is biased positive through resistors R3 and R6, Q1 is held cut off, with
its collector about 8 volts positive to ground. When the lweaker points open,
the inductive kick from the coil primary drives th2 tach input sharply pos-



X -Line Tachometer

itive. Reduced by the input network
(R1, C1, R2, and R5) to a safe value,
this positive-going impulse turns @1 on,
dropping its collector to about ground
potential.

This negative-going pulse is coupled
through C2 to base 2 of @2, which was
held cut off until this time by positive
bias through R7. The duration of the
negative pulse at base B2 is very short,
since it exists only while C2 is charg-
ing through R7. Transistor @2 is turned
on by the short negative pulse, and be-
comes a short-circuit path to ground
through which C38 discharges. The dis-
charge current from C3 through base B1
holds @2 on until the discharge is com-
pleted, regardless of the return of base
2 to a positive bias condition.

When C3 has fully discharged, ©2

No effort has been made to
draw up a new scale for the
X-Line tachometer since many
builders may not use this me-
ter. The scale is perfectly
linear, with 100 equal to 1000
rpm, 200 to 2000 rpm, etc.

again cuts off, and C3 charges through
R8 and R9. Since the voltage at the plus
end of R8 is held at 8.2 volts by zener
diode D1, the amount of current that
flows each time C3 is recharged is al-
ways the same. Since C3 is recharged
once each time the breaker points open,
the average current through the meter
is directly proportional to engine speed,
despite changes in point dwell time and
other factors. The required capacitance
value for C3 for different types of ma-
rine and automobile engines is given in
the small table near the top of page 14.

Construction. Probably the easiest way
to construct the X-Line Tach is to mount
all components on a 3%” x 3%” piece of
Vectorbord. Component layout is not
critical, however; the close-up view on

2

\\ DO MICROAMPERES

\,

the next page can be followed with as-
surance that everything will fit properly.

Regardless of the meter used on your
tach, prepare to mount the Vectorbord
on the meter terminals; use push-in
terminals to hold the components rigidly
in place. Both transistors are seated in
sockets and calibration potentiometer
R9 is attached to the Vectorbord in one
corner. Only three wires need exit from
the metal cabinet-—or two if the metal
frame of the cabinet is grounded to the
metal of the dashboard.

ELECTRONIC EXPERIMENTER'S HANDBOOK
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The most expensive item in the X-Line
Tach can be the 0-500 pa. meter. To
verify the linearity and accuracy of the
circuit design, a high-quality Simpson
Model 1327C meter was used in the au-
thor’s prototype. While this meter has
many admirable features, a substantial
saving can be made by shopping around
for meters costing $7-$8 less. An addi-
tional saving can be made by eliminat-
ing the special cabinet and mounting
the meter—and Vectorbord—on a solid
sheet of plain aluminum.

Meter lllumination. For convenience
while driving at night, the meter used
in this prototype has been provided with
illumination by mounting two small
lamps along the bottom edge of the me-
ter scale. Similar illuminating methods
can be devised using the same parts (/1,
I2, and R11) with different meters.

If the Simpson meter is used, pry off
the meter front cover with a penknife
or thin screwdriver blade. Use epoxy
cement to attach the lamp sockets to the
plastic meter face (see photo). Then
wire the two lamps in series—they are
rated at 200 ma. and 6 volts—bringing
thin wire connecting leads out through
a small hole in the rear of the meter.

Resistor R11 is used to cut down on

1965 Spring Edition

LEADS TO PLI & PL!

All components can be
Ql conveniently mounted on
a small piece of Vector-
bord. Push-in terminals
(22 required) are used as
tie points. Vectorbord
is attached to terminal
posts of 500-ua. meter.

Two miniature 6-volt
bulbs—wired in series—
are cemented to the back
of the plastic meter face,
providing nighttime illu-
mination of dial. A drop-
ping resistor (not shown)
cuts down on brightness.

the brilliance of the bulbs. It is not vis-
ible in any of the illustrations, but is
soldered to the ground lug on the Vec-
torbord between DI and R9. If you want
to adjust the brilliance with the car’s
dashboard control, there is no reason
why the lead from /1 cannot go to the
dashboard rheostat.

Calibration. The range of the X-Line
Tach can be set between 0-4500 and
0-7000 rpm by adjustment of R9. Prac-
tically all pre-1964 Detroit cars are cov-
ered in the range of 0-5000 rpm. This
range has the advantage of not requir-

13



-0 +12vDC
R10  Juo-20v)
3 2 4 3300 |70 AUTO
2Ry R4 3R7 3Ra iw IGNITION
a7 3.9% s aTON 2K SWITCH
2 ¥ i
L047pt.
( *F
CALIBRATION zn%lgz (;Eo-z;uo
POINT £ 82
o | It
A 1 p E + __<R9
TO 3
POINTS  RI R2 gewon
3.3k Ix | I2
£ B
RII
¢l 4 3 c3 82n
2201, 3RS 3R (SEE TABLE o
0.22 3ix 3000 BELOW) GE-xIl 3%
4
GNDO- + +
Qi — Bl Q2 B2
o o C
€
T To No. of Cylinders
CALIBRATION 4 | & !
POINT A" e —— . |
C3 in uf. for | |
110 0— :
vACO— GEVAG | 2.cycle engine 0.33 0.22 0.15 |
To C3 in uf. for I
GROUND 4.-cycle engine 0.68 0.47 0.33 |

in this circuit capacitor C3 is discharged through unijunction transistor Q2. Charging up
C3 depends upon the type of engine (2- or 4.cycle) and the number of cylinders. Select a
value for C3 from the table above to match the engine. Calibration is accomplished by con-
necting 6.3 volts a.c. between ground and point “A’’. Potentiometer RS is adjusted so that a
reading of 900 rpm is obtained. The scale is linear; only one calibration point is needed.

pmmwemewmiPARTS LISTr oo o - - -

I C1—0.22-uf. Mylar capacitor |
1 C2—0.047-uf. Mylar capacitor 1
C3—See tablc above 1
1 D1-—8.2-volt, 1-watt zener diode (General Elec- "
tric X-11 Kit)
1 11, 12—No. 328 midget bulb (G.E. or equiva- 1
b vem)
| M 1—500-microampere d.c. meter-—see text 1
Q1-—2XN292 transistor (G.E. or equivalent) 0
1 Q2-—Unijunction transistor (G.E. X-10 Kit) i
| R1-—3300 ohms
R2.R5, R8-—1000 ohms ’ All resistor:
b R3—4700 ohms IE L !
I R4—3900 ohms o herwise i
i R6—100 ohms stat‘cd ]
R7—470 ohms
I R9—2500-0hm potcutiometer 1
1 R10--330 ohms, 1 watt 1
R11-—82 ohms, 3 watls
0 T1—6.3-volt filament transformer 1
1 Misc.—Cabinet (LMB “Glamor” Type 1V-24 |
used). transistor sockets, Vectorbord, push-in 1
| Vector terminals, wire, solder. etc.

ing a new meter scale —if a 0-500 pa.
meter is employed.

In any case, the linearity of this cir-
cuit is such that calibration need only be
established at one point. The circuit
above illustrates a simple bench method
(provided a 12-volt d.c. supply is avail-
able). The output of the filament trans-
former is connected to calibration point

14

“A’ at the junction of B2 and R5. Ad-
just R9 to read 900 rpm, and the re-
mainder of the linear scale will fall into
line.

Calibration can also be done at your
local service station or garage by tying
the X-Line Tach in parallel with a ta-
chometer of known accuracy.

The X-Line Tachometer was used for
several months in conjunction with a
special transistorized ignition system
which appeared in the June, 1963, is-
sue of PorULAR ELECTRONICS. It had
no adverse effect on the transistor sys-
tem. The X-Line Tach can be mounted
under the dash (as per the lead photo)
or on the steering column. Use a worm
drive hose clamp (available at most ga-
rages) to hold the cabinet securely. 30—

NOTE: The wunijunction transistor is
mainly responsible for the accuracy of
the X-Line Tach. Once turned on by the
negative pulse at B2, conduction through
the emitter to the base | path maintains
itself, regardless of the recovery of base
2, insuring a uniform time period for
charging and discharging C3.

ELECTRONIC EXPERIMENTER'S HANDBOOK



WHERE TO BUY
SONALERT

Standard Model is SC-628, 6-28
vDC. $4.95. AC Models are also
available.

ALLIED ELECTRONICS
Chicago—Western Ave. only
ARROW ELECTRONIC COMPANY
Norwalk. Conn
W. H. BINTZ COMPANY
Salt Lake City, Utah
BUSACKER ELECTRONIC
EQUIPNMENT CO., INC.
Houston, Texas
H. L. DALIS, INC.
Long Island City, N. Y.
DEECO
Cedar Rapids, lowa
DeMAMBRO ELECTRONICS
Boston & Worcester, Mass.
Providence, R. I.
Manchester, N. H.
ELECTRICAL SUPPLIES, INC.
Hartford, Conn.
ELECTRONIC PARTS CO., INC.
Albuguerque, N. Mex.
ELECTRONIC SUPPLY, INC.
Huntington, W. Va.
ELECTRONIC WHOLESALERS, INC.
Baltimore, Md
Melbourne, Fla.
Winston-Salem, N. C.
Washington, D. C.
ELMAR ELECTRONICS
Oakland, Calif.
ESSEX ELECTRONICS, INC.
Syracuse, N. Y
GOPHER ELECTRONICS CO
St. Paul, Minn.
GRAHAM ELECTRONICS SUPFLY, INC.
Indianapolis, Ind
GRAYBAR ELECTRIC CO., INC.
New England
Newark, N. J
HUGHES-PETERS, INC.
Columbus & Cincinnati, Ohio
M-G ELECTRONICS &
EQUIPMENT CO., INC.
Huntsville, Ala.
NEWARK ELECTRONICS CORP.
Chicago, III.
Inglewood, Calif.
Denver, Colo.
Detroit, Mich.
PHILA. ELECTRONICS, INC.
Philadelphia, Pa.
PIONEER-STANDARD
ELECTRONICS, INC.
Cleveland, Ohio
RADI0 PARTS CO., INC.
Milwaukee, Wis.
SREPCO, INC.
Dayton, Ohio
R. V. WEATHERFORD CO.
Glendale, Calif.

lowest powered signal in the world

— AND SO READILY ADAPTABLE TO A
NUMBER OF INTERESTING, USEFUL
PROJECTS YOU CAN BUILD YOURSELF.
THIS UNIQUE SOLID-STATE DEVICE
REPRESENTS A BREAKTHROUGH IN
THE SIGNAL-WARNING FIELD. HIGHLY
EFFICIENT, IT NEEDS BUT 3 MILLIAMPS
OF CURRENT TO DELIVER AN AUDIBLE
OUTPUT SIGNAL OF 65 DECIBELS.

Recently released, this
highly-readable 24-page book-
let contains ideas, descrip-
tions, schematic drawings,
parts lists, and construction
hints for the use of Sonalert
TR A . in a number of applications.
It was written especially for
Hams, Hobbyists, and Experi-
menters . . , as well as for
Professional Design Engineers.

EEwALE AT

Sample projects include: Sun or Battery Pow-
ered CPO . .. Motsture Detector . . . Doorway
Annunciator . .. and various Fail-Safe Alarms.

Send 50 cents — coins, check, or stamps — with your
name and address to: Department EH-1, Electropac Inc.,
Peterborough, New Hampshire. You'll receive your copy
of the 24 page Sonalert Projects Booklet by return mail.

Sonalert Is A Product Of
ELECTROPAC INC., PETERBOROUGH, N.H.
A Subsidiary of Computer Control Company

CIRCLE NO. 13 ON READER SERVICE CARD
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Cheater

Cord
Deluxe

fe———2-178" !
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1 | If your junk box doesn’t con-
- ‘ N tain the parts for the indica-
ToP tor light, buy a preassembled
| I unit. Extra bright neon bulbs
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| 38" stores for a few cents more.

e 1116 e 1/16" | 1 112" — '._ 178" —s| l1s2"
Q f ] '
"< 778" 1-8/8" i 3
FIN 1 I CK /@ Chassis cutouts and drilling
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Dia %
L e’ notations are based on use of
1 3/8°DIA Premier PMC-1000 utility box.

FRONT t BACK

Vl‘ HE FAMILIAR TV interlock, which disconnects your set from the a.c. line when
you take the back off, can be a nuisance when it comes to servicing. Assuming
that you have a ‘‘cheater cord,” you often have to scramble around to find a place
to plug it in. And you also have to find an outlet for, say. a soldering iron and a
VTVM. If you're tired of stringing extension cords all over the room, here’s a
gadget that will make the job easier. The ‘““Cheater Cord De Luxe” supplies the
TV set with power and has a safety pilot light to indicate when it’s on. Two ac-
cessory sockets (J1 and J2), not controlled by the switch (S1), take care of your
trouble-shooting equipment.

The Cheater Cord De Luxe can be constructed in an aluminum box measuring
23,7"x21%5"x1%"” (Premier PMC-1000). You'll need two a.c. accessory sockets
(chassis mount), s.p.s.t. toggle switch, a.c. line cord, and the business end of a
TV cheater cord. The indicator lamp can either be purchased preassembled
(Dialco 95408) or made up from junk box parts using an NE-51 and a 56,000-ohm
resistor (R1). Keep in mind that the box will be connected to the 117-volt a.c.
line and carefully insulate all connections. —James A. Fred
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Master Electronics faster with RCA Home Training

NEW, EASY WAY TO BEGIN WITH “AUTOTEXT’* PROGRAMMED INSTRUCTION

HERE'S WHAT YOU GET!

4

fascinating
THEORY LESSONS.

-

Here are all the basic principles of
radio and electronics in easy-to-un-
derstand language, fully illustrated!

40 excitin
EXPERIMENT LESSONS.

Each contains hundreds of absorbin,
experiments and construction t
niques to help you learn easier!

40 complete
SERVICE PRACTICES.
- S

gt o

Filled with practical, time-saving,

money-saving servicing tips to use
throughout your training!

PLUS ALL THIS AT NO EXTRA COST...

15 KITS!

to build a Muitimeter, AM
Receiver and Signal Gener-
ator. Kits contain newparts
for experiments, integrated
50 as to demonstrate what
you learn in the lessons and
to help you develop tech-
nical skills. Each kit is fun
to put together! Compare
what REA gives you with

MULTIMETER

A sensitive precision meas-
uring instrument you build
and use on the job. Big
4%~ meter with 50 micro-
amp meter movement.
20,000 ohms-per-volt sensi-

SIGNAL
GENERATOR

A “must” for aligning and
trouble-shooting receivers.

AM RECEIVER

Have the satisfaction of
building your own AM radio
with this high quality 6. .
tube superheterodyne set. Build it for your own use.
Big 5~ speaker, fine tone! 170 KC to 50 MC funda-

tivity d-c, 6,667 a<.

any other school!

Begin your training the faster, easier way with new “Auto-
text” programmed instruction. You learn almost automati-
cally—and go on to advanced training sooner than you ever
thought possible! Practical work with the very first lesson.
Liberal Tuition Plan. Pay only as you learn. No long term
contracts to sign! No monthly instaliments required!

mental frequencies for all
radio and TV work.

Complete selection of Home Training Courses to choose
from: TV Servicing » Color TV - Transistors -+ Communica-

tions Electronics + FCC License Preparation - Mobile Com-
munications - Automation Electronics - Digital Techniques
* Nuclear Instrumentation + Automatic Controls - Industria!
Applications - Drafting - Computer Programming.

CLASSROOM TRAINING ALSO AVAILABLE

RCA Institutes Resident School in New York City offers
training that will prepare you to work in rewarding po-
sitions in fields such as automation, communications,
television, computers, and other industrial and advanced
electronic applications. You are eligible even if you
haven’t completed high school. Check Classroom training
and infarmation will be rushed to you.

Send postcard for free illustrated book today!
Specify home training or classroom training!

RCA INSTITUTES, INC., Dept. EE-15
350 West 4th St., New York 14, N. Y.

THE MOST TRUSTED NAME
4 IN ELECTRONICS

CIRCLE NO. 33 ON READER SERVICE CARD
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FREE!...Send Today

i -

Over 250 ways to add better quality
and more fun to your hobby or pro-
fession . .. and save up to 50%! Con
venient time-payment plan. Free help
from our technical correspondents
Find out why Heath is the world's
largest manufacturer of quality elec-
tronic kits. Send for your FREE 1965
Heathkit Catalog now!
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over 250 slectronic kits—
world's largest selection

HEATH COMPANY, Dept. 110-2
Benton Harbor, Michigan 49023
tn Canada: Daystrom, Ltd., Cooksville, Ontario

World’s
Largest
Electronic
Kit

Catalog
Save 50% on:
Electronic Organs
Color TV
Stereo/Hi-Fi
Shortwave
Automotive
Amateur Radio
Citizen’s Band
Education
Photography
Lab & Test
Marine

=g T ATHEIT

Please send Free 1965 Heathkit Catalog

Address

City.

I Name
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~LINE CHARGER

Advanced design using silicon-controlled

rectifiers permits automatic operation

HE DEMANDS upon the lead-acid battery in the American auto-

mobile are ever-increasing. In wintertime, the ampere-hour ca-
pacity is reduced by freezing temperatures. Summertime woes includs
more frequent short trips, more use of radio equipment, and last—
but not least—the electrical requirements of air conditioning. Re-
charging the battery with a typical generator setup is usually not
enough for year-round trouble-free battery performance.

Electronics experimenters are aware of the good and bad things
about battery chargers. Low-cost, low-amperage chargers selling for
around $5 are sometimes helpful—if you want to wait five to ten
times as long as necessary for the battery to recharge. Higher-am-
perage chargers (3-6 amps} are better built, but must be watched

By OLIVER P. FERRELL
Editer
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closely since only the most expensive
models have provisions to eliminate the
hazards of overcharging. Leave a high-
amperage charger connected to the bat-
tery for too long and either the electro-
lyte boils away, or the plates start to
warp.

If you have been plagued with any of
the above problems, you need the “X-
Line Charger.” This is an all-electronic
gadget that is set up once for your op-
timum battery charge. It need never be
set again. When connected to the car
battery, it senses the battery’s condition.
If it is low and needs a charge, the X-
Line Charger automatically goes into
operation. As the charge level comes up,
the charging rate goes down. When the
preset level has been reached, the X-Line

22

High-amperage silicon rectifiers D1 and D2
are mounted side by side on a Delco heat
sink. Steatite stand-off insulators electri-

cally isolate heat sink from metal cabinet.

Above and below open-end chassis views
show location of various components.
Chassis is assembled after heat sinks and
transformer have been attached to box.
Leave sufficient wire length for connection
to a.c. line, transformer, and heat sinks.

Charger automatically turns itself off.

No relays are used in the circuit of
the X-Line Charger; instead, it is built
around silicon-controlled rectifiers now
offered at moderate prices by the Gen-
eral Electric Company. These SCR’s—
and other semiconductors—are sold in
numerous radio stores as the GE “Ex-
perimenter Line.”

The basic circuit of the charger was
obtained from the GE “Hobby Manual.”
Cost of building this project will vary
between $25 and $45- -depending upon
refinements and whether or not the
charging rate is metered.

How It Works. The circuit surrounding
transformer T1 and rectifiers DI and D2
is that of a full-wave rectifier. Con-
nected to the primary of T1 is a fuse,
switch, neon pilot light indicator, and
Thyrector (F1, 81, 11, and D}, respec-
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Transformer is bolted to bottom of box.
Rectifier heat sink is at left and heat
sink for SCR1 is attached to the side.

tively). Any one—or all—of these com-
ponents may be eliminated from your
working model-—-depending upon the
conditions under which your X-Line
Charger will be operating. Thyrector D}
is a special semiconductor consisting of
two selenium diodes mounted back to
back. Rated at 120 volts, D} protects
the solid-state rectifiers in the charger
from harmful a.c. power line surges.
Heavy-duty SCR1 is operated as a
switch in series with the battery and
rectifiers. A positive-voltage gating sig-
nal to turn on SCR1 comes from SCR2
through R3 and D5. The gating signal to
turn on and off light-duty SCR2 is estab-
lished by the battery voltage according
to the setting of R1 and the charge held
by capacitor C1. As the battery voltage
rises and the charge of C1 increases,
zener diode D3 conducts, turning on
SCR2. Since R2, R3, and SCR2 are all
in series, a voltage divider is formed;
and when current flows through this cir-
cuit, the gate of SCR1 cannot receive a
positive signal and is therefore turned

1965 Spring Edition

Prior to attaching the back panel, the
completed X-Line Charger looks like this.

off—preventing further battery charg-
ing.

Construction. All components can be
made to fit comfortably into a 6” x 9”
x 5” box. A Premier gray hammertone
Model PAC-695 suited these require-
ments. Four rubber feet were attached
to one 6” x 5” end of the box. A metal
handle salvaged from the junk box was
affixed to the opposite end. The box now
rests so that both the front and rear
panels (9” x 5”) are removable.

A drawing of the cutout dimensions
for a front panel is shown on the next
page. Sufficient room is left near the top
of the panel to mount any 0-10 ampere
meter, although the cutout shown is for
an edgewise Simpson Model 1502 meter.

Mounted in the three holes below the
meter are SI, R1, and 11 (from left to
right). Near the bottom are two holes
on %” centers for heavy-duty binding
posts. Attached to the front panel is a
small open-end chassis used to mount
some of the small components. Trans-
former T1 is bolted to the bottom of the
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Front panel dimen-
sions are those of a
Premier PAC-695 alu-
minum box. An oblong
cutout near top of
panel is for an edge-
wise Simpson meter.
Any round or square
meter can be mounted
in this position by ad-
justing the necessary
cutout size. See text
for data on three holes
directly below meter.
Holes near bottom are
for heavy-duty output
lead binding posts.

Small open-end chas-
sis holds socket for
SCR2 and other mis-
cellaneous compo-
nents. Hole in lower
right corner is grom-
meted to pass leads
above and below chas-
sis deck. Two holes in
lip align with holes in
panel for rigidity when
assembly is complete.
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BASE OF
SCR2 x ol sz
R332 -_L\.Q,&.Q/J
aTn g —_—
D4
+
BATTERY
UNDER I
CHARGE [
Si

Schematic diagram and parts
list for the X-Line Charger.

X.Line Charger has clean-cut appearance. Although
not visible in photos, two screened 34" holes are
cut in the bottom and back panel for ventilation.

box with 8-32 machine screws and bolts.

Two heat sinks are required for the
mounting of D1-D2 and SCR1. Almost
any sink of reasonable size can be used
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C1—100-uf., 25-volt capacitor

D1, D2—15-amp., 50-volt silicon rectifier (GE
X-4 Kit)

D3—8.2-volt, 1-watt zener diode (GE X-11 Kit)

D4—Transient voltage suppressor (GE Thyrcc-
tor Type 6RS205P4B4)

D35—100-volt, 600-ma. silicon rectifier (GE Type
1N 1692 or equivaelent)

F1—2-amp. fuse

11—120-volt neon indicator light (Calred N.P.L.
or equivalent)

M1—0-10 amp. meter (Simpson 1502 or equiv.)

R1-—500-0/m. 2-watt lincar scale potentiometer
(Ohmite CU-5011 or equivalent)

R2, R3-—27-0/um, 3-watt resistor

R4—1000-0/im, V5-wal!t resistor

R5—47-0hm, 2-watt resistor

S1—S.p.s.t. toggle switch

SCR 1—Silicon-controlled rectifier (GE X-3 Kit)

SCR2—Silicon-controlled rectificr (GE X-5 Kit)

T 1-—Power transformer: primary, 117 volts a.c..
sccondary, 24 volts, CT (Triad F41X or equiv-
alent)

Misc-—Cabinet (Premicr PAC-695), heat sinks.
handle, rubber feet, binding posts, stand-off
insulators, fuse holder, line cord, etc.

at these points. The sink retaining
D1-D2 is electrically isolated from the
box by Steatite stand-off insulators.
Cathode connection to D1-D2 is made to
a soldering lug that also serves to hold
the sink to the insulator. An insulator
manufactured by E. F. Johnson (Type
501) works well in this application. Con-
trolled rectifier SCR1 is electrically iso-
lated from its heat sink, but it is also
held away from the aluminum box with
stand-off insulators (Type 500). A lead
is soldered to the anode before mount-
ing the sink to the box wall.

Wiring of the X-Line Charger is not
difficult as long as the polarities of the
diodes and SCR's are observed. Details
on mounting and wiring SCRI are in-
cluded in the GE “Experimenter Line"”
X-3 package.

Operation. After double-checking your
wiring, bench-test your X-Line Charger
by inserting a high-wattage, very low
ohm wire-wound resistor across the out-
put terminals. Read the output amper-
age—a 3-ohm resistor should give a
reading of about 4 amperes.

Now make sure your car battery is
fully charged by measuring the specific
gravity. Connect the charger to the bat-
tery and rotate RI until the meter reads
zero. Turn on the bright headlights and
see if the charger operates. Turn off the
headlights and the charging rate should
slowly taper off and gradually return
the meter to a zero reading. ~30-
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Build This Automatic

This caution light turns itself 'I‘HE HOME OWNER will find many

uses for this automatically operating
on at dusk and off at dawn safety flasher. It can warn of an open
ditch or hole, attract the attention of
a taxi driver or doctor arriving at night,
or serve as a beacon to point the way
for after-dinner guests. And you can
take it on trips as a safety accessory
in case of highway breakdowns.

The handy part about this flasher is
that it may be left unattended. As sky
lighting decreases, it is sensed by photo-
cell PC1, and the flasher automatically
goes into operation. When the photocell
is again illuminated, @1 is biased to cut-
off by the action of PCI1, causing the
flasher to stop operating.

Construction. The safety flasher is
easily assembled from inexpensive com-
ponents and housed in a standard alumi-
num box. The 6-volt battery drain is so
low that the battery can be attached to
the flasher through plug PLI1, eliminat-
ing an on-off switch. The battery plug

If other transistors are substituted for Q1 and
Q2, different values of R2 and R3 may be needed.

PCI
82m

BLK

RED
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Safety Flasher . .o omms

is affixed to the edge of a small perfo-
rated Bakelite subchassis. This insulated
chassis holds all of the components. The
transistor sockets are wedged into place
through holes cut in the Bakelite and
the leads are arranged to support the
rest of the circuit.

Neither lead dress nor layout is crit-
ical. The transistors could be wedged into
the Bakelite chassis and the leads per-
manently soldered into place. However,
if you do this, be sure to use a heat sink
to prevent accidental heat damage. Re-
gardless of the layout used, cut a hole
in the aluminum box to permit light to
shine on PCI1.

Modifications. Some builders may pre-
fer to construct a larger unit with four
flashlight D cells in series. This design
would require an on-off switch, since
without it the flasher would turn itself
on when stored in darkness. The unit
shown here can be stored just by un-
plugging the battery.

Don’t forget the hole in the chassis to let in
self-generating photocell.

daylight on the B2M

1965 Spring Edition

Experiment with the value of RS
for optimum performance, or, as an al-
ternative, use a 100,000-ohm potentiom-
eter in place of this bias resistor. The
flashing rate can be adjusted by chang-
ing the value of C1; use smaller values
for a faster rate. Keep in mind that the
light will not appear as bright as a
continuously lit bulb—the flasher applies
current to the bulb in short pulses and
the light output is accordingly some-
what lower.

PARTS LIST

C1—30-uf., 10-volt electrolytic capacitor

11—3#47 pilot lamp

PC1—B2M photocell (International Rectifier)

Pl 1—Battery plug for Burgess IF4P1 battery

Q1—2N229 upu transistor ( Sylvania)

Q2—2.N187 pup transistor ((encral Electric)

R1-—1200-0hm, Vi-watt resistor

R2-——470-0hm, Vi-watt resistor

R3—47.000-0hm, V4-wal! resistor

Misc—Small aluminum box. clearance light as-
sembly and bracket, transistor sockets. lantcrn-
type battery (Burgess F4P1), Bakelite chassis

see text, screws and nuts, wire, solder, etc.
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EXTERMINATE TV

Get rid of these pests that make .
your radio reception miserable (

By WILLIAM 1.

ARE YOU plagued by TV ‘“sync-bugs ?”’
Many amateurs and SWL's hear this
persistent nuisance, which is threaten-
ing to make a shambles of the radio
spectrum, as rough, unstable signals
found at close points across the dials
of their short-wave receivers.
Sync-bugs creep across the bands with
a slow, measured tread, uncanny in their
instinct for squatting directly atop the
signal you're trying to listen to. The
broadcast listener hears them in the
form of “birdies’” and ‘‘whistles” across
the dial that turn Toscanini and Fabian
into a cacophony of howls and catcalls.
Where do these “insects’” come from?
The truth of the matter is that they are
generated by a nearby TV set (which
is probably operating quite normally).
The 15 kec. horizontal oscillator, which
possesses about as much stability as
a hundred-foot antenna mast made
of “two-by-four's,” generates powerful
pulses of energy rich in harmonics which
can be radiated for hundreds of yards.
You can identify the sync-bugs by the
fact that they appear every 15 kc. across
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the dial; check to see if it's your TV set
you're hearing by turning it on and off.
TV Set Radiation. Sync-bugs can reach
your receiver in three different ways:
they can be radiated by the TV lead-in
and antenna system, they can travel
down the power cord and into the a.c.
line to be “piped” to your receiver, or
they can be radiated directly by the
wiring of the TV set. Since you can't
eliminate the source of the radiation
(without, that is, eliminating your TV
viewing), the answer is to prevent the
interference from being radiated be-
yond the immediate vicinity of the set.
The first step is to effectively trap
the sync-bugs that are radiated by the
antenna system of the television re-
ceiver. This can be accomplished by
shunting the radiations to ground (the
chassis) while permitting the TV signals
to pass down the antenna to the set
without appreciable attenuation. A sim-
ple linear trap made of a length of
300-ohm TV *“ribbon” lead-in affixed to
the antenna terminals will do the job.
To make the trap, cut a length of
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300-ohm line 25” long. Strip 1%” of
insulation from each end and tin the
leads; twist the wires at one end to-
gether. Connect a .01 pf. capacitor be-
tween the twisted ends of the stub and
TV chassis ground, as shown in Fig. 1.

When you're dealing with antennas and
tuned stubs, much of the work has to be
“cut and try.” Sometimes one problem is
solved only to have another crop up.
Check to see if all channels are coming
in properly after you have hooked up the
stub. If all but one or possibly two
channels work well, you may want to add
a low-loss switch to disconnect the stub
when viewing the troublesome channel.

Wiring and Power Line Problems. The
next step is to prevent unwanted sync-
bugs from reaching your receiver via
the a.c. cord of the TV set and the
house wiring. To block this exit from the
set, two .01 uf.,, 1000-volt ceramic ca-
pacitors are placed across the a.c. line to
ground at the point where the line leaves
the TV chassis. With most TV sets, the
power connection is made through a
simple interlock mounted at the rear.
It may be possible to solder the capaci-
tor leads to the back of the plug pins
(see Fig. 2), or a bit of insulation can
be removed from the power wires and
the leads soldered to them. Tape the
wires securely. Solder or bolt the other
two capacitor leads to the chassis.

Radiation is especially apt to take
place from the wires running from the
chassis to the socket of the picture tube.
The cure for this problem is a simple
shield made from heavy aluminum foil,
such as ‘“‘Reynolds Wrap.” Form the
wires into a bundle, and wrap them with
a covering of electrical tape. Trim the
foil to size and carefully wrap it over
the tape. Smooth the foil and form the
rough edges back on themselves until
the wires are substantially shielded. Do
not shield the high voltage lead going
to the bulb of the picture tube. Finally,
wrap several turns of wire around the
foil, twist it tight, and connect the other
end to the chassis.
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SYNC-BUG INTERFERENCE

ANT.
TERMINALS

2"0F 300N
TV LEAD-IN

a8
SOLDER
LEADS—

TOGETHER

.Olpt.

1000V
CERAMIC DISC
CAPACITOR

TO TV/_l
CHASSIS GROUND —

Fig. 1. Simple trap for eliminat-
ing sync-bugs from antenna sys-
tem consists of 22” of TV lead-in
and a .01 uf. bypass capacitor.

o~ INTERLOCK
SOLDER )
OR BOLT AC CORD
TO TV ) /
CHASSIS I] a¢I0 /L¢
(i)
— ( } - Otpt
- \_{ too0v
CERAMIC DISC

CAPACITOR (10OF 2}

Fig. 2. Radiation into power line
can be cured by bypassing to
ground (the chassis) both sides
of the a.c. line with capacitors.

/ \
WIRES TO v

St )

WRAP WIRES wWITH

ELECTRICAL TAPE 1 h n
AND COVER WITH f _u 1’_]_ ’
ALUMINUM FOIL 4 ey
&,
A |
GROUND FOIL 7 - - g

TO CHASSIS

Fig. 3. To stop the set's wiring
from radiating, shield the wires
running from the chassis to the
picture tube socket; see text.

The results of all this? In the author’s
case, the sync-bugs almost vanished, go-
ing from S9 to S3 in strength on 80
meters. On an a.c.-d.c. receiver, the sync-
bugs had almost obliterated a local sta-
tion; after ‘“exterminating” them, they
were unnoticeable. —30—
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It’s a eombination
recording piekup,
oscillator, and
tachometer—for

less than 82°

( NE OF THE MOST fascinating and

useful electronic gadgets in existence
consists, quite simply, of several thou-
sand turns of fine wire enclosed in a
small plastic shell. Its price is low—
under $2. What is this miracle item?
As the illustrations reveal, it's the tele-
phone pickup.

This flexible pickup can be used to
make ‘‘clean’” tape recordings from your
radio or phonograph without any wiring
changes or other alterations, to con-
struct an inexpensive meter-readout
tachometer, or an audible code-practice
oscillator.

Two types of pickups are shown in the
photographs—one is the flat, rectangular
type which can be placed on top of a unit
or under a telephone (Lafayette Radio
28 G 0901 at $1.95 is one of these). The
other kind of pickup is in the form of
a small cylinder with a suction cup at-
tached to one end (Allied Radio 58R297
at $1.50).

Basic Uses. When a pickup is mounted
on a receiver end of a telephone hand-
set (or, if its the flat type, placed
underneath), it picks up the telephone
signals by induction. The output of the
pickup depends on the strength of the
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PICKUP
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Two types of pickups are shown above. To couple to
a radio, simply place a pickup in the strong inductive
field of the speaker or the audio output transformer.

inductive field it is in, and is quite
low when used to pick up telephone con-
versations. However, almost any ampli-
fier or tape recorder has sufficient gain
to produce a good output. (Be sure to
check federal, state, and telephone com-
pany regulations before recording tele-
phone conversations; in many cases, it
is illegal.)

The impedance of the pickup is several
thousand ohms, and it can be connected
directly to a hi-fi amplifier or simple
transistor amplifier for group listening
to long-distance family calls or business
“conference” calls. The Lafayette Radio
99 G 9042 transistor amplifier ($4.95)
will provide sufficient gain with the
pickup (100 mw.) to drive a speaker. If
you have a tape recorder with a “moni-
tor” function, it can also be used.

Tape Recording Techniques. Since the
pickup is really nothing more than an
“inductive sensor,” why not use it to
“sense’” the inductive field of a speaker
coil? This is very easy to do: The
speaker field is so strong that it's not
even necessary for the pickup to be in
close proximity-—the speaker grille of a
radio or phonograph is usually close
enough.
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PRANKS

By Fred Blechman, K6UGT

A tachometer based on a pickup is easy to construct
following the information in the text. Either the rela-
tive or—with calibration—actual rpm can be read.

Just place the pickup against the
speaker grille, plug the cable into the
microphone jack of the recorder, and ad-
just speaker and recorder volume as de-
sired. Unlike a microphone, the pickup
will not record speaker distortion and
room noise; this setup also allows you
to monitor while recording.

The ‘“Induc-Tach.” It is very often
desirable to know the speed of a motor
or engine. ‘‘Go-Kart,” quarter-midget
racer, and hot-rod competitors, for ex-
ample, need a means of determining
whether a given engine modification re-
sults in higher engine speed or acceler-
ation. The pickup, especially with mag-
neto-operated engines, provides a simple,
inexpensive way to read relative engine
rpm, and, with a little extra trouble, can
be calibrated to read actual rpm.

The photo above shows a pickup at-
tached to a lawn mower magneto engine
in such a position that the magnets on
the flywheel pass by the pickup on each
revolution. Relative rpm can be read by
connecting a diode rectifier, potenti-
ometer, and 0-1 ma. meter as shown in
the schematic. The reading will depend
on meter sensitivity, magnet strength,
pickup proximity and orientation, rpm,
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Flat type pickups can be placed under a telephone
as above. By connecting the pickup to an amplifier,
you can monitor family, business conference calls.

fiCHuP

MAGNEY SMIELDED
CaBLE

@

PICKUP

A circuit for reading
relative rpm is shown
at the left. A signal
is picked up from ro-
tating magnets on the
engine or the motor.

AUDIO GENERATOR

TO METER CIRCUIT

PICKUP

A pickup tachometer can be calibrated with an oscil-
loscope and audio generator. With a bit of work, a
meter scale can be drawn which shows actual rpm

and the value of the potentiometer (R1).
For slow speeds and small magnets,
R1 may not be needed. If required,
R1 should be adjusted to full scale at
maximum rpm; it can be replaced with a
fixed, Y-watt resistor if desired.
For spark engines or motors, it is
necessary to place a magnet on the shaft
Continued on page 156)
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BOX

Get better tone
and more sensitivity from
your six-transistor

pocket radio receiver
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O you want more sound and greater

sensitivity from your pocket tran-
sistor radio? Here is a simple and rela-
tively inexpensive way to get both.

As shown in the photos, a 6” PM
speaker is mounted in a homemade wood
and compo-board bafle box measuring
10” x 8” x 3”. Approximately 80 feet
of #26 wire is close-wound around the
outside of the box and, when connected
across a 365-pf. variable capacitor, gives
you a tunable loop.

In operation, your small transistor
radio is clamped to the outside of the box
so that the receiver’s loopstick anten-
na parallels the loop on the box. First,
tune in a weak distant station and then
turn the radio and box in the direction
of the station for the loudest signal.
Next, tune the large loop for maximum
boost. And finally, plug the 6” speaker
into the radio's jack (the earphone
jack).

If you want to use a larger box, wind
fewer loop turns; for a smaller box.
wind more. The right number of turns
for the 365-pf. capacitor can best be
determined by experiment.

The *“‘clamp” used to hold the tran-
sistor radio to the side of the box is
easy to make and can be fastened with
tacks or staples. Some transistor radios
have their loopsticks mounted vertically ;
if this i1s the case with yours, design the
holder so that the radio mounts hori-
zontally on its side.

When not being used as a booster,
your “box” can serve as a test-bench
speaker or an extension radio speaker.
Or, if you connect a 1N34A germanium
diode and a pair of high-impedance
headphones in series across the variable
capacitor, you’ll have a crystal set for
tuning in local stations—or a hi-fi tuner
for AM. You can probably think of other
uses as well.

By ART TRAUFFER
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THE WRITER USED DIME STORE
BRAIDED LEATHER FOR HANDLE,
PASSED THROUGH TwO HOLES
AND TACKED TO INSIDE OF
wOO0D BOX

WOOD BOX IS 10" HIGH , e

8 'WIDE, 3" DEEP 3 —— 6" PM SPEAKER.

MOUNTED OVER 5"
HOLE IN PANEL

K MOUNT SPEAKER WITH

FOUR 8-32 BY I/, FLAT-
HEAD MACHINE SCREWS,
WITH NUTS TO FIT.
COUNTERSINK HOLES ON
FRONT OF PANEL

MINIATURE PLUG AND
75-0HM TWIN-LEAD
CONNECTS TO 2-TERMINAL
STRIP

ONE END OF ELASTIC BAND
1S TACKED TO INSIDE
OF FRAME

ENDS OF LOOP PASS THROUGH
SMALL HOLES TO LUGS ON
VARIABLE CAPACITOR 365 FF VARIABLE 2—-TERMINAL STRIP.
CAPACITOR MOUNTED WITH TWO
SMALL METAL ANGLES
SCREW-—FASTENED TO
INSIDE OF FRAME

hi
L *_i——LOOP ANTENNA 1S 20 TURNS OF #26 ENAMELLED
" T COTTON-COVERED COPPER WIRE WOUND ARCUND
OUTSIDE OF BOX AND COVERED WITH BROWN
“CONTACT" PLASTIC MATERIAL

——— "GRILLE CLOTH" IS BROWN LADIES HANDKERCHIEF
! COVERING ENTIRE FRONT

MOUNT SMALL
RUBBER TACK BUMPER
ON EACH CORNER ON
BOTTOM OF BOX

TUNING KNOB

SMALL SCREW-EYE~

HOOK BENT FROM SMALL FINISHING NAIL

STRIPS OF "NON-SKID" UNDER-THE - RUG

RUBBER MATERIAL CEMENTED TO SIDE
OF BOx

6" LENGTH OF /2 WIDE
ELASTIC BAND
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Build a Telephone Beeper

The law says you must put an audible tone on the line when you record

a phone call—here’s an inexpensive gadget that does the trick for you

By FRED BLECHMAN, KsUGT

QINCE the introduction of inexpensive tape recorders and inductive
» pickups, the practice of recording telephone conversations has
become widespread. In business or private life, it often saves the
day for people who can’t take shorthand, permitting them to tran-
scribe the important facts of the conversation at their own pace
later on. But there's a catch: An FCC Order issued May 20, 1948,
directed that an audible tone signal must be sent over the line at
least once every 15 seconds on calls that cross a state or natrmonal
boundary when a conversation is being recorded. Not long there-
after, most telephone companies filed new tariff regulations with
the Public Service Commissions of the various states, imposing the
same requirement for calls within state boundaries. And when these
regulations were approved, they acquired the force of law.

You can equip yourself to comply with this requirement by build-
ing the “Telephone Beeper.” The outlay is modest (around $8.00),
and the unit is small, self-contained, and requires no electrical con-
nection to the telephone. This latter point is of some importance,
since telephone companies are understandably touchy about having
unauthorized devices connected to their equipment.

Many tone signal units in commercially available equipment are

34 CIRCLE NO. 2 ON READER SERVICE CARD >



Induction pickup for recorder is at-
tached to earpiece. Clip holds Tele-
phone Beeper to mouthpiece as shown

inductively coupled to the telephone ear-
piece. This usually results in a very
loud BEEP on the recording, but a rath-
er low-level tone at the other party's end.
In fact, to make the tone audible at
the distant end, it may be necessary to
raise the beep to such a level that some
incoming words are smothered on the
recording.

In addition, it's easy to forget to
turn off some units, since only the posi-
tion of the power switch indicates the
“on” or “off” condition of the tone sig-
naler.

What the “‘Beeper’’ Does. The Telephone
Beeper overcomes all of the above dis-
advantages neatly and simply. The tone
signal itself is an audible “beep’” emitted
from a miniature loudspeaker positioned
so that the sound enters the telephone
transmitter (microphone) acoustically,
along with the voice of the user. Thus,
there’s no need for any electrical cou-
pling or connection to the phone.

The signal is also coupled to the re-
cording pickup on the earpiece via the
sidetone path provided between mouth-
piece and earpiece within the telephone
circuit itself. It is this sidetone ecircuit
that allows you to hear your voice in the
earpiece when you speak, and of course
it carries the sound of the Beeper just
as well. Because of this arrangement,
the Beeper is recorded at about the same

1965 Spring Edition

level as it is heard at the other end of
the line.

As for forgetting to shut off the unit,
its continued beeping after you've hung
up the phone will be an unfailing re-
minder to you to do so.

The photograph on page 34 shows how
the Beeper is mounted and used. The
device contains an oscillator, speaker,
and a timing circuit, along with two
9-volt transistor batteries for power. It
is held in position adjacent to the mouth-
piece by a retaining clip made of piano
wire. It does not interfere with normal
use of the telephone, and may be left
permanently in place.

How It Works. The simple circuit that
generates and times the beeps is shown
in the schematic on the next page. Tran-
sistor Q1 is a unijunction type, which is
energized by the two 9-volt batteries in
series. When switch S1 is closed, capaci-
tors C1 and C2 are charged through re-
sistor R1. When the voltage at the emit-
ter of Q1 reaches a certain value, C1 and
C2 discharge through resistors R} and
R5, and the emitter-base 1 junction of
@1. The resulting positive voltage at
the junction of R} and R5 provides con-
ductive bias for oscillator transistor
@2. Feedback for oscillation is obtained
through the center-tapped primary of
transformer T1, which also couples the
oscillator output to the speaker. Variable
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resistor R2 controls the oscillation fre-
quency.

This circuit is somewhat critical, so
' you must use the parts specified for
transformer T1 and transistor Q1. Tran-
sistor ¢2 may be just about any in-
expensive pnp germanium transistor
(CK722, 2N107, etc.) since adjustment
of R2 will compensate for any difference
between specific transistors. Potentiom-
eter R2 is the smallest unit available.

(Continued on page 162)

R2 Q2 RI s

Contoured block of sponge
material fits phone shape,
secures Beeper in position.

Parts placement isn't criti-
cal. Author's layout shown
here permits easy assembly.

Simplicity of basic circuit
is clear in schematic. Only
critical parts are T1, Q1. '
e

3

Q! BaSE
e PARTS LIST esssees .
o B1, B2—9-volt transistor radio battery S1-—8.p.5.t. slide switch s
H C1, C2—100-uf., 15-volt miniature clectrolytic T1*—Qutput transjormer (lLafayctte 99-6123 or :
: Q1*—GE 2N1671 unijunction transistor I'hiln H
s gi—CpZ?‘f olr 2N 107 pup germanium trausistor  |—Induction type pickup (Lafayette 99-6197) o
: 82,000 ohms . . H
: R2—50,000-0hm subminiature potentiomcter (La Spébf_;}l simetss Sy [ffaepniis] U :
: Jayetie 99-6142); alternate, 10,000-0hm unit  \lisc—Case (author used plastic box 334" x :
: (Lafayctte 99-6144) 234" x 1Y%”), perforated circuit board, per- :
H R3~—33 ohms [ all resistors Jorated aluminum for grille, stiff wire for clip, 3
: R4—100 ohms fixed Joam rubber, battery terminals, etc. :
g R5—27 ohms \ Vi-watt carbon *Do not substitute for these parts s
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‘ /THEN you took your original rabbit
ears out of the box in which they
came to you, it's almost certain that you
did not find adequate instructions for
their use. All of the manufacturers of
rabbit ears, having built a very fine prod-
uct, seem to have agreed that you must
learn about it the hard way. So, they
tell you nothing, or next to nothing, and
your only recourse is to regard the ad-
Justment of your ears as another of the
‘“pleasant” mysteries of television.

Perhaps you have decided, after much
experimenting, that you get best results
with a long ear pointed at Chillicothe,
Ohio, and a short ear pointed at the
moon. Now this is all wrong—for several
dull scientific reasons which can quickly
be passed by. However, since the manip-
ulation of rabbit ears is quite critical,
producing either (and usually unexpect-
edly) a shocking improvement or de-
generation in picture quality, a few
helpful comments are in order.

As on the rabbit, the ears should be
the same length, and if you need utmost
sensitivity from your antenna, this
length should be changed every time you
switch channels.
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In the chart on the next page is the
answer to TV’s best guarded secret—
the electronically right length for rab-
bit ears. Measurements to a small
fraction of an inch may seem like
lint-picking if you’re entirely
happy about the picture quality
~ You are getting by adjusting your
1\ ears “esthetically.” If, however
you're fighting to get a good picture
out of a troublesome channel, exact-
length rabbit ears will improve things.
Measure with a steel tape or that cloth
tape in the sewing basket, starting where
the ears come out of the base. Small
reference scratches can be made on each
ear with a file so that you can quickly

VS BEST
GCYARDLD
SECRET- -

By LEWIS A. HARLOW

retune them for best results on any
channel.

Wide or Narrow Ears? There's a catch
to the problem of adjusting rabbit ears.
They do not do their best when pointed
up in a wide or tight V—they should be
extended out to the sides! Unfortunate-
ly, this introduces a situation which is
socially impractical, and one which has
an element of danger. An unsuspecting
guest may back into a rabbit ear point
and impale himself upon it.

What happens, you ask, when rabbit
ears are turned up into a V position?
How long should they be ? The arithmetic
for this can get very complicated be-
cause everything changes a little every
time you change the angle of the V.

In general, when using rabbit ears in
this unscientific position, they should be
slightly longer (maybe 10 percent) than
the exact figures given for horizontal
ears in the chart. They should be as
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widely spread as possible, and, of course,
they should be the same length as one
another.

Different Types of Ears. In addition to
the ordinary, garden-variety rabbit ears,
other types available include exact re-
placements for those built into portable
TV sets (sold through electronics sup-
ply houses), and at least a dozen models
that include a switching arrangement in
addition to the basic adjustment of the
ears. These switches, which perform a
variety of matching and orienting func-
tions, may have as few as three posi-
tions or as many as twelve, depending,
seemingly, upon whim.

If the switch positions correspond to
Channels 2-13, fine. If, however, the
positions are numbered 1-12 or, as in

one case, 1-Y followed by A, B, and C,
the contribution of the switch is far
more subtle, and the best position can
be found only by ‘“cut-and-try.”

Guaranteed Method. Here is a three-
step experiment that will guarantee ab-
solute maximum performance with
switches. Before starting, adjust the ears
to exact length, and provide room to
swing them around. It is necessary to
carry out the steps in the order indi-
cated, since you are dealing with three
variables which are inter-related; if your
method lacks scientific orderliness, your
results will be confusing.

Step One: Set the rabbit ears selector
switch to its lowest position.

Step Two: Swing the ears in a circle
to get the best picture. You are trying
to do two unrelated things—strengthen
the incoming signal and, secondly, elimi-
nate ‘‘ghosts.” If the main signal is
strong enough so that the rabbit ears

Channel Inches Channel Inches
2 507% 8 1514,
3 457% 9 15
4 413, 10 141,
5 3634 11 1414
6 333, 12 1354
7 16 13 131,

do not need to be positioned critically,
the ears can then be set to reject ghosts.
A compromise may be necessary.

Step Three: After obtaining the best
possible results with the above steps,
adjust the TV set’s fine tuning control.
Now move the selector switch on the
rabbit ears to its next position, and re-
peat Steps Two and Three. And so on,
ad nauseam.

What About UHF? The standard or do-
mestic rabbit ears (13'%4” minimum to
5074” maximum) are too long for fully
efficient signal collection from the ultra-
high-frequency stations using Channels
14 to 83. Baby rabbit ears should be
about 61%” in repose and about 127
fully extended. So far, this miniature
size is not available. You can experi-
ment, though, with your regular ears,
which will do a fairly efficient job at
double these lengths. Twenty-four inches
is about right for Channel 14, and fully
contracted, your rabbit ears can almost
reach the resonance of Channel 83. 30—
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By ARTHUR J. DAVISON

EERLTIFITY

This photoelectric sensing device not only tells you when
something is passing in front of it—the gadget will also
indicate whether that something is . . . coming or going!

OST “CUSTOMER-ANNOUNCING"” SYSTEMS do a fine job of letting a

storekeeper know when someone has passed through his shop door. But
suppose the storekeeper's working in back when the signal sounds. Does
the clerk in front need help with another customer—or has the original
customer gone out the door?

This interesting photoelectric device will solve the problem very nicely.
Employing twin photocell-and-relay systems, it unfailingly announces the
direction of movement of any person or object breaking an associated
light beam. You can use it to actuate separate “in” and “out” lamps, a
buzzer and bell combination, or whatever else your imagination suggests.

Construction. The components are mounted in a 6” x 6” x 6” utility box
having a built-in chassis. Parts placement is illustrated in the photos
and diagrams but (except for photocells PC1 and PC2) isn’t critical and
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If the schematic diagram of the ‘‘sensor’’ looks a trifle
complicaied, keep in mind that one side of the circuit
is simply a “‘mirror image’' of the other side (two sep-
arate circuits are required to indicate both ‘‘coming”
and ‘going’’). The numbers from 1 to 11 on this diagram
correspond to similar numbers on the two pictorials.
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NOT USED

can be varied to suit your own taste.

For the sake of clarity. most of the
wiring has been eliminated from the pie-
torials. The leads or terminals of all im-
portant components, however, are keyed
to the schematic diagram by means of
matching numbers.

When carrying out the wiring, no spe-
cial care need be taken with the lead
dress; all leads may be routed in the most
convenient manner. Install rubber grom-
mets as shown in the pictorials to pass
wires through the chassis.

Photocells PC1 and PC2 are installed
on the box's front panel as shown on
page 44. In order to prevent stray light
from affecting the photocells, they are
set back in 24” “wells” made from 9-pin
tube shields. These wells are set far
enough apart (1%”) so that PCI! and
PC2 will operate independently.

Note that the shields are press-fitted
over shield bases (see Parts List) which
have been pushed through holes in the
panel. The circular lip at the top of each
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shield is first sawed off, and slots are cut
to clear the shield-retaining bosses on
the base. The opening at the other end
is slightly enlarged with pliers so that
it will fit the casing of the photocell
snugly.

The spacing of the pin terminals on
the photocells specified for PC1 and PC2
1s such that any pair of opposite contacts
on a 9-pin tube socket will slip over them.
This type of socket, then, is used to
make the connections to the photocells.

Setup and Adjustment. First provide
yourself with a suitable light source. A
6-volt, lantern-type flashlight—among
other things-—will do the job. If you use
such a flashlight, a 6-volt filament trans-
former can be installed in place of the
battery. But be sure that the flashlight’s
reflector is made of metal rather than
plastic. It's possible that transformer
heat might warp some plastics.

Aim the light beam so that it crosses
the doorway and strikes PC1 and PC2—
making sure that the two photocells are

ELECTRONIC EXPERIMENTER'S HANDBOOK



cmmece=eca=cPARTS LISTemmammaanaqg

C1—30-uf., 150-volt clectrolytic capazitor
C2-—Dual 100-uf., 150-v0lt clectrolytic capacitor
D1—400-P1V, 750-ma. silicon diode

11—NE-51 ncon lamp

J1, J2—Chassis-mounting a.c. outlet

K1, K2—5000-0hm platec relay, s.p.d.l. contacts
(Potter & Brumficld Series LB-5 or cquiva-
lent )

K3, K4—5000-0hm plate rclay, 3-pd.t. contacts
(Guardian “Universal 200" Series; 200-5000
D coil, 200-M5 contact assembly with onc
pole unused—or cquivalent)

PC1, PC2—IHecavy-duty cadmium photocell ( La-
fayette 99 G 6316 or cquivalent)

R1— 56,000-0hm, V;-watt resistor

R2, R3—230,000-0hm potentiometer

R4, R5—3300-0hm, 2-watt resistor

S1—D.p.s.t. toggle switch

T1—Filament transjormer; primary, 117 volts,
sccondary, 6.3 volts @ 1.0 amp. (Knight 62
G 030 or equivalent)

TS1—4-terminal, barrier-type terminal
(Cinch-Jones 4-140 or equivalent )

1—6" x 6” x 6" utility case with 474”7 x 594" x
1347 chassis (Premier CA-1405 or cquivalent )

2—Shield bases for 9-pin miniature tube socket
(Cinch-Jones 9SB1 or equivalent)

2—234" shields for 9-pin miniature tube ( Cinch-
Jones 98J3-1 or equivalent)

2—9-pin miniaturc tube sockets

Misc.—Line cord and plug, rubber grommets,
terminal strips. hardware, wire, ctc.

Llececccccccccccccccccccccccna

strip
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Underside of chassis should look like this
before bulk of wiring is put in place. Lead
dress is not at al critical, and rubber grom-
mets can be used wherever necessary to pass
wires through the chassis. The number *'2"
on jacks J1 and J2 refers to screw heads.

Then

illuminated with equal intensity.
turn on ‘“power” switch S1. Neon power
indicator 11 should now glow.

Move both ‘“sensitivity” controls (R2

and R3) to their maximum-resistance
positions. Then turn them in the op-
posite direction until the relays they con-
trol (K1 and K2, respectively) pull in—
and continue for another quarter-turn.
These settings should be about right, but
in the first few hours of operation there
may be resistance changes in the photo-
cells calling for further reduction in the
resistances of R2 and R3.

Now all you have to do is connect the
signaling devices. If the photocell unit
is placed so that people on the way in
will darken PC1 first, connect the “in”
signals to J1 and/or terminals 1 and 2
of TS1. The ‘“out” signals are connected
to J2 and/or terminals 3 and 4 of TS1.
If people coming in will darken PC2 first,
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Top of chassis is
shown above. with
much of the wir-
ing still to be
done; as in bot-
tom view, num-
bers here match
the numbers on
the schematic. At
right is rear view
of the relay used
for K3 and K4

Nimnngy

l

FRONT PANEL

MODIFIED 9-PIN
TUBE

SHIELD TUBE
SHIELD PHOTOCELL SOCKET

BASE

4

—2-1/4 - “ENLARGE DIAMETER

SHIE LD-RE TAINING TO FIT PHOTOCELL

When installing PC1 and PC2, prepare identical modified
tube shields for both 1” holes. Remove and discard in-
ternal spring before cutting out slots; coat insides of
bases and shields with flat black paint to reduce glare.

44

BOSS (1 OF 2]
The 114" hole spacing can be varied slightly if necessary
to permit mounting the innermost screw of each shield
base in the same screw hole; be sure to push out tube

SLOT TO CLEAR socket from shield base so that light can shine through.
it
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The a.c. line voltage is rectified by diode D1
to furnish d.c. for relays A1-K4, and capacitor
C1 filters this d.c. voltage well enough to prevent
chattering. The coils of relays Al and A2 are
each connected, across the d.c. supply, in series
with a “sensitivity control” and photocell {R2
and ”ClI, R3 and I’C2).

As long as a light beam strikes the photocells,
their resistances remain low, and K2 and R}
can he adjusted to pass enough current to pull in
K1 and K2, respectively. But if either PC! or
PC2 is darkened, its resistance will immediately
increase, and the current flow will decrease
enough to drop out the appropriate relay.

The photocells are so placed that a person
walking by them. depending on whether he's
coming or going, will darken PC7 or PC2? first.
1f PC1 is darkened first, A'7 drops out and con-
tacts 2 and 3 of that relay close. This connects
capacitor C2?¢ and resistor R4 (through con-
tacts 2 and 3 of K4) in series with the coil of
K3 and the d.c. supply.

Current from the supply fows through A3’
coil and R4 to charge C2a. and the charging
current pulls in A’ 3. Since contacts 4 and 5 of A5
have now closed, the 6.3-volt secondary of trans-
former 71 is connected across terminals 1 and
of terminal strip TS!. In addition. contacts 7 and
8 of A3 make the a.c. line voltage available
across outlet J1.

Though contacts 1 and 2 of A3 also close, this
accomplishes nothing until photocell PC? s
darkened. Then A2 drops out. closing its con-
tacts 2 and 3. Accordingly. charging current for
capacitor C2) flows (via contacts | and 2 of A'3)
through resistor RS and the coil of A3—helping
to keep the latter relay pulled in.

If the photocells remain darkened. the charg-
ing currents for C2¢ and C2b will keep A3 pulled
m for about 3 seconds. Therefore, any electrical
signaling devices connected to /1 or to terminals
1 and 72 of TS1 will operate for that length of
time. Should light hit the pheotocells before the
three seconds are up (as is usual), K7/ and A2
will pull in—dropping out A3 and cutting ofi
the prior signals. Note that capacitors C?a and
C2b discharge through resistors R4 and RS5. re-
spectively—readying themselves for the next
cycle—when A7 and A2 pull in.

Should /”C2 be darkened first. the reverse situ-
ation occurs. Relay A2 drops out and A4 is
pulled in by charging current for C2b. Then as
PC1 is darkened, A1 drops out—adding the
charging current for C2q to that already flowing
through A4’s coil. The result is that 6 volts ap-
pears across terminals 3 and 4 of 757 and 117
volts appears across /2. As Dbefore. these signal
voltages remain available for about 3 seconds-
but will be cut off earlier if light strikes the
photocells.

eSO EEEEEEe
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R2 si R3

Front panel of the ‘sensor’” is ex-
tremely symmetrical, with photocells.
pilot lamp, and sensitivity controls
arranged in a neatly balanced fashion.

then simply reverse these connections.

Remember that outlets JI and J2
are for signaling devices (such as illumi-
nated “In” and “Out” signs) which op-
erate on 117 volts. Six-volt devices (such
as bells, buzzers, etc.) should be con-
nected to TS1.

And there you have it! Chances are
you'll stumble across all kinds of inter-
esting applications for this novel alarm.
For example, let's say you want to count
the number of objects—people, cars, or
what have you—passing in one direction
only; you just plug a suitable counter
into either J1I or J2 (depending on
whether you want to count them ‘‘com-
ing” or ‘going”), and your problem is
solved. Or you can use the gadget to
trigger a tape recorder, set up so that it
will give one greeting to people coming
in and a different message to those going
out. Regardless of your specific require-
ments, one thing is certain: thanks to
this little photoelectric ‘‘sensor,” you’ll
never again have to wonder whether
someone is coming or going! ~30-
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You probably thought
top quality electronic

test Instruments
were too eXpensive...didn't you?

Well, they’re not when you

build them with money-saving RCA kits

You've known right along that you can save money on clectronic
test instruments by building from Kits.

But you may have shied away from kits because you thought
they involved complicated calibration or adjustment problems.
Forget it!

RCA kits arc inexpensive, of course, but theyTe also easy to
build. Build them right and they’ll give you the best performance
you can buy in their price range.

What's better about RCA test instrument Kits?

Ease of assembly is one thing. Parts are clearly identified. Each
assembly diagram appears on the same page as the step-by-step
instructions for that section of assembly. There's no need to refer
back constantly to other pages, which consumes time and in-
creases the chance of error.

Ease of alignment is another thing. Each Kit contains complete
instructions for accurate calibration or alignment of the instru-
ment. Where necessary, precision calibrating resistors are pro-
vided for this purpose.

What does it mean? 1t means that with RCA kits you can get a
professional V-O-M or VTVM for as litle as $29.952. Or youcan
act a good oscilloscope (one of the most useful—but normally
one of the most expensive—test instruments) for only $79.50°.

Specialized instruments such as an AC VTVM or an RF Signal
Generator, are also available as kits for far less than they would
cost othérwise. In every case, RCA kits, when completed, are
identical with RCA factory assembled instruments.

Each sub-assembly is described in a separate section with illustrations applying
to that sub-assembly available at a glance. No cross feferencing necessary.

LOOK WHAT’S AVAILABLE TO YOU IN KIT FORM:

RCA YOLTOMMYST #. The most
popular v on the market.
WY.ZTE(NK). lm price: $29.95°¢

RCA SENIOR VOlTONMVST.
A prolessional VTYM.
WV-98C(N). Kit price: $57.95¢

RCA RF SIGNAI. c:n:unou For

audio and TV s ng. ahgnment in TV sets.

WR-S0A(K). m pnce $39.95° WG-307B(K). Kit nme $11.95°
*Optional Distributor Re-

sale Price. (N prices are subs

ject to chauge without notice.

Prices may be higher in Alas-

ka, Hawaii and the W est. ®

3w
'RCA_ VOLT-OHM-MILLIAMMETER.

One of most useful instruments.
WV-3BAK). Kit price: $29.95°

RCA Tv BIAS SUPPLY. For RF, IF RCA TRANSISTOR-RADIO DYNAM-
DEMONSTRATOR. For schools.
w[ 93A K} Kit price- $39 95°

HAEHSITIVITY AC VTVM.
Doubtes :s audio pre-amplifier.
WY-764 K). Kit pice: $57.95°

II.JI 3 INCH OSCILLOSCOPE. Com- RLA HiG
pact. hightweight, portable.
WO- JJA(K) Kt price: $79 95¢

See them all-and get full technls
cal specifications for each—at yout
local Authorized RCA Test Equipe
ment Distributor. Or write for in.
formation to: Commercial Engi-
g neering, Section 141W, RCA ELEC.
pa— TRONIC COMPONENTS AND DE-
VICES, HARRISON, N. }.

RCA V-0-M DYNAMIC OEMON-

STRATOR. A wOrking V-0-M.

WE-95AKL Kit price: $37 95°

RCAELECTRONIC COMPONENTS AND DEVICES,HARRISON,N.J.

The Most Trusted Name in Electronics

CIRCLE NO. 32 ON READER SERVICE CARD
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metronome operates

Single-transistor

from house current

By JOHN F. CLEARY*

METRONOME can be any contriv-
/A ance for marking time as an aid to
musical study and performance. The
metronome to be described here is one
of the simpler electronic “contrivances’
in that it uses the unique unijunction
transistor to generate precision timing
pulses. In fact, this is the only tran-
sistor used—or for that matter needed
—in order to generate a distinet “metro-
nomic tick’” at the loudspeaker. An ad-
vantage of using the unijunction, or
UJT as it is often called, is that the

*Applications Engineering, Semiconductor Prod-
ucts Dept., General Electric Company
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Largo to
Presto
Metronome

loudspeaker can be driven directly. No
output transformer is needed.

The circuit can be powered either by
a transformerless supply as shown or by
a battery. Beat rate is adjustable from
below 42 beats per minute, a low largo,
to slightly over 208 beats per minute, a
high presto. Both limits can be extended
simply by changing the emitter com-
ponent values.

Circuit operation centers around the
2N2160 (you can substitute a 2N2646
if you wish) in a basic unijunction tran-
sistor relaxation circuit. Applying volt-
age across R3, R4, R5, and C2 allows
C2 to charge. Since at the beginning of
the operating cycle the unijunction emit-
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METRONOME

ter is reverse-biased and therefore non-
conducting, a high impedance exists
across C2. As C2 continues to charge,
the emitter voltage increases exponen-
tially and approaches the supply voltage
level. At a point determined by the uni-
junction and called the “emitter peak
point voltage,” the emitter becomes
forward-biased and presents a low im-
pedance across C2, causing it to “‘dump”
its charge into base 1 (Bl) through the
speaker voice coil. This results in a dis-
tinct “tick” from the speaker.

“Rate’” pot R} provides for a slow or
fast beat rate by controlling the charg-
ing time of C2. Frequency is thus deter-
mined by the combination of R}, C2,
and the supply voltage across the UJT.
Resistor R3 is selected to set the high
beat rate limit while R5 sets the low
limit. By using a log-taper potentiom-
eter for R}, a well-proportioned ‘‘rate”
scale can be adjusted to any range de-
sired. The photograph on page 47 shows
a typical 42-208 beats-per-minute metro-
nome scale spread over almost the total
270° range of R}. The number of beats
for the various tempi employed as cali-
bration for the author's metronome are
as follows:

BEATS/MINUTE TEMPO BEATS/MINUTE TEMPO

42-69 Largo 125-154 Andante
69-98 Larghetto 154.180  Allegro
98-125  Adagio 180-208 Presto

Four 1N1692 silicon rectifiers in a
bridge-rectifier configuration and a 100-
nf. filter capacitor make up the power sup-
ply. Fed directly from the a.c. line, this
arrangement supplies the required 25
volts at 4 ma. with sufficient regulation
for good metronome stability. Resistors
R1 and R2 act as voltage-dropping re-
sistors and add some degree of safety
by limiting the total current drain to ap-
proximately 5 ma. under direct short-
circuit conditions. By housing the cir-
cuit in an insulated box, additional pro-
tection is obtained against electric shock.

Naturally, other power supply ar-
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rangements can be used. A 22%-volt
battery can replace the supply shown.
Lower voltages can be used with de-
creased output and increased calibration
error; in fact the UJT will continue to
operate with as low as 3 volts applied
in many instances.

Construction. The photos show how the
unit is constructed with the exception
of the line resistors and three of the
1N1692 rectifiers, which are all hidden
behind the speaker “U” frame. Two
rectifiers are located on either side of
the perforated insulation board for ease
of mounting and wiring. The back of
the speaker frame, as shown, protrudes
through the square hole cut from the
board and rides on the surrounding lip
of the speaker frame. After cutting the
board to size (slightly smaller than the
over-all speaker measurement), measur-
ing and cutting out the center opening,
and mounting all components, the com-
pleted board is slipped onto the speaker
frame and secured in place with contact
cement. The bracket-supported R} is
then soldered to the speaker frame for
increased rigidity, as can be seen in the
photo showing the inside view of the
unit.

A square of grille cloth and a square
of aluminum window screening are cut
about 1” larger than the speaker frame.
Place the grille cloth on a flat surface,
the screen on top of it, and the speaker
—cone down—on top of the screen. By
wrapping the excess material around the
edge of the speaker frame, the cone will
be protected from damage. This method
of covering the speaker requires no
hardware and is self-supporting,

The cabinet shown is made from *.”
plywood and measures 2':” deep x 4714”7
square. The back is cut from '{” hard-
board and is glued in place. A shaft hole
about %" in diameter—large enough to
accommodate the shaft and allow the
completed unit to be placed in the box
snugly—is then carefully drilled in the
side of the box. An additional power
switch hole is made in the top of the
cabinet and a power-line cord hole in
the back.

In the photo showing the internal view
of the metronome, note the two thread-
ed holes located on the back of the
speaker “U"” frame. Two additional
holes are carefully drilled in the cabinet

ELECTRONIC EXPERIMENTER'S HANDBOOK



PARTS LIST

C1—100-uf., 50-volt miniature clectrolytic
capacitor

C2—10-uf.. 25-volt miniature clectrolytic
capucitor

D1.1)2, D3, DI—1N 1692 silicon diodc

QI—=2N2160 or 2N 26496 unijunction
transistor

R1, R2—-12.000-06hm. Yi-watt resistor

R3—22.000-0hm, ' ;-wall resistor

RI—150.000-0hm potentiometer

R35—-430.000-0hm. Vi-watt resistor

RA—330-0hm, Vi-wall resistor

\ s, switch

Misc.—Small spraker and cabinet—sce
text, perforated phenolic board, flra
clips. a.c. cap. wire, solder, ¢tc.

25V DC @ 4aMA.

e

INI692

2N2160
OR
2N2646

Components of the metronome are mounted on a
perforated circuit board. The speaker is a square-
framed 315" Utah SP358 3-4 ohm unit containing
a l-ounce magnet. Any speaker can be used, how-
ever; the higher its efficiency, the louder the tick.

[o]]
2 2N2160
s UNIJUNCTION

GSPKR

o DI D2 R
INI L
6924 100t T
12K [ sow
R2 | |
—‘0
03 D42 cz2
£ “umeez* 10p1.
| 25v.
DY

back to match these holes which are
then used to hold the speaker securely
in place.

Should a battery be used to power the
unit rather than a permanent power sup-
ply, cabinet dimensions must be changed
accordingly. Since wiring is in no way
critical, any type of cabinet or compo-
nent arrangement can be employed.

Calibration. Fairly accurate rate cali-
bration will result by counting ‘“ticks”
against time. Using a stopwatch or a
wristwatch sweep second hand, counting
the number of ticks per 15 seconds and
multiplying by 4 to obtain the *“beat
rate’’ per minute, will result in accurate
dial calibration. This method works well
for slow to medium beat rates but is

1965 Spring Edition

more difficult at the faster rates. A sec-
ond method is to compare the uncali-
brated metronome with a calibrated
metronome of known accuracy. Both
methods are sufficiently accurate for
musical purposes.

Should a louder “tick” be desired, the
unijunction metronome will easily drive
an audio amplifier. By replacing the
loudspeaker with a 20- or 30-ohm re-
sistor, positive driving pulses may be
taken from base 1 (B1). Negative pulses
can be taken directly from base 2 (B2)
simultaneously, if needed.

Pulse rate can be changed widely sim-
ply by replacing R} and C2. Two to
three minutes, and more, are possible
between pulses. —{3o-
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Beef up the sound of your
phone hell and put it
where you can hear it when
you're out at the barbecue

pit or in the garage

ID YOU ever miss an important tele-
phone call because you were work-
ing outdoors or in the garage, or loung-
ing on the patio or porch, where you
couldn’t hear the bell? Most of us have
had this frustrating experience at least
once or twice. One way to avoid it is to
have the phone company install a loud
outside bell. This is fine, if you need the
outside bell all year round, and if it
won’t disturb the neighbors, and if you're
always in an area where the bell can be
heard readily.

But that’'s a lot of “ifs,” which for
many families just don’t add up to place-
ment of an order with the phone com-
pany. Nevertheless, when the lady of
our house was heard to remark to a
friend, “We heard Radio Australia last

“LOUD-HAILER”’
for the TELEPHONE

By DONALD L. WILCOX

ELECTRONIC EXPERIMENTER'S HANDBOOK



You can duplicate the author's
layout by following the parts
placement shown here. Holes in
chassis allow bell sound to reach
bracket-mounted microphone.

night on the short-wave set, but we can’t
hear the phone ring out at the barbecue
pit,”" it was clear that something had to
be done. It was, and the alternative so-
lution to the remote telephone signal
problem described here is the result.

It involves no monthly service charge
at any time—let alone for those months
when you don’t need the bell, doesn’t
require any connection to telephone com-
pany equipment, permits you to put the
bell where you need it, and allows you
to relocate it at any time without in-
convenience. Furthermore, you can build
the “Loud-Hailer” in a couple of eve-
nings, at a nominal cost of about $18.00,
even using all new parts, and you can
probably halve that by raiding the trusty
junk box.

How It Works. The Loud-Hailer is a
simple device, made up essentially of a
microphone, audio amplifier, and a relay,
energized by a small power supply that
plugs into the house a.c. line. With the
unit in operation, the sound of the tele-
phone bell is picked up by a microphone,
the output from which is amplified to a
level capable of closing a relay. The re-
mote bell is energized by a.c. from the
line, applied through contacts of the
relay. The remote bell can be mounted
outside the house at any suitable point,
or moved about from garden to garage
to pool, wherever its extension cord will
reach.

A look at the schematic diagram will
clarify details of the circuit function.
The first two transistors, @/ and @2,
operate as Class A amplifiers, boosting
the microwatt output of the microphone
to a level great enough to drive tran-
sistor 3, which operates as a Class B
power detector.

With no sound at the microphone, @3
is practically cut off, since there is no
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ot Q2 T Q3

base current; and the emitter-to-collec-
tor current is therefore no more than a
few microamperes leakage. When the
phone bell rings, the amplified micro-
phone signal drives the base of @3 nega-
tive once each cycle, causing the @3
collector current to flow in a series of
d.c. pulses. This output, smoothed by
capacitor C6, energizes relay K1, apply-
ing a.c. power to the remote bell.

Construction. Since the circuit is ex-
tremely non-critical, parts placement
and other mechanical details can be
varied to suit the constructor's prefer-
ence. In the author’s unit, most of the
circuit parts are mounted on a strip of
Vectorbord, as shown in the photo-
graph. The controls are grouped at one
end of the metal box. The microphone
is mounted in the middle of the box,
facing a group of drilled holes which
permit easy entry for the sound of the
phone bell. Wiring is simple and straight-
forward, and requires only the normal
caution about use of a heat sink when
soldering transistor leads.

Operation. In use, the Loud-Hailer is
placed under the phone with the con-
trols at the rear, so the cords to the a.c.
line and the remote bell can be dressed
out of the way. This brings the micro-
phone of the Loud-Hailer directly under
the bell of the usual desk-type telephone
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where sound pickup will be strongest.

The extension cord leading to the re-
mote bell is plugged into a.c. outlet SO1,
and gain control potentiometer RS8 is
adjusted so that an incoming ring causes
reliable ringing of the remote bell. This
setting can be tested by asking one of
your neighbors to dial your number.
When correct operation has been ob-
tained, locate the remote bell where
you'll be sure to hear it when it rings.
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VOLTAGES
Q2 Q3 All voltages are measured
_0.75 to side of C7 with high
impedance voltmeter, no in-
10.00 3.6

If you want to use the Loud-Hailer
only occasionally, and in different loca-
tions, such as the garden, attic. garage,
or barbecue pit, you may want to keep
the extension cord free, to be rerouted
as necessary. However, if you intend to
use the Loud-Hailer for just one or two
remote locations, you may prefer to in-
stall permanent remote lines and outlets.
Either way, you’ll stop missing those
important calls. 30
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CAR BATTERY SAVER

By R. C. APPERSON, IJR.

r— e -
T ..

Never again will your wife leave the lights on and kill the battery—

this little ‘“‘computerized” gadget makes forgetting an impossibility

‘ NE MISERABLE RAINY MORNING, we climbed into our car and

headed to work, picking up riders along the way. In order to let
fellow drivers know we were on the highway, the headlights were
flicked on, and conversation engulfed the group. The rest of the
drive was just sufficient to let the stimulating conversation sweep
all thoughts of headlights from the driver's mind. Once in the com-
pany parking lot, the ignition switch was quickly cut off, and all
passengers made a mad, splashing dash for the froni door. Two
high candle-power lamps remained on, doing no useful work, but
sapping those ampere-hours from the car’s battery. The weather
was clear when quitting time rolled around. All loaded aboard the
car, and—urrr, urrr—~then nothing. The language that followed was
much stronger than the baitery, and o vow was made to find a way
to remedy the problem. Here is the device that has eliminated many
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trips to the battery charger; it’s yours
for a very few dollars and a little time.

How It Works. As in computer logic
circuitry, certain conditions must be
present before the device generates a
signal. When the stage is set properly,
the little gadget comes alive with a rau-
cous 100-cycle squawk that won't allow
you to leave your lights on. In fact,
when this thing sounds off, you’ll wish
for a second that you never heard of
headlights!

The signal is generated only when the
headlights are on and the ignition is off.
If the ignition is on, nothing happens.
Headlight and ignition voltages cause
no disturbance either, but the removal
of the ignition voltage if headlight volt-
age is applied starts the action. A look
at the circuit will explain why.

Computer Logic: The Battery Saver

The circuit used in this project follows
computer logic to an extent. The desired
action does not fit either ‘“AND" or
*OR'" gate conditions. “‘AND" gates op-
erate with both inputs present, and
‘‘OR'’ gates with either one input or the
other. The design of the Car Battery
Saver is similar to that of an “INHIBIT"
gate, to use computer terminology.
When the headlights are left on, there
is an output unless the ignition is
also on. The output is in the form of
a raucous warning signal that emanates
from the loudspeaker. It doesn’t let
you forget the lights! If the ignition
switch is on, the output is “INHIBITED.”

INHIBIT Gate, Generator. If you have
a resistor and capacitor in series with a
car battery, the capacitor will charge
through the resistor to the full battery
potential. If you have a resistor and
capacitor connected in series and then
to sources of like potential (both to the
positive terminal of the car battery, for
example), the capacitor cannot charge
as no current flows from the battery.
This, basically, is the INHIBIT prin-
ciple.

How do we apply this in the car? We
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Terminal board was used for the prototype, but
layout is noncritical; terminal strips can be used.

have two controls that switch voltages
from the same source. Let the head-
light voltage be the supply, and the
ignition the hold-off signal. Since a ref-
erence point is required for the supply,
a resistor is placed between the nor-
mally-grounded circuit element and the
ground. The ignition voltage is dropped
across it. Only one-half watt is dissi-
pated as hold-off power. This is a negli-
gible load to a battery being charged by
a generator.

The signal generator itself is simple.
It is a unijunction relaxation oscillator
delivering pulsed energy to a speaker at
a 100-cycle rate as determined by the
R1, C1 time constant.

Unijunction @1 does not conduct un-
til C1 charges through R to a potential
determined by the unijunction character-
istics and the supply voltage. When this
potential is reached, the emitter allows
C1 to discharge into base number 1.
This turns on the unijunction and a cur-
rent pulse is drawn through the speaker,
producing an audible tone.

Protective resistance for the unijunc-
tion is provided by R2, and R3 is the re-
sistor logic. Obviously, CI won't charge
if a voltage at the top of R3 is equal
to the voltage at the top of R1. When
the voltage at the top of R3 disappears,
C1 charges, and the circuit emits the
warning.

The ‘““‘Battery Saver” is flexible. Move
the location of R3 and the battery saver

ELECTRONIC EXPERIMENTER'S HANDBOOK
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TO HEADLIGHT
SWITCH

Parts placement is clearly shown above. Connection
to the automobile is done as described in the text.

system will operate on a car with either
positive or negative ground. Voltage is
not critical either. The only difference
between a 6- and 12-volt system is a
slight volume decrease with the lower
voltage.

Building The Unit. Any small container
large enough to house the speaker will
make a suitable cabinet for the unit.
Circuit layout and wiring is not at all
critical, but the author’s layout is shown
for your convenience. Three leads are
brought from inside the cabinet which
go to the ignition, headlights, and auto
chassis ground. The speaker is attached
to the case after holes are drilled in the
box to let the sound out. Small screws
mount the speaker to the cabinet. The
speaker terminals also serve as tie points
for one base lead and the negative side
of the capacitor. The hold-off resistor
and the lead that goes to the ignition
connect to this capacitor lead. Care
must be exercised when soldering to the
unijunction, and a heat sink should be
used; remember, it’s a transistor.

(Continued on page 153)

PARTS LIST

C1—20-uf., 25-d.cw.v. electrolytic capacitor
Q1--2N2160 unijunction transistor
R1-—1500-0hm, Va-watt resistor
R2—91-0hm, Va-watt resistor
R3—270-0/tm, 2-watt resistor

1-—Miniature speaker, 8 ohms

1-—Minibox or other housing
Misc.—Ternminal strips or board, wire, elc.
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Basic INHIBIT circuit is integrated into
auto electrical system as above. This
drawing is for illustration only; actual-
ly, Cl, R2, and R3 are in Battery Saver.
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Version of the Bat-
tery Saver above
is for negative
ground cars;, the
schematic at right
should be used if
your car has the
positive  terminal
of the battery con-
nected to ground.
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SCOTT’S TOP RATED LT-110
FM STEREO TUNER KIT

NOW AT A NEW LOW PRICE...5139.95

“... 1.88 uv sensitivity by a home alignment procedure
without instruments . . . an exceptional feat...”
Electronics lllustrated

plated front end . .

the LT-110B’s many extras: Stereo Se

60 db Signal-to-Noise ratio,

the easy way."”

LK-728 80-watt Stereo Amplifier Kit. This
popular amplifier kit delivers enough
power to drive any speaker system, and
at an outstanding price. Complete range
of control features includes switched
front pane| headphone output, complete
recording facilities, and provision for
driving a third or center channel loud-
speaker system without additional ampli-
fication. Only $149.95.

Export: Scott International,
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Here's terrific news for you kit builders! Now, the famous Scott LT-110 tuner kit . .
by every audio expert . . . built by thousands of hi fi enthusiasts . . .
styling at a truly modest price.

Look at the outstanding features of this superbly engineered tuner.

LK-488 48-watt Complete Stereo Amplifier
Kit. Here's more than enough power for
most music systems, and two great new
features: Switched front panel headphone
output for private listening, and powered
center channel output to drive extension

speakers. 13 front panel controls. Com-
plete tape facilitles. Inciudes all-aluminum
chassis and DC-operated heaters for low-
est hum. Only $129.95.

. top rated
is available in handsome new

It includes a heavily silver-

- prewired and tested in Scott's engineering laboratories. The critical multiplex
section is also pre-wired and tested with the most advanced multiplex equipment available. Among
paration in excess of 30 db, Sonic Monitor stereo indicator,
sensitive tuning meter.
Here's what the technical editor of Electronics Illustrated said about the LT-110:
hesitated to go into stereo FM because of
knowledge that might be required, fear no

“If you have

imagined complexities and highly technical skills and
more. The LT-110 shows you how to enjoy stereo FM

MPORTANT
REE OFFER
0M SCOTT

|

|

|

|

|

| =

| () Please send me your new 20-page

| full-color 1965 Stereo Guide and

| complete catqlog. include com-

I plete information on new consoles
by Scott . . . component quallty in

: beautiful, hand-finished cabinets.

|

|

|

|

|

|

|

Zone State ..... |

City
SCOTT’

|
|
H. H. scOTT, INc. 52100 |
111 Powdermill Road, Maynard, Mass. |

111 Powdermill Road, Maynard, Mass. Canada: Atlas Radio Corp., 50 Wingold Ave., Toronto. Cable HIFi

Price slightly higher west of Rockies. Subject to change without notice.
CIRCLE NO. 35 ON READER SERVICE CARD
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Chapter

Hi-Fi and
STEREO

Hi-FI speaker enclosures remain a favorite construction
project of the died-in-the-wool audiophile. Once again, the
ELECTRONIC EXPERIMENTER'S HANDBOOK has utilized the
services of Dave Weems to design something out of the
ordinary. This year Dave has come up with an enclosure
made from a rectangular block of ceramic tile; with the
addition of baffling and high-frequency diffusers, Dave has
constructed a low-cost stereo system capable of reproducing
surprisingly good sound. Author and designer Jim Reid has
attacked the enclosure problem from a different angle and
describes a clean-cut conventional hi-fi system.

Just in case you don’t want to part with that stereo tuner
which lacks a multiplex indicator, Chuck Caringella has de-
signed a transistorized gadget to fill the bill. Hi-Fi buffs can
regale you with stories about the misadventures of FM multi-
plex—especially stereo transmissions that are not really
broadcast in stereo. An indicator is the only positive way of
knowing if an FM station has the necessary multiplex pilot
carriers in operation.

Reflectoflex Speaker Enclosure............................. James D. Reid
Phono Fillips............ccoeuieiniiiiiiiiicieie e

Resistive Load for Hi-Fi Test................coc.ooiiiiiiiniii Walter Temcor
Another Ceramic Tile Enclosure ... David B. Weems
AUAIO ATUS. ..ottt ettt
Stereo INdICator. ... ....ccoooviiieiie ettt Charles Caringella
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Build the

reflectoflex
164|6CI0LI6X

SPEAKER ENCLOSURE

By JAMES D. REID

Fill the entire room with realistic, bright, hi-fi

sound using this practical reflected-sound system

WHEN STEREO HI-FI first became popular, the ardent audiophile
who wanted to show off his gleaming new equipment and fancy
speakers would first carefully position a chair at “stereo center” and then
ask vou to sit down. Needless to say, the illusion—provided by recordings
of locomotives, brass bands, and bouncing Ping-pong balls—was amazing,
and seemed too good to be true. [] Music lovers quickly recognized that
this extravagant separation of channels was, indeed, too good to be true,
and as the stereo hi-fi art matured, a number of solutions to the problem,
all of which eliminated the “sterco seat,” came along. [ ] One method of
getting rid of the center “gap” between the two channels is, of course, to
use a center speaker. Another less expensive, simpler method, the one
recommended here, is to use two speaker systems having good dispersion—
systems that radiate the sound in all directions rather than in a narrow
beam. The “Reflectoflex™ speaker enclosure which you can easily build—
one for monophonic use and two for stereo—is such a system. [_] By aiming
the speaker upward and “spraying” the sound off the inclined lid (or ad-
jacent walls 