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PREPARE AT HOME

Whether you want to prepare for a good-paying new
job or for advancement in Electronics with your present employer,
DeVry Tech offers specialized educational programs designed to
meet your needs. You set up your own HOME LABORATORY
and work over 300 construction and test procedures to develop
on-the-job type skills. You build a quality Transistorized Meter,
a 5-inch Osculloscope and a special Design Console, DeVry also
includes modern ‘“‘programmed" texts, instructive motion pic-
tures, Consultation Service. Effective? Yes!

RESIDENT SCHOOL

If you prefer you may get all of your training in DeVry's
1.8, or Canadian resident schools under the close guidance
of friendly, experienced instructors. You work with a wide variety
of commercial equipment similar to that actually used in in-
dustry as you prepare in our laboratories for a technician’s job
in Communications, Microwaves, Radio-Television, Automation,
Radar, Computers, or other branch of Electronics. DeVry even
provides part-time job placement service to those who wish to
earn extra money while attending day or evening classes.

PLACEMENT SERVICE

Meet W. E. Bartz, who has helped thousands of DeVry
men toward exciting, profitable careers in Electronics. When YOU
complete your program, he will help you too. As Placement
Manager in touch with business and industry across the nation,
Bartz knows the employer demand for DeVry-trained men. He
pas fooperated in placing our graduates with thousands of
irms!

Men 18-45, start preparing NOW for this vast opportunity field.
Soon you should be ready for DeVry's valuable employment help!?
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DeVRY TECHNICAL INSTITUTE
4141 Belmont Avenue, Chicago, 1ll,, 60641 Dept. EEH-1-X

Please gwe me your two free booklets, “Pocket Guide to Real |
Earnings,” and “Electronics in Space Travel”; also include details
on how to prepare for a career in Elzctronics. | am interested in
the following opportunity fields (check one or more):

[J Space & Missile Electronics [0 Communications

[ Television and Radio [0 Computers

[0 Microwaves [J Broadcasting

{0 Radar {0 Industrial Electronics

{7 Automation Electronics [J Electronic Contro!

Name Age.

Address. ___Apt

Zip
City. State. Code.
[0 Check here if you are under 16 years of age.
HOME STUDY AND RESIDENT SCHOOL TRAINING
2103 AVAILABLE IN CANADA
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features
-all

Here is RCA’s new WR-50B RF Signal

Generator—wired or kit. It locks just
like the old WR-50A, but the resem-
blance -ends there. I't has all the features
you liked in the older model...plus 3
new ones you'll find in red below:

- Wide frequency range from 85kHz to
40MHz in 6 overlapping ranges plus
harmonics for higher frequencies

+ Built-in crystal calibrating oscillator
circuit with front panel crystal socket

« Internal 400 Hz audio oscillator

- NEW —Sweep output at 10.7 MHz with

return trece blanking for sweep align-
ment of FM receivers

« NEW —Sweep output at 455 kHz with
return trace blanking for sweep align-
ment of new transistorized AM radios
- Individual inductance and capacitance
adjustments for each range

» Modulation level control

- Two-step RF attenuator switch plus a
continuously-variable attenuator control
- NEW —additional switch for further
attenuation of crystal oscillator output
« The Optional Distributor Resale Price
is only $65.00. Kit Form, $45.00, includes
pre-assembled range switch with pre-
aligned coils and trimmers. See the RCA
WR-50B at your authorized RCA Test
Equipment Distributor.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J,

The Most Trusted Name in Electronics
CIRCLE NO. 17 ON READER SERVICE CARD
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EXPERIMENTER'S

HANDBOORK

AS | STARTED TO WRITE THIS INTRO-
DUCTORY NOTE TO THE 13TH EDITION
OF OUR SEMI-ANNUAL ELECTRONIC
EXPERIMENTER'S HANDBOOK, T OC-
CURRED TO ME THAT THESE HAND-
BOOKS ARE A ‘‘BARGAIN’' FOR THE
ELECTRONICS HOBBYIST. THE AVERAGE
COST TO THE READER PER SET OF
PROJECT PLANS IS LESS THAN FOUR
CENTS—WHO SAYS THAT COSTS ARE RIS-
ING? WHILE SPEAKING ABOUT MONEY,
IT MAY BE OF INTEREST TO SOME READ-
ERS TO LEARN THAT ALL OF THE CON-
STRUCTION PROJECTS APPEARING IN
THIS HANDBOOK WERE PREPARED BY
FREE-LANCE AUTHORS, DESIGNERS, EN-
GINEERS, AND TECHNICIANS WORKING
IN COOPERATION WITH THE EDITORIAL
STAFF. THE AUTHORS RECEIVE A LIBER-
AL COMPENSATION FOR THEIR WORK—
WHICH IN THIS ISSUE TOTALS ABOUT
$7400.00. FROM THIS INVESTMENT IN
PRIME CONSTRUCTION PROJECTS, YOU
CAN FIND ANOTHER REASON FOR CON-
TINUING TO BUY AND'ENJOY THE TWICE-
YEARLY EDITIONS OF THE OFTEN IMI-.
TATED—BUT NEVER DUPLICATED—ELEC-
TRONIC EXPERIMENTER'S HANDBOOK.
OLIVER P. FERRELL
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MESSENGER 323
Everything you could want in a CB transceiver! Ready to
go on all 23 channels. Solid-state construction throughout.
Crystal filter to minimize adjacent channel interference.
Built-in PA system and “S" meter/power meter. Can be
used base or portable with accessory power supplies.
Cat.N0.242:153. ... $229.95 Net

MESSENGER 100
Now with six channels, built-in PA and provision for Tone
Alert! The ali-transistor Messenger 100 is one of the best
buys on the CB market today. Sensitive, selective receiver.
Full 5-watt transmitter.

Cate N0, 242:156.....convvaviiniranngnnins $129.50 Net

MESSENGER {1 and 300

Base, mobile or portable, the Messenger [l and 300 are
two top performing units designed to please any CB oper-
ator. All solid state—12 channels, Built-in PA, Messenger
300 features a crystal filter which virtually eliminates
adjacent channel interference.

Cat. No, 242.143—Messenger 111, 12 VDC...$159.95 Net
Cat. No, 242-149—Messenger 300, 12 VDC .$189.95 Net

MESSENGER ! and MESSENGER TWO

Two of the most popular tube.type transceivers ever of-
fered. Messenger | features five channels. Messenger Two
features ten channels plus tunable receiver. Both models
available for 115 volts AC and either 6 or 12 volts DC.
Cat. No, 242-127—Mess. |,

115 VACand 6VDC......convererae.s...$ 99.95 Net
Cat. No. 242.128— Mess. l.
115 VACand 12 VDC........cvvvvvaveiis... $ 99.95 Net

Cat. No. 242.162—Mess, Two,
115 VACand 6 VDC
Cat. No. 242-163—Mess. Two.
115 VACand 12 VDC

coeeienn .. $149.95 Net
..$149.95 Net

MESSENGER 350

Talk right through skip and noise interference with the
Messenger 350 single sideband CB transceiver. SSB has
been proven to furnish the most reliable and consistent
communications over extended range and adverse condi-

Cat. No. 242:154

tions. All solid state—maximum legal power input.

$299.95 Net

PERSONAL
MESSENGER
Top qualitycomponents for
rugged use. Twice the sens-
itivity and 409 more range
than similar units with con-
ventional circuitry.
Cat. No. 242-101-100
milliwatt
Pers. Mess. $109.50 Net
Cat. No. 242- 102 1%z
watt Persona
Messenger $129 50 Net

® Base station Tone Alert
$89.9

TONE ALERT
o Dramatically extends
contact range.

» Provides silent
“standby'’ operation.
Tone Alert silences your
system until you are calfed.
Avoid distracting noise and

L calls not intended for you.

Mobile Tone Alert
59.95 Net

S Net

POWER PACK and PORTABLE FIELD PACK
Operate any transistorized Messenger in
the field with Power Pack orthe Portable Field
Pack. Units operate at full power. Recharge-
able nickel-cadmium batteries.

Portable Field Pack

(Mess. Il only)..... e T ) $169.95 Net
Power Pack (includes
ahtenna)...........oooiieian $ 79.95 Net

VOLTAGE REGULATOR and IN-CONVERTER
Corrects improper voltages and polarity,
Enables CB to be installed in almost any
type of vehicle, foreign or domestic.
Cat. No. 239-119-1—Voltage

Regulator (Pos. Grd.)....... $14.95 Net
Cat. No. 239-119-2—Voltage

Regulator (Neg. Grd.}...... $17.95 Net
Cat. No. 239-120:1=

In-Converter.......... v $22.95 Net

ANTENNA METER and CB MATCHBOX

Assures proper match between transmit-
ter and antenna. A "‘must'’ for proper
operation. Easy to use, Installs anywhere.

Cat. No0."250-49—
CB Matchbox. ..

Cat. No. 250-849.1—

PERMA-VIBE

Cat. No. 239-50-1

Antenna Meter......

Transistor vibrator eliminator, Stops hash.

. $15.95 Net
....... $14.95 Net

..$8.95 Net

l]N C[IMP/TNY'

Waseta, M!nnl.,56093
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Equip Your
Amateur Station

Or Service Bench
Waith

‘equency Standard

All Transistor Circuits

Using any general coverage communi-
cations receiver the Model 1110 pro-
vides the necessary standard signal
for measuring frequencies. Easily cali-
brated against WWV to provide an
accuracy of 1x10¢. Long term stability
of = 10 cycles over range 40°F to

Write for our complete Catalog

100°F. Designed for field or bench use
with self contained battery. All trans-
istor circuits provide outputs at 1 mc,
100 kc and 10 kc. Zero adjustment for
oscillator on front panel.

Order direct from International Crystal

Mfg. Co.
COMPLETE 3125

CRYSTAL MFG. CO, INC.

18 NQO. LEE -« OKLA. CiTY, OKLA. 73102
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CHAPTER

1967 Spring Edition

To provide a desirable “mix'" of projects for this chap-
ter of the ELECTRONIC EXPERIMENTER'S HANDBOOK,
your editors screened 70 eligible articles and settled on
the 10 projects listed below. All of these projects have

~ been carefully double-checked by the individual authors
and the editorial staff. You can build any one of them

with complete assurance that if you follow the instruc-
tions the project will work *‘first time out.”

Due to the continued interest in automotive electron-
ics, four of the articles in this chapter pertain to im-
proving the operation of your car, or increasing your
driving enjoyment on long trips. The reverberation article
(page 8) is a very desirable construction project—one that
has been satisfactorily duplicated by hundreds of elec-
tronics hobbyists. The ‘‘Auto-Light Minder"’ (page 41) is
another favorite and needs to work only once to repay

! its construction cost.

Two different theft alarm systems are described—one
essentially for home or travel (page 44) and one for
business or office (page 13). The time-signal receiver
(page 19) is a project that was developed for POPULAR
ELECTRONICS and is now in use in many laboratories
and offices, as well as ham shacks and workshops.

8
REVERB FOR YOUR CAR........ i Daniel Meyer
i3

~ ULTRASONIC OMNI-ALARM. ... ... .. . . . Daniel Meyer

19
- TIME-SIGNAL-ONLY RECEIVER. ... . .

Charles Caringella, W6NJV
25
UPDATE TO SOLID STATE. .. . ... .. . lLouis E. Garner, Jr.

29
STATIC-FREE THERMISTORIZED AQUARIUM HEATER
A. E. Donkin, W2EMF

32

DWELL METER ADAPTER.. . ... . ... David H. Bozarth
. 36
" SOLID-STATE TACHOMETER FOR CD OR TRANSISTOR
IGNITION SYSTEMS ... ... v Murray Gellman
40
i HANDFUL OF POWER. ... .. e Edward M. Long
41
TRANSISTORIZED AUTOQ-LIGHT MINDER _...Robert G. Persing
44
$2 INTRUSION ALARM..... .. ... ... .. .. R L Winklepleck
7



REVERSERRTION.

2

NORMAL

Concert hall on wheels

HAVE you ever noticed the difference

between the sound of music indoors
and the sound of music out in the open
air? This difference is due to the pres-
ence and absence, respectively, of re-
verberation. In an enclosed space, we
hear the direct sounds from the perform-
ing instruments, and the sounds that are
reflected from the walls, ceiling, floor,
furniture, and other surfaces.

These reflected sounds reach our ears
later and slightly weaker than the direct
sound because they have traveled a
greater distance. The larger the room,
the greater the reverb time, and the
greater the decay. If the direct sound is

8

loud enough, it will usually cause more
than one reflection . . . each subsequent
reflection arriving with greater delay
and greater decay.

Reverberation time, as small as it
might be, is quite critical. If it is too
long, there is a severe echo effect, and if
it is too short, the music will sound flat
and lifeless, as it would normally sound
in a very small room. So important is
this reverb time that some concert halls
have added electronic reverberation to
optimize the natural reverberation char-
acteristics of the auditorium.

For less than $20 plus a little time,
you can assemble the reverberation set-

ELECTRONIC EXPERIMENTER’'S HANDBOOK



up to be described here for your car
radio or your hi-fi set at home. With it,
you will be able to electronically enlarge
your listening area to concert-hall pro-
portions.

How It Works. A patented Hammond
organ reverberation unit, an electro-
mechanical device, is used to delay and
decay a portion of the sound. A trans-
ducer at one end of the reverberation
unit acts like a speaker. It picks up the
audio signal from the output transform-
er in a car radio, converts this electrical
energy into mechanical energy, and ‘‘ex-
cites” a couple of sets of springs which
are attached to it. (See Fig. 1.)

The signal, now in mechanical form,
travels along the springs and energizes
an output transducer attached to the
other end of the springs. The output
transducer acts like a microphone and
reconverts the mechanical energy back
into electrical energy. It takes approxi-
mately 25 milliseconds for the sound to
travel down the springs, but not all of
the signal gets past the output trans-
ducer the first time. Some of the signal
“bounces’” back and forth from trans-
ducer to transducer, through the springs,
one or more times. (This feature is pur-
posely designed into the springs to simu-
late multiple reflections in a room). The

delay line has approximately 40 to 50 db
insertion loss and so the reverb signal
must be amplified to bring its output
signal level back up to the original input
level.

Almost any audio amplifier could be
used to beef up the output of the reverb-
eration unit and feed the signal to the
rear-seat speaker in a car, or to a second
speaker in the home. But you can build
the amplifier shown here and mount it
and the reverb unit in a 5”7 x 9%” x 2”7
case.

In the transformerless amplifier in
Fig. 2, the signal from the reverberation
unit is applied between the base of Q1
and the sliding contact on potentiometer
R}, which acts as a stabilizing emitter
resistor and level control. This unby-
passed resistance introduces degenera-
tive feedback to reduce distortion. Dis-
tortion is less than 1% at 3 watts output.

The amplified signal from the collector
of @1 is capacitively coupled to the base
of @2. Transistor Q2 amplifies the signal
and feeds it to the complementary driver
transistors (@3 and @4). Transistor Q3
conducts on positive half cycles, and Q4
conducts on negative half cycles, and
drives output transistors @5 and @6 in a
push-pull manner. The voltage drop
across DI and D2 forward-biases the
driver transistors slightly to prevent

T e pr—
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Fig. 1. Audio delay line simulates delay and decay characteristics ¢ SPKR
of a large concert hall, in your home or car. Amplifier boosts sound # %
just enough to compensate for insertion loss of the delay line. ey {
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Fig. 2. Signal from the delay line is applied to points A and B, then amplified and fed out to a speaker
connected to C and D. Leve! control R4 is adjusted to obtain equal levels of direct and indirect signais.
Amplifier distortion is less than 19 at 3 watts output. Class B operation accounts for high efficiency.

crossover distortion. The diodes also
provide temperature compensation,
When reverb is desired, SI switches
in the second speaker and the fader con-
trol (R18) controls the percentage or
mix of direct and “reflected” sound.
When S1 is in the normal position, the
fader control feeds more or less direct

signal to either speaker as desired.

Silicon transistors in all but the output
stages make the amplifier temperature-
stable. The specified output transistors
should be used if at all possible; they
are inexpensive and have superior leak-
age and frequency response character-
istics.

10
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PARTS LIST

C1, C3—10-uf., 15-volt electrolytic capacitor

C2, C4—5-uf., 15-volt electralytic capacitor

C5—200-uf., 6-volt electrolytic capacitor

C6—500-uf., 25-volt electrolytic capacitor

C7—100-pf., 15-volt electrolytic capacitor

C8, C9—1000-uf., 25-volt electrolytic capacitor

D1, D2—1N456 silicon diode

D3, D4—1N1692 diode (50 wolts PIV, or
better)

Q1, Q2, Q4—2N3638 transistor

Q3—2N3706 transistor

Q5, Q6—2N3611 transistor

R1, R3, R7, R10—4700-0hm, Vs-watt resistor

R2, R6—22,000-0khm, Y-wail resistor

R4—1000-0hm printed circuit board type trim-
mer resistor

R5, R11, R12, R13—1000-0km, V5-watt resistor

R8—25,000-0km, printed circuit board type trim-
mer resistor

R9—100-0hm, Vs-watt resistor

R14, R15—Y4-0hm, Vs-watt resistor—see text

R16—33,000-0hm, Y -watt resistor

R17—220-0km resistor

R18—20-0hm potentiometer

R19—10-0hm, Vi-watt resistor

R20—10-0hn, 5-watt resistor

S1—D.p.d.t. switch

T1—Low-voltage rectifier transformer; 117-volt
primary, 20-volt secondary with CT (Allied
64 U 733, or equivalent)

I—Reverberation unit; 8 ohms input, 2000 ohms
output (Gibbs Type 5G)*

I—Printed circuit board, or other suitable wiring
board*

1—-3" x 91” x 2”7 aluminum case (Bud AC-403
or equivalent)

Misc—Terminal strip, V47 standofis, nuts, bolts,
wive, solder, etc.

*The following parts can be purchased from
DEMCO, Box 16297, San Antonio, Texas 78216:
reverberation unit, $7; epoxy fiberglass printed
circuit board, $2.50; kit, including reverberation
unit, printed circuit board and all components for
amplifier, except case and external a.c. power
supply, $15.00.

Fig. 4. Bottom view. Reverberation unit (audio delay
line) is shock-mounted and hangs from four small
springs when the chassis is top side up. Chassis
can be mounted under dashboard near the driver.

1967 Spring Edition
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Fig. 5. For use in the home, a 12-volt power source
is needed. If it is not available from existing equip-
er supply.

ment, you can build this full-wave pow

e e

Fig. 6. Foil side of board is shown actual size to help you make your own; however, wiring isn’t critical.
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Since the power amplifier operates
class B, standby or low-level operation
causes little power drain. Only at full
output is the maximum 0.5 to 1.0 ampere
of current required. For use in installa-
tions other than in cars, the a.c. supply
shown in Fig. 3 can be used to power the
amplifier. It is best to build the power
supply in a separate case to avoid hum
pickup.

Construction. To simplify matters, a
printed circuit board is used for the am-
plifier, as shown in Fig. 6. It is shown
actual size in case you decide to make
your own.

Note the lead arrangement for @3 (the
2N3706). If bent properly and installed
as shown, the flat side of the case will
face resistor R12. If you cannot locate
any proper size 0.5-ohm resistors for
R1} and R15, you can make them by
winding 15 inches of #36 magnet wire
on a resistor body and soldering the ends
of the wire to the resistor leads; use
at least a 1000-ohm resistor,

The delay line assembly must be shock-
mounted to prevent car movements and
road bumps from activating the springs.
To do this, suspend the reverberation
unit from the top of the case with four
springs, one in each corner. Allow suffi-
cient clearance between the unit and the
case to prevent contact even when you
hit the brakes hard.

To mount the springs, drill two small
(#60) holes about %” apart for each
spring. Start from the inside of the
chassis and thread the end of the spring
through one of the holes, and then back
through the other hole into the case. Do
not shorten the leads from the rever-
beration unit; they must be long enough
to allow free movement.

Mount the unit in the case, the open
side facing in, as shown in Fig. 4. Dress
all the leads from the unit to extend past
the output end. The output end of the
delay line is the end with the shielded
transducer.

Installation. In automotive installations,
the fader control and switch can be
mounted on a separate panel and located
within easy reach of the driver. The
leads can then be run to the reverbera-
tion amplifier, which can be mounted in
the trunk or other convenient place.

12

Disconnect the speaker from the car
radio’s output transformer and connect
it to the fader control. Then install a
rear-seat speaker and connect it to the
fader control. This will allow you to
select either direct output to both front
and rear speakers, or direct output to
the front speaker and reverberation out-
put to the rear speaker. Of course, if
your car is already equipped with a
fader control and a front and rear
speaker setup, you're that much ahead
of the game—all you need add is the
d.p.d.t. switch (81).

To adjust the amplifier for proper op-
eration, connect it to a 12-volt power
supply. It's a good idea to install a 1-
ampere fuse in the + lead. Measure the
voltage at the collector of @5 (it can
normally range from 4 to 8 volts) and
adjust trimmer resistor R8 to obtain a
6-volt reading. The purpose of this ad-
justment is to obtain symmetrical op-
eration.

After you install the amplifier, tune
in your favorite program—and enjoy
your concert hall on wheels.

Using the Reverb At Home. The rever-
beration amplifier can be used on a
stereo system in your home by feeding a
combined signal to the input transducer.
Only one reverberation system is needed
since there is no such thing as stereo
separation in reflected sounds.

The combined signal can be obtained
by connecting 22- to 47-ohm, 1-watt re-
sistors from the signal lead of each
speaker to the input of the reverb unit.
Start with 47-ohm resistors and reduce
the value if the volume output is insuf-
ficient. But do NOT use the fader (R18)
or the load resistor (R19) in your home
installation—drive the reverb directly
from the combined signal takeoff point.

A wide-range speaker is not required
on the reverb channel since the frequen-
cy response of the reverb channel is about
100 to 5000 hertz. The amplifier in the
diagram will put out more power (to a
4-ohm speaker) if the input voltage is
raised from 12 to 18 volts. The output
would then be about 6 watts.

The author is working on the design
of a new reverb unit using one of the
miniature (?) delay line assemblies, a
project scheduled for spring publication
in POPULAR ELECTRONICS.
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silent sound beam
triggers alarm when disturbed

By DANIEL MEYER

O CAN'T hear it; you can’t see it;

you can’t feel it; you can’t smell if;
and you can't taste it; but you can make
it work far you. It really isn’t mysteri-
ous; it just seems that way. What is
“it”? The beam in the Ultrasonic Omni-
Alarm, an all-purpose, all-sensing, al-
ways-ready alarm system. The system
can ke used as an intruder. alarm,. fire
alarm, or as a counter or controller in
an industrial process or production lime.
It can also be employed to demonstrate
the mse of ultrasonic sound, and should
make a good science project. :

Tke alarm consists.of & transmitter
that broadeasts an inaudible ultrasonic
beam of “sound’” and a receiver on the




same chassis that delects this “sound.”
The “sound” is a 25-kec. note, which is
about 10 kec. above most people’s hearing
range. In many respects the system is
similar to the common light source and
photocell alarm system, but with several

important advantages. The ultrasonic
beam cannot be “fooled” with a flash-
light, nor is it affected by sunlight. Ul-
trasonics works equally well in pitch
darkness and in broad daylight.

Two transducers, one from the trans-

PARTS LIST

C1, C5-—100-1., 15-voll electrolytic capacitor*

C2-—30-1f., 15-volt electrolytic capacitor*

C3, C7, C9, C11—0.05-1f., 50-volt ceramic disc
capacitor®

C4—0.003-1f., 5% polysiyrene capacitor*

C6, C8, C10—0.01-nf., 50-volt ceramic disc
capacitor*

C12,C13, C14—5-1f., 15-volt electrolylic capaci-
tor*

Di, D)2~JN34 germaniuwm diode (or cquiva-
lent )*

D3, D4—50-volt PIV, 750-ma. silicon rectifier

11—Neon pilot light with built-in resistor

NI1—DLrinted-circuit-type d.p.d.t. relay
Electric 206-14P or equivalent)*

K2, K3—Reclay—see text

L1—15- to 25-mh., variable inductor with 10%
tap (DEMCO 3E-027-1)%

M1—0-15 wolt d.c. voltmeter (Lafavette 99 G
5047 or equivalent)

Q1, Q6~—2N3706 transistor (Texas Instruments,
or equivalent }*
2, 03, Q4, Q5—2N3708 transistor (Texas In-
struments, or equivalent)*

R1, R4, R6—470-0hkm, Ys-watt resistor*

R2—47,000-0/m, V5-watt resistor™

R3. R19-4700-0km, V4-watt resistor*

(Price

R5, R18—1000-0lm, V5-walt resistor*

R7, R11, R15—100,000-0hm, V5-wall resistor*

RE&, R16-—10.000-0hm, Y5-watt resistor*

R9, R13—27,000-0hm, Y45-watt resistor*

R10, R14—2200-0/im, Y5-walt resistor*

R12—10,000-0km trismer resistor (CTS X-201
or equivalent)*

R17-—15,000-0hn, Va-watt resistor*

R20—Resistor—see text

S1, S2—Miniature s.p.s.t. toggle switch

SO1—2-prong socket (optional)

f1—Low-voltage transformer: 110- 1o 120-volt
primary; 20-volt CT secondary (Stancor TP-2
or equivalent)

1—Chassis (Bud CU-465 or equivalent)

1—Circuit board (DEMCO #128)%

2—25-ke.ultrasonic transducers (DEMCO E-25 ) *

Misc—Wire, solder, nuts, bolts, connectors,
spacers, etc.

NOTE: Most of the parts listed above are stand-
ard and should be available from your local
dealer. If you have any difficulty in obtaining
them, you can contact DEMCO, Box 16297, San
Antonio, Texas 78216 for the following: a kit
of all the parts marked with an asterisk for $20;
an etched and drilled fiberglass circuit board like
that shown in the photo for $3.50; any of the
parts used—yprice list available from DEMCOQ
on request. :
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r—v—. <
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D
Ri4  Ri63
2.2K 0K
i

23 Fig. 1. One-transistor oscillator, Q1, generates an ultrasonic signhal which is beamed through
the air and back to the receiver, Q2 to Q6. Alarm sounds when beam is interrupted.
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Fig. 2. Actual size photo of conductor side of printed circuit board. Components can be mounted
on any type of chassis, but care should be exercised to prevent stray leakage, or coupling.

mitter and one from the receiver, can be
placed up to 50 feet apart to protect a
large area. Any interruption of the beam
causes an alarm. Even a fire in the area
between the transducers can create
enough air turbulence to set off the sys-
tem.

How It Works. The transmitter por-
tion is nothing more than a single tran-
sistor oscillator circuit (1) which di-
rectly drives the output transducer con-
nected to terminals 4 and B (Fig. 1).
Coil L1 and capacitor C4 make up a re-
sonant tank tuned to 25 kc. Feedback
from the coil to the base of Q1 through
C3 helps sustain the oscillations. Resis-
tor R5 isolates the transducer from the
tuned circuit and prevents variations in
the transducer and its cable capacitance

1967 Spring Edition

from affecting oscillator operation too
much.

The receiver, consisting of transistor
circuits @2 through @6, picks up the sig-
nal from the input transducer, amplifies
it, and energizes relay KI1. Transistors
@3, and Q4 are conventional common
emitter amplifier stages. Potentiometer
R12 acts as a level and sensitivity con-
trol. Transistor @5 is used as an emit-
ter follower and provides the low output
impedance needed to drive the half-wave
voltage-doubler rectifier consisting of
D1, D2, C12 and C13. The resulting d.c.
voltage is used to turn Q6 “on.” Tran-
sistor @6 drives the alarm relay.

The circuit is arranged so that the re-
lay is held in at all times when there is
a signal present. A drop or absence of
signal causes the relay to open, and the

15
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alarm to sound, or a counter to operate,
etc. This is a type of “fail safe’” opera-
tion, in that a defect in the system, pow-
er failure, transducer failure, circuit
failure, etc., will cause the alarm to
sound. The circuit is compromised if the
same power source is used to activate

Fig. 4. By locating the receiver and transmitter
output and input connectors on the rear cover, the
entire package takes on a clean professional look.

the external alarm. However, this con-
dition can be easily remedied, as de-
scribed in the installation instructions.

Switch 82 must be placed in the Reset
position (closed) before the system will

16

Q5

CI2

Fig. 3. No attempt at
ol conserving space is made.
Relatively large open areas
reduce undesirable cou-
pling between transmitter
and receiver. Component
location on the board is
easy to determine, but the
callouts sprinkled around
the photo may give you
ci4 =~ More confidence as you
drop in each part. Be sure
_ to observe polarity of di-

" odes and electrolytics.

CI3

Q6

operate. With the switch in this posi-
tion, the relay will kick in and out every
time the sound beam is on and then
broken. For counting or other activities
requiring self-resetting, the switch should
be left in the Reset position. But for
alarm purposes, the switch should be

Fig. 5. If vibration of hardware in the transmitting
transducer creates an audible sound, carefully open
case and insert small piece of foam plastic.

placed in the Reset position only long
enough for the relay to kick in.

Once the relay is ‘“on,” move the
switch to the Operate position; relay
contacts J and H will continue to com-
plete the relay circuit and hold the relay
“on’” until the beam is interrupted. When
the beam is broken, the relay opens. The
relay will not close even if the beam is
restored, and the alarm will sound con-
tinuously until the switch is manually

ELECTRONIC EXPERIMENTER'S HANDBOOK



TRANSDUCERS

REFLECTING
SURFACE

Fig. 6. To cover a narrow passageway, both trans-
ducers can be mounted on the same wall; for a wider
area, up to 50’, the direct-path technique is used.

placed in the Reset position once again.

Power for the transmitter and receiver
is derived from the 117-volt line, stepped
down by T1, rectified by D& and D4, and
filtered by C1, R6, and C5, and by R1 and
C2. Actually, any 12-volt d.c. supply,
able to deliver about 50 ma. of current
will do. Batteries can also be used.

Construction. Although an etched and
drilled circuit board is available, you can
make your own board, using the actual
size photo (Fig. 2) as a guide, or mount

1967 Spring Edition

the parts in any manner more convenient
for you. Ir you do change the layout,
avoid stray coupling between the trans-
mitter and receiver sections, but in any
event observe polarity of electrolytic
capacitors and diodes.

After all the parts are mounted on the
circuit board, connect wires to points 4
through M. These should be about 8
inches long. Twist together leads 4 and
B; Cand D; E, F and G; K, L and M,;
and J, H and N.

Mount the switches and meter on the
front panel, and the transducer connec-
tors and alarm connector on the back
panel, as shown in the photos. Use
shielded microphone cable and appropri-
ate connectors for the transducers. For
a 50-foot spread, each cable need be
only 25 feet long. A phono plug con-
nects the transducer to the cable. Any
type of cabinet can be used to house the
circuit.

Adjustment. Mount the transducers
about 20 feet apart. Turn the sensitivi-
ty control fully clockwise (viewed from
the knob side) and turn on the power.
Place S2 in the Reset position and ad-
vance gain control R12. As the control
is turned counterclockwise, the meter
reading should increase; and at approxi-
mately 8 volts, the relay should be
heard to click in. If the relay does not
close—or if the reading doesn’t reach 10
volts—at the full counterclockwise posi-
tion of the gain control, the slug in L1
should be adjusted.

Use a nonmetallic alignment tool to
turn the slug about halfway into the
coil form. Now slowly turn the slug out
of the form and watch the meter read-
ing. When the reading reaches 10 volts,
reduce sensitivity and keep adjusting
until a peak or maximum reading is ob-
tained. Turn the alarm off and back on
to be sure that the adjustment is stable.
If the meter reading does not return to
the same place or is zero, tune for the
second highest reading.

If you find that the best transmitter
adjustment causes the transmitting trans-
ducer to make audible sounds, damp the
transducer. The high drive level can
cause the crystal or internal parts of
the transducer to ‘“sing” at an audible
frequency. Carefully open the transducer
case by straightening the crimped edge
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on the back of the transducer to remove
the cover. Then carefully insert a piece
of foam plastic (not rubber) under the
crystal as shown in Fig. 5. The pad
should be approximately 3” square by
%e” thick. Replace the cover and seal
the seam with rubber cement to prevent
the transducer case from rattling.

If everything seems to be in working
order, set the sensitivity control to ob-
tain a 10-volt reading and have some-
one take a walk to break the path be-
tween the transducers. The meter read-
ing should drop to zero and the relay
should drop out.

Installation. You can mount the trans-
ducers for direct or for reflected beam
operation as shown in Fig. 6. Direct-
type operation is more effective over
greater distances. With the reflected-
type setup, both transducers can be
mounted on the same wall to cover hall-
ways and small rooms. Do not use more
cable than necessary for the receiving
transducer; the longer the cable, the
more capacitance it has; and the greater
the capacitance, the greater the loss in
signal to the receiver. If the system is
to be used as an intruder alarm, mount
the transducers high enough and in such
a way that a cat or a dog will not break

_OMNI-ALARM
: : +|l||
H ! L eecc
| OR
2 i l—- LIGHT
~

Fig. 7. Simple alarm circuit can be compromised by
cutting one of the wires. Use of a battery causes
the alarm to sound in the event of a power failure.

the beam and cause a false alarm—un-
less you would like to know about the
uninvited four-legged visitor.

Keep the beam as far away from heat-
ing or air conditioning ducts as pos-
sible. Although this system will tolerate
some air motion, violent or turbulent
motion can set it off. The Omni-Alarm
cannot normally be used outside, espe-
cially in a windy place—the ‘“‘sound”
beam can be blown away enough to
cause the alarm to trip.

Any type of alarm device that can be
activated by a switching action can be

18

connected to the relay contacts. Per-
haps the simplest arrangement is that of
a bell or light connected to points E and
F as shown in Fig. 7. But while this
hookup will work fine, it can be put out
of commission simply by cutting the
wires.

If you want to make the installation
tamperproof, you can enclose the exter-
nal alarm and its circuitry in a locked
steel box, mounted high above ground
level. The alarm will sound if an in-
truder breaks the beam, cuts or shorts
the wires, or if there is a power failure.
Two identical relays are used as shown

Fig. 8. Fail-safe external alarm system will cause
an alert if the wires are cut or shorted, if the
battery is weak, or if the power line should fail.

in Fig. 8. All relays have a higher pull-
in than drop-out current, and you can
take advantage of this characteristic.
Resistor R20, installed in the alarm con-
trol unit, is selected to allow a small cur-
rent to flow through K2 and K3, which
is too small to pull in the relays, but
large enough to hold them in. Set the
alarm and manually close the contacts of
K2. Now, if anyone cuts the wires or
breaks the beam to open K1, K2 will
open and sound the alarm. If someone
shorts the wires, R20 is bypassed and
K2 closes, and sounds the alarm.

If you want to be real “mean,” you can
put a Microswitch in the bottom of the
case. Then the alarm will sound if the
case is picked up. An added safety fea-
ture inherent in this type of circuit
is that the alarm will sound when the
batteries approach their end life.

To obtain pinpoint control in a produc-
tion line setup, you can insert one or
both of the transducers into one end of
a 1”-diameter plastic tube. This reduces
the range. Distances of one to three feet
can be monitored without feedback prob-
lems.

ELECTRONIC EXPERIMENTER'S HANDBOOK
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Time-Signal-ONLY
Recelver

EASILY DUPLICATED
TRANSISTORIZED RECEIVER
IS CRYSTAL-CONTROLLED
ON CHU OR WWYV

By CHARLES CARINGELLA, W&NJV

BUILD a portable time-signal receiver
and you can tune in on standard
time broadcasts from your living room,
picnic table, boat, car, or even from a
private plane. This miniature receiver is
a complete superhet circuit with crystal-
controlled local oscillator, prepackaged
pretuned i.f. module, and transformer-
less audio amplifier. A printed circuit
board makes it easy to build and only a
screwdriver (no test equipment) is need-
ed for alignment!

Standard time signals can be heard in
almost every country in the world. In
the United States, radio stations of the

1967 Spring Edition

National Bureau of Standards (all hav-
ing the call-sign WWV) continuously
tfransmit time signals on a number of
frequencies. Besides accurate time-sig-
nal information, the transmissions also
provide: standard radio frequencies, stan-
dard audio frequencies, standard musical
pitch, standard time intervals, radio
propagation forecasts, and geophysical
alerts. This receiver can be used to moni-
tor WWV on a frequency of 10 MHz or
15 MHz.

You can also use the time-signal re-
ceiver to tune in CHU, Ottawa, Canada,
on a frequency of 7335 kHz, or on 14.670

192



MHz. The CHU time-signal broadcasts
are very popular because of their voice-
time announcements each minufe. A
short tone or ‘“beep” is broadcast each
second.

The model of the WWV-CHU receiver
shown on page 19 (a portable, crystal-
controlled, 8-transistor receiver) can be
built for a little more than thirty dollars.
It has an r.f. amplifier, a mixer, a pre-
aligned J. W. Miller i.f. amplifier, and a
push-pull Class B audio output. Pow-
ered by an ordinary transistor radio bat-
tery, the receiver has a low power con-
sumption and battery life is quite good.

The WWV-CHU receiver is portable
and can be used anywhere. A telescop-
ing, built-in whip antenna can be ex-
tended to 52 inches for increased signal
pickup. The audio stage drives a built-in
speaker. In g noisy environment, or for
private listening, an earphone can be
plugged into the jack provided for that
purpose. Since the receiver is crystal-
controlled, there is no need to tune for
the station.

Sensitivity is excellent, being better
than one microvolt for a S/N ratio of
10 dB, which compares favorably with
the large multi-tube communications re-
ceivers. Although the circuit is fairly
complex, the receiver is easy to build.
There are no coils to be wound since pre-
wound, molded r.f. chokes are used. The
receiver is even easier to align. The only

piece of “‘equipment” needed for align-
ment is a screwdriver.

How It Works. The r.f. front end uses
several new, low-cost, encapsulated, npn
silicon transistors. Transistor Q1 is the
r.f. amplifier, and transistor Q2 is the
mixer. Coils LI and L2 are prewound
iron-core r.f. chokes and are specified as
being either 10 vH or 5.6 pH. If 10-uH
chokes are used, then CHU on 7335 kHz
or WWV on 10 MHz can be tuned. The
5.6-uH chokes will enable the receiver to
be tuned to three time-signal stations:
WWYV on 10 MHz, CHU on 14.670 MHz,
or WWV on 15 MHz. Midget trimmer
capacitors €2 and C6 tune or resonate
the chokes to the respective frequencies.
Transistor @3 is the local oscillator, which
is erystal-controlled and “untuned.” Fun-
damental crystals are used in this cir-
cuit.

The miniature i.f. module eliminates
the need to build a separate i.f. ampli-
fier. Within the module are two transis-
tors, three i.f. 455-kHz transformers, a
crystal diode detector stage, and miscel-
laneous decoupling capacitors.

The volume control is potentiometer
R12. There are no transformers in the
audio amplifier section so that cost and
receiver weight are kept down. The audio
preamplifier is Q4, a pnp germanium tran-
sistor. Transistors @5 and Q6 operate
push-pull Class B in a complementary-
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WHERE OTHERWISE INDICATED)

Copper foil side of homemade printed circuit board should have the outline shown in the 1:1 drawing above.
Holes to pass wire leads are drilled with a #60 drill. All other holes are drilled to the sizes indicated.
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BEFORE MOUNTING TRIMMER
CAPACITORS,CUT AWAY SHADED
PORTION OF SOLDER TAB

o

MOUNTING PINS FOR THE
XTAL ARE SALVAGED FROM
7 OR 9 PIN MINIATURE TUBE
SOCKET,

MAIN BODY OF PINS SHOULD

e
e

ONNAM

MO

TRANSISTOR

BOARD)

The edge-view drawing of
the printed circuit board
shows special preparation
of the C2 and C6 soldering
tabs. Shown in photo at
left is method employed
to obtain socket clips to
hold the crystal. Use an
expendable 9-pin socket.

UNT ALL CAPACITORS

FLUSH TO CIRCUIT BOARD

MOUNT RESISTORS AND
RF COILS VERTICALLY

BACK
COVER

PROTRUDE THRU CIRCUIT
BOARD.BEND SCLDER TABS
90° AND SOLDER BACK
SIDE OF CIRCUIT BOARD
A
4-40 HEX NUTS
(8 REQUIRED TO\
MOUNT CIRCUIT m

4-40 X 3/8" SCREW
(4 REQUIRED TO
MOUNT CIRCUIT BOARD)

PRINTED CIRCUIT BOARD

% MOUNT TRANSISTORS FROM
3/16" TO (74" AWAY FROM
CIRCUIT BOARD

This i.f. amplifier contains two transistors, three i.f. transformers, and
crystal diode detector. Be sure to get the J. W. Miller Model 8902-B spec-
ifiec and not the older-style Mode! 8902 with outboard i.f. transformer.

h—em 1 ~9/16"

le-5/8'%
f | 174" | ' 5
se" Poom booia —{716" e
}<—|~9/|s — ToP 76"
2" 174"—] '4———2"
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i \
t
4 i
5-1/2"
3-5/8" REAR
4 HOLES
NO. 3t DRILL
l 120" DIAY_ !
34"
e Mey, T R e i "_———
| e | BOTTOM me" |
FRONT COVER
{OUTSIDE VIEW) 5 716" [+
. . NO. {8 DRILL
if you purchase an LMB aluminum box No. 139, you can duplicate con- :
struction of the receiver shown on the cover using these dimensions. BACK COVER
{INSIDE VIEW)
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5y symmetry configuration. A 100-ohm
g speaker is fed from the audio output
stage through closed-circuit phone jack
J1. When headphones are plugged into
the phone jack, the speaker is automati-
cally disabled. Any impedance headphone
can be used. The audio output stage de-

livers over 50 milliwatts of power.

Construction. The entire time-signal
receiver circuit is constructed on a
printed circuit board measuring only
3%” x 21" in size. A glass epoxy cir-
cuit board, etched and drilled, is available
from the author (see Parts List).

Component mounting should follow
that shown in the photo at left. All
resistors are mounted vertically and all
capacitors mounted as close to the printed
circuit board as possible. Prior to mount-
ing the miniature trimmer capacitors, C2
and C6, cut the soldering tabs as shown
on page 21.

Space limitations will not permit the
use of a crystal socket on the printed
circuit board. Instead, two socket pins
salvaged from a 7- or 9-pin tube socket
are soldered directly to the board. Once

P [o]
e these have been soldered in place, also
Tk &% as shown on page 21, they serve as the
| = .33 “socket” for the crystal.
=3 All of the transistors should be
% =F mounted approximately %4” away from
-_ 3 the circuit board. Carefully observe cor-
gm. : ._ggg rect placement of the “flat” side of tran-
T . " sistors @1, @2 and @3. As usual in sold-

ering transistors, keep the heat applied
to the leads to a minimum, but consistent
with a good connection.

The connecting leads to the circuit
board (from BI, J1, R12 and 81) should
be approximately 2” long. These will be
cut to the proper length once the circuit
board has been installed in the chassis
box. The speaker mounts directly on the
printed circuit board where the holes are
provided—it isg installed last. Two 4-40
screws secure the speaker to the printed
circuit board.

Prepare the metal box by drilling the
holes in the back cover and making the
2” cutout in the front cover (see draw-
ing on p. 21). Cement a 2%” x 2%” piece
of perforated sheet aluminum in back of
the 27 cutout. Use epoxy cement for this
step. If you wish, you can paint the per-
forated sheet before cementing it in
£z place.

se
ECIE
2e

e

MILLER 8902-8
(TOP VIEW)
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PARTS LIST

B1—9-volt battery

C1, C4, C9, C14, C15—270-pF, 500-volt, dipped
silver mica capacitor

C2, C6——3-35 pF, miniature trimmer capacitor
(similar to Arco 403)

C3, C8—15-pF, 500-volt, dipped silver mica
capacitor

C5, C7, C10, C12—0.02-uF, 75-volt miniature
ceramic capacitor (similar to Lafayette 33 R
6906)

C11—S5-pF, 500-volt, dipped silver mica capacitor

C13—56-pF, 500-volt, dipped silver mice capac-

itor

C16, C19—100-uF, 12-volt, miniature printed
circuit electrolytic capacitor (similar to Lefa-
yette 99 R 6086)

C17—0.1-uF, 75-volt, miniature ceramic capaci-
tor (similar to Lafayette 33 R 6908)

C18—2.0-uF, G-volt, miniature printed circuit
electrolytic capacitor (similar to Lafayette
99 R 6070)

J1—DMiniature closed-circuit phone jack

L1, L2—10.0-pH miniature iron core v.f. choke
(similar to J.W. Miller 9310-36) or 5.6-uH
miniature iron core r.f. choke (similar to J.W.
Miller 9310-30); to tune 7-10 MHz, use the
10.0-uH chokes, and to tune 10-15 MHz, use
the 5.6-uH r.f. chokes

Q1, Q2—Npn low-cost silicon r.f. transistor
(similar to Texas Instruments TI408, Semi-
tronics T-33, etc.)

Q3—Npn low-cost silicon r.f. transistor ( similar
to T)exa& Instruments T1409, Semitronics T-33,
etc.

04, Q5—2N 1307 germanium pnp transistor

Q6—2N 1306 germanium npn transistor

R1, R5, R16—2700-0hm, Ys-watt resistor

R2—12,000-0km, Y5-watt resistor

R3, R7—1000-0hm, Y5-watt resistor

R4, R8, R13—330-0hm, Ys-watt resistor

R6—15,000-0hm, Y5-watt resistor

R9, R10—22,000-0km, V5-watt resistor

R11—2000-0km, Ys-watt resistor

R12—5000-0hm  potentiometer with s.p.s.t.
switch, 347-diameter (similar to Lajayette
32 R 7363)

R14—150,000-0hm, Ys-watt resistor

R15-—4700-0km, Ys-watt resistor

R17—270-0hm, Y4-watt resistor

S1—S8.p.s.t. switch (on R12)

SPKR-—2Y;"-diameter PM speaker (similar to
Quam 22A06Z100 for exact mounting on
printed circuit board)

XTAL—Fundamenial frequency crystal, 0.01%
tolerance, with HC/6U holder (similar to
International Crystal Type FA-5); use 7790.0
kHz to receive CHU on 7335 kHz ($3.30);
use 9545.0 kHz to receive WWV on 10.0 MHz
($3.30); use 14,215 EHz to receive CHU on
14,670 kHz (34.40); use 14,545 kHz to re-
ceive WWV on 15,000 kHz ($4.40); any
crystal available from International Crystal,
18 N. Lee, Oklahoma City, Okla. 73102 plus
postage

L.F, AMP.—Subminiature, 2-transistor i.f. pack-
age (must be J.W., Miller 8902-B)

1—Printed circuit board (available from author
with mounting hardware for $2.50 postpaid)

1—5%" % 3" 1%4” aluminum box (similar to
LMB 139)

I1—Telescoping antenna; 52” fully extended, 574"
retracted; 8-32 stud at bottom (similar to
Lafayette 99 R 3008)

1—Steatite cone insulator (similar to E.F. John-
son 135-501)

Misc—345" rubber grommet, battery clip, plastic
knob for R12, wire, solder, etc.

*To assist in building the WWV-CHU receiver,
the author has available a complete kit of parts
containing the printed circuit board, i.f, strip, one
crystal (your choice of frequency), and a painted
cabinet for $33.50, postpaid. Write to Caringella
Electronics, P.O. Box 327, Upland, Calif, 91786.
California residents should add 49 sales tax.
Wired and tested units are $49.50.

Mount the telescoping whip antenna
through a %” rubber grommet in the
hole in the top of the back cover. The
bottom of the whip is held by a steatite
insulator. The solder lug, provided with
the antenna, should be installed between
the bottom of the antenna and the top
of the insulator. Next, install the volume
control, 12, and the phone jack, J1.

The completed -circuit board, with
speaker installed, is mounted last. If you
follow the layout provided in the draw-
ings, the speaker will automatically line
up directly behind the 21" opening when
the front cover is installed.

Place a solder lug under the 4-40 nut
in the lower left-hand corner of the cir-
cuit board. The solder lug will thus
serve as the ground point for the nega-
tive lead of the battery. Run the bat-
tery’s positive lead along the underside
of the circuit board and solder the end
to switch S7.

24

Alignment and Operation. The com-
pleted receiver can be aligned with an
“on the air” signal from WWYV or CHU.
Since the receiver’s local oscillator is
crystal-controlled, there is no need to
“hunt” for the station.

Assuming propagation conditions will
permit reception of the desired station
at the time you select (see box entitled
“Time Signal Broadcasts”), simply tune
C2 and C6 for maximum station volume
or background noise. Also, a slight
“tweaking” of the input transformer in
the i.f. strip might be necessary. A hole
in the top of the i.f. module enclosure al-
lows access to the input transformer tun-
ing slug.

In most cases, the built-in antennsa is
all that is needed. However, it is possi-
ble to improve reception with a “long
wire” antenna. An external antenna can
be clipped to the top of the whip. The

(Continued on page 148)
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UNLIKE the proverbial “tempest in a

teapot,” this solid-state phonograph
amplifier really kicks up a storm. Fea-
turing push-pull output amplification for
more power, less distortion, and truer
fidelity, the unit has been designed to
satisfy the need for an inexpensive,
easy-to-build phonograph amplifier that
will operate satisfactorily with most
high-level, low-cost ceramic or crystal
cartridges.

Whether you’d like to update that old
discarded record player or assemble a
new one around the solid-state ampli-
fier design, this four-transistor unit is
sure to please all but the most discrimi-
nating listener.
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LOW-COST, INSTANT-PLAY
TRANSISTORIZED
PHONOGRAPH AMPLIFIER
IS IDEAL

REPLACEMENT FOR OLDER
TUBE TYPES

By LOUIS E. GARNER, IR.
25



Featuring a high-impedance input,
the phono amplifier works fine
with any high level (1-2 wvolt)
ceramic or crystal pickup car-
tridge. Best results are usually
obtained with a 16-ohm speaker,
but an 8.ohm speaker will do.
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How It Works. The amplifier input
from a phono cartridge is applied to the
base of emitter follower @1 (as shown
in the schematic diagram, above)
through volume control RI, limiter re-
sistor R2, and coupling capacitor C1.
With @1 serving as an impedance-match-
ing device, this transistor provides a
high input impedance to the source and
a low output impedance to driver Q2.

Transistor @QI's output, developed
across R, is applied to the base of Q2
through C3. Bias for this stage is pro-
vided through R3. The output of Q2 is
then direct-coupled to push-pull ampli-
fiers @3 and Q4. The R7-R8 divider
combination, together with R9 and (5,
provide a compensated base bias for Q2.

A common output from the push-pull
amplifiers is developed across emitter
resistors RI7 and RI8 and coupled
through C9 to the speaker voice coil.
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Resistors R12, R13, and R1}, together
with C8, provide the base bias voltage
for @3 and Q}.

A special type of feedback equaliza-
tion network in the tone control circuit
provides low-frequency roll-off compen-
sation whenever the volume control is
turned up fully. The network compon-
ents consist of C4, R5, R10, C6, R15, C7,
R11 and R17. Potentiometer R16 is the
tone control. The main advantage of
this equalization arrangement is that it
improves tonal quality without introduc-
ing excessive losses. The amplifier can
be powered directly by a 12-volt battery.
However, since the attached record
changer will usually be a.c.-operated, it
will be advantageous to employ either
a 12-volt filament transformer, or make
a direct connection to the 12-volt auxili-
ary winding on the phonograph motor.

Diode D1 and capacitor C10 provide a
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PARTS LIST

C1—0.02-uF, 50-volt disc ceramic capacitor

C2, C5, C8, C9—100-pF, 15-volt clectrolytic
capacitor

C3—50-pF, 15-volt electrolytic capacitor

C4—390-pF disc or tubular ceramic capacitor

C6—470-pF disc or tubular ceramic capacitor

C7—4.7-pF disc or tubular ceramic capacitor

C10—500-uF, 25-volt electrolytic cepacitor

D1—50-volt PIV diode (RCA 1N3734 or equiva-
lent)

QI1—RCA 40395 transistor

Q2—RCA 40234 transistor

Q3—RCA 40396N transistor (see text)

Q4—RCA 40396P transistor ( see text)

R1—2-megohm potentiometer, audio
taper (with s.p.s.t. switch S1)

R2—180,000-0km resistor

R3—1-megohm resistor

R4, R6—1000-0km resistor

R5—1.8-megolim resistor

R7, R9—1500-0hm resistor

R8—330-0hm resistor

R10, R15—270,000-0hm resistor >1'c:i:{:)41'l:l
R11—22,000-0kim resistor v watt

R12, R13—220-0fim resistor
R14—18-0lim resistor
R16—3-megohm potentiometer,
audio taper
R17, R18—1-0km resistor J
S1—S8.p.s.t. switch (on R1)
1—314" x 234" x 3" (approx.) L-shaped alu-
minum chassis/panel
2—Heat sink clips (RCA SA2100)
Misc.—Knobs (2); ¥"-long standofi spacers
(4); screws, nuts, lock washers, salder, etc.

NOTE: A complete kit of parts, including an
etched circuit board, is available from DEMCO,
219 W. Rhapsody, San Antonio, Texas 78216,
for $9.50 postpaid

rectified d.c. output to operate the unit.
For battery-powered motors, or when
you want to use a battery supply for
the amplifier, DI serves to protect the
circuit from an accidental battery polar-
ity reversal.

Construction. The amplifier can be as-
sembled on the 3%” x 23" x 3” L-
shaped aluminum chassis, or on any
other convenient-sized chassis. If you
are doing a conversion job, investigate
the possibility of using the existing
chassis; in most cases, it will be quite
adequate. You may even be able to
use your old volume and tone controls—
if these are of the proper resistance.
But bear in mind that a metal chassis
must be used to provide adequate heat-
sinking for output transistors @3 and
Q4. These transistors (RCA 40396N
and 40396P) are matched pairs, and
must be purchased as such.

It is far more convenient to mount
the components on a printed -circuit
board or simply on a perforated phenolic
board than to wire them directly to the
chagsis. The size board required will
be determined essentially by available
spacing, but a 3”7 x 3” board is usually
suitable. If you prefer to use a printed
circuit board, or want to work from a
kit, these are available from DEMCO
(see Parts List).

03
{UNDERNEAT!
RIT

R9
RI8

RIS

Except for Q3 and Q4, which are
mounted underneath the circuit
board, all components are visible.

1967 Spring Edition

27



It is recommended that the builder
emnploy point-to-point wiring on the
phenolic circuit board because of the
simplicity of the circuit. Besides, you
will get a greater feeling of accomplish-
ment when the job is completed.

Transistors @3 and Q4 are mounted
directly on the chassis in any conveni-
ent location.. The other transistors, Q@1
and @2, can be mounted on the circuit
board. As shown in the illustrations,
both the volume and tone controls are
panel-mounted.

The circuit board is mounted on spac-
ers as shown, although this arrange-
ment can be varied to suit any preferred
installation. Connect the external wires
from the pickup cartridge to the un-

L STANDOFF | |
L (4)

Transistors Q3 and Q4 can be inserted in smali
metal cable clamps and installed underneath the
standoffs used to support the printed circuit board.
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Actual size photos show foil side (left)
and component side (below) of printed
circuit board that can be used instead
of point-to-point wiring. A packaged
kit is also available (see Parts List).
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grounded side of the volume control,
and connect the ground shield to a good
chassis ground. (Cartridges such as the
Sonotone 2TA-S and Astatic 70-TS, 74-
TS or 76-TSB can be used.) Connect the
loudspeaker voice coil to the “C” and
“E"” terminals (see schematic).

If an auxiliary motor winding or a
filament transformer is used as a power
source, connect one lead of the 12.6-
volt winding to diode D1’s anode, and
the other lead to ground. If a battery is
being used instead, connect the positive
lead through a s.p.s.t. switch installed
on the volume control (RI1I) to the
anode terminal of DI. In this case,
motor power is controlled by a separate
switch.

After double-checking your work, ap-
ply power—and enjoy good listening.—30~
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HETHER YOU'RE an amateur ich-

thyologist or just a fellow with a
few tropical fish, you'll want to build
this transistorized thermistor-controlled
aquarium heater, and get rid of that
annoying radio interference that your
present bimetallic thermostat produces.
What's more, you'll be able to maintain
precise temperature control to within
+ 0.5-degree of setting.

When equipped with a standard 75-
watt submersible heater, the unit will
operate satisfactorily in small tanks—
up to 20 gallons—and maintain the de-
sired tank temperature within a differ-
ential of up to 10 degrees F above am-
bient. For larger aquariums, or where
greater temperature differentials exist,
a larger heater can be employed or a
full-wave rectifier substituted for the
single rectifying diode used.

How It Works. As shown in Fig. 1,
@1 functions as part of the sensing cir-
cuit while @2 acts as a triggering device
to turn on SCR1. Thermistor TH1 and
R1 form a voltage divider that provides
a variable base bias for @QI. Potenti-
ometer R3 in Q1's emitter establishes
the operating range of the transistor,
and thus serves as the temperature con-
trol adjustment.

In operation, if the tank temperature
is below normal, the relatively large
voltage drop across TH1-—due to its

1967 Spring Edition

STATIC-F!
AQUARIUM
HEATER

NO MORE RADIO INTERFERENCE

{13
RIZED

THERMISTOR-CONTROLLED
SOLID-STATE DESIGN EMPLOYS

NOISELESS SCR SWITCHING

By A. E. DONKIN, W2EMF

high resistance at low temperatures—
places a high reverse base bias on @1,
cutting off the transistor.

With @1 at cutoff, the forward bias
developed across R4 drives @2 in a high
state of conduction and the zener or
avalanche breakdown voltage of D1 is
exceeded. Thus, the emitter voltage
across RS is applied to the gate of
SCR1 to turn on the device which ener-
gizes the heater in its anode circuit.

As the water temperature increases,
causing the thermistor resistance to go
down, @1 becomes forward-biased and
conducts. The output at the collector
overcomes Q2's forward base bias, and
this transistor is driven into cutoff. This
turns off SCRI1 and the heater ig de-
energized.

Diode D2 is a voltage regulator that
maintains the d.c. at the cathode of
rectifier D3 at a constant 18-volt level.
Neon lamp I1, in series with R7, is a
test device used during initial adjust-
ment of the unit.

Construction. To assure maximum
operating safety, the thermostat’s elec-
tronic circuitry is housed in a plastic
freezer container rather than in a metal-
lic box. Begin construction by prepar-
ing the aluminum panel shown in Fig.
2. It is made from a 1%” x 2%” by
14¢”-thick aluminum plate laid out and
drilled to the dimensions given, and
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Fig. 1. Water temperature is constantly monitored
by thermistor TH1, which controls the bias on Q1.
Heater is turned on by the SCR when Q2 conducts.
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then made into an L-shaped bracket.
Not shown are two small holes that
must be drilled to mount the bracket.

Secure the bracket to the circuit board
(see Fig. 3) using two 6-32 x 34” screws
inserted from the bracket side of the
board through two 3”-0.d. x ¥”-long
standoffs and nuts. Do not install the
remaining two standoffs at this time.

Mount the fuse holder where shown,
then install and wire up the remaining
parts. In the model shown here resis-
tor R6 consists of three 10,000-ohm, 2-
watt resistors in parallel. This com-
bination was used for no other reason
than the fact that they were readily
available. However, it is more conveni-
ent to use a single 3300-ohm, 4-watt
resistor instead.

Also, if desired, @1 and Q2 may be
wired directly into the circuit, eliminat-
ing the transistor sockets. Be sure to
use a low-wattage iron when soldering
transistors and diodes, and avoid over-
heating these devices. And be sure to
observe diode polarities.

When installing the SCR mounting
kit, apply a little silicon grease between
the aluminum panel and the mica washer
to improve heat conduction. The therm-
istor must be mounted in a glass tube
and the wires run through a small plas-
tic air hose that you can get from an
aquarium supply store. To seal the
thermistor glass tube at one end, use a
Bernz-O-Matic type torch to heat the
tube until it is red-hot, and then draw
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PARTS LIST

C1—0.01-uF, 150-volt ceramic disc capacitor

D1—Z4XL6.2 silicon zener diode (GE)

D2—Z4XL18 silicon zener diode (GE)

D3—1N3755 silicon diode (RCA)

F1—3-ampere fuse (and fuse holder)

11—NE-2 neon lamp

Q1, Q2—2N697 transistor

R1—75,000-0hm, YVs-watt resistor

R2—1000-0hm, V4-wait resistor

R3—1000-0km, Y-watt miniature molded com-
position potentiometer

R4—10,000-0km, V5-watt resistor

R5—470-0km, ¥5-watt resistor

R6—3300-0hm, 4-watt resistor

R7—56,000-0hm, Vs-watt resistor

SCR1—2N3228 silicon-controlled rectifier

TH1—Thermistor (Veco 5141 from Newark
Electronics, or Fenwal Electronics EMC4 from
Allied Radio)

1—75-watt submersible aquarium heater

1—3%" x 3" x 234" plastic freezer container with
cover

1—=2" 5 7" piece of 14”-thick plexiglass

1—234" x 234" perforated phenolic board

1—1%" x 254" piece of 1/16"-thick aluminum plate

6—%"-i.d. x 1,”-long standoffs

Misc.—6-32 x 1"-long screws with four flat washers
and nuts (2); small plastic clamps (3); 6-32 x 34”-
long screws with nuts (4)
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Fig. 2. Mounting bracket is made from 1/16"-thick

aluminum plate cut to dimensions given. It acts
as a heat sink for SCR1 and as a support for R3.
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CLAMP

Fig. 4. Mount formed plexiglass on plastic container
cover using standoff supports and screws indicated.
Use a flat washer on either side of the cover to
prevent premature rupture of the plastic. Therm-
istor glass tube shield is secured under clamp.

PLASTIC

WAVE

FULL-
RECTIFIER MODULE

Fig. 5. A fullwave bridge rectifier in the line
circuit causes the SCR to conduct on both half
cycles, resulting in a doubling of the heater power.
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Fig. 3. Pictori-
al of the therm-
istor-controlled
heater circuit shows
location and wiring of

all components. After
assembly, the thermistor
is inserted in glass tube

=N clamped to plexiglass bracket.
~—{STANDOFF(4)

©

out the glass so that it seals itself. If
you want to round off the sealed end
of the tube, simply heat the énd some
more. '

Testing. After carefully checking out
your wiring, give the circuit a dry run—
outside of the aquarium. Plug in the
unit and adjust temperature control po-
tentiometer R3 until the neon light
comes on, indicating that the heater is
working.

Now place the thermistor glass tube in
the palm of your hand and squeeze the
tube gently to -apply a -little heat.' If
the light goes out, the indication is
that all is working well. If the light
stays on, try readjusting R3 slightly
until it goes out.

Caution: Do not operate the heater
out of water for any extended period of

(Continued on page 145)
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DWELL METER ADAPTER

Use your voltmeter
to adjust your ignition points
with precision

By DAVID H. BOZARTH

TO OBTAIN the hottest possible spark

under most operating conditions in a
conventional ignition system, the dwell
angle of the ignition points should be
adjusted in accordance with the manu-
facturer’s specifications in most cases.
If the need for a dwell meter does not
justify the cost of purchasing one, you
can build this voltmeter adapter to en-
able your meter to read out dwell angle.
By using parts from the surplus market,
you should be able to hold the total cost
below $2.00.

Construction is straightforward and—
except for observing polarity—assembly,
wiring, and parts layout are not criti-
cal. The adapter can be made to plug
directly into a voltmeter as shown, or
be connected to the voltmeter with a
pair of leads. The meter “averages’ the
pulses and gives a voltage reading which
is essentially proportional to the percent
of time the points are closed. This per-
centage may be related to degrees by
use of the dwell angle conversion chart
on page 147.

L
S i

S -
3

All parts, including banana plugs, are mounted on a
piece of fiberboard shaped to conform to the meter.

Only two leads are needed to complete hookup to
points.

positive side of battery and ignition
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To calibrate the adapter, attach lead
B to the negative side of the battery
and adjust R2 to obtain a full-scale read-
ing on the meter. Use the 5-volt d.c.
scale if your meter has one, otherwise
the nearest one to it but below the 6.8-
volt limit imposed by the zener diode.
A full-scale reading would then be an
indication of essentially 1009 dwell
time (points always closed).

To use the adapter, remove lead B
from the battery and attach it to the
terminal on the distributor going to the
primary winding of the ignition coil. (It

- may be easier to attach the lead to the

coil.) On an 8-cylinder engine, for ex-
ample, if you obtain a 3-volt reading on
a 95-volt scale, simply multiply 3 volts
by 9 (9° per volt) and you’ll arrive at a
dwell-angle indication of 27°.
(Continued on page 147)

Connect both leads to the battery
and adjust R2 for full-scale reading.
Meter face can be calibrated directly
or dwell angle determined from chart.
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Exclusive with

EXCLUSIVE WITH RCA. “AUTOTEXT,” developed by RCA
and introduced by RCA Institutes, Inc., is a system of
programmed instruction, accurately planned so that as
you read a series of statements, questions, and answers,
you learn almost without realizing it! It's fast! It's easy!
It's fun!

NEW TREND IN EDUCATION! Programmed instruction
has been proved with thousands of students. People who
have had trouble with conventional home training meth-
ods in the past can now master the fundamentals of
electronics almost automatically!

PROVE IT TO YOURSELF NOW! An interest or inclination
in electronics is all you need. RCA “AUTOTEXT" will help
you do the rest. And the future is unlimited; the jobs are
available! The important thing is to get started now!

COMPLETE COURSE AVAILABLE. RCA Institutes now
offers you a complete Home Training Course (“Introduc-
tion to Electronics’’) using the “AUTOTEXT' method. You
get a complete set of theory lessons, service practice
lessons, experiment lessons, and alli the kits you need.
You'll learn faster with less effort!

ATTENTION VETERANS!

All RCA Institutes Courses
available under new G.I. Bill

COMPLETE SELECTION
OF HOME TRAINING COURSES

® Communications

] ® TV Servicing
Electronics

(with new transistorized
TV Receiver Kit)

® Color TV Servicing
® Transistors

® FCC License Preparation
® Mobile Communications

® Automation Electronics j
® Electronics Fundamentals

® Automatic Controls .
u ® Electronics Fundamentals

# Industrial Applications (in Spanish)
® Nuclear Instrumentation @ Computer Programming
® Digital Techniques ® Drafting

® LIBERAL TUITION PLAN
FOR ALL HOME TRAINING COURSES

This plan affords you the most economical possible
method of home study training. You pay for lessons only
as you order them. If, for any reason you wish to inter.
rupt your training, you can do so and not owe one cent.
No other obligations! No installment payments required.

® YOU GET PRIME QUALITY EQUIPMENT

All kits furnished with home training courses are com.
plete in every respect and the equipment is top grade.
You keep all the equipment furnished to you for actual
use on the job, and you never have to take apart one
piece to build another!

Licensed by the New York State Department of Education.

Classroom Training Available in New York City, and Cherry Hill (near Camden) New Jersey.

Send postcard for free illustrated book today! Specify home training or classroom training!

Dept.
RCA INSTITUTES, INC., E&27

A Service of Radio Corporation of America
350 West 4th St., New York, N.Y. 10014

THE MOST TRUSTED NAME IN ELECTRONICS

CIRCLE NO. 19 ON READER SERVICE CARD
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SOLID-STATE TACHOMETER for CD

By MURRAY GELLMAN
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BSENCE of inductive kick across the
ignition points in a capacitor dis-
charge (CD) or transistor ignition
system prevents many commercially
available tachometers from operating
properly. Some of these tachs use a
vibrator type of chopper and batteries;
others use diodes and transistors which
are not fast enough to give a true rpm
indication. Still others, especially those
with inductive input components, tend to
load down the ignition system, depriving
it of a significant amount of high volt-
age. Here's a tach that requires very
few parts and no batteries, is easy to
build, and won't steal any high voltage
from your spark plugs.

The entire works including the meter
can be put into one package, or as is
commonly done, divided into two units—
the meter, as one unit, acting as a re-
ceiver, and the other components in an-
other unit acting as a sender. The
receiver can be mounted on the dash or
steering column within view of the driv-
er; the sending unit can be located in
any convenient place, including the en-
gine compartment—but keep it away
from the hot engine.

How 1t Works. In a negative-ground
CD or transistor ignition system, the
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battery voltage appears across the points
as a positive-going rectangular pulse
when the points open and close. The
pulse is applied across DI and R1. Zener
diode D1, a 1N3017, limits the pulse peak
applied across the remainder of the cir-
cuit to 7.5 volts. Since this is well below
the lowest battery voltage in a 12-volt
system, the meter readings will not wan-
der with fluctuating battery voltage.

Capacitor C'1 takes on a charge through
the meter and resistors R2 and R3 and
through D3 when the points are open and
the battery voltage is across the points.
If the points were to remain open all
the time, C! would charge up at a de-
creasing rate until it was essentially
fully charged. Current through the me-
ter would fall off accordingly. Initially
the meter needle would start out very
high on the scale and fall off to practi-
cally zero, if the needle could respond
fast enough. But the engine doesn’t
stand still and the points keep opening
and closing.

When the points close, C1 discharges
through D2, the closed points, and RI,
and is ready to take on the next surge
of current when the points open again.
If D2 and D3 respond fast enough, then
the average current through the meter
will depend more upon the number of

ELECTRONIC EXPERIMENTER'S HANDBOOK
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pulses in a given time (frequency) than
upon the width or shape of the pulse.
The faster the circuit responds, the
greater its ability to ‘“track” the lead-
ing edge of the pulse.

Another benefit of this type of cur-
rent monitoring is that the dwell time
of the ignition points becomes less of an
error factor and the meter reading takes
on another dimension of accuracy to
more perfectly reflect engine rpm. The
trick then is to use a pair of diodes that
have a high-speed switching action char-
acteristic.

Since we have minimized—if not elimi-

nated—pulse amplitude, pulse width, and
pulse shape as meter-response factors,
and have ‘“forced” the meter to respond
to the leading edge of the pulse, this cir-
cuit can be relied upon for extremely
accurate readings, and to surpass many
commercially available products. As the
meter readings are directly proportional
to the pulse frequency and since pulse
frequency is in direct proportion to en-
gine rpm, the meter can be calibrated
to read out rpm.

Resistors B2 and R3 are used to cali-
brate the meter. Resistor Rj} is optional
and need not be installed, unless you in-
tend to monitor the waveform across
the points with a scope. Not shown is
a 0.005-uf. capacitor which can be put
across B2 to act as an rf. bypass to
prevent the tach from causing radio in-
terference.

Construction. All parts except the
meter are enclosed in a 2%” x 47 x 21”
box. Two small L-brackets are attached
to the sides of the box to facilitate
mounting. Parts layout is not critical,
and a larger or smaller box can be used
if desired.

The size of the meter does not matter,
either, but the meter movement should
be 0-1 ma. for a 10,000-rpm full-scale
reading, or 0-500 pa. to obtain full-scale
deflection at 5000 rpm. You could then
use the existing scale and multiply by
1000 to determine rpm. (A reading of

Current through the meter
is a function of puise fre-
quency; pulse frequency 5
is a function of engine POINTS
rpm, Fast-acting diodes

(SD-2) enable the circuit

to respond to the leading

edge of the pulses to min- GROUND

imize significance of pulse
shape and width. Zener di-
ode D1 regulates voltage
peaks to make the read-
ings independent of bat-
tery voltage fluctuations.

Rl R3
1000 2700 |,
VWA —7.
+
R2 M
000 ’*'—l 0-fma.
ALY
r/
*SEE TEXT
TOP VIEW
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3.5 ma. would indicate 3500 rpm.) When
other commercial rpm meters are used,
R3 may have to be jumped, as some of
them incorporate 0-2 ma. movements.
Regardless of scale markings or meter
movements used, you should calibrate
the tach before you install it in your car.
Diodes D2 and D3 are fast-acting ava-
lanche types, and are available in matched
pairs to within 5% for forward conduc-
tion, rise time, and linearity. (See Parts
List.) These diodes (Module SD-2) are
encapsulated in a compound to keep them

PARTS LIST

B1—12-volt battery

Cl—1-pf., 100-volt capacitor (for G6-volt sys-
tems or 2-cycle engines, use 2 uf.)

C2—2-uF, 100-volt capacitor

D1—1N3017 zener diode (for 6-volt systems,
use ¢ 1N3824)

D2, D3—SYDMUR SD-2 module* (1NG645 or
equivalent)

D4—1N91 diode

D35, D6-—1N34 diode or equivalent

M1—0-1 ma. meter Jor direct calibration to
10,000 rpm (for 5000-rpm maximum reading,
use 0-500 pa. meter)

Q1—2N173 transistor

R1—100-0hm, 1-watt resistor

R2—100-0hm carbon, lock-shaft potentiometer

R3—270-0hm, Vo-watt resistor

R4—100-0hm, Vs-watt resistor

R5—150-0hm, 2-watt vesistor (use 47-ohm, 2-
watt resistor for capacitor-discharge ignition
systems)

R6—6800-0hm, 1-watt resistor

S1, S2—S.p.5.t. switch

Ti1—Low-voltage rectifier transformer; 117-volt
primary, 24-volt center-tapped secondary

124" x 4" x 234" box ( Premier PMC 1003, or

equivalent)

Misc.—Terminal strips (2), L brackets (2),
machine screws and nuts, wire, efc.

*Available from SYDMUR, P.O. Box 254, Mid-

wood Station, Brooklyn, N.Y., for $3.50.

both at the same temperature. Maximum
variation in the rpm reading due to tem-
perature change is less than 1%. You
can substitute other fast acting diodes
for this purpose, such as 1N645, but you
are more likely to do better with the
SD-2 module. By all means observe po-

FRONT

x

[¢]
o

1-15/16'"" 7/16
————————————— ——— —— e e m m—— —1
BOTTOM
L 1-1/8" 1-3/8" 1-3/8"—
o = *s_.

718"
o e}
BACK

HOLE[DRILL [ SCREW
* | #32 | as40
* /4"

* |#26 | 6/32

Location and size of holes may vary for different
style of terminal strip. It's a good idea to fay out
all parts before drilling any holes in the box.

Fast-

Parts layout of sending unit is not crltlcal
acting diodes are encapsulated to keep them both at
the same operating temperature for minimum error.
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Either a signal genera-
tor or a power supply
having a 60- and 120-
hertz ripple can be used
to calibrate the tachom-
eter. The transistor cir-
cuit is used to obtain
square waves from the
sinusoidal  waveforms.

SIGNAL
GENERATORQF\JD

GROUND

Q1
2Ni73

TO
CONNECTIONS
ON
TACHOMETER

D

117VAC

IN34

larity of the diodes and the external
connection to the distributor.

Potentiometer R2 is a locking-shaft
type to prevent adjustment drift due to
vibration.

Calibration. The tach can be cali-
brated with an audio oscillator having
at least a 10-volt r.m.s. output. You can
take advantage of the 60- or 120-hertz
pulses developed in an ordinary half-
wave and full-wave rectifier circuit as
shown in the diagram. When 82 is open,
the output frequency is 60 hertz; and
when it is closed, the output pulses oc-
cur at 120 hertz. In order to obtain a
rectangular pulse which more nearly re-
sembles the pulse from the distributor,
you can feed the test signal from the
generator or the rectifier circuit through
the wave squarer made up of @I, Dj,

POINTS

To determine the significance of test
signal frequency, consider an 8-cylinder,
4-cycle automobile engine. There are four
power strokes, four sparks, and four
pulses every revolution. At 900 rpm,
there would be 3600 pulses per minute
or 60 pulses per second. Therefore, a
test signal of 60 hertz is equivalent to
900 rpm. By the same token, a test sig-
nal of 120 hertz simulates 1800 rpm.

For maximum meter accuracy, select a
check point as close as possible to the
engine speeds you are most likely to at-
tain most of the time. Since circuit ac-
tion is essentially linear, all you need is
a single test point. Refer to the cali-
bration and conversion chart to find out
what test signals you can use for 4-, 6-,
and 8-cylinder, 2- and 4-cycle engines.

Special Considerations. For 2-cycle en-
gines, capacitor C1 should be a 2-uf.
unit. For 6-volt ignition systems, DI
should be a 1N3824 zener diode (4.3
volts), R1 a 39-ohm, 1-watt resistor, and
C1 a 2-pf. capacitor. For positive ground
systems, simply reverse the leads going
to the distributor from the tachometer.

B1 and R5. Happy motoring.
CALIBRATION AND CONVERSION DATA CHART
K I fK (4-cycle engine) — rpm R3
CHlimdsns 2-cycle 4-cycle l 60 hertz ‘ 120 hertz 200 hertz (approx.
engine engine (rpm) (rpm) (rpm) ohms)
4 15 30 1800 3600 6000 47
() 10 20 1200 2400 4000 150
8 7.5 15 900 1800 3000 240
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BUILD A

HANDFUL OF POWER

A NEW generation of pre-packaged full-

wave bridge rectifiers for a.c.-oper-
ated low-voltage d.c. power supplies has
recently appeared on the horizon. Made
of matched diffused-junction silicon rec-
tifiers encased in epoxy, these units can
be used with any filament transformer
to provide a ‘“handful” of d.c. power for
operating transistorized -circuits, low-
voltage d.c.-operated equipment, or for
test purposes.

These prepackaged rectifiers are cur-

l ‘e
- ouT  +

Hardly bigger than a thumbnail, the new prepack-
aged bridge rectifiers offer numerous advantages to
the circuit designer as well as to the experimenter.

AC

40

TINY MODULAR
RECTIFIER CIRCUITS
SIMPLIFY
CONSTRUCTION OF
A.C.-OPERATED

D.C. POWER SUPPLIES

By EDWARD M. LONG

rently being produced by a number of
firms, and are being marketed through
electronic parts distributors. The Mal-
lory FW-50 unit, rated at 1.5 amperes,
50 PIV, was selected for illustrative pur-
poses. It can be used with either a 12-
volt or 24-volt miniaturized filament
transformer.

The power supply in the photo shows
the rectifier module mounted on the
transformer (Olson Electronics T-290)
and connected through a terminal strip.
Both the rectifier and the terminal strip
are fastened on the transformer with
epoxy. The extra lugs on the terminal
strip can be used for mounting a filter
circuit, if one is desired.

As shown in the diagram, the a.c. in-
put leads are connected to the center
legs while the d.c. output leads are con-
nected to the outer legs. If it is desired
to improve the d.c. regulation of the
power supply, a bleeder resistor can be
connected across the d.c. output termi-

nals. The value of the bleeder will de-
pend on the load requirements.

ELECTRONIC EXPERIMENTER'S HANDBOOK



e

G

.

'z‘.% R gk

e

——
-

RC&Laboratoriés
Sarnoff-Research Center”

HAVE YOU EVER left your car in a

parking lot and returned several
hours later to find that you forgot to
turn your lights off and that your bat-
tery has run down? Join the club. This
kind of negligence seems to be most
prevalent on rainy, overcast days or at
dusk when many people have their lights
on. For only $7, and a few hours of
your time, you can build the “Auto-
Light Minder” and eliminate the prob-
lem forever.

When you install the Auto-Light Mind-
er in your car, it will sound an alarm if
you leave your lights on after you turn
off the ignition. Turn the lights off, and
the alarm will stop. It’s that simple. And
there is a circuit for every car, whether
it has a 6- or 12-volt positive or negative
ground system.

The Auto-Light Minder also has a re-
verse mode of operation, which lets you
intentionally leave your lights on when
the ignition switch is off . . . without
sounding the alarm. But when you turn
on the ignition switch, the alarm sounds
off to remind you that you are trying to
start your car at the same time your
lights are on, and also to alert you to
the fact that the alarm is not set to
work in a forward mode. The Auto-Light
Minder is foolproof, and it never ‘for-
gets.”

1967 Spring Edition 4]



el R e

LR . T L

- 5. e S5 iy Skt M A
Simplicity of construction and small number of com-
ponents enable you to quickly assemble the light
minder and to end forgetting to turn the lights off.

PARTS LIST
C1—0.22-uj., 25-volt (minimum) ceramic ca-
pacitor
C2—30-uf., 13-volt (wminimum) electrolytic
capacitor

D1—1N34 diode

R1—15,000-0hm, Ys-wat!l resistor

R2—680-0lm, Va-wall resistor

Q1—2N217 transistor (for positive ground elce-
trical systems, use a 2NG647—see text)

S1—D.p.d.t. switch

T1—OQutput  transformer: 400-0hm,
tapped primary; 11-ohm secondary

1—1Y4” 11-0hm speaker

1--214" x 234" x 47 box (Premier PMC 1003
or equivalent)

Misc.—Terminal strip, grommet, machine screws
and nuts, wire, etc.

center-

How It Works. The Auto-Light Minder
is essentially a one-transistor oscillator
circuit that works when battery voltage
is applied only to the emitter of Q1. Bat-
tery voltage is fed to the unit from two
possible places in the car: the ignition
system and the light system. Sometimes
this voltage comes from either one of
these places and sometimes it comes
from both places.

In the forward mode of operation, bat-
tery voltage from the ignition system is
connected to the collector, and battery
voltage from the light system is con-
nected to the emitter; if the ignition
switch is on, and the lights are on, both
the collector and the emitter of QI are
at the same potential. Under these con-
ditions, the circuit will not oscillate, and
the alarm will not sound. If the ignition
is turned off, and the lights are left on,
the collector is returned to ground
through part of T1, R2 and C2, and de-
velops the bias voltage necessary for
the circuit to oscillate. If you turn the
lights off, the supply voltage is removed
from the emitter and the circuit ceases
to oscillate. Diode DI protects the tran-
sistor against a reverse battery voltage.

In the reverse mode of operation-—you
merely flip S1 to obtain either the for-
ward or the reverse mode—the voltage
from the light system is completely dis-
connected from the Auto-Light Minder,
and the lights can be turned on without
triggering the alarm. However, when the
ignition is turned on, it will place the
necessary voltage on the emitter of Q1
and cause the alarm to sound. To shut
off the alarm, throw 871 into the forward
position and you won't be bothered again
unless you shut off your engine and
leave your lights on.

The negative ground Auto-Light Mind-

One-transistor oscillator ‘'sounds

TQ IGNITION I

REVERSE FORWARD

T off'” when the full-battery volt-
age is applied to the emitter
only. In the ““Forward’ position

thalys
]
13
st

. e

TO LIGHTS

of S1, the alarm will sound if the
lights are on and the ignition
switch is off. In the ‘‘Reverse”
position, the lights can be left
on without sounding the alarm
only if the ignition switch is
off. Just as you are not likely
to forget to turn off your lights
with this device, you are not
likely to have difficulty start-
ing your car because you are try-
ing to do so with the lights on.

&
&
(O
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er shown is easily adapted to a positive
ground system, with only three minor—
but very important-—differences in the
wiring: (1) a 2N647 npn transistor is
used for @QI; (2) the positive side of
electrolytic capacitor C2 is connected to
the ground lug of the terminal strip;
and (3) the anode of diode DI is con-
nected to the emitter of Q7, and the
cathode goes to S1. The instrument can
be operated in either 6- or 12-volt sys-
tems without any circuit changes.

Construction. All components are
mounted in a small metal box. Begin con-
struction by drilling holes to mount the
tiny speaker, switch, terminal strip, and
grommet. The approximate location of
the components is shown in the photo-
graph. Drill several small holes for the

Completed unit should be located within easy reach
of the driver. Only two wires connect the alarm to
the lights and ignition system. Ground the case.

speaker grille and insert a piece of grille
cloth or wire mesh between the speaker
and the box to prevent possible damage
to the speaker.

One side of the transformer can be
held in place with one of the speaker
mounting screws, and the other side with
the same screw that is used to mount the
terminal strip. All the small components
are connected either to the terminal
strip or to the switch. Be sure to use a
heat sink when soldering the diode and
transistor leads.

1967 Spring Edition

The wires going from 81 to the igni-
tion switch and to the light switch
should be well insulated and flexible to
withstand vibration. These leads should
be sufficiently long to avoid strain and
should be marked to insure correct con-
nections to the ignition and light sys-
tems.

Installation. A location near the driv-
er’s seat is desirable in order to keep S1
within easy reach. Do not block the
speaker opening. In most cases, under
the dash near the steering column is the
best place for the unit. A couple of self-
tap screws will hold the box in place.
Before drilling holes in the dash for the
screws, make sure that your drill or
screws will not damage any wires or in-
struments behind the dash.

The lead to the ignition system should
be connected to the ignition switch ter-
minal which is connected to the ignition
coil. If you have difficulty in getting to
the ignition switch, you can make this
connection at the ignition coil; but be
sure to make it on the top side of the
primary winding of the coil, and not the
side going to the distributor.

Connection to the light system should
be made at the light switch terminal
which is connected to the taillights.
Since the taillights go on when the park-
ing or driving lights are on, the “Auto-
Light Minder” will work on the high
and low beams, and when the parking
lights are on.

Be careful not to create a short cir-
cuit while you are installing the unit.
Disconnect one side of the battery to be
on the safe side. An accidental short
with a screwdriver or wrench will cause
sparks to fly and possibly destroy or
fuse the points of contact.

To check for correct operation, set S71
in the forward position with the ignition
switch off, and turn on the lights. The
alarm should sound. Turn on the ignition
switch, and the alarm will stop (it
should not be necessary to start the
car). Now flip 81 to the reverse position,
and the alarm should sound. Turn the
ignition off (81 still in the reverse posi-
tion and the lights still on), and the
alarm will stop. Return 871 to its forward
position, turn your lights off, and then
forget about forgetting to turn off your
lights. ~B0-
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§2 INTRUSION ALARY

BLAST OF SOUND

GREETS ANY UNWELCOME VISITORS

This innocent-looking thingumajig is a burglar alarm.
Knock it over and it emits a raucous, honking
noise. Secret of the alarm is a mercury switch.

. .
L e o T T W

Srli

The author used a metal strap attached to the horn
and battery helder to mount the mercury switch.
The cardboard ring, which permits the alarm to roll,
is simply press-fitted to the tubular container.

44

HAT’'S RIGHT! For a two-dollar bill

you can build a portable, dependable,
effective alarm. It gives forth with a
strident honk whenever a door or window
to which it is connected is opened or
moved.

The heart of this warning device is the
innards from one of those cheap (79¢)
bicycle horng seen in auto supply and
novelty stores. These horns consist of
a very loud honker, a single “D” cell
holder, and a push button. While you're
in the auto supply store, also purchase
one of those tubular cans of tire patch-
ing material.

Cut a %” hole in the metal lid of the
tubular can and solder the horn-battery
unit to the inside of the lid. Then sub-
stitute for the horn button a glass tube
mercury switch which is available from
most electrical supply houses.® Attach
the switeh to the battery holder in such
a position that the mercury closes the
contacts and blows the horn when the
unit is tilted from a vertical position.

When you place the alarm upright
against a door (in the direction it
opens), opening the door will knock the
alarm over and sound a warning. If the
door opens in the opposite direction, a
length of string looped from doorknob
to alarm will pull the alarm over. Simi-
larly, a length of string from the alarm
to a window will pull it over when the
window is opened.

You can also attach the alarm to the
door of a cabinet, the lid of a storage
chest, a power tool you don’t want moved,
or anything of this kind. Its small size
makes it very handy to take on trips (re-
move the battery first) for use on those
poorly secured hotel and motel doors. And
you’ll probably think of many other uses
for this two-buck alarm.

—R. L. Winklepleck

*Mercury switches are also available from Poly-
Paks at about three for a dollar.
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If you are a regular reader of the ELECTRONIC
EXPERIMENTER'S HANDBOOK, you will not be surprised

- to find that Dave Weems has provided us with a couple

“ . more speaker system enclosure stories. This makes it

AUDIO
STEREO
HI-FI1
PROJECTS

- nine Handbooks in a row that have featured Dave's hi-fi
©= designs. In this issue of EEH, there are two entirely

different enclosure ideas—one with ‘‘acoustic resistance’
(page 61) and one with a labyrinth (page 56). If you're
handy with woodworking tools, we’re sure you'll find

© either one of these enclosures a satisfactory addition to
- your hi-fi outfit.

Several low- and medium-power color organs have
been published in previous editions of EEH. At the re-
quest of many readers, we asked Don Lancaster to build
a color organ that had ‘‘power'’—and he came up with
the ‘'Musette’’—750 watts of colorful illumination (page

./ 46). The design is relatively simple and the power-

handling capabilities make this one of the most attrac-

~ tive (no pun) projects we've published.

Chuck Caringella's stereo headset adapter (page 53)

: may—at first glance—seem like a lot of useless non-
" sense, but look at it closely and then look at your stereo

amp. Can you balance, vary, and switch the sound from

~ your easy chair? If you can’t—this project is for you.

- 46
© MUSETTE COLOR ORGAN....... . —_— Donald E. Lancaster
53
_ STEREQ HEADPHONE CONTROL UNIT...............Charles Caringella
- 56
= PUT AN AIR BRAKE ON YOUR WOOFER...... .....David B. Weems

TAPE RECORDER ECHO CHAMBER FOR UNDER $10
Stephen E. Auyer

. 61
- LONG-TAILED PHASE INVERTER... . . .. . David B. Weems

65
SOLID-STATE STEREO RECORD PLAYER... James E. Rohen, K8NQH /2

- 70
- INTERSTATION HISS SUPPRESSOR FOR FM TUNERS

James T. Samuelson
45
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M ORE COLORFUL taan a performance

of Swam Lake by Disney’s specta:-
lar dancing waters . .. more vibrznt tkan
" any Discotheque party you've s=en . . .
“Musette,” Lhe color organ pac exeel-

lence, swings and swazs as it incerprets’

your favorifiz tunes ir delight®] ka_e.-
doscopic animation. g
Unlike msost low-gost, low-power,
photoczll-op=rated eo.or orgzrs (3¢
article in PaPULAR ELZCTRONICS, March,
1965, p. 43s, Musette is truly a hizh-
fidelity, high-power mstrument. It seze-
rates the applied audio from yeur Lifi
amplifier, AM, FM, o= FM stereo receizer
into cemporent frequency bands (here-
after called channels) Five such chan-
nel seoarat.ons are provided to cower
the full freqiency range (see Fig. 1).
The outpLt from each of the Jve cham-

A true high-fidelity
multichannel

musical kaleigoscope for
home entertainment

ERv

By DONALD E. LANCASTER

nels can operate up to a 150-watt color
purity spotlight to put on a spectacular
dancing performance indoors on your -
wall or ceiling, or outdoors on a special
display. For. Musette plays tunes in
lights—instead of sounds—by translat-
ing the pitch, rhythm, and loudness of
speech or music to corresponding varia-
tions of color, hue, and brightness.

As a five-channel spotlight control
zenter, Musette can be used for dance
hall or patio decoration, as stage light-
ing for the ‘“Little Playhouse,” or as an
advertising and sales attraction.

If you are willing—and able—to tackle
a really advanced project, and can afford
to lay out the 80-odd-bucks for materials
alone, the building of Musette should
prove to be a rewarding experience. If,
on the other hand, you can't swallow
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Fg. 1. These frequercy ~espense curves show the relative at-
tenuation of each ba~ of frequencies in-the audio spectrum.




the hignal price tag in one.gulp, yom can
still blt\e] off, build, -and use the unit one
<hannél at a time, adding more channels
when maney and time permit.

For -meximum utilization of thz or-

gan-wh:le building, you should start with -

the: high and’ medium -frequency chan-
nels. These channels cover a-relatively

wide rargze ot instruments. Then: you-

can tackla the medium high, mediun: low,
and low:.channel, in that order.

117 VAC g2 D3

Fig. 2. Simplified schematic

shows haw ar SCR can be D'g'.,,‘s INPUT

_made te fre ir synchronism ~ PROPORTIONAL To
with the z. c. line frequency.

ALTIO SIGNAL

S mplified Circat "Fo understand tke
inmer workings of Musette first eonsider
the- simplified . lamp ecnt-ol cireuit -of
Fig-2. A lamp in ser-es with a silicon-
comtrolled rectifier {SCK1) makes up the

load atross the--oatput- of a full-wave

rect fer (L1 threighDj).
'[‘he SCE. that eomirols the lamp is

‘trlggered by a palsing circuit corsisting
-of awvalaneke breado.n.n ‘(zriggeri. diode

D5, e canamtor 21arging .circuit (C]-
R1) and biasing¥r=sistor R2.

Nhen tke chzrge cn. Cl reaches SC.
“volts; trigger dindz L5 mnterpcsed: be-

twzen the chargirg capacitor (CI) anc

_thé SCR gate, swilczes on, causing~the -
“capetitor to disecharge -and trigger the
- :SCR.The ritio of o perioc to off period.

and thus. the ‘averzge brightness of-.the
lamp, s determin=d by the adjustment
of BI, which- establishas the 'charging
time of Ci. Thus, i B5 turns on the SCR
at the start of eect a3zl cycle, the lamp
will stay on longer thaa if the SCR is
turmed--on later r txst half. cycle.
Now if a negafive voltage is applied
to the cathode sid> of O, the. effect will
be to pre-bias the diode so that it con-
ducts £nd triggers the SCR earlier dur-

ing each half cyc.e. Th= graater the neg-.

ative kias, the earjier the SCR will bz
tum=d on, and ke lcnge- will be the
on cyele that aprl.es powe= throngh ths
lamp. [nitially, pctent-ometer R! is ad-
justed to <set ths amp a:z a minimum
brightness level. Tken, sny varying neg-

‘ative woltage acrass 2 will produce a

corresponding varlat en -in brightness
levzE. 3
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C1-C6—0.04-uf., 200-volt Mylar capacitor
C7—330-pf., 600-volt disc capacitor
C8, C17-C21—0.005-uf., 600-volt disc capacitor
C9—0.02-uf., 200-volt Mylar capacitor
C10—0.068-uf., 200-volt Mylar capacitor
C11—0.15-uf., 400-volt Mylar capacitor
C12-C16—0.1-uf., 200-volt Mylar capacitor
D1-D10—1N4001 silicon diode (or equivalent)
D11-D15—1N4003 silicon diode (or equivalent)
D16-D20—Texas Instruments T1-42 pupn trigger
diode, or Motorola MT 30 trigger diode
F1—6-ampere fuse (and fuse holder)
11-15—117-volt, 150-watt interference filter spot-
light (General Electric PAR38 DICHRO-
COLOR in red, orange, vellow, green, and
blue, priced at $4.98 each, and available from
electrical supply houses—or any combination
of incandescent 117-volt lamps not exceeding
200 watts per channel nor less than 10 watts
per channel)
16-19—28-volt pilot light (GE 313)—optional
J1—Phono jack
P1—6-prong, high-current
(Cinch Jones P-306-CCT)
R1—100,000-0him, V5-watt resistor
R2—68,000-0hm, Ys-watt resistor
R3-R7—5000-0hm, 5-watt wirewound resistor
(Okmite 995-5B-5000 or equivalent)
R8-R12—39,000-0hm, Vs-watt resistor
R13-R17—Centralab TT-2 potentiometer, 200-
ohm Twist-Tab mount, linear tcper
R18-R22—Centralab TT-50 potentiometer, 250,-
000-0hm Twist-Tab mount, linear taper
RECT 1—10-ampere, 200-volt, single-phase, full-

cable clamp plug

PARTS LIST

wave bridge rectifier assembly (Motorola MDA
962-3 at $4.85—no heat sink required)

SCR1-SCR5—2N3528 silicon-controlled rectifier
(RCA), 1.6 amperes, 200 volts

SO1—6-prong, high-current socket (Cinch Jones
S-306-AB)

S1—S.p.s.t. slide switch, 6 amperes, 110 volts

T1-T5—Thordarson 24854 audio output trans-
former: primary, 15-20,000 ohms,; secondary,
3.5 ohms, 5 watts (do not substitute); avail-
able from Newark Electronics, No. 5F2004,
for $1.28 each in lots of 5, plus shipping

1—8" x 6” x 4% cabinet (LMB CB-2, avail-
able in grey, brown or black)

1—Set of Tenite translucent knobs (10 knobs
colored rved, orange, vyellow, green, blue, and
milky white)—optional*

1—634” x 234" printed circuit board**

1—7" x 3Y4” x V32" aluminum sheet (for bracket)

4-—Bayonet pilot light sockets (Leccraft 7-11)

Misc.-——34"-high spacers (4), 34”-high spacers
(8), #6 hardware, pop rivets, line cord (mini-
mum 6-amp. rating), Heyco strain relief, wire,
solder, display cable (Belden 8467), swivel-
type outdoor sockets for display lamps, ply-
wood base and junction box, display materials,
reflectors or diffusors, 6-terminal strip

*Set of 10 knobs available for $3 postpaid from

Musette, c/o Arthur Emerson, 42294 N. 23rd

Ave., Phoenix, Arizona 85015

**Etched and drilled fiberglass circuit board

(less parts) available for $3.50 postpaid from

DEMCO, Box 16297, San Antonio, Texas 78216;

a special kit of major components is $40.00

In practice, this negative voltage is
obtained from a rectified and filtered
audio signal by an action similar to that
which produces the a.v.c. voltage in an
AM receiver.

Actual Circuit. Now, let’s look at the
overall schematic of the five-channel
color organ (Fig. 3). Each channel is
identified by a separate input trans-
former (71 through T5).

Except for the fact that each channel
responds to a different portion of the
audio spectrum, and thus each colored
light represents a specific band of fre-
quencies, all the channels operate in the
same manner. Therefore, it will suffice
to explain how a single channel operates.
To make matters easy, let's discuss the
channel at the top of Fig. 3. This hap-
pens to be the high channel.

Potentiometer R13, in the primary of
input transformer 7'1, is used to adjust
the sensitivity of the channel. Capacitor
C7, together with the inductance pro-
vided by the secondary of T1, forms a
parallel resonant bandpass filter. The
audio across T1 is rectified by DI and
filtered by C2 and RS, a changing nega-
tive voltage that is applied across RS

1967 Spring Edition

to prefire D16 and vary the brightness
of the spotlight in the anode circuit of
SCRI1. Diode D6 and capacitor C17 iso-
late the negative voltage from the SCR’s
gate. All other components operate as
described for Fig. 2.

Operating power is obtained from
the a.c. line, and rectified by the diodes
forming the full-wave bridge rectifier.
Pilot lamps I6 through I9 provide illu-
mination for the special translucent
knobs used in the project. The display
lamps (11 through 15) are connected in
series with their respective SCR’s
through plug P71 and socket SO1.

If you are an old pro and can wire
directly from a schematic diagram, you
may—but need not—use a printed cir-
cuit board for component layout. Actu-
ally, the only advantage you get from
a printed circuit board is the elimina-
tion of point-to-point wiring which usu-
ally requires more layout space. However,
in special instances like this color or-
gan, the use of a printed circuit is al-
most an absolute necessity. First, the lay-
out has been arranged to minimize and/
or eliminate the chance possibility of
feedback. Secondly, the printed circuit
board affords the best means to mount
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1/16" DRILL (151) SIDE (26)
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‘i H ; ¥ ; cuit board showing
) L ) | @ overall dimensions
‘ te S0 0% e 09 ew e S0 ®8&  ;  and drill sizes for
Ilg 6-3/4" | all holes required.

your SCR’s. Thus, whether you buy or
etch your own—use a PC board.

If the author’s design is followed, you
will come up with a presentable unit
that will work just as well as it looks.
But you can vary the packaging, as pre-
ferred, without loss of performance.

Whatever you do, don’t substitute any
other type of input transformer for T1
through 75, and be sure to use the exact
value of capacitors specified for CI1
through C7. The reason is that each trans-
former and its corresponding tank ca-
pacitor comprise a parallel resonant
circuit which determines the frequency
bandpass of each channel.

Construction. You can start construec-
tion with the circuit board, which should

be etched and drilled as shown in Fig. 4.
If you prefer, you can buy this PC
board (see Parts List). Mount the com-
ponents on the PC board as shown in
the layout guide (Fig. 5), and then put
the board aside temporarily.

Cut and form an aluminum mounting
bracket for the controls and pilot lamps
as shown in Fig. 6. Both the dimensions
of the bracket and the spacing for the
mounting holes are determined by the
chassis enclosure selected.

After mounting the controls and the
pilot lamps on the bracket, install the
bracket on the chassis, following the
spacing shown in Fig. 7. Carefully mea-
sure the shaft positions, and drill or
punch out the front panel holes to ac-
commodate the potentiometer shafts. If

TO SOl
r MEDIM MEOIUM R
LOwW MEDIUM HIGH
OUTPUT OUYPUT QUTPUT OUTPUT OUTPUT
e l : e
@ & @ RECT!
mm _ Noigm ols ] :
-L &, [U- -{ cis [[}» -{ ca l— h-l [SEE J[}- 4z —[ﬂ.-
§ ! &—- »w
H i
_-— i“—-[__‘ i 4
o 2 o 3 o >
T ‘ {2 ‘ J 3 ‘ & _la ] ¥ L ‘ ‘ ‘
Ly = SCEN I_aN. Ly =2
R22 5 R21 T4 R20 T3 Rig T2

Fig. 5. When mounting parts on the printed circuit board, be sure to posmon the dlodes with the polarity

markings as shown.
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Also, make all input and output connections from terminal pins on the circuit board.
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o /PILOT LAMP
SOCKET ASSEMBLY

BRACKET. =8

SPACER

cep|
L=

H=

=K

ALUMINUM R20

BRACKET

Fig. 6. The pilot lamps and controls are first preassembled on the alumi-

num bracket which is then mounted 5/16” behind the front panel. ~ 2

you plan to use the recommended Tenite
translucent knobs, bear in mind that
each hole should be slightly larger than
the knob diameter.

To avoid costly errors when drilling
the front panel holes, make a cardboard
template to use as a drill guide once
you have verified all the dimensions. If
you decide not to use the special knobs,
make the front panel holes just large
enough for the shafts. (In this case, the
pilot lamps may be unnecessary.)

Finally, drill the mounting holes for
the power switch in the front panel. If
you don’t have a rectangular punch,
you can make the rectangular switch cut-
out by first drilling a large enough hole,
and then filing the hole into a rectangu-
lar shape as required.

Fig. 8. This fully assembled
unit shows printed circuit
board mounted on four stand-
off spacers. Run all point-
to-point wiring to the con- BRIDGE

trols and pilot lamps before RECIIGIER
installing the transformers.

Fig. 7. Be sure to allow indicated
spacing between aluminum
bracket and instrument's front
panel, to clear the pilot lamps.

Now turn to the rear panel and deter-
mine a suitable layout for the input
and output connectors (J1I and SO1),
the fuse holder, and the line cord strain
relief. From Figs. 8 and 9 you can deter-
mine the best place to mount the full-
wave bridge rectifier, as well as resistors
R3 through R7 which are installed on
the inside of the rear panel. Observe the
mounting position of the terminal strip.

Install the circuit board on the chas-
sis (see Fig. 8) using four spacers. The
transformers are secured to the top sur-
face of the chassis, between the front

STANDOFF
ERS

SPRINTED
FeircuiT
© "BOARD

XTI THRU T5
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Ji
Fl AUDIO INPUT

panel and the circuit board, with #6
hardware.

After all the parts are installed, you
can begin the point-to-point wiring.
Start with the power circuit by complet-
ing the connections on the rear panel
Then wire up the four pilot lamps in
series as shown in Fig. 3. Wire the trans-
former and potentiometer leads next.
After you have made all connections
shown in the schematic, start testing
out the instrument.

Testing. With the power switch set to
the off position, connect an audio line
from the output of your amplifier (across
the speaker voice coil or the 16-ohm
speaker terminals) to the input jack
(J1) on the rear panel.

Measure the voltage, in turn, across
capacitors C& through C6. Depending on
the input voltage from the audio ampli-

up the display can be arranged on a common base-
board as shown for reflected or diffused projection.
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Fig. 10. The individual color spotlights which make

Fig. 9. Rear view of color or-
gan with cover removed shows
fuse holder F1, input jack J1,
and color lamp receptacle SO1.

fier, and the setting of the respective
SENSITIVITY potentiometers (RI13
through R17), the voltage across each
capacitor should be somewhere in the
range between —1 and —16 volts.

Best operation is usually obtained
with the sensitivity control set approxi-
mately 14 of the way up from minimum
resistance. In any case, avoid turning
any of the pots all the way up as this
will only overdrive the channel.

After testing and adjusting the sen-
sitivity of each channel, disconnect the
audio input. Finally, connect a 25-watt
incandescent test lamp from the kot lead
going from output receptacle SO2 to
the anode of one of the SCR’s. Apply
input power and vary the corresponding
BACKGROUND potentiometer (R18
through R22) to check the operation of
the channel under test. The lamp should
glow smoothly from minimum brightness
to full brightness. Then set the poten-
tiometer for minimum brightness. Check
each of the remaining channels in the
same manner.

Preparing a Display. A typical display
arrangement is shown in Fig. 10. It is

§ made up of five swivel-type outdoor spot-
" lights mounted on a sheet of 13”7 x 27”7 x

34 ”-thick plywood. The size of the board
can be varied to suit specific applica-
tions. If the lamps are to perform inside
a display, you can use either diffused
(Continued on page 139)
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ERTAIN solid-state hi-fi/stereo am-

plifiers require special consideration
when stereo headphones are to be used.
If you own one of these amplifiers, here
is “how-to-build-it” information on a
universal speaker/headphone control
unit-—which, incidentally, can also be
employed with any conventional tube-
type stereo amplifier. With this controt
unit, you can remotely select speaker or
headphone operation—and adjust head-
phone volume level—without leaving
your easy chair.

Stereo headphones offer the hi-fi en-
thusgiast the optimum in stereo realism—
in complete privacy—without having to
sit in a fixed listening location. The ste-
reo listener is not bothered by the usual
household sounds, and conversely, others
can read or watch television undisturbed.

Some stereo amplifiers incorporate a
buili-in, standard, 3-conductor phone
jaek for stereo headphones, while in sev-
eral of the new solid-state stereo ampli-
fiers a special circuit for stereo head-
phones must be devised. A typical
example of the latter is the Heath Model
AA-21 or AA-21C.

Comrol
Unit

Ideal companion for
transistorized amplifiers
combines safety

from burnouts

with moacimum convenience

By CHARLES CARINGELLA




No Common Grounds. The Heath AA-21
requires that the speaker ‘“‘common’ line
in the left channel be completely isolated
from the “common” line in the right
channel. The “common” terminal in the
output of each channel is electrically
above chassis ground. Each “common”
line is returned to ground within the
amplifier through a 0.18-ohm resistor.
Both resistors are part of networks
which provide a form of current feed-
back. Therefore, the common-terminals
cannot be tied together with one ‘“‘com-
mon” line into a 3-wire stereo headphone
circuit, nor can the common lines be
grounded to the AA-21 chassis. This
meansg that two wires must be run to
each speaker. You cannot run one “hot”
wire to each speaker and use a single
“common” return.

Conventional stereo headphones are
sold wired to a 3-conductor phone plug.
One conductor is connected to the left-
channel earphone and another conductor
to the right-channel earphone. The
“common” return leads for both ear-
phones are tied together to the third con-
ductor, which also serves as the ground-
ing sleeve, in the phone plug.

Obviously, such stereo headphones
cannot be used directly with the ampli-
fier described above since the “common”
leads are tied together. The stereo head-
phone control unit shown in the sche-
matic diagram allows headphones to be

used with such an amplifier, without
modifications to the amplifier or to the
headphones. The control unit adapts the
“4-wire” output of the amplifier to the
“3-wire” headphone set.

How It Works. Complete isolation be-
tween channels is made possible by using
two transformers, 71 and T2. The pri-
mary of T1 is connected to the output of
the amplifier left channel and the pri-
mary of T2 goes to the right channel.

PARTS LIST

J1—3-conductor, open-circuit, standard phone
jack (Switchcraft 12B or equivalent)

R1a/R1b—Dual 100-ohm potentiometer with
concentric shafts (R1a—Centralab “Fastatch”
F1-100; R1b—Centralab “Fastatck” R1-100,
Centralab FFS012, 34”-long sleeve shaft,
Centralab RFS102, 134”7 -long inner shaft)

R2, R3—4-0hm, 10-watt wire-wound resistor

S1—D.p.d.t. toggle switch

T1, T2-—Transistor output transformer; primary
impedance, 32 ohms, CT; secondary impedance,
4, 8), and 16 ohmns (Merit A-2745 or equiva-
lent

1—Length of 8-conductor cable—as
(Belden 8448 or equivalent)

2——6-lug terminal strips (Ciiuch-Jones 2006 or
equivalent)

1—Angle bracket, made from 34”-thick sheet
aluminum

1—5” x 614" panel, made from Y4”-thick sheet
aluminum

1—6-13/16" x 5-9/32” x 2-5/32” black molded
plastic instrument case (Harry Davies 260 or
equivalent)

1—Set of dual concentric knobs

I1—-Plastic cable clamp for Y4 ”-diameter cable

required

GRN B ORG
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CHANNEL
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BES, GRN(I6 Q)
""""""" 1
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The author made a simple aluminum bracket to
mount the two transformers back to back. Remain-
der of internal wiring is obvious from this rear view.

The secondary windings of T7 and 72
drive the stereo headphones. The secon-
dary “common” leads are tied together
and connected to ground. Concentric po-
tentiometers R1a and R1b serve as the
volume level controls. Dual knobs are at-
tached to the concentric shaft and it is
possible to adjust the two volume con-
trols individually or simultaneously.
Switch S7 selects either speaker or head-
phone operation.

An 8-conductor cable connects the
headphone control unit to the amplifier.
Almost any length of cable can be used.
It is possible to run the cable across an
average-size room (25-30 feet) without
noticeable high frequency loss.

Resistors B2 and R3 are connected in
series with the primaries of T1 and T2
for amplifier protection against overload
at low frequencies. The Heath AA-21 is
designed to operate into a minimum of
4 ohms resistive load. Since the d.c. re-
sistance of the primaries is quite low,
resistors B2 and R3 must be used in se-
ries with the windings. You can omit R2
and R3 if the control unit is used in con-
junction with some of the other stereo
amplifiers.

Construction. The completed control
unit is housed in a molded plastic instru-
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A 25’ length of cable connects the control unit to
your amplifier. You can place unit alongside your
easy chair and switch from speakers to headphones.

ment case as shown in the photos. A 57
x 6%%” front panel is made from %”-
thick sheet aluminum. After all the nec-
essary holes have been drilled, the panel
can be sprayed with lacquer of a suitable
color. Instrument decals can be added
for a finished “professional’”’ appearance.

An inside view, showing the location
of all components, can be seen on this
page. Parts layout is not critical. Trans-
formers T1 and T2 are mounted on an
L-shaped bracket also fabricated from
1%”-thick sheet aluminum.

The multi-conductor connecting cable
has an outside diameter of approximate-
ly %4”. A suitable hole should be drilled
in the top side of the instrument case to
allow the cable to pass through.

Using the Control Unit. Only one adjust-
ment is necessary, and that is, properly
phasing the left and right channels. For
proper operation, the two earphones
should be “in phase.” This means that
the diaphrams in the earphones should
move in and out at the same time when
they are driven by identical signals.

If you own a Heath AA-21, you have
probably ‘‘phased” the speakers proper-
ly by following the procedure outlined in
the instruction manual. The AA-21 is

(Continued on page 142)
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PUT AN
AIR BRAKE
ON

YOUR WOOFER

How to get good

bass response

out of.a $5.95 speaker
without boom

By DAVID B. WEEMS

N INTERESTING development in the
evolution of the bass reflex enclosure
wag “friction loading” as used by Good-
mans of England, wherein an “acoustic
resistance unit” (A.R.U.) is placed
across the open port to reduce the boom
effect. While it really worked, it was
criticized by some audio designers as a
waste of power—the audio equivalent of
driving a car with the brakes on—but
the concept is ever with us and is gain-
ing more advocates.
Actually, the speaker itself undergoes
a kind of braking action to reduce over-
shoot and distortion. In the case of ex-
pensive speakers, the braking action is
enhanced by a powerful magnetic field
through which the voice coil travels.
Low-cost speakers are more likely to
suffer from ‘“hangover” due to weak
magnets; poor suspensions don’t help
either. Because the magnets are costly,
their weight alone is sometimes a fairly

56

good indication of speaker quality, par-
ticularly within a brand line. However,
consideration of weight alone can be
quite misleading, as different magnet ma-
terials have different magnetic strengths
per ounce. When it comes to magnets
for speakers, the larger the magnetic
strength (gauss), the better.

But if the speaker is completely en-
closed and vented to provide just enough
resistance to the air flow, the restoring
force to the cone is quite similar to that
obtained from the magnetic field sur-
rounding the voice coil. Therefore, in-
stead of trading dollars for magnets to
put on the brakes, when you build an
enclosure, you can incorporate the
A.R.U. feature.

Air brakes and large magnets are fine,
but there iz more to a good speaker. In
the case of a woofer and its low fre-
gquency response characteristic, the low-
er the come resonant frequency the

ELECTRONIC EXPERIMENTER'S HANDBOOK



better. The $5.95 speaker used here
checked out unusually well in this re-
spect; resonance in “free air” was on the
order of 35 to 40 hertz. A separate small
tweeter and an L-pad is used to handle
and balance the upper portion of the
audio spectrum.

Experiments With a $5.95 Woofer. The
first experiment saw the woofer mounted
in a 1 cu. ft. box similar to the “Cinder-
ella” enclosure (October, 1965). Per-
formance was fairly good, but the 35- to
40-hertz bass resonance of the speaker—
when enclosed in the box—moved up to
75 hertz, and so some potential bass
response was lost. Turning up the bass
control on the amplifier helped, but the
overall effect was that of a woofer with
a mild case of claustrophobia. The sound
was not as satisfying as that produced
by the small woofers in the Cinderella
system. HEvidently, a larger box was in
order.

Next, continuing with the infinite
bafile concept, a larger enclosure was
used. In the new sealed box, the bass
resonance dropped to 55 hertz, and the
bass response was much better than you
would expect from a low-priced woofer
—sound was good but not spectacular.
Indications were that the size of the en-
closure was right, and the time had
arrived for the addition of the A.R.U.
feature.

Then the tedious part of the experi-
ments began—drilling holes by install-
ments and testing the results of each
additional set of holes. The tests clearly
demonstrated the inadvisability of just
putting any old speaker in any kind of
box. So, if you want to adapt this idea
to other speakers, and make your own
tests, you'll have to use an audio gen-
erator and a VI'VM connected as shown
in the diagram of the test setup.

The first batch of holes was drilled in
the bottom of the box, converting the
system from a sealed enclosure to a bass
reflex type. With each series of holes,
the voltage across the speaker voice coil
was checked as the audio generator sig-
nal was varied from 200 hertz down to
20 hertz. The first sweep showed a
voltage peak at 70 hertz and another at
25 hertz. Since these peaks were not
even close to equal distance from the
original peak of 35-40 hertz, it was ob-
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TWEETER

2=

TOQ
TAP

WOOFER

Low and high audio frequencies are separatéd by C1
and kept in balance by L-nad R1. For best results,
the tweeter and woofer must be wired in phase.

GENERATOR

Typical test setup required to determine speaker
and enclosure resonant frequencies if you use a
different speaker or change cabinet dimensions.

vious that the box was mistuned. Going
back over the frequency run again
showed that the peaks were also greatly
unbalanced in amplitude, the lower peak
being about twice as high as the upper
peak.

Unfortunately, too many holes had
been drilled. Tacking two layers of 3-inch
polyurethane foam plastic over the holes
brought the upper peak down to 60
hertz and lowered the amplitude of the
lower peak, which proved that you can
tune a bass reflex enclosure with an
A.R.U.

After closing some of the bottom holes
to obtain better matching, work was
begun on the enclosure interior. After
all, the original purpose of the box was
to try the air brake idea with a resistive
compartment around the woofer. Next,
165 Y%-inch holes were drilled into the
triangular side piece (M) and the slop-
ing back panel (L) until the remaining
voltage peaks at 54 hertz and 21 hertz
were insignificant. That point was
reached with 170 holes in the sloping
panel. A further frequency run showed
dips in sound output at some points—
apparently internal reflections were
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Except for the front, all inside surfaces of the
woofer cage are covered with foam plastic. Loosely
pack the woofer cage with a sheet of fiberglass.

BILL OF MATERIALS

A—18" x 22”7 x 34" plywood for front and rear
(2 required)

B—17Y%" x 19Y” x 34" plywood for top and
bottom (2 required)

C—17%" x 22”7 x 34” plywood for sides (2
required)

D—16%" x 34" x 34" cleat (4 required)

E—22" % 34" % 34" cleat (4 required)

F—11" % 34" x 34” cleat

G—1134" x 34” x 34" cleat

H—16Y" x 34" x 134" cleat

J—117 % 34" x 1”7 cleat (1 side faced 45°)

K—1” x 27 diagonal brace for top, back, and
both sides (about 96”7 required)

L—1717 x 1214”7 % 34”7 plywood

M—1134" x 1134” = %” plywood (cut diag-
onally

1—3-sq. ft. sheet of polyurethane foam plastic

1—3-5q. ft. sheet of fiberglass

1—2-yd. picce of cheesecloth

1—24" x 28" piece of grille cloth

4—4” legs (optional)

1—CTS-10WF 10”7 woofer*

1—1T5-5051 314" twecter®

C1—5-uf., 25-volt capacitor

RI1—8-0hm L-pad (Calrad LP-8 or equivalent)*

Misc—1%" x 8 flat-head wood screws (1 box),
215" x 8 flat-head wood screws (6), glue,
plastic, veneer, or stain and varnish, molding,
ete.

*Available from McGee Radio Co., 1901 McGee

St., Kansas City 8, Mo. (Woofer, $5.95; tweeter,

$2.95, L-pad, $1.49. Shipping cost extra.)

NOTE: Cleats and braces can be wmade from
pine; all other lumber is at least 5-ply wood.
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causing cancellations. Foam plastic was
stretched over the drilled panels, and the
compartment was filled with fiberglass
to alleviate this problem.

Compared to earlier listening tests,
the sound quality was significantly im-
proved. The bass response appeared to
be smooth and extended further down-
ward in range from the former limits.
However, there was one criticism offered
by careful listeners; the low end seemed
to be too well damped. Several more sets
of holes were drilled in the sloping panel,
bringing the total up to 250. This change
produced a fuller bass, but still not
boomy. However, the lack of boom pro-
duced a slight imbalance in favor of the
tweeter, and so a tweeter control (R1)
wag added as a further refinement.

Construction. You can cut costs by
using the cheapest grade of construction
plywood available; such material is sat-
isfactory from a performance stand-
point, but for good appearance must be
covered. However, a good furniture fin-
ish calls for a good grade of lumber.

Except for the diagonal braces (K)
which are used to stabilize the large un-
supported surfaces, and the cage around
the woofer, construction of the enclosure
is quite ordinary. Strips of 3%” x 3%~
pine (D, E, F, and G) are screwed and
glued to the front panel, and cleat H is
fastened to the side panel in a similar
manner, to simplify construction of the
woofer compartment. The drilled trian-
gular side panel of the cage (M) is
fastened to the bottom and front with
glue and with six 2%” x 8 flat-head

(Continued on page 141)

Cage side cover is held in place by 214”-long
screws fed into front and bottom of cabinet from
outside, and by 114" screws through piece L.
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..and enjoy a new
dimension in sound

By STEPHEN E. AUYER

DO YOU HAVE an inexpensive tape
recorder and about ten bucks to
spare? Why not build an echo chamber
for the tape recorder and really enjoy a
new dimension in sound effects? Few
devices can add as much pleasure and
enjoyment to tape recording as an echo
chamber. And as a family fun-maker
and entertainer, it has no peer.
Actually, an echo chamber is a very
simple device. It takes a recorded sound,
delays it, and then sends it on to follow
the original sound. The delayed sound is
heard as an echo, and produces a very
pleasant effect.

How It Works. An additional pickup
head is installed on the tape recorder
about two inches away-—in the direction
of tape travel-—from the recording head
(for tape speeds of 3% ips). A signal is
recorded on the magnetic tape as it
passes the original head. As the tape
moves on, the same signal is picked up

B.UILD A
{ TAPE RECORDER
% ECHO CHAMBER

FOR UNDER $10

by the new head (Fig. 1), amplified by
@1, and re-recorded as an echo a short
time later. The setting of R5 determines
how much of the signal is fed back and
re-recorded to produce a strong or weak
echo as desired; distance between heads
determines echo separation.

The echo chamber preamplifier circuit
is shown in Fig. 2. Transistor @I in a
common emitter configuration provides
sufficient gain to the delayed signal. Base
bias is achieved by the voltage divider
action of R1 and R2. The collector volt-
age is developed across Ri.

Capacitor C2 bypasses emitter resistor
R3 to eliminate degeneration, while C3
serves to block d.c. from across R5. Ca-
pacitor C5 couples the audio to the re-
corder amplifier.

@ E\‘ DIRECTION
\] i@ TRAVEL
ECHO

PREAMP

RECOROING
AP

Fig. 1. This simplified functional diagram
shows a modified tape recorder with new §

R5~&—E
-

PREAMP
(Qn)
RECORDING PICKUP
AD

head, echo preamplifier, and echo control R5.
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Fig. 2. The echo preamplifier
employs a single common emit-
ter stage to provide the neces.-
sary gain for the echo effects.
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N
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Shielded cable connects new
pickup head to preamplifier.

PARTS LIST
C1, C2, C3, C5—10-uF, 50-volt electrolytic
capacitor
C4—100-uF, 25-volt electrolytic capacitor
Q1-—2N1274 transistor (or any gemeral-purpose
audio type)
R1—47,000-0hm, Vs-watt resistor
R2—10,000-0hm, Y5 -watt resistor
R3, R6—1000-0hm, Y4-walt resistor
R4—A4700-0hm, Y45-watt resistor
R5—5000-0km potentiometer (with switch S1)
S1-—S.p.s.t. switch (mounted on R5)
1—Tape head (Midland 25-735 or Lafayette
99 R 6194)
Misc—Small piece of perforated phenolic board,
knob, mounting hardware

Construction. The preamplifier can be
assembled on a 2” x 3” piece of perforat-
ed phenolic board, using push-in Vector
terminals for the connections. If there is
a space problem, you can use a smaller
board and simply utilize both sides of
the board. Mount the assembled board
in any convenient spot in the recorder
using stand-off spacers or two right-
angle brackets which you can make from
a thin piece of aluminum cut to the
proper size.

Install the echo control (R5) at any
convenient spot on the tape recorder
deck. Then connect the 4+ (plus) side of
C3 to the echo control (see Fig. 2). Now
wire the plus side of C5 to the center lug
of R5, and the other side of the capacitor
to the output terminal of the tape
recorder volume control. And be sure to
establish a good common ground be-
tween preamplifier and recorder.

Mount the second tape head approxi-
mately two inches away from the first

During operation, the echo control (1) is turned up

just enough to produce the desired echo level. if
greater echo separation is desired, move new head
(2) further away from the main recording head.
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Capacitor C4 and resistor R6
\ eliminate hash in tape record-
ers with brush-type d.c. motors.

-9y

head, in the direction of tape travel. A
word of caution: in many of the lower
priced units, all parts of the tape do not
make uniform contact with the head as
the tape passes over it. For best results,
you must therefore make certain that
the second head covers the same part of
the tape as the original head.

It may be necessary to install addi-
tional tape guides to keep the tape prop-
erly aligned. These can be made from a
1% -long, %k”-0.d. brass spacer, and can be
secured to the deck with 3%”-long #4
hardware. Use shielded cable when con-
necting the new head to its preamplifier.

Operation. Set up your recorder for
normal recording. While monitoring the
signal being recorded, increase the set-
ting of the echo control (R5) until the
desired amount of echo is produced. If
the echo control is advanced too far, you
will get an annoying feedback.

If your recorded sound comes out too
“brassy,” chances are the recording
heads are not properly aligned. To cor-
rect this condition, loosen the screws
that mount the second head, and rock
the head slightly from side to side until
the best response is obtained.

You can get an interesting effect by
connecting the tape recorder monitor
output to your hi-fi system, while the
recorder is set to the 7record position.
Then, as you talk into the microphone,
your voice—plus its echo—will be heard.

For an extra-special sound effect, try
connecting the output of an audio oscil-
lator to the echo chamber. Then vary
the frequency of the oscillator while
recording.

ELECTRONIC EXPERIMENTER’S HANDBOOK



IF THERE’S one thing most audio ex-

perts seem to agree on, it's that
the battle over the relative merits—or
demerits—of different speaker enclosure
designs rages on unabated.

Advocates of the labyrinth-type enclo-
sure have long attested to its superior
reproduction qualities at the lower lim-
its of the speaker’s frequency range.
They also claim better transient response
and less obvious effects of any mismatch.

Proponents of the bass reflex type en-
closure counter by noting that one can
easily correct a mismatch in a bass re-
flex cabinet without resorting to major
surgery. They will even admit to supe-
rior low-frequency response in horns or
pipes while claiming that the latter tend
to impede reproduction in the midrange.

Many authorities have downgraded the
bass reflex enclosure by stating flatly
that if critics call the labyrinth a reso-
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BUILD A

LONG-TAILEL
PHASE
INVERTER

By DAVID B. WEEMS

NEW LABYRINTH-TYPE
SPEAKER ENCLOSURE DESIGN
ANSWERS OLD QUESTIONS
WITHOUT RAISING NEW ONES

nant pipe, then the bass reflex is nothing
more than a resonant box.

But even the most fanatic partisan
will admit, privately, that not even his
own pet speaker system is perfect. That
being the case, any new speaker or en-
closure design always evokes a great
deal of interest—and suspicion.

A New Design. From England comes a
new speaker enclosure design which has
been dubbed an acoustical transmission
line by its designer, A. R. Bailey, of the
Bradford Institute of Technology. At
first glance, it looks somewhat like a
labyrinth enclosure, except that the
length of the pipe—eight feet—suggests
a departure from labyrinth design.

An unusual feature is that the cabinet
is filled with long-fiber wool, in contrast
to the common practice of just lining
the wall surfaces of an enclosure. In all
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probability, Bailey got his name for the
enclosure from a theory for electrical
transmission lines, which states that if
a line of finite length is terminated in
a resistance equal to the characteristic
impedance of the line, disturbances along
the line are not reflected back to the
source, and such a line will behave as
though it were of infinite length. The
fiber wool acts as the terminating resis-
tance in an acoustical transmission line.

But the more you look at Bailey’s en-
closure, the more it looks like a modified
labyrinth. Recall that labyrinths provide
maximum damping at one-quarter wave-
length while maximum sound output is
obtained at one-half wavelength. The 8
length specified by Bailey corresponds to
a quarter-wavelength at 35 Hz—just
about the resonant frequency specified
for the woofer.

In reality, Bailey’s contribution seems
to be mainly the long-fiber wool which
damps resonant frequencies and produces
an ultra-low-pass filter that eliminates
midrange interference. Also, with this
design, speaker mismatch is difficult to
detect.

Bailey's speaker enclosure design em-
ploys an oval-shaped British speaker
that is not generally available. It has,
therefore, been modified slightly by the
author to accommodate an American-
made low-resonance 12”7 speaker-—the
Allied Radio KN-888HC. Also, since
long-fiber wool is not generally available,
kapok has been substituted.

The enclosure presented here performs
well in the 50 to 60 Hz range and has
excellent transient response. But this
doesn’'t mean that everybody will like
it; after all, not everybody likes lobster,
either.

Incidentally, this version of Bailey’s
enclosure is called the long-tailed phase
inverter simply because it has an extra-
long curled tube which reverses the phase
of the low-frequency rear wave coming
from the speaker to reinforce—rather
than cancel-—the sound coming from the
front of the cone.

Construction. An important design fea-
ture of any speaker enclosure is its rigid-
ity. And although labyrinths are not
subject to unduly high pressures, every
precaution must be taken during con-
struction to insure the utmost in rigidity.
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BILL OF MATERIALS

2—4’ x 7’ sheets of %" plvwood

1—10’ length of %4 x 34" clear pine (for cleats)

1—5" length of 135" x 34" clear pine ( for cleats)

1—Box of #8 x 1'4” flathead wood screws

24—3#8 x 27 flathead wood screws ( for sides)

4—34" & 2” bolts (for mounting speaker)

3—Pounds of loose kapok

Misc—Grille cloth, wood trim, nails, glue, cheese-
cloth, wool or cotton batting, clamps

This means that screws should be close-
ly spaced and in tight, and that all joints
should be glued in place.

Your first task, of course, will be to
cut the plywood and pine cleats to the
sizes specified in the Table Of Dimen-
sions. One important rule of thumb is to
measure twice, cut once. Also, a note of
caution: when cutting out the 18” slot
in panel K, be careful to make the slot
just wide enough to accommodate panel
J snugly.

Overall dimensions for the enclosure,
including measurements for panel mount-
ing, are given in Fig. 1. Additional con-
struction details appear in Fig. 2. Note
that panel H is first cut at 45° so that
one side has a width of 5%” while the
other is only 5%” wide. Then the longer
side is trimmed down so that the thick-
ness of the tapered edge is %”.

After sanding down all the panels,
and before assembly, draw a guide line
through the middle of panels G, H, I, and

Table of Dimensions
IDENTIFICATION SIZE QUANTITY
34" Plywood

A, B 225" x 376" 2

C,D 18"  x37Y" 2

E F 18"  x 24" 2

G 225" x 14147 1

H 22Y," x 64" 1

| 225" x 6" 1

J 221" x 18 1

K 934" x 23" 1

34" Clear Pine

Front (lower sides) 347 x 237 2

Front (bottom) 34" x 10" 2

Front (top) 347 x 220" 1

Front (upper sides) 347 x 13154 2
Rear (sides) &

diagonal brace
for back 15" x 36" 3
Rear (top & bottom) 114" x 22,7 2
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Fig. 1. Overall dimensions are provided in

front view drawing of phase inverter

enclasure (above). Location and mounting dimensions
of interior pamels are shown in the side .

view. At upper right, finished cabinet is packed

with kapok, while interior surfaces are lined

with a thin larer of cotton or wool batting.

Fig. 2. The slat in panel K
(below) must be cut to ciose
tolerances toiinsure a tight

fit during assembly. Panel

H is first cut at a 45° angle and
then the poinzs. -

are cut off. secure the cleat at
: the joint with bath
4 oL : screws and glue.
i ;
Photo at right shows
I

location.of each pane! in
the enclosire. All contacting
surfaces of G, H, and

| should be glued

before screwing them to K.

n
o

PANEL K
DETAILS

After fitting panel
J tightly into K,

T

LOOSE . PACKED GOTTON
npox\ OR WOOL BATTING
A

B
CHEESECLOTH
“SFELF

A8
(BACK CIVER
WITHOUT
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3/4"X 22-172"
1-172" X 22-172"
3/4"X 13-1/2"

After cutting and fitting the cleats, apply a little
glue to the contacting surfaces, and nail them in
place temporarily with small nails. Then secure
them permanently with #8 x 114" flathead screws.

Rear view with back cover removed shows modified
labyrinth appearance of phase inverter enclosure
prior to packing of cabinet with kapok. The speak-
er shown is Allied Radio's KN-888HC, which replaces
the British speaker used in the original design.
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J where they will be attached to panel
K. After panel J has been pushed into
position, attach a %” x %” x 18" cleat
to panels J and K (see photo) using glue
and screws.

All contacting surfaces of panels G, H,
and I should be liberally glued and then
screwed to panel K. Screws should go di-
agonally through H into I and G (see
Fig. 2).

Next, you can mount the previously
assembled panels on the bottom piece, E,
after which you add the sides, C, and D,
and the top, F. Incidentally, you will
find it a lot easier to add cleats to these
parts before assembly. Note from the
illustrations that the partitions are re-
cessed %” in from the front and sides
of the baseboard in order to accommo-
date the front and side panels.

Apply glue to the edges of the parti-
tions and then nail the front and side
panels to the partitions. Then add a few
2”-long screws to give extra strength to
the joints.

This is a good time to pack the mid-
dle section of the labyrinth with kapok.
(Long-fiber wool is preferred, of course,
if you can get it.) However, because
kapok tends to settle, you should tack a
single layer of cheesecloth from the bot-
tom of panel G to the back of panel J
(see Fig. 1).

After half-filling the partitions, make
a pillow of loose kapok wrapped in
cheesecloth and drape it over the top of
J to fill the upper middle section as well
as the front tube. Now you can attach
the front panel using both glue and
screws to secure it in place. Turn the
cabinet upside down and finish filling the
front tube with kapok right up to the
level of the port. Tack another cheese-
cloth partition across from the top edge
of the port to the front of panel J. Then
fill the area behind the port with kapok.

Finishing Touches. Paint the side and
front of the labyrinth with flat black
paint and allow it to dry thoroughly be-
fore adding the grille cloth. It is advisa-
ble to cover the port with a piece of open-
weave black cloth.

Because grille cloth is available only
in 36” widths, and since the height of
the cabinet is 39 inches—not including
feet—it is necessary to use trim that

(Continued on page 141)
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INTEGRATED

SOLID-STATE

STEREQ -

RECORD PLAYER

Cool, compact amplifier
fits into record changer base

By JAMES E. ROHEN, K8NQH/2

NE MAJOR TREND these days in
hi-fi circles is towards integrated
sound systems in which all components
are in one cabinet. This trek towards
compactness has been considerably aided
by the availability of small all-transistor
amplifiers that run cool and sound good.
The push-pull amplifier used here has
10 transistors, measures only 8%” x 6”
x 1%”, puts out about 8 watts (music
power), and has a frequency response of
30 to 20,000 Hz. It costs only $19.95.
According to the Burstein-Applebee cat-
alog, the amplifier is marked down in
price because of factory overproduction,
and is a high-quality import. It requires
only 10 volts a.c. for power, which can
be obtained from a transformer selling
for $2.00. See Parts List on page 66.

Assembly. You can spend an evening
assembling a compact integrated stereo
record player and enjoy many years of
record listening. All you have to do is
drill a few holes, mount a few compo-
nents, and solder a few connections. The
completed unit is adaptable to AM and
FM tuners, tape decks, ete.
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Connect the step-down transformer to
the a.c. line through the record changer
on-off switch to automatically shut off
the amplifier after the last record has
played. If you intend to connect a tuner
to the amplifier, use a separate on/off
switch to allow operation of the tuner
without having the record changer run-
ning.

No dimensions are given for location
of the holes in the changer base as differ-
ent changers have different size bases,
and different clearances inside the base.
The bezel plate furnished with the ampli-
fier can be used as a template for
marking the position of the front panel
controls. The transformer and other
switches can be placed wherever they
will fit. Before cutting any mounting
holes, let the changer run through a
change cycle to be sure that there is
enough clearance between the amplifier
and other components you install and the
record changer mechanism.

Optional Features. A pilot light, and
speaker channel and speaker phase re-
versal switches are optional items, but
do much to enhance the record player’s
versatility and ease of operation. The
wiring diagram shows how to hook up
these switches.

The speaker channel reversal switch is
handy when a friendly neighbor com-
ments that the French horn is playing
on the wrong side of the orchestra. The
phase reversal switch enables you to
quickly change the phase of the speaker
in one stereo channel to agree with the
phase of the speaker in the other chan-
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RIGHT CHANNEL

Switches add versatility. You can
instantly flip right and left
channels, as well as check and
change speaker phase, with S2
and S3 respectively, Stereo/

STER& MONC

LEFT CHANNEL

mono switch S4 ‘‘desensitizes”
cartridge to vertical stylus mo-

RECORD
51 CHANGER

117VAC

tion in mono position—a desir-
able feature for mono recordings.
S1 may be on record changer.

i

PHASE
REVERSE

11—Pilot light (Drake indicator lamp with
built-in resistor, Tinnerman nut mouniing)

S1, S4—S8.p.5.t. toggle switch

S2, 83—D.p.s.t. toggle switch

T1—Power transformer: primary, 117 wolts;

PARTS LIST

secondary, 20 volts with center tap (Burstein-
Applebee, Kansas City, Mo., 18B508,” $1.99)
1—Push-pull omplifier (Burstein-Applebee,
30C27, $19.95)
1—Stereo record player, ceramic cartridge

nel. Proper phase is achieved when the
sound is best.

A stereo-mono switeh is also shown
and is optional, but it can improve the
sound from many mono records. When
the switeh is open, normal stereo opera-
tion is obtained. When the switch is
closed, both channels are paralleled and
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Solid-state stereo amplifier runs
cool and is compact enough to
fitinto record changer base. Parts
location is not critical, but ad-
equate clearance for the changer
mechanism must be provided. it's
a good idea to run the changer
through a cycle by hand in order
to check clearance requirements.

the cartridge becomes effectively insensi-
tive to vertical stylus movement. (Ver-
tical stylus motion on a mono record
can cause undesirable responses in a
stereo cartridge.) All wires leading to
the cartridge and stereo/mono switch
should be shielded and grounded at one
end.

ELECTRONIC EXPERIMENTER'S HANDBOOK



. . . World’s Largest

Electronic Kit Catalog

Portable Phonograph
Kit ... New all-transistor
... 4 speeds ... Automatic
... plays anything from the
Beatles to Beethoven ...

Citizen’s Band Radio
Kits ... New preassembled
2-watt Walkie-Talkie just
$99.95 ... plus 3 other
walkie-talkie kits, and a full
line of transceivers and ac-
cessories.

Portable And Table
Model Radio Kits ...
New Transistor FM/FM
Stereo Table Radio at
$69.95 ... wide array of
AM, FM and shortwave

assembles in just 2 hours

e models ... easy to build,
.. Only L

superb performance.

Stereo /Hi-Fi Compo-
nent Kits ... New!World's
most deluxe stereo tape re-
corder kit, plus complete
line of tube and transistor
tuners, amplifiers, receivers,
speakers, turntables, car-
tridges, furniture.
Electronic Guitar Kits
... New famous American-
make HARMONY models,
plus new Heathkit Guitar
Amplifier, all in kit form at
up to 50% savings.

Test and Lab Instrument
Kits ... New professional
5 DC Oscilloscope ...
complete instrument line for
home workshop, industrial
and Educational use,

12’ Portable B & W TV
Kit ... New all transistor
... AC or battery powered
... new integrated circuit
first time ever in a kit ...
assembles in only 10 hours
... $119.95

Tape Recorders ... New
Heathkit version of the
Magnecord 1020 ... 4-
track, 3 mbtors, solenoid
operation plus a host of
other professional features
- aver ) ... save $170 — Only
electionie ks $399.50

WOrd'S Jargest sefeetion .

Transistor OrganKits...
New instant-play COLOR-
GLO “Artiste” ... deluxe
17-voice “Coronado™ ...
both famous Thomas mod-
els in easy-to-build Heath-
kitform...Save up to $350,

Amateur Radio Kits ..

World's Best Color TV
Buys ... New Early Ameri-
can cabinet for Deluxe 25"
model .. . built-in self-serv-
icing facilities for the best

New deluxe SB-301 SSB
receiver and matching
SB-401 transmitter ... plus
world's largest selection of
ham receivers, transmitters,
transceivers, accessories.

color picture at all times ...

from parts to programs in

iust 25 hours. Over 250 Kits For Every Interest —
easy to build — up to 50% savings

MAIL COUPON NOW FOR YOUR COPY!

Plus Full Complement
Of Marine Electronics
for your boat, Educational
Kits for Home Study or
Classroom, Photographic
Aids, unique Stereo Sys-

HEATH COMPANY, Dept. 110-1
Benton Harbor, Michigan 49022

Please send FREE Heathkit Catalog.

i
tem Planning Guide, and Name, I
actual page illustrations of |
Heath assembly manual to Address.
show you what easy fun
kit-building really is. City. State Zip.

CIRCLE NO. 8 ON READER SERVICE CARD
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INTERSTATION HISS SUPPRESSOR
FOR FM TUNERS

By JAMES T. SAMUELSON

F YOU HAVE a hi-fi FM tuner similar

to the Heathkit PT-1, the addition of
only four parts will kill the “Niagara
Falls” sound effect heard between sta-
tions. This interstation hiss is unwel-
come and unnecessary. A hiss suppres-
gsor can be added to most FM tuners
equipped with a built-in tuning meter
amplifier.

Referring to the schematic diagram,
you simply open the cathode-to-ground
connection of V15 at pin 3, and wire in
the parts as shown. A small piece of
phenolic board can be used to support
the added components. Connect the col-
lector of Q1 to pin 7 of V16. Then set
potentiometer RI to a desired threshold
level, and button up the set.

Interstation hiss, or ‘“white noise” as
it is often called, is usually heard when
r.f. or i.f. amplifiers are operating under
maximum gain conditions. When - no
signal or a very weak signal is present,
little or no a.g.c. voltage is developed and
the amplifiers run wide open. A strong
or medium signal, on the other hand,
develops a negative voltage which biases
the amplifiers to a lower amplification
level and reduces white noise accord-
ingly.

When negative a.g.c. voltage is weak
or missing, V15 also runs wide open, and

This circuit can be added to any FM tuner with
a tuning meter amplifier and a cathode fol-
lower or audio amplifier output. Only four com-
ponents are needed and they can be mounted
on a small piece of punched phenolic board
measuring only 1% x 2. The ‘‘subchassis’ can
then be attached to a convenient support under
the chassis deck of the FM tuner. To keep

the size small, a fow-cost, multiple-turn poten-
tiometer is suggested for R1; after several
months of use, as the tuner tubes began to age,
this control still did not require resetting.

AGC

a relatively large current runs through
R1, V15, and the meter, developing a
relatively large voltage across R1. This
voltage at the junction of R1 and Q1 is
positive with respect to @1’s emitter and
causes @1 to conduct, ‘“shorting” the
signal input (which is now nothing but
noise) on the grid of V16 to ground.

But when a signal is present, a.g.c.
voltage cuts down the current flow
through V15, reduces the voltage drop
across R1, removes the forward biasing
voltage on the base of @1, and @1 stops
conduction. When @1 doesn’t conduct,
collector registance to ground is very
high and the audio amplifier operates as
though the anti-hiss circuit doesn’t ex-
ist.

Threshold level is determined by DI
and D2 (general-purpose silicon diodes),
and the setting of R1. Once R1 is ad-
justed, it does not have to be reset, ex-
cept perhaps to compensate for tube
aging. A fixed resistor can be substi-
tuted for R1 after it has been properly
adjusted and the amount of resistance
needed in the circuit is determined.
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Maybe we're letting the cat out of the bag—in more
ways than one—with the feature construction article in

" this chapter (page 72). Not only does the sun emit very

low frequency r.f. radiation—particuiarly from sunspots—
but this receiver can be used to monitor the blast-offs
of the larger booster rockets. The mechanics of how these
rockets emit low frequency r.f. are not completely under-
stood and very little has appeared in the technical elec-
tronics press on this hush-hush topic. Nevertheless, it
is known that booster rockets can be detected in this
fashion—regardless of the distance between the launch

~ site and the receiver. Undoubtedly, both the U.S. and

" Soviets maintain extensive low frequency receiving and

monitoring stations around the globe for this purpose.
So, if you build this project, and can find a clear chan-

- nel with no interference (QRM), you may be rewarded

g

2
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by spotting solar flares—and if you're very lucky—a
missile blast-off.

Show this project to friends interested in radio astron-
omy, weather, etc. But, be careful; you may end up

" building a couple of receivers, instead of just one for

your own use.
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THREE-TRANSISTOR VLF RECEIVER

TUNES IN ON SOLAR FLARES

By HOWARD BURGESS, WsWGF

EW THINGS happen in space that

are as important to earthlings as
those which occur on the surface of the
sun. Centuries ago, Chinese astronomers
were fascinated by the black ‘‘spots’
that appeared to travel across the solar
surface. Latter-day scientists simply re-
ferred to these imperfections as ‘‘sun-
spots”’—for lack of a better name—and
were quick to ascertain that the number
and area occupied by the sunspots varied
from week to week, month to month,
and in particular, from year to year.
Sunspots affect every living being, and
while our principal interest in them is
in regard to radio wave communications
over long distances, the effects of sun-
spots have been correlated with the
growth of tree rings, severity of winter
storms, etc.

Throughout the next few years, any-
one using the short-wave bands will
find that the sunspots have produced
some unusual effects. Some high-fre-
quency bands may be momentarily
blacked out while other bands will open
up over unusual DX paths. Thousands
of CB operators will be tempted by the
rare 27-MHz skip conditions, and mil-
lions of TV viewers will occasionally
pick up strange stations on their screens
from thousands of miles away. This will
be the period of the sunspot maximum;
some scientists are predicting that the
1969 maximum will be only slightly be-
low the great sunspot peak of 1958-59.

What Are Sunspots? The cause of sun-
spots has puzzled scientists for many
years. However, according to recent in-
vestigational work, when some of the
larger planets in our solar system form
a special pattern in space, it is assumed
that the force fields created combine to
disturb the hot gasses of the sun. This
same combination of forces probably
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drives atomic particles, from the sun,
through space like the beams of a giant
cathode-ray tube.

Sunspots themselves are violent storm-
like disturbances that appear to move
across the face of the sun, but do not
really do so because the sun is actually
rotating and changing its position in
our field of view. They vary in definite
cycles. At intervals of about 11 years,
the number of sunspots reaches a peak
and then declines to a very low amount.
The highest portion of the peak can last
as long as two to two-and-one-half years.

The sunspots discharge atomic parti-
cles and radiation into outer space and
these particles and radiation seem to
originate in turbulent areas known as
solar flares—which appear to the astron-
omer as huge flames spouted by the sun-
spot. The flares (or bursts) last for
less than two to three minutes, but dur-
ing this short interval intense radiation
is released. At the peak of sunspot
activity, a number of bursts can take
place in one day.

Effects of the space debris on the
ionosphere and the resulting blackouts
have been discussed in many articles
appearing in PoPULAR ELECTRONICS and
the contemporary press.

““Warning’”’ Receiver. The radiation
given off by a solar flare travels at the
speed of light and arrives at our planet
in about eight minutes. However, the
charge particles drag along at about a
thousand miles per second and arrive
outside the earth’s atmosphere 24-36
hours later. The particles that arrive
late affect all short-wave transmissions,
while the fast-moving radiation has a
pronounced effect on the lower frequen-
cies and occasionally causes a short
period of radio blackout.

By listening in on the sun, it is possi-
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At the very low radio frequencies tuned by this receiver, the circuit is simply “*straight-
Regeneration is not desired, and when T1 and L1 are resonated to the same

frequency, R9 must be turned down to curb feedback. Output jack J1 is optional
if the user wants to “look’ at some of the strange VLF signals between 25 and 35 kHz.

ble to predict in advance some of the
solar flare effects on short-wave trans-
mission. A simple ‘“‘spherics” receiver
(short for atmospherics, or lightning
static) can give these advance warnings
and should alert the operator to the
fact that poor propagation conditions
may be expected a day or so later.
The very low frequency region around
20-30 kHz has a higher level of atmo-
spheric background noise than perhaps
any other portion of the radio spectrum.
Within minutes after a solar flare has
occurred, the level of this atmospheric
noise will rise to an even higher value,

A

All of the components sur-
rounding transistor Q1 are po-
sitioned above the chassis.
Although presumably T1 and
L1 would only be tuned once,
they are both mounted with
knobs attached to the thread-
ed shafts. The three binding
posts permit the receiver
to be connected to a variety
of antennas—short, long,
or of an “in-between’ size.
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remain at this high level, and then di-
minish slowly. To make use of this phe-
nomenon, all that the experimenter needs
is a simple receiver tuned to about 30
kHz. Such a receiver in its simplest
form can be built for around $10.00.
Many little extra improvements can be
added to the basic unit at little or no
extra cost—especially if you have a sup-
ply of surplus or salvaged parts available.

The Circuit. The receiver described in
this article consists of two transistors
operating as amplifiers tuned to the band
between 25 and 35 kHz. These transis-

?f\ Qrom il '_,l&mtig..\z
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PARTS LIST

B1—9-volt transistor batiery

BP1, BP2, BP3—5-way binding post

C1—0.001-uF mica capacitor

C2, C3—0.005-uF mica capacitor

C4, C5, C9—5.0-uF, 15-volt electrolytic ca-
pacitor

C6—0.02-uF paper capacitor

C7—0.0033-uF ceramic capacitor

C8, C12—0.1-uF paper capacitor

C10—0.01-uF paper capacitor

C11—350-uF, 15-volt clectrolytic capacitor

DI1—1N54 crystal diode

J1—Optional female comnector {BNC, RCA,
etc.) for scope cable

J2—Closed-circuit phone jack

L1—8-60 mH variable inductor (similar to J. W,
Miller width control coil 6319)

MI1-—0-1 milliampere meter, full scale

Q1, Q3—2N404 transistor, or similar

Q2—2N508 transistor, or similar

R1, R2—15,000-0hm, Y5-watt resistor

R3—22,000-0hm, Y4-watt resistor

R4, R12—3300-0hm, Y -watt resistor

R5—5600-0hm, Va-watt resistor

R6—570-0hm, Y -watt resistor

R7—36,000-0km, Vs-watt resistor

R8—2700-0hm, Ys-wait resistor

R9—10,000-0hm potentiometer, audio taper

R10—1000-0km, Ys-watt resistor

R11—68,000-0hm, Y-watt resistor

RFC1—50-mH r.f. choke

S1, S2—S8.p.s.t. toggle switch

T1—4-30 mH variable inductor (similar to J. W.
Miller width control coil 6316)

Misc.—Aluminum box, terminal boards, knobs,
wire, solder, etc.

tors are followed by a diode rectifier
whose output is amplified by another
transistor will work at these frequen-
or, if available, a chart recorder. All of
the tuned circuits use ordinary TV width
control coils as inductors. Almost any
trangistor will work at these frequen-
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cies, although the resistance values shown
in the circuit diagram apply particular-
ly to the 2N404 and 2N508-—both of
which are inexpensive and work well.

The diode circuit which rectifies the
noise into a d.c. component needs no ex-
planation except for capacitors C10 and
C11. These capacitors are used to smooth
out the individual noise and static pulses
into a slowly varying output which fol-
lows only the major changes in the at-
mospheric background noise—such as
solar flares, or severe local thunder-
showers. The actual value of CI11 will
depend upon the resistance of the meter
or recorder coupled to transistor Q3.
The value should be between 15 and 350
microfarads. Switch SI removes C11
from the circuit and shortens the time
constant of this stage when it is de-
sirable to monitor the lightning flashes
during a local thundershower.

A phone jack, J2, is provided for con-
nection to the external chart recorder—
which is the ideal instrument for moni-
toring solar flares. Until recently the
cost of chart recorders has been pro-
hibitive, but now they can be found on
the surplus market at reasonable prices,
or a brand-new chart recorder—such as
that pictured on the cover of the Hand-
book—can be purchased for under $90.

Construction. Construction of the low-
frequency solar flare monitor is rela-
tively non-critical. The only precau-

Note the aluminum shield that
the author found necessary to
add above the chassis to pre-
vent feedback from the meter
to the input circuitry sur-
rounding Q. Coupling ca-
pacitor C6 is mounted in a
rubber or plastic grommet so
that one lead is above the
chassis, the other iead beiow
it. Leads to the meter pass
through another grommet.
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tion that must be observed is to shield
the circuitry surrounding transistor 1
from the circuitry surrounding transis-
tors @2 and Q3. Using commonly availa-
ble components, the simplest solution to
this problem is to build the receiver in,
and on, a small aluminum box. The first
stage of the receiver is mounted on the
outside of the box and the second stage
and metering circuits are inside the box.

To make the receiver more attractive,
two end panels were cut from thin alum-
inum sheet metal. These were given a
coat of automotive touch-up enamel and
a screen cover was bent to fit around the
end pieces. The cover can be fashioned
from Reynold’s perforated aluminum.
Some builders may find it necessary to
cut the bottom out of the box to prevent
a closed r.f. loop being formed around
the detector coil.

In the receiver built by the author, the
transistor circuits were all mounted on
small terminal boards, and the terminal
boards were wired before being mounted
on the chassis. Although the slug-tuned
inductors need to be adjusted only once
during the original tune-up process, the
coils were placed on the front and rear
panels for convenience. Care should be
taken to make sure that choke RF(CI is
mounted at right angles to the core of
r.f. transformer TI1. The photographs
show the appropriate mounting posi-
tions. Improper mounting of the collec-
tor load choke of @1 will cause this
stage to go into oscillation. If oscillation

persists in this circuit, reverse the leads
to RFC1.

The 9-volt battery, B, is mounted
outside of the cabinet to make battery
changing easier. If the unit is to be used
over a long period of time, a larger-
sized battery can be employed and left
outside the retaining clip. Another fea-
ture that has been added to the author’s
model is an output jack to feed an oscil-
loscope. If a scope is available, the
builder can use it to detect unwanted
signals and self-oscillation.

Meter M1 can be any 2” meter with a
d.c. sensitivity between 50 pA and 1 mA.
Resistor R12 limits the current that will
be drawn through the meter and/or the
recorder. The value shown will permit
somewhat over 1 mA to flow if the
recorder has an internal resistance of
1000 ohms.

Tuning and Operation. After double-
checking the wiring and connecting the
receiver to an appropriate battery pow-
er supply, turn R9 toward the ground
end, and attach an outdoor antenna to
either BP1 or BP2. For the time being,
connect the ground lead to BP3 and wire
BP3 to a good ‘“earth” ground. When
battery switch S2 is turned on, the meter
will kick slightly and may read a very
small current—which is the normal leak-
age present in transistor 3.

Advance gain control R9 slowly. If
the meter suddenly goes off scale, re-
generation is present. This regenerative

these facing pages show the
arrangement of all parts =
mounted under the chassis. |
The author found it neces- |
sary to cut out the bottom !
of the aluminum chassis to
eliminate ‘‘closed loop'’ regen- |
erative feedback—otherwise &
the open bottom has no ef-
fect on receiver performance.
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A solder lug terminal board
is used here to support the
in the circuit around
transistors Q2 and Q3. The
transistor leads are soldered
to the terminals to efiminate
a need for sockets. Board can
be pre-assembled and then
mounted under the chassis
with 6-32
standoffs,

action can be controlled by changing
the value of R5—reducing the value of
this resistor should reduce the tendency
toward regenerative oscillation. The re-
ceiver should show signg of regenera-
tion with the antenna connected and the
gain control turned “full-on.”

The simplest way to tune up this re-
ceiver is to use an audio oscillator.
Couple the output of the cscillator loose-
ly to the antenna and tune T1 and LI
for maximum meter reading.* Tuning
should be done with the antenna con-
nected, since the antenna can change the

*Don’t be fooled into thinking you can hear a “‘tone
signal”—remember that you are using your audio
generator to line up the receiver, not a modulated
radio-frequency generator.

resonance of T1, If an audio oscillator
is not available, the tuning can be peaked
by simply adjusting T1 and L1 for maxi-
mum background noise. Adjustments
are always made for maximum meter
deflection. A fluorescent light is an ex-
cellent substitute generator and an an-
tenna lead brought close to the lamp
bulb will always show a high reading.
Reduce the gain of RY as TI and LI
are tuned for maximum readings.

After the receiver has been tuned—
say to a frequency of 27 kHz—plug in
a pair of earphones and open switch
81. You should hear nothing but a small
amount of noise. If any low-frequency
CW gignals are heard, the receiver must

This view is toward the rear of the chassis.
Jack J1 is under J2—one jack being regular
phone size, the other a miniature. Switch
S1 controls the time constant of the out-
put circuit so that a chart recorder can read
a rough average of the background noise—
not individual noise bursts. Circuit values
given are suitable for use with a Rustrak
low-cost chart recorder such as the one
shown on the cover.

screws, metal
lockwashers and
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This *‘fake’ chart recording shows some of the
things you might observe with this VLF receiver.
Reading up, the nighttime background noise level
drops before sunrise, rises to a new peak, then falls
to the usual daytime level. The sudden *'kicks’ in
the graph (except the “X’") are solar flares. The last
flare of the day, at 9 p.m., is buried in the nighttime
noise. Thundershowers produce considerable
electrical disturbance, shown peaked here between
2 and 4 p.m. The “kick” at ‘X" indicates the type
of noise associated with rocket booster firings.
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be retuned to avoid these signals. All
tuning should be done during the day
with the antenna connected. When the
receiver is ready for use, your first ob-
servation will be that the nighttime noise
level is several times greater than the
daytime noise level.

After verifying the differences in the
noise level, adjust gain control R9 for
a nighttime noise level reading about
two-thirds of the way up the meter
scale. Just before dawn, the background
noise level will drop. It will continue
at a low level throughout the day with
slight variations until sundown, when it
will quickly rise to the nighttime level.
However, a daytime thundershower can
raise the background noise level to a
very high meter reading.

Identifying Solar Flares. The occurrence
of a solar flare will produce a sharp
rise in the daytime background noise
level. The peak noise level will hold for
several minutes and slowly subside. On
oceasion, the fading out of the solar-
flare-induced noise burst may last for
more than a hour and this slow-fade
helps to distinguish a solar flare from
unusual electrical noises. A local elec-
trical noise will usually rise fast and
drop fast. Of course, thundershowers
will always mask solar flare indications.

Many experimenters may find that it
is possible to detect natural electrical
disturbances when no clouds are visible
in the sky. If capacitor C11 is switched
out of the circuit, it is possible to see
each lightening stroke on the meter.

A few words of caution will prevent
disappointment in the use of this receiv-
er. The output of the receiver will not
be a nice smooth line with an occasional
lump that can be labeled ‘“solar flare.”
Many things, known and unknown, can
be read with the help of this receiver.
In one day's recording, the author logged
three solar flares, a severe thunder-
shower up in the mountains, what ap-
peared to be a rocket booster blast-off,
and the sudden onslaught of a very
noisy electrical motor.

So, when you get many signals, do a
little detective work and find the source,
if possible. A strange little squiggle on
your recording chart could be a missile
test in Mongolia, or-—your neighbor’s
toaster. —B0-
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End guesswork

with this plug-in adapter— S

now you can instantly
check percent and quality
of modulation

By GEORGE J. WHALEN
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ASK ANY amateur or CB operator
about the efficiency, power input, or
stability of his AM phone transmitter
and you’ll likely be in for fifteen min-
utes of enlightening statistics about
final amplifier plate current, grid excita-
tion levels, and field strength measure-
ments. Then, ask him what his average
percentage of modulation is. In all prob-
ability, you’ll be met with a blank stare
and an answer something like: ‘“Oh,
about a hundred percent . .. I guess.”

You can hardly blame him for not
knowing much about his modulation,
simply because most transmitters have
no provisions for checking either quality
or percent of modulation.

The ‘“Modbox” takes the guesswork
out of monitoring modulation. It is a
simple, inexpensive modulation analyzer,
designed for easy addition to any plate-

//«

\
>?§?
W

%

%§

%E\\\\\
D

79

SALANANN AN
NI,
- xR RN NN

:

|

gggg

AN AN AN AN AN




LINK-CQUPLED
TANK CIRCUIT

CLASS-C
FINAL R F
AMPLIFIER,

&

ANT,

= PARTS YO BE ADDED
= FOR USE WITH MODBOX

{SEE

{
i
I
1| mele

MODULATED|

TO B+ 1
MODULATDR FEEDPOINT 1
1

B+ FROM
a POWER SUPPLY

ANT,

1

PARTS TO BE ADDED
FOR USE WITH MODBOX

PI-NETWORK
TANK CIRCUIT

MODULATED!
BY !
FEEDPOINT 1
1

TABLE)

T0 R2
MOOULATOR

[ S |

B+ FROM
B POWER SUPPLY

Fig. 1. Voltage divider Rl and R2, and harmonic frequency coupler C1 are installed in the final r.f. am-
plifier to obtain a sampling of harmonics and B-plus voltage without upsetting transmitter operation.

modulated AM transmitter or transceiv-
er running up to 200 watts input. It
provides three important monitoring fea-
tures: first, it reads your average per-
centage of modulation; second, it flashes
a warning whenever overmodulation or
serious distortion is occurring in your
final amplifier; and third, it lets you
hear the audio applied to the final am-
plifier, for an on-the-spot listening test.
This three-way quality check is the best
insurance policy you can get against
splatter, hum feedback, distortion, and
loss of contacts due to poor modulation.

How It Works. A ratio voltmeter circuit
is used to measure percentage of modula-
tion, a peak-reading neon lamp ‘volt-
meter”’ to detect overmodulation and
audio distortion, and a direct audio
monitoring circuit to couple audio out of
your rig to a pair of headphones for a
listening quality check.

The ratio voltmeter circuit makes it
possible to measure both a.c. and d.c.
voltages and the relative amounts of each
voltage present with respect to the
other. From these readings it is an easy
matter to determine percent of modula-
tion.

For safety’s sake, the ratio voltmeter
used in the Modbox operates from a re-
sistive voltage divider installed in your
transmitter’s final amplifier as shown in
Fig. 1. In this manner, high voltages
are kept off the Modbox cable. The di-
vider resistors have negligible effect on
the transmitter and may be installed

80

without violating any FCC regulations.

To better understand the operation of
the ratio voltmeter circuit, imagine that
the transmitter is in operation, but with-
out modulation. Unmodulated B+ ap-
pears across RI and R2, and is divided
down to a low voltage across R2, on the
order of about 10 volts. This low volt-
age is connected by cable (through pin 1)
to the Modbox (F'ig. 2) where it appears
across CALIBRATION potentiometer
R5, but is blocked from the meter circuit
by capacitor C2. When PUSH TO CAL
switch S is depressed, a path is creat-
ed for d.c. to flow, through resistor R3,
to d.c. milliammeter M1, and R5 can be
adjusted to obtain a full-scale reading
of 1 mA. After this adjustment is com-
pleted, S1 is released. TFhe ratio voltme-

» AT

DISTORTION
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H
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Fig. 2. Modulation indicator tells how much a.c.
signal is present with respect to unmodulated d.c.,
to provide a percent modulation figure. Distortion
indicator 11 lights up in the presence of harmonic
frequencies which are generated by overmodulation.
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ter is now calibrated for the unmodulated
d.c. plate voltage in the final amplifier,
and is ready to accurately measure a.c.
modulation voltages with reference to
this d.c. voltage.

When you speak into the microphone,
your rig’s modulator applies an a.c.
modulating voltage to the final ampli-
fier, superimposed on the d.c. plate volt-
age. This combination of voltage is also
divided down by RI1 and R2, and appears
across R5. Since S1 is open, d.c. is
blocked from the meter circuit, but the
a.c. modulating voltage is coupled to rec-
tifier diodes DI and D2 and the meter by
C2. Rectified audio voltages are filtered
by C3 and M1 indicates the relative ef-
fective value of the a.c. modulating volt-
age. For 1009 modulation, M1 will give
a reading of 0.7 mA. Readings exceed-
ing 0.7 mA indicate overmodulation,
which could result in “splatter’” and dis-
tortion.

The distortion-indicating circuit is
coupled to the modulated B+ by CI
(Fig. 1) and because of the small
amount of capacitance (68 pF') does not
readily see audio voltages at frequencies
in the range of 300 to 3000 Hz. How-
ever, when a condition of overmodula-
tion exists, high-frequency harmonics
are usually generated in the final ampli-
fier on the order of 10,000 to 30,000 Hz,
which are more easily passed by CI.
When the harmonic voltages appear
across R4 and exceed a peak of about

PARTS LIST

C1—68-pF, 3000-WVDC, ceramic capacitor

C2—10-uF, 25-WVDC, electrolytic capucitor

C3—100-uF, 6-WVDC, electrolytic capacitor

D1, D2—1N2070 silicon rectifier (o1 equivalent)

11—NE-51 neon lamp

J1—Single closed-circuit phone jack (Switch-
craft 124 or equivalent)

M I1—>Miniature 0-1 mA d.c. milliemmeter (La-
fayette 99 R 5052 or equivalent)

P1—DMiniature wmale shielded cable connector
(Awmphenol MPM3L or equivalent)

R1—See Table 2

R2-—3300-0hm, Yo-watt resistor

R3—6800-0km, Yo-watt resistor

R4—1-megolom, Yo-watt resistor

R5—5000-0hm, ‘o-watt linear taper potentionie-
ter (Mallory U-14 or equivalent)

S1—S.p.s.t. normally-open pusk-button switch
(Switcheraft 201 or equivalent)

SO1—Miniature female shielded chassis connec-
tor (Amphenol PCG-3 or equivalent)

1—57 x 23" x 2W” aluminum utility box
(Premier AMC 1004 or equivalent)

Misc.—3%"-i.d. and %16”-i.d. grommets, 3-conduc-
tor cable, terminal strip, knob, screw, nut,
wire, solder, etc.
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65 volts, the neon lamp (I1) flashes and
provides a visual indication.

A listening quality check of the audio
can be made simply by plugging a pair
of 2000-ohm headphones into jack J1.
The rectifier and meter circuit is dis-
connected when the phones are plugged
in. Potentiometer R5 can be used as a
volume control to adjust the sound level
in the headphones.

Construction. Layout and type of cabi-
net used are matters of choice and are
not critical. The few parts required for
the entire circuit could be made to fit
into your present rig, if you have the
space on the front panel for M1. How-
ever, you will get more mileage out of
the Modbox if it is a separate unit; you
can plug it into different transmitters as
needed.

A 5”7 x 2%” x 2%” aluminum utility
box can be used. The holes should be lo-
cated and drilled as shown in Fig. 3.

2-174"

3/6'01A 374" r

116"
2-1/4 OIA 9/16" faimmr

— e~ o — — —

3/8"D|A: 3/4

3/8"DIA
¥}___ Fig. 3. Type of box
used and layout are

\ 3 not critical, but make

. | 38018 the four bolt holes
for the meter a bit

T oversized to permit

] [ rotating the meter if
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3 CONDUCTOR
CABLE

Fig. 4. Mount the parts in any convenient manner,
but observe polarity of the meter, diodes, and elec-
trolytic capacitors. Use a clamp to hold the cable.

The meter hole should be made to con-
form to the meter used. Mark the posi-
tions of the four meter-mounting screw
holes and drill them somewhat oversize
to permit slight rotation of the meter, if
necessary, to mount it straight.
Appearance counts in home-brew gear
just as much as it does in commercial
equipment. So, if you want a really pro-
fessional-looking job, smooth all burrs,
polish the box with fine steel wool, paint,
and apply decals. A final coat of clear
acrylic lacquer will protect the unit from
normal wear and tear. Four tiny rub-
ber feet cemented to the bottom half of
the box will enhance the appearance of
the unit and protect your furniture.
When the chassis work and appear-
ance details have been completed, as-
semble the three-conductor cable and
connector P1. Cable length is not criti-
cal, but it should be just long enough
to make a neat hookup to your transmit-
ter. If you have to cut the shaft of R5
down to size, do so without subjecting
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the control head to stress. The neon
lamp is held in place with a 34”7-id.
grommet.

Mount the meter after you have com-
pleted the wiring. Be sure to observe po-
larity of the meter, diodes, and electro-
lytic capacitors. And avoid overheating
the diodes when soldering.

Calibration. No calibration is neces-
sary as the meter readings are relative
to the setting of R5 for an unmodulated
signal. However, if you would like to
double-check your work, you can put to-
gether the test setup shown in Fig. 5.
The VOM should be a 20,000 ohms-per-
volt meter, capable of good accuracy on
the low-voltage a.c. and d.c. ranges. Do
not substitute a peak-to-peak VI'VM for
the VOM since this procedure calls for a
meter capable of reading r.m.s. rather
than peak a.c. voltages.

Connect the test setup to the Modbox,
but do not connect the primary of the
transformer to the 117-volt a.c. source
just yet. Set the VOM to read d.c. volts
and adjust R6 until the VOM reads 6.3
volts d.c. Next, depress switch SI and
adjust the Modbox CALIBRATION po-
tentiometer (R5) until meter M1 shows
1 mA. Readjust R6 if necessary, to
obtain the 6.3-volt d.c. reading on the
VOM. Then, without disturbing any ad-
justments, release SI, set the VOM to
read a.c. volts, and connect the calibra-
tor to 117 volts a.c. The VOM should
read 6.3 volts a.c.,, and Modbox meter
M1 should indicate 0.7 mA—correspond-
ing to a 1009% modulation reading.

If M1 reads higher than 0.7 mA, de-
crease the value of the 6800-ohm resis-
tor (R3) and repeat the calibration
check. If M1 reads lower than 0.7 mA,
increase the value of B3 and repeat the
calibration check. One precaution: the
a.c. voltage from the transformer must
be no more and no less than 6.3 volts
for this calibration procedure.

If you want to convert your meter to
a direct-reading modulation meter, trans-
fer the readings from the accompanying
calibration chart (Table 1) onto the
meter face, using a fine-pointed pen or
colored pencil. If you are just interested
in knowing how close your average mod-
ulation percentage comes to 100%, mark
a line on the meter scale just beyond
the 0.7-mA division and write in “1009%”
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above it. Then, carefully fill in the scale
divisions between 0.7 and 1 mA in color,
so that readings exceeding the 1009%
mark will stand out at a glance. If you
wish, you can type out a small chart and
cement it to the side of the case.

Transmitter Hookup. Select a suitable
place in the transmitter, preferably as
close to the final amplifier as possible,
and mount JI. Next, compare your
transmitter’s schematic diagram with
the two typical final amplifier circuits
shown in Fig. 1, and locate the modu-
lated B+ feed-point in your -circuit.
Once you’'ve located the connection
point, determine the d.c. plate voltage
appearing at that point, either by mea-
suring it directly or from the transmit-

R IR T T A R e ?’?ZL’“"?:L"?”;%' S S
% fi7vac : gy
20,000
OHMS PER VOLT
+
at vam &
—V ok - I i
SEC PIR 1UiopROX
6.3vAC p|N25CABLE

s Tk s i

Fig. 5. Simple test setup for calibration purposes
can be put together with a 3-volt d.c. and a 6.3-
volt a.c. source. However, the Modbox is essential-
ly foolproof, and does not require a calibrator.

ter schematic. The plate voltage in your
transmitter determines the value of di-
vider resistor R1. See Table 2.

Install R1, R2, and C1 in your final
amplifier circuit, and keep the leads as
short as possible. Insulate any lead
which might come in contact with the
chassis. Pay particular attention to the
grounding of R2, and pin 2 of SO1. After
these components have been installed,
connect the Modbox to the transmitter
by plugging PI into SO1, and perform a
quick continuity check on the intercon-
necting cable. Be sure that the Mod-
box’s case shows continuity with the
transmitter’s chassis. Check all wiring
carefully, button up the Modbox—and
your transmitter—and you’re ready to
try it out on the air.

On The Air. It's a good idea to run
your transmitter into a dummy load to
make your adjustments and to avoid
cluttering up the airways with extra-
neous sounds prior to going on the air,

1967 Spring Edition

MODBOX METER CALIBRATION CHART
METER READING
{d.c. mA) % MODULATION
0 0
0.07 i0
0.14 20
0.21 i 30
0.28 40
0.35 50
0.42 60
0.49 70
0.56 80
0.63 90
0.70 100
0.71t0 1.0 Overmodulation

Table 1. You can obtain direct meter readings of
percent modulation by inscribing these figures
on the meter dial, or you can paste this table on
the side of the box. If you are just interested in
knowing how close you can get to 1009% modula-
tion, without overmodulating, paint that portion of
the diai above 0.71 mA in red, or any suitable color.

especially after a modification or repair
has been made. Warm up the rig, cover
the microphone or run the modulation
control down to zero to prevent modula-
tion of the carrier, depress the PUSH
TO CAL switch (S1) on the Modbox
and simultaneously adjust the CALI-
BRATION potentiometer (E5) until the
meter indicates 1 mA. Release SI and
speak into the microphone at a normal
level. If your rig has a modulation gain
control, bring the level up while speak-
ing, observing the meter as it “kicks” in
response to your speech. Bring the mod-
(Continued on page 149)

VALUE OF RESISTOR R1
FINAL R.F. AMPLIFIER
D.C. PLATE VOLTAGE|  CHMS WATTS
150 36,000 2
175 43,000 2
250 62,000 2
325 82,000 4
400 100,000 4
475 120,000 4
550 130,000 5
625 150,000 6
700 180,000 6

Table 2. Value of R1 depends upon the final ampli-
fier's plate voltage. If necessary, you can parallet
a couple of resistors to obtain needed wattage and
resistance. Don’t go below the wattage indicated.
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WHY DETUNE YOUR IF.

WHEN YOU CAN ISOLATE YOUR BC-453

iF YOU ARE in possession of a sur-
plus BC-453 long-wave receiver, you
have probably given thought to using
the BC-453 as a “Qb-er.” Unlike the
commercially available “Q-multipliers”
(Heathkit, WRL, ete.) that electronical-
ly increase the @ of an i.f. stage—thus
increasing selectivity—the Qb-er is a
separate receiver with its own highly
selective i.f. strip. When you use the
Qb5-er, you disable your regular receiv-
er’s detector and audio and use those in
the BC-453.%

In the circuit shown on this page, the
author modified the second i.f. stage in
his short-wave receiver so that this stage
could also act as a cathode follower.

*The BC-453 tunes through the 455-kHz i.f. of most
receivers. The i.f. signal is converted to 85 kHz
where better selectivity can be obtained without
resorting to Q-multiplier gadgets.

The output of the cathode follower is
then fed into the antenna terminal of
the BC-453 through jack JI. A d.p.d.t.
low-capacity rotary switch (81) enables
the operator to switch back and forth
between the Q5-er and the regular re-
ceiver. Without this cathode follower ar-
rangement, the input of the BC-453
would have been taken from the plate of
the second if. tube and consequently
misaligned i.f. output transformer T3.

Mount switch SI as close to the if.
stage as possible to curb potential feed-
back problems. Use coaxial cable or a
good shielded lead between the switch
and jack J1. Although there is modest
loss of signal strength through the cath-
ode follower arrangement, the BC-453
has more than enough “sock” to com-
pensate for the unity gain of the rewired
i.f. stage. —DBradley J. Thompson

In the ‘“Normal” position,
the receiver operates as
originally designed. In the
“Q5-er'’ position, the out-
put of the i.f. stage is by-
passed to ground and the
455-kHz i.f. signal fed into
the connection to the Q5-er.
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By CHARLES GREEN,
WEFFQ

DON'T LET

THE "2-TUBE" ANGLE

THROW YOU ...

THIS RECEIVER

IS ACTUALLY

THE HOTTEST THING AROUND

1967 Spring Edition

ERE’S a short-wave receiver that’s
built like a brick house, yet fires up
like a real powerhouse. True, it cannot
claim style . . . but it sure can boast
plenty of class. Far more important is
the fact that it pulls in more stations—
from all over the world—than many
commercial short-wave receivers with a
lot of fancy circuitry that adds nothing
but complexity. This “little monster”
covers frequencies from 500 kHz to 30
MHZz in four bands! How about that?
Just imagine picking up your local
broadcast stations, then switching to the
marine band, then to the international
short-wave bands, all the way down to
the 10-meter amateur band! A simple
bandspread tuning ecircuit is incorpo-
rated to provide maximum selectivity in
the crowded bands, and provisions are
included for either speaker or headset
operation.

About the Circuit. The ‘little monster”
is a transformer-operated regenerative
receiver employing switchable coils (see
Fig. 1). A twin triode (12AT7) op-
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Fig. 1. Featuring a sensitive regenerative circuit,
this transformer-operated receiver employs a single
triode functioning as r.f. amplifier and regenera-
tive detector, and a power pentode as audio driver.
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erates as an r.f. amplifier and regenera-
tive detector. A power pentode (6AK6)
drives the speaker or headphones through
output transformer T1. Transformer T2,
silicon diode DI and a filter consisting of
C15, R11 and R12 provide B4 power.
The r.f. signals from the antenna are
cathode-fed to grounded-grid reflex am-
plifier Via through C1. The amplified
output is applied to V1b through Ci.
The detected audio is fed back to the
grid of Vl1a through C6-R5, and after
amplification is coupled to gain control

R9 thru R}-C5 before it is applied to V2.
Switch S1 selects the coils for the de-
sired band while R8 varies the regenera-

C1, C2, C10—560-pF, 400-volt ceramic disc ca-
pacitor

C3, C14, C16—0.001-uF, 400-volt ceramic disc
capacitor

C4—47-pF, 400-volt ceramic tubular capacitor

C5, C6, C13—0.005-uF, 400-volt ceramic disc
capacitor

C7—10-365 pF variable capacitor

C8—2-14 pF miniature variable cepacitor (E.F.
Johnson 160-107 or equivalent)

C9—100-pF, 400-volt ccramic tubular capacitor

C11—25-uF, o6-volt electrolytic miniature ca-
pacitor

C12—0.01-uF, 1000-volt ceramic disc capacitor

C15—20-30-40 uF, 150-volt electrolytic capac-
itor

C17-—390-pF, 400-volt mica capacitor

D1—1IN1697 diode

F1—Y-ampere fuse (and fuse holder)

JI—Phono jack

J2—Closed-circuit phone jack

L1—Oscillator coil (J.W. Miller 71-0SC or
equivalent)

L2, L4—B & W 3016 Miniductor coil

L3—B & W 3013 Miniductor coil

R1—1600-0hm, Ys-watt resistor

PARTS LIST

R2—1-megohm, Vi-watt resistor

R3, R7—100,000-0km, Y5-watt resistor

R4, R5—180,000-0hm, Vs-watt resistor

R6—2-megohm, Ys-watt resistor

R8—100,000-0hm potentiometer, linear taper

R9—500,000-0hm potentiometer, audio taper
(with on-off switch S2)

R10—330-0km, 1-watt resistor

R11—15,000-0km, Vi-watt resistor

R12—1800-0hm, 2-watt resistor

S1—3-pole, 4-position rotary switch

S$2—S.p.s.t. switch (on R9)

T1—Output transformer: primary, 10,000 ohms,
:cco)ndary, 4 okms (Stancor A3879 or equiva-
lent

T2—Power transformer, 125 volts @ 15 md and
6.3 volts @ 0.6 ampere (Stancor PS-8415 or
equivalent)

V1—12AT7 tube

V2—6AKG6 tube

SPKR—4",3.2-0hm speaker

1—8” x 6% x 43" aluminwm box (LMB 146 or
equivalent)

1—8" x 51” x 1/16”-thick aluminum sheet

Misc.—Terminal strips, a.c. line cord, knobs, 7-
pin and 9-pin tube sockets, etc.
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Fig. 2. If you use the recom-
mended utility box, punch
and drill the mounting holes
in accordance with these
chassis and enclosure dimen-
sions. The 3” x 3" speaker
opening can be made round,
if desired. To form the chassis
surface, bend the edges of the
aluminum sheet along the

12 dotted lines to an angle of 90°.
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tion of the detector. Capacitor C7 is the
main tuning capacitor and C8 provides
bandspread tuning. Band A covers ap-
proximately 0.5 to 1.6 MHz; band B
from 1.7 to 5 MHz; band C from 4.5 to
14 MHz; and band D from 13.5 to 30
MHz.

GROMMET

XVi L2

Xva Ti T2

Fig. 3. Assemble major components on the chassis
at the locations shown. Be sure to use four 33”-
long spacers between capacitor €7 and front panel.
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Construction. The receiver is assem-
bled on a %e”-thick 4%6” x 8” aluminum
plate mounted in a utility box (LMB
146) approximately two inches from the
bottom of the box. The speaker, dial
plate, and the tuning and operating con-
trols are all mounted on the front panel
of the utility box.

Mounting dimensions and drill sizes
for the chassis and cabinet are given in
Fig. 2. After drilling out and deburring
the holes, install the tube sockets, rub-
ber grommets, speaker and metal grille,
transformers, coils, and the tuning ca-
pacitor at the locations shown in Fig. 3.

Coil details and terminal connections
are given in Fig. 4. Note that the B& W
coils must be cut down to a specified
number of turng, and that in each case a
#6 ground lug is attached to one end of
the coil. To attach the lug to the coil,
file the lug to get a sharp edge, heat it,
and then insert it into the plastic coil
form nearest the end of the coil, after
soldering the coil terminal to the lug.
Use the shortest lead possible. The
ground lug is secured to the chassis
with a #6 self-tapping screw.

You can now follow the pictorial dia-
gram (Fig. 5) for the layout of com-
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TO Fig. 4. Coil L1 is installed by inserting clips near screw end into mount—
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A~ GND ing hole and pressing down on coil until a click is heard. The B & W coils
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ponents and circuit wiring. Be sure to
dress the 6.3-volt filament wires close to
the chassis while keeping them away
from the coils. Keep all wiring as direct
and as short as possible.

Use 3%”-long spacers to mount the tun-
ing capacitor to the front panel, and

make sure the lugs on the capacitor are
not grounded to the chassis. After com-
pleting the assembly, install the tem-
plate (Fig. 6) on the front panel over
the tuning capacitor. Then install a
tuning knob with pointer and the re-
maining control knobs.

B ~F
R9 T0 J2 St
SPKR 0 c8
\ B
SEC.
R8
s2 L4
(]
Fl - cl7
RED L3 f
BLK T 7
W\ A ci5 ‘r TO
N e c7
T2 AN Y P
LEADS AR ‘7 c4 &
WO S ci2 =
cl
OpF GRN & 6'?4
A C
ci4 S
TI c5
RED Ri2 BLU c6 R3
DI Q0
Ac 204F ORI AN
LINE RI RED GRN S
clo &Y
c3
40pF .
|
£ N N
T2
Fig. 5. Pictorial diagram shows wiring details. Keep all leads
as short and direct as possible, and be sure to dress the 6.3-
volt filament wires close to the chassis while keeping them away
from the coils. Diode D1 must be installed with polarity as shown.
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Fig. 6. This dial can be cut out, or redrawn, and pasted on receiver front panel. Actual
calibration markings can be made when receiver is tuned to signals of known frequency.

Adjustments. During initial adjust-
ment of the receiver, you may find that
the frequencies of the stations tuned in
do not correspond to the dial markings.
This could be due to lead dress and other
variables that can change the receiver
tuning slightly. If this is the case, it is
suggested that you either modify the
template by changing the markings on
it, or else make a new template which
you can calibrate as necessary.

If you have a signal generator, then

FI 52 R9

C5 R8 CI3 J2 CI7 St C4 C7 Ll c8 L3 L4 vl
T -

/

///" /7

/7 / N
Cl4 DI RiI RI2 CI2 RIO Ci{ R6 C5 R4 C6 R7 CIO R5ICt6 R C3 C2CIR3

Fig. 7. Layout is simple and uncramped. Plastic fuse
cover prevents accidental contact with a.c. line

if you're working on the receiver with power on.
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by all means use it to calibrate your dial
settings. If you happen to live in the
vieinity of a broadcasting station and
find that your receiver is swamped by
strong signals, you can easily clear up
this condition with a series wave trap
connected between the antenna jack and
chassis.

Use a J. W. Miller 71-OSC coil with a
365-pF trimmer capacitor connected be-
tween pins 1 and 2 (the grid winding)
of the coil to form the trap. Then sim-
ply adjust the trimmer until all inter-
ference is reduced to a minimum. This
adjustment should not affect reception
of other stations.

Operation. Plug in the receiver to a
convenience outlet and turn the GAIN
control all the way up. Hook up a good
antenna to JI1, and advance the REGEN
control until you hear a loud noise or a
whistle. Then back off on the REGEN
control until the noise or whistle just
disappears, and your station should come
in loud and clear.

With a little practice, you will soon
become a pro at adjusting the REGEN
to the proper level while you pull in sta-
tions from all over the band.
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NY small boat owner or SWL can
change a BC-454/ARC-5 receiver
into a bandspread 2.5-MHz marine band
receiver. The BC-454 24-volt unit is
easily modified for 117-volt a.c. opera-
tion (see “Converting Your First Com-
mand Receiver,” POPULAR ELECTRONICS,
June, 1963). To confine the original

v AN
4 e O
¥ 0SCILLATOR MIXER ANTENNA |

TRIMMER SECTION

This combination wiring/pictorial diagram shows
the exact wiring position of the three silver mica
fixed capacitors. Placing these capacitors in the
circuit bandspreads the receiver’s tuning range.
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BC-454 GOES
MARITIME

By E. H. MARRINER, wessiz

Bandspread your

military surplus receiver

to tune the

small boat coastal frequencies

A dial was fabricated showing some of the more im-
portant maritime ship and shore frequencies used on
the west coast. Listeners on the east coast should
set their receivers so that WWV on 2.5 MHz is in
the middle of the tuning range: The converted BC-
454 makes an excellent ‘‘second' receiver for home
use, or may be battery-operated in a small boat.

3.0-6.0 MHz tuning range to 2.2-2.8 MHz,
the builder need only buy three capaci-
tors and wire them in parallel with the
existing tuning gang.

Turn the receiver over and remove the
bottom plate. The tuning capacitors are
ganged together under the aluminum box
cover that runs from one side of the re-
ceiver to the other. Temporarily remove
this second protective cover. Using the
diagram as a guide, mount three silver
mica capacitors in the approximate phys-
ical positions indicated. If you wire-
trace the electrical position of these
capacitors, you will see that they are in
parallel with the tuning gang and r.f.,
mixer, and oscillator coils.

When the capacitors are soldered in
place, tune in a station around 2500 kHz
and peak up the antenna trimmer capaci-
tor on the front panel. Next, adjust the
mixer tuning gang (the middle capacitor)
padder for maximum signal strength.
And you’re in business. If you find the
oscillator frequency needs adjusting to
cover the approximate frequency range
mentioned above, touch up the oscillator
padder. Then replace the capacitor cover
and the bottom plate.

Keep in mind that radiotelephone con-
versations are not to be revealed to a
third party. Discussing, recording for
playback, and disclosure of such conver-
sations is a violation of the 1934 Com-
munications Act. B0
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If you read all the advertisements for test
equipment Kkits, you may be surprised to find that
some readers of the ELECTRONIC EXPERI-
MENTER’S HANDBOOK actually build some of
their test gear. More often than not, the reason
that hobbyists build test equipment is that they
are looking for something special, something not
found in run-of-the-mill equipment. With that
thought in mind, your editors selected the follow-
ing test equipment projects as being something
out of the ordinary.

The “Pulser” (page 92) is undeniably a piece of
equipment that not every hobbyist is going to
build, or even want in his shop. But, wait a min-
ute—take a look at the circuit. Did you ever see
a generator that was simpler? Or had the output
range? Or had the frequency range? Probably
not, because this generator is built around a third
generation solid-state component—the four-layer
diode.

And, if we want to talk about third generation
components, the IC in the §6 amplifier (page 103)
certainly qualifies. This handy little project could
be useful around any lab or workshop bench.

o2
PULSE GENERATOR... ... ... .o, Don Lancaster

o5
SOLID-STATE SCOPE CALIBRATOR
Frederick Forman and Edward Nawracaj

o8
COMBINATION RC SUBSTITUTION BOX........ Carleton A. Phillips

103
AN INTEGRATED CIRCUIT AMPLIFIER FOR UNDER $6
Don Lancaster

106
ETERNAL VIVM “C" CELL . ... ... .. .. ... ....Garry Boross
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ADVANCED EXPERIMENTER PROJECT

PULSE GENERATOR

e e
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Variable amplitude and frequency trigger

By DON LANCASTER

A GOOD commercial pulse generator
can sport a $200-and-up price tag.
Here is a versatile unit you can build for
less than $15 . . . or as little as $2.00.
If your workshop is well-stocked, chances
are you will only need to buy one $2
part. The circuit is simple, foolproof,
and easily built in one or two evenings.

The Pulser produces a free-running
series of sharp trigger pulses, variable
from 0 to 10 volts in amplitude and with
a variable repetition rate of from one
pulse every ten seconds to 11,000 pulses
per second. It has five overlapping scales
and a choice of pulse polarity. It is bat-
tery-operated and draws less than 0.0005
ampere, and can put out almost 8 watts
of peak pulse power.

To boot, the Pulser has a low-output
impedance and is short-circuit-proof.
You can run it all day into a dead short.
The rise-time is quite snappy—only 50
nanoseconds. Pulse width varies from
scale to scale, but always stays at rough-
ly Yooo of the repetition time,

Applications. An important experimen-
tal use for the Pulser is as a trigger
source for multivibrators and counter
circuits. If you have a scope, here is a

92

for counting, testing, and experimenting

convenient pulse source for resonance
demonstrations, time constant experi-
ments, and ‘“Q” measurements. It is
dandy for testing radio control modules
and escapements, and doubles as a trigger
source for experimental transistor and
SCR power inverter circuitry.

The lower repetition rates are tops for
timing displays, exhibits and flashers.
For example, you can use the Pulser to
trigger an SCR lamp controller. Set the
Pulser to 58 hertz and the bulb will
smoothly oscillate at a 4-hertz rate.
Place a photocell in front of the light,
and you’ll wind up with an ultra-low-
frequency audio oscillator.

The Pulser easily drives a speaker
and produces a series of “pock-pock-
pock’ sounds to enable you to check out
speakers and output transformers. You
can also use it as a signal injector for
all sorts of audio testing and trouble-
shooting. And, finally, you can use the
“pocks” themselves; the unit will serve
as a metronome or as a darkroom timer.

How It Works. It’s all made possible
by a new semiconductor which sells for
$2 ... a four-layer diode. Unlike ordi-
nary diodes, the four-layer diode is a
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voltage-sensitive switch. It is normally
off, leakage current is negligible, and it
snaps on when it “sees” 12 volts. It
stays on as long as there is significant
current (more than 1 ma.) left in the
circuit. In the on state, the impedance
is so low that you must limit the current
externally; otherwise the diode will de-
stroy itself. Just like a regular diode, the
four-layer diode operates only in the
forward direction.

Add two resistors, a capacitor, and
a battery to the diode, and you have a
pulse generator, as shown in the simpli-
fied circuit of Fig. 1. Capacitor C takes
on a charge from B through R1. When
the charge reaches 12 volts, the diode
snaps on, producing a sharp spike across
current limiting resistor R3. This spike
is the output pulse and is almost 10
volts high; its width is R3 x C.

As the capacitor discharges (very
rapidly, since R3 is much smaller than
R1), less and less current flows through
the diode, and it finally turns off when
the capacitor voltage drops close to zero.

8i
-I- 22.5V

Fig. 1. Four-layer diode conducts when the capaci-
tor charges up to about 12 volts, and stays ““on’’ as
long as there is more than 1 ma. of current flow.

’f

-0

VOLTAGE |
AT

As battery current through RI in this
circuit is held to 0.5 ma. or less, it can-
not hold the diode on; the capacitor re-
charges, and repeats the cycle.

One output pulse is produced for each
charge and discharge cycle. The wave-
forms in Fig. 2 show the exponential
charge-discharge waveform at point 4
in the simplified circuit, the sharp out-
put pulse at point B, and their relation-
ship to the on-off time of the diode.

Figure 3 shows the entire circuit of
the Pulser. You can change the fre-
quency by varying R2 or by switching in
different capacitors. Potentiometer R2
provides a continuously variable fre-
gquency range, on the order of 11 to 1.
Each of the five capacitors is ten times

PARTS LIST

B1—22Y5-volt battery

C1—30-uf., 15-volt electrolytic capacitor

C2—3-uf., 15-volt electrolytic capacitor

C3—0.3-uf., 200-volt Mylar capacitor

C4—0.03-uf., 200-volt Mylar capacitor

C5—0.003-uf. mica capacitor

Di1—Four-layer diode (Motorola M4L3054,
available from Allied Rudio, $2.00)

J1—Phono jack

R1—47,000-0km, Ys-watt resistor

R2—500,000-0km, 2-wait potentiometer (linear
taper)

R3—250-0hm,
taper)

R4~—3.3-0hm, Vs-watt resistor

S1—S.p.s.t. slide switch

S2—Single-pole, five-position wafer switch (Mal-
lory 32157 or equivalent)

S3—D.p.d.t. slide switch

1—-3" x 47 x 57 case, approx. (Zero Z58-78-52
or Bud CU-2105A or equivalent)

1—4” x 57 dialplate (an anodized hard alumi-
num Metalphoto dialplate with POPULAR
ELECTRONICS on,it is available from Reill’s
Ploto Finishing, 4627 North 11th St., Phoenizx,
Ariz. 85014, in silver color for $2.75, or blue,
red, or copper for $3.25, postpaid in U.S.A.)

Misc—Battery holder; #10 nylon countersunk
washers (4); nuts and bolis; knobs (3); wire;
solder; ctc.

2-watt  potentiometer (linear

12V
Dl GOES ON

Fig. 2. Typical capacitor charge-
discharge waveform is present at
point A’ in Fig. 1. At output “B,”*

2 the rise time is so fast that you'll

Dt GOES OFF

need a fairly good scope to see it.
When the diode is “off,”’ the capac-

itor has a chance to build up a

E

charge until it is large enough
to trigger the diode into conduc-
tion. Current flow through the
diode is relatively so very large
that the capacitor discharges and
cannot take on a new charge un-
til the diode stops conducting.

+iov
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Fig. 3. Frequency depends upon
battery voltage and amount of
resistance and capacitance in the
circuit. Combination of R1 and
R2 provides an 11 to 1 spread
within each of five decade
ranges. Pulse repetition rate
can be varied from 1 every 10
seconds to 11,000 each second.

J

its neighbor, and they provide five fre-
quency ranges in decade steps from
x 0.1 to x 1000.

In spite of its simplicity, this RC con-
figuration makes it possible to select any
frequency within the Pulser’'s range.
Potentiometer R3 varies the output pulse
amplitude; it works like a volume con-
trol. Switch 83 performs the simple
task of reversing output pulse polarity.
And to make the whole thing short-
circuit-proof, R4 limits peak current to
a safe value.

Construction. You can build the Pulser
in a plain-Jane fashion in a 3” x 4” x 5”
Minibox, or assemble the unit in a deep
drawn aluminum case, as shown in the
photos. Any chassis will do; the one
shown here was made from a piece of
57 x 7”7 x ¥2” soft aluminum,

Rt sl C5 ca c3 J

c2 R4 Ci s3

R2 52 BI ol R3

Only electrical connection to the chassis is at
J1. The unused side of S2 conveniently serves as
a terminal strip for the common capacitor leads.
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The switches, battery bracket, and
chagsis sides are ‘“‘pop”’-riveted in place,
but you can use 6-32 x %4” machine
screws and nuts if you wish. The Key-
stone 177 battery holder is a suitable
mount for a 22%-volt battery, but you
can modify a penlight cell holder (Key-
stone 139) if you are not able to get a
177. (Note: no part of the circuit, in-
cluding even one side of the battery,
comes in contact with the case, except
for outer portion of J1.)

The dialplate is drilled to match the
openings in the chassis for the controls
and output jack; the nuts on JI, R2, R3
and S2 hold the plate in place. Four feet
for the bottom of the case can be made
from four #10 nylon countersunk wash-
ers and four #6 panhead sheet metal
screws. The screws through the front
two feet also go through the chassis,
and hold it in place.

Wiring is a cinch. All unused ter-
minals on S2 are tied together and used
to secure the negative ends of the ca-
pacitors.

Modifications. Any reasonable value
can be employed for any of the parts,
but the battery supply should be 22%
volts or more. Use linear pots; avoid
ordinary volume controls. Audio con-
trols with their log tapers will give you
a nonlinear scale.

Larger tantalum capacitors can be
used to extend the range on the low end.
The high end is limited by DI and can-
not be increased.

The scales are only accurate to = 15
percent, and will vary with battery volt-
age and the exact values of capacitors
used. If you need greater accuracy, go
to a line-operated, zener-regulated sup-
ply and hand-pick your capacitors, -0~
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Low-cost, high-efficiency calibrator
also serves as portable signal source

By FREDERICK FORMAN
and EDWARD NAWRACAJ

IMPLE, wuseful, accurate . . . that

about sums up this versatile oscillo-
scope calibrator which puts out a select-
able 10-volt, 1020-Hz square-wave or a
50-microsecond, 1- to 2-volt amplitude,
1020-Hz pulse. With this $18-to-build
instrument, you can not only check the
vertical calibration and time-base (hori-
zontal) linearity of your oscilloscope, but
get this . .. you can even check its basic
sweep frequency! The -calibrator can
also serve as a portable signal source
with one thousand and one applications.

How It Works.
(Fig. 1) is basically a simple solid-state
astable multivibrator designed to close
tolerances. Transistors @2 and @3 com-
prise the multivibrator, whose frequency
is determined essentially by the values
of timing components €7, €2, R3 and R4.

1967 Spring Edition

D-STATE

The scope calibrator %

S

The nominal 1020-Hz frequency can be
reduced to an exact 1000-Hz signal by
merely shunting C1 and €2 with a 20-pf.
capacitor.

Emitter follower @4 serves to isolate
the multivibrator from the loading ef-
fects of the output circuit while fune-
tioning as an impedance-matching de-
vice. Transistor @1 serves only as a bat-
tery condition indicator. It is employed
in an emitter follower configuration with
a 10-volt lamp (I1) serving both as an
indicator and as the emitter resistor.

As the source battery deteriorates, its
output gradually approaches the zener

Actual photographs of square-wave (left) and pulse
(right) produced by solid-state scope calibrator.
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Fig. 1. Essentially a square-wave generator, the scope calibrator also produces a positive-going pulse
for test purposes. The battery condition is monitored by means of the test lamp (I1) in Ql's circuit.

(D1) voltage, reducing @1's base bias,

and thus causing the lamp to glow more PARTS LIST
and more dimly. This can be_ observed Bi—22Yvolt battery
by pressing the battery test switch (S2). C1, C2—0.001-f., 2% disc capacitor
However, because the calibrator would gg—i80-§’f~245”50§%}1:g;’;l o mvworn
B —10-uf., 25- yii

normally be ]Jsed only on occasion, rath- D1—12-v0lt zener diode (Sarkes Tarzian VR124
er than continuously, the life of the bat- oot 3%4;?;716;; )d

3 ! 10ae
tery can be expected to approach its no- I1—10-volt indicator lamp (Sylvania 10 ES or

use or shelf life. equivalent)

Q1-—2N404 transistor

Q2, 03, Q4—2N697 transistor

RI1—1500-0hm, Vs-watt, 10% resistor

R2, R5—27,000-0km, V4-watt, 10% resistor

R3, R4—698,000-0hm, Ys-watt, 1% resistor

R6—250,000-0km carbon potentiometer

R7—100,000-0hm, YV5-watt, 109 resistor

R8—3900-0hm, Vs-watt, 10% resistor

S1—2-pole, 3-position rotary switch

S2—S.p.s.t. momentary-contact push-button
switch

1—5" x 4”7 x 37 utility cabinet (Bud C-1795 or
equivalent)

1—234" x 4” printed circuit board*

Misc—Binding posts, battery holder, machine
screws, solder, hookup wire

Fig. 2. Be sure to observe polarities of di- *Available from Fred Forman, 2421 West Berwin
odes D1 and D2, and capacitor C4, as shown Ave,, Chicago, Ill,, for $2 drilled or $1.50 un-
above. An actual-size photo of the foil side drilled.

of the printed circuit board appears below.
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Fig. 3. The bottom cover has been removed to show how printed circuit board is mounted in the cabi-
net. In view at left, the unit is on its left side. In view at right, the unit is turned on its right side.

Series resistor R1 drops the battery
voltage to within 0.1 volt of the nominal
12-volt zener diode level.

The multivibrator square-wave output
which appears at the collector of Q3
measures approximately 12 volts. This
is reduced to the required 10 volts by
adjustment of R6. To produce the 50-
pnsec. pulse, the square wave at Q3 is

differentiated by C3-R7, and rectified by
D2 to remove negative overshoots. The
output is switched to @4 by S1, and cou-
pled to the external circuit through C4.

Construction. Although the model
shown uses a printed circuit board
(which the author sells for $2—less
parts), you can lay out the circuit on a

Fig. 4. If you use a printed
circuit board, these will be
the only wiring connections
you will have to run. Jumper
wire shown on the circuit board
should be mounted on the
component side of the board.

sg/'wr
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When you use the calibrator, connect its output to
your oscilloscope’s vertical input. Be sure to place
a plastic graticule, ruled 10 lines to the inch,
over the face of your scope for greater accuracy.

piece of 21" x 4%%” unclad perforated
phenolic board if you wish. Use flea clips
or solder lug strips for the connections.

The calibrator is housed in a 5”7 x 4”7
x 3”7 utility cabinet. The selector switch
(81), battery test switch (82), and out-
put binding posts are mounted on the
front panel. You can also mount the bat-
tery test lamp on the front panel, to the
left of the selector switch, although it
is shown here mounted on the top of
the unit. Calibration potentiometer R6
is on the unit’s back panel, and the bat-
tery can be secured at any convenient
spot inside the cabinet.

Mount the parts on the component side
of the circuit board in accordance with
Fig. 2. Then install the circuit board in
the cabinet (Fig. 3) and complete the
wiring connections as shown in Fig. 4.

Adjustment. With the battery installed,
adjust the amplitude of the square wave
to exactly 10 volts, as follows:

(1) Set selector switch to SQUARE
and connect a jumper between @3’s base
and ground to disable the multivibrator.

(2) Connect an accurately calibrated
d.c. voltmeter across R8 and adjust po-
tentiometer R6 (on the rear of the unit)
for a 10-volt meter reading. Then re-
move the jumper and voltmeter.

After calibrating your scope, you can
use it to measure the pulse at the cali-
brator’s output. You cannot adjust the
pulse amplitude independently since this
is a function of the square-wave fre-
quency.

FREQUENCY-TO-M

ETER

CONVERSION CHART

FOR HAMS & SWL’S

HEN you're planning to 80,

By JAMES G. LEE, W6&VAT

install antennas for vari-
ous frequencies, it’s useful to !
have a rough idea of the 20
equivalent wavelengths. You 40

could use the formula: wave-
length (meters) equals 300
divided by frequency (mega-
hertz), but this quick-look
chart will give you almost as

[

precise an answer. The for-

mula is only necessary when

WAVELENGTH IN METERS

you want to cut an antenna
to the nearest fraction of a

meter. Calibrated to cover the

3.0- to 300-MHz range, this
chart makes it possible to con-
vert from frequency to me-
ters or vice versa. Read up
and across for meters, across

i

and down for MHz. ~f30—
98

Hrtrh i fiite
5 6 78910 15 20 25 30 40 50 60 708090100

FREQUENCY IN MEGAHERTZ
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COMBINATION

RC SUBSTITUTION BOX

By CARLETON A. PHILLIPS

Just flip the switch to substitute heavy-duty resistors
or capacitors mdividually or in series
or in parallel networks in your construction projects

ERE’S AN ITEM that’s a must for
shack or shop—an RC substitution

box which provides substitute resistors
and capacitors individually, or in series

or parallel RC combinations. You can
use it to bridge suspected defective com-
ponents, or to rapidly switch in different
values of resistance and capacitance to

Fig. 1. Circuit consists of four

PARALLEL
® RCe

RESISTOR SIA

N1 SR
4 SERIES

PARQ'&LEL substitution networks: resistor,
capacitor, series-connected RC,
CAEI l) and parallel-connected RC. If

capacitor and resistor values
shown are not suitable for your
applications, substitute others.

si8
O

CIRCUIT

T 85
OPEN~—0Q

R2 R3
2.5K 2.5K

2.5K

N
L)

Yoror]

=Y

el
A P s
c5 c4 c3 c2 Cl
15pf. jilopf. papf. 12pf Glufe O
st
* Q

—
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check transistor characteristics and cir-
cuits, and to perform various electronic
experiments. Simple to build, it can be
fashioned from ordinary parts.

How It Operates. Essentially, the sub-
stitution box is composed of a bank of
capacitors and a bank of resistors which
can be switched in by front panel con-
trols to obtain desired values. See Fig. 1.

To use the box as a substitute resistor,
place the SELECTOR switch in the RES
position, and rotate either the RES
switch (82) or the VARIABLE RES
control (R5) for the value you want. The
RES control, which switches in one or
more resistors (R1 through R5), pro-
vides a resistance value of from 0 to
12,500 ohms in increments of 2500 ohms.
The VARIABLE RES control fills in all
the values between each 2500-ohm step.

To use the box as a substitute capaci-
tor, place 81 in the CAP position, and
rotate the CAP switch (83) to select the
capacitance you want.

When bridging a suspected defective
capacitor, especially in a transistor cir-
cuit, throw the CHARGE switch (84) to

PARTS LIST

C1—1 uf.

C2—2 uf. | 600-volt

C3—4 uf. > paper

C4—10 uf.\ cepacitors

C5—15 uf.

I11—NE-51 neon lamp

R1, R2, R3, R4—2500-0hm, 10-watt resistor

R5—2500-0km, 10-watt potentiometer

R6—1000-0km, 2-watt resistor

R7—100,000-0hm, YVs-watt resistor

S1—Two-gang, four-position rotary switch

S2, S3—Five-position rotary switch

S4—S.p.s.t. toggle switch

S5—S.p.5.t. toggle switch with center-off position

2—Binding posts

1—7” x 127 x 4”7 box (Bud CU-21114 or equiv-
alent)

Misc.—Knobs, hardware, etc.

the OPEN position to allow the substi-
tute capacitor to charge slowly through
R7 and CAP CHARGE lamp I1. When
the capacitor is charged, the lamp will
go out. Now you can throw S} into the
CAP position. This procedure prevents
temporary healing of the bridged capaci-
tor, if it is defective, and current surge.
By rotating the SELECTOR switch back
to the RES position, charges built up on

100

the capacitors used in the substitution
box will be dissipated through R6.

To obtain a parallel-connected resistor
and capacitor network, rotate the SE-
LECTOR switch to the PARALLEL RC
position. Capacitance value is selected
by S3 and resistance value by R5 and S2.
To obtain a series-connected resistor and
capacitor, place the SELECTOR switch
in the SERIES RC position.

Fig. 2. Use of heavy-duty components puts this
substitution box in a class all by itself. You need
have no fear of burning out the 10-watt resistors.

Construction. All components are
mounted in a 3” x 5”7 x 7”7 box as shown
in Fig. 2. You can select any assortment
of resistors and capacitors to put into
the substitution box should you desire
a different range of values from that
shown. If electrolytic capacitors are
used, polarity should be observed and
indicated at the BINDING POSTS. Paper
capacitors were used here to avoid polar-
ity problems.

All components, except for the three
large capacitors, are fastened to the
cover of the box. The resistors can be
mounted on a small phenolic board. The
board can be fastened to the cover, but
kept in the clear by a pair of standoff
bushings. 30—

CIRCLE NO. 12 ON READER SERVICE CARD->»
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By DON LANCASTER

SIMPLE PROJECT OPENS DOOR TO NEW MICROCIRCUITS

ERE’S the ‘“bargain basement” inte-

grated circuit (IC) amplifier that
hobbyists and experimenters have been
waiting for. Ideally suited for use as a
phonograph or dynamic microphone pre-
amplifier, as a boost amplifier in a re-
ceiver if. or rf. stage, as well as in
practically all applications employing
low-level signals, the complete IC ampli-
fier can be built for under $6.00. The IC,
packaged in a TO-5 case, contains the
equivalent of six 2N918 transistors and
seven resistors, and provides a voltage
gain of 40, a current gain of 120, and a
power gain of nearly 5000.

1967 Spring Edition

Frequency response is essentially flat
from 20 Hz to 30 MHz, and distortion is
negligible at outputs of up to 0.7 volt
peak-to-peak. Clipping occurs at output
levels of 1 volt peak-to-peak and over.
When assembled with the external com-
ponents itemized in the Parts List, the
IC amplifier has an input impedance of
3300 ohms, and an output impedance of
approximately 25 ohms.

How It Works. The integrated circuit
amplifier (Fig. 1) consists of two sepa-
rate transistor differential amplifiers
(they respond to the difference between
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IC-1

Ji
INPUT

Caly

Fig. 1. Packaged in a standard TO-5 container, the integrated cir-
cuit, shown in the gray area, consists of two differential ampli-
fiers coupled externally by C2, and powered by Bl through B4.

two voltages), each of them coupled T 4 N 1

to an emitter follower stage. The output . 5/8"
of the first emitter follower is appliedto ! . _ BENDUP | 4*'
the base of the second differential am- 9/64"DIA .
plifier input transistor through coupling —— ‘# @ et B

—o—-

capacitor C2. )
Capacitor C1 couples the input from .. ]
J1 to the base of the first amplifier which .
is biased through R1. Resistor R2 applies | l &
bias to the base of the second differential < ¢ /8" DIA : L
amplifier input transistor. The IC ampli- ~—€3’i m(C) 4@;_
fier output is applied to J2 through C3. O\FOR
Base bias for the second transistor of GND 5
each amplifier pair is applied directly E0G -
from a 1%-volt tap on the 6-volt supply OO OO
battery. The full supply voltage is ap- O
plied to the circuit through S1. 0p0
Important: The values of capacitors S o
C1, 02, and C3 determine the frequency 38—
response of the circuit. For low-frequen- r‘|\ BEND UP ]
cy response (about 20 hertz) only, 100- =S . $ 5/8
uF capacitors are used; for frequencies \ L e =
above 100 kHz, 0.02-uF disc capacitors [ 3" {
are used instead of the 100-pF units. For - ) .
a full frequency coverage (20 hertz to 30 ',;'5; e ot i k%g:ftx"‘?,':’iaiﬁir'ﬁiiﬂﬁ;
MHz), parallel the two capacitor values. plate, drilled and bent to form a chassis support.

!
L

(SEE TEXT)

104 ELECTRONIC EXPERIMENTER'S HANDBOOK



Fig. 3. Pictorial of fully assembled integrated circuit shows simplicity of layout and wiring details.
The 10 teflon terminals that mount the TO-5 case can be replaced with one Sealectro IC socket.

Construction. The circuit is easily as-
sembled on an improvised aluminum
plate laid out and drilled as shown in
Fig. 2. The IC socket used by the author
is made up of 10 teflon press-fit standoff
terminals inserted into appropriate-
sized holes drilled in the plate. Then the
leads from the IC case are fanned out
and each soldered to a standoff.

However, it is possible that the build-
er may want a much easier and efficient
procedure. A single Sealectro press-fit
socket (see Parts List) can be press-
fitted in a %” hole drilled in the plate in-
stead of bothering with the 10 small
holes.

The four %”-diameter holes in the up-
per portion of the plate mount the two
penlight battery holders that are either
riveted or screwed to the plate. Slide
switch 81 is mounted on 1%”-long spacers
threaded at both ends for #6 screws,
through the two %.”-diameter holes. The
three unidentified holes in the vicinity of
the IC socket accommodate press-fit
standoffs that serve as tie points for
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PARTS LIST

B1, B2, B3, B4—1.5-volt penlight cell

C1, C2, C3—100-uF, 6-volt electrolytic capaci-
tor for 20 Hz to 1.5 MHz; 0.02-uF ceramic
capacitor (10 wolts or more) for 100 kHz to
30 MHz; both values in parallel for full range

IC1—Motorola dual two-input gate MECL
circuit (Allicd Radio MC359G, $3.70)

J1, J2—Chassis-mounting phono jack

R1, R2—3300-0hm, Y -watt resistor

S1—S.p.s.t. slide switch

1—Sealectro IC 10-pin socket, Part No. RTC-
1010 SL

13" x 57 sheet of 1/32"-or 1/16”-thick alum-
THUM

Misc.—Batlcry holders for four penlight celis
(2), teflon press-fit terminals (13), ground ter-
minal, V5" -long threaded spacers (2) with #6
14”-long screws (4), rivets or screws for
battery holder, solder, hookup wire

component leads. The input and output
jacks are mounted on the raised front
panel as shown in Fig. 3.

All circuit components should be
mounted and wired in place before in-
stalling the IC package; but do not

(Continued on page 138)
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By GARRY BOROSS

Looking inside a typical VIVM (Heathkit IM-13),
note how Eveready N54 nickel-cadmium cell slips
into battery holder. Only two additional parts are
needed. Tie point is added to support wiring con-
nections between R1 and diode rectifier D1. Fila-
ment connection is made at pin 9, V2, in this case.

TO OHMS
DIVIDER
NETWORK

il
100mo.
SOPIV

6.3VAC Bt

RI
1250
oW
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Substitute a
rechargeable battery
—and forget it

EVERY seasoned experimenter/hobby-
ist will agree that the VIVM is a
basic tool for circuit testing and elec-
tronics repair work. But it has one
shortcoming—hidden inside that metal
case is an ordinary flashlight battery.
Too often this battery is forgotten until
the experimenter realizes that the ohm-
meter readings are way off and a corro-
sive fluid is seeping out the bottom of
the VTVM case.

If you believe that an ounce of pre-
vention is worth a pound of cure, try
substituting a nickel-cadmium battery
(B1) for that old flaghlight cell.* Simul-
taneously, wire into the VTVM a simple
half-wave rectifier using a silicon diode.
This diode (D1) and a series current
limiting resistor (R1) are fed from the
6.3-volt filament winding.

The nickel-cadmium cell can be in-
serted into the battery holder in the
VTVM. Or, if you would like to solder
the battery into the circuit, you can ob-
tain a nickel-cadmium cell equipped with
soldering tabs. When power is applied
to the VTVM, the battery will receive a
small trickle charge—generally 20-30
ma. There is no danger of the battery
being overcharged, even if the VIVM is
left on continuously.

=Mercury batteries are nol used im VIVM’s be-
cause of their high internal resistance. Alkaline
batteries are occasionally recommended for use in
VTVM’s, but they sometimes release corrosive
guses that damage switch coniacts.
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This is the “fun’” chapter in the ELECTRONIC
EXPERIMENTER’S HANDBOOK. The seven

projects are a “mix” of Science Fair ideas, prac-
4 tical jokes, and games. As a practical joke, we
1 recommend the “Tickle Stick” (page 125)-—a

harmless, but surprising little gadget that will pro-

-‘; vide you with hours of fun. For games, try either

the “Dozen” (page 114) or the “Reflexometer”
(page 127).
As a Science Fair project, our highest recom-

" mendation goes with the “Li’l Atlas” (page 119),
- one of those science-fiction devices that you see

every now and then in the movies. Suspended be-
low an electromagnet is a small globe of the earth.
As gravity pulls the globe down, the magnet pulls
it back—just enough to counteract the pull of
gravity—and the globe is seen hanging in space
with nothing touching it. This is a project you
really must build in order to appreciate the star-
tling effect.
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A LIGHT on one side of this mystery

box flashes, and a ring jumps to-
ward it like a trained animal. Within a
few seconds a light on the opposite side
flaghes, and the ring leaps over to it with
the same rapidity. This action continues
as long as power is applied.

What facet of space-age technology
has made it possible for a light to at-
tract what appears to be a black metal
ring? Is it an ionic generator of some
sort, or some heretofore unknown plasma
or form of energy at work? What elec-
tronic genius thought this thing up in
the first place? Chances are that you
will get as many different explanations
as there are viewers, if you insist upon
answers to your questions.

The flaghing light creates the illusion
of attracting the ring, and the illusion
attracts a crowd. Aside from the com-
mercial aspect of being able to capture
the attention of large groups of people,
a principle of mutual induction can be
demonstrated and the project should
make an intriguing entry in science fairs
or other similar events.

How It Works. A slow-revolving
(6-rpm) timing motor alternately ener-
gizes a coil located at each end of a
semicircular soft iron rod. See Fig. 1.
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Coil L1 is energized when contact 1 or 3
ig touched by the rotating arm; coil L2,
when contact 2 or 4 is made. When a coil
is energized, a magnetic field is created.

The soft iron rod in the center of the
coil concentrates much of the energy in
the magnetic field and increases the cou-
pling of the magnetic field to the alumi-
num ring. This causes an induced cur-
rent to flow in the ring, which sets up a

Fig. 1. As the tim-
ing motor alter-
nately energizes
the two coils, the
ring jumps from
one side to the
other. When the
lamp on the right
lights, the ring
jumpstotheright.
When thelamp on
the left lights,
the ring jumps to

the left. It looks
as if the light
attracts the ring. 1 4
7\/{—
T 5
21\/ “3 RETATION
sl 12-16V 3
/
’
/l !
L » i ]
1T7VAC R ———— iy
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THIS AMAZING RING HOPS
FROM ONE SIDE TO
ANOTHER, CHASING THE
FLASHING LAMPS

By WALTER B. FORD

BUILD THE

magnetic field of its own. These fields
magnetically oppose each other, and the
ring is vigorously repelled. It shoots
upward and away from the coil, travels
around the loop, and lands on the other
gide, near the other coil. When the
other coil is energized, the ring is shot
back to where it came from. This back-
and-forth motion is in step with the ro-
tation of the timing motor.

12"

The timing motor operates directly off
the 117-volt line. Coils L1 and L2 oper-
ate off the 12-volt secondary winding of
T1. Lamp I1 is wired across L2 and
lights when this coil is energized. Simi-
larly, lamp I2 is connected across LI
and lights when L1 is energized. Because
each lamp is physically located opposite
its coil, there is the illusion that the
lamp attracts the ring.

Construction. Drill the Masonite panel
as shown in Fig. 2. Place the drilled
panel over the open space on the alumi-
num chassis; then mark and drill around
the flanged edges of the chassis as
shown. Drill a few additional holes in
the chassis for ventilation, line cord en-
trance, switch mounting, and rubber
feet.

Remove any nicks from the 24”7 soft
iron rod being used for the loop, with a
fine file or sandpaper. Then polish the
rod with emery cloth and steel wool.
Make a wood form for shaping the loop
(Fig. 3). Attach another piece of wood
to the form by means of a back plate so
as to provide a slot for holding one end
of the rod.

Place the form and back plate in a
vise, and insert the iron rod into the slot
so that the end of the rod is positioned
5%” from where the semicircle ends.
Bend the steel rod around the form,
using a rubber mallet or block of wood
as necessary. If one side of the rod is

—»J 118" 3-1/4" | 3-1/8" 3-1/4" 1-178"
f-- —4~ —$- ——
H ‘%_ n/4".:.§ e e
2-172" et 4’ 14" e |
A/0|A DIA TOP DIA N\ DIA !
& o A -
et - o
t—| 78" i . 77 g Se—
2-1/2"fe—2-1/16" t 7-3/4" !_ 21716
5/32"DIA
e ¢_ (1oF |4)$
N 14"
[ |
) DT SR G SR— . &
Fig. 2. Drill a 7% x 12" x 3/16” Masonite panel to T
hold the soft iron toop and the pilot lamp sockets.
Position of mounting screw holes is not critical.

Fig. 3. Carefully bend the rod around the wood form to obtain
" a smooth shape in the toop. Rod must be clean and free from
burrs to permit the ring to travel freely without interference.
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PARTS LIST

11, I12-—12-16 wolt miniature bayonet lamp

L1, L2—S8ee text

S1—S8.p.s.t. toggle switch

S2—See text

T1—Filament transformer; 117-volt primary,
12-16 volt secondary, 2 amp., minimum (Allied
Radio 62 G 331 or equivalent)

I1—6-rpm timing motor, 117 volts a.c., 60 cycles
—see text

1—7" x 12”7 x 3/16” piece of Masonite

1—234" x 234" x 3/16” piece of Masonite

1—37 x 77 x 127 aluminum chassis ( Bud AC-408
or equivalent)

1—24" soft iron rod, 4" diameter

2~—138" fiber or Micarta washers, 387 thick

1—38’ length of soft iron wire, 16 or 18 gauge

1—22-gauge enameled magnet wire—see text

2—DPilot light assemblies (Allied Radio 7 E 8§91)

1—1Y5” brass rod, 15" diameter

4—Pieces of 20- or 22-gauge round brass tubing,
47 o0d., V5”7 long

1—157 picce of 20- or 22-gauge seamless alum-
inum tubing, 38”7 o.d. (won’t work with a
seam)

4—5/16" x 9/16” pieces of 26-gauge spring brass

1—5/16" x 174”7 piece of 26-gauge spring brass

Misc—Line cord, 34” x 6-32 brass round-heod
machine screws (4), 2”7 « 6-32 steel round-head
machine screws (2); 6-32 hexagon brass nuts
(8), 6-32 lzextzgon steel nuts (2), rubber screw
bumpers (4), 38" x 6 sheet metal screws (14),
17 a 1%” wood dowels (2), Y4” rubber
grommel, Y4”-20 hexagon steel nuts (4), 34”-
diameter steel washers with %" center (2),
?té) lock washers (4); and 6 brass washers

4

longer than the other after forming, cut
it to make both sides even. Then thread
about 145” from the ends using a 14" die.

Construction of L1 and L2. Make two
coil forms with fiber or Micarta washers
and strips of thin cardboard as shown in
Fig. 4. Wrap a strip of 2”-wide cardboard
around a %” wood dowel and apply glue
between the layers of cardboard without
getting any glue on the wood dowel.
Drill holes in the fiber coil ends to fit the
cardboard tube and cement the tube and
the ends together. Then drill two Y¢”
holes in one end washer of each coil
form to pass the wires through.

Wind approximately 80’ of No. 22
enamel-covered magnet wire on each
form. The exact amount is not impor-
tant, but it is important to wind the coil
turns close together and evenly. Sup-
pliers of magnet wire generally sell the
wire wound on 14-1b. spools. One such
spool is usually enough for both coils.

Mount the pilot light assemblies to the
Masonite as shown in Fig. 5. Then cen-
ter the two coils on the underside of the
panel and over the 14" holes, and cement
the coils in place. The aluminum ring
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EPOXY

FIBER WASHER
CARDBOARD
TUBE

22GA.
MAGNET PIECES OF IRONWIRE
WIRE PACKED AROUND
! CENTER ROD
{SEE TEXT)

1-3/4"

T«—FIBER WASHER
STEEL WASHER
STEEL NUT |

-3/8"

Fig. 4. Construct coil forms as shown. Each coil
takes about 80 feet of No. 22 enamel-coated wire.
A 145 -pound spool should be enough for both coils.
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Fig. 5. Cement the finished coils to the bottom of

the panel. Use extra long coil leads to avoid undue
stress on the connections when assembling the unit.

D WwO0D
3/16"MASONITE . DOWEL
— {2 REQD)Y
S é g
' 11/ 8"t
2-3/4"
1-3/8"—o
1-3/8" e
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%k MOTOR MOUNT HOLES
*¥MOTOR SHAFT HOLE

* CHASSIS MOUNT HOLES

* STATIONARY CONTACT HOLES

Fig. 6. Fabricate the rotary switch on a 234" x
234" piece of Masonite and bolt it to the chas-
sis using two 14 “-long dowels and 2”.-long screws.
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— SLOT QUT WITH
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H,
DRILL FOR
MOTOR SHAFT

5/16"X1-7/8" 26GA. SPRING BRASS \
DRILL & TAP

FOR 4-40

SETSCREW

Fig. 7. Contacts are made from strips of spring
meta! soldered to short lengths of tubing. Drill the
rotating contact to fit snugly on the motor shaft.

MACHINE SCREW
8-32xt" 4_9170
SE
NUT
= SCREW
\ !%/WASHER
SOL'DDéR] s E{ ~—NUT
I T I
; G-SENIE  ER
TIMING
MOTOR LUG
SIDE VIEW

Fig. 8. Stationary contacts (side view) should be po-
sitioned to provide gentle contact and timed to ex-
tinguish the light just before the ring reaches it.

which flips back and forth on the steel
loop is made from 4”-long, 34”-o0.d.,
20- or 22-gauge aluminum tubing; both
ends of the ring should be reamed before
the ring is placed on the loop.

Insert the ends of the loop from the
top of the panel through the centers of
the coils until the ends extend 14” be-
yond the coils. Then turn the unit upside
down and support the ends in the same
position. Cut a number of pieces of No.
16 or 18 soft iron wire, each slightly less
than 2” long, and straighten the pieces
as much as possible. Then insert the
wires around the steel loop ends (Fig. 4)
in the center of the coils, applying a
coating of epoxy cement to each piece as
it is inserted in place.

Tightly pack both coils with the wires.
You’ll find it easier to insert the wires if
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you sharpen one end of the wire with a
file. Then cut notches in the steel washer
to clear the coil leads; place the washers
and nuts over the 1,” rod projecting
from the coil ends. Do not tighten the
nuts until the epoxy glue has set.

Drill the 234” x 234” Masonite board
used to mount switch S2 as shown in
Fig. 6. Measure the spacing of the
mounting holes on your #ming motor
and drill corresponding holes in the
base.

Herbach and Rademan Inc., 1204 Arch
St., Philadelphia, Pa., 19107, offers a line
of synchronous timing motors from 14
to 30 rpm. The 6-rpm model is priced at
$4.95, f.o.b. Philadelphia. Motor rpm is
not critical and almost any timing
motor, down to 1 rpm, will work well.

e 8' -@ %
i

-;f SoﬁlTE@ L ;
- .3"

o .

- TIMING MOTDR
MOTOR . ARMATLR
G i B i

b ""‘&ezs
L %Mﬁ.'

Fig. 9. Curve the rotating contact to get a gentie
spring-like action. Contact and motor leads should
be long enough to allow assembly without stress.

Next, start making the four station-
ary contacts from 20- to 22-gauge,
147-0.d., brass tubing cut to 14” in
length. As shown in Figs. 7, 8, and 9,
they are made by soldering a %¢” x 9%¢”
26-gauge piece of brass spring into the
slotted tubing. When making the con-
tacts, cut each length in line with the
“grain” of the metal to prevent it from
snapping when bent. The alignment of
the grain can be determined by observ-
ing the direction in which the metal
tends to curl when laid on a flat surface.

The rotating contact is made by sol-
dering a strip of spring brass into a
piece of slotted brass rod as shown in
Fig. 7. Dress down the edges of the
rotary and stationary contacts to insure
quiet operation. Each of the four sta-

(Continued on page 138)
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YOU CAN'T BUY a Wurlitzer organ
like the one at Radio City for ten
bucks, but you can build the Mini-Organ
for less than that, Your youngsters will
be delighted—and you’ll be, too—at the
ease with which such well-known tunes
as “Red River Valley,” “Blue Bells of
Scotland,” “Home, Sweet Home,” and
many others can be played on an in-
strument you can put together in a
couple of hours.

How It Works. The Mini-Organ is a
two-transistor, battery-operated multi-
vibrator whose frequency (pitch) is de-
termined by the RC time constant of
C1-R1 (Fig. 1). The lowest frequency of
oscillation—and hence the lowest tone—
is determined primarily by the value of
capacitor C1 and series capacitors C?2
through C8, while the highest frequency
of oscillation (highest pitch) is deter-
mined essentially by the setting of po-
tentiometer R1 in series with resistor R2.

When capacitors C2 through C8 are al-
ternately switched in series with CZ, a
change is produced in the multivibrator
frequency which in turn produces a one-
octave musical scale. Depending on the
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'MINI-ORGAN

It’s electronic . . .

it’s transistorized . . .
and it’s fun

to build and play

By WILLIAM S. GOHL

characteristics of transistor @2, capaci-
tor C9 may be required to aid the multi-
vibrator action. Diode D1 provides the
feedback path to sustain oscillation.

Switches S7 through S8 are the push-
button operating keys that apply the
right amount of capacitance in series
with C1 to produce the desired tones
when pressed. Transistor @1 is an npn,
high-current, high-frequency switching
type, while @2 is a pnp audio frequency
type which provides sufficient volume for
comfortable listening in a small room.
If greater volume is desired, the builder
can add as many stages of amplification
as may be necessary.

Operating power is supplied by four
ordinary flagshlight cells in series.

Construction. The Mini-Organ can be
laid out and breadboarded on wood or on

ELECTRONIC EXPERIMENTER'S HANDBOOK



a perforated phenolic board as shown in
Fig. 2. Breadboard dimensions are best
determined by the builder. The push-
button keys are spaced %” apart at the
bottom of the panel, and the opening for
the speaker is spaced midway between
the holes for the keys and the top edge
of the panel.

Main power switch 89 can be com-
bined with the potentiometer, or may
be a separate slide or toggle switch as
desired. The transistors, the 1-megohm

¢l ol
005, b
4
El
c2
.02, -
s2 }
c3
02pf, o4
S35
C4
o2yf. o4

Fig. 1. Mini-Organ operates
on single 6-volt transistor
radio battery or four ordi-

& nary flashlight cells. If
TP, *Y  transistors different from
S those specified are em-
’ Y. *% ployed, or if oscillation is
c8 unstable as indicated by a
02yt &—  wavering note, insert C9.

resistor, and the capacitors are mounted
on terminal strips.

The entire unit can then be housed in
a plastic or wooden case as desired. The
keys can either be color-coded or num-
bered for easy recognition.

Operation. Try out the organ by ad-
justing the potentiometer at different
settings as the keys are depressed. If
you want a lower tone, increase the val-
ue of R2 in 500,000-ohm increments. To
change the tone range slightly, change
the value of €I in small increments.
Using less capacity will give you a high-
er tonal range.

From here on, you are on your own.
Practice with simple tunes within the
instrument’s range until you can master
your favorites. And have fun. 30—

PARTS LIST

B1—1Y5-volt cells (4 required)

C1—0.005-uf. ceramic disc capacitor

C2-C8—0.02-uf. ceramic disc capacitor

C9—0.001-uf. ceramic disc capacitor (optional
—see text)

C10—0.2-puf. paper capacitor

D1—1N54 diode

Q1—2N388 transistor

Q2—2N408 transistor

RI1—1-megohm potentiometer with switch

R2—1-megohm, V5-watt resistor

S1-S8—Momentary-contact push-button switch

S9—S.p.5.k. switch

SPKR.—8-0hm speaker

1—5” x 7”7 x 2V4” plastic or wooden case

Misc.—35-lug terminal strips (3), small knob,
hardware, wire, solder, etc.

Fig. 2. This photograph shows the rear panel of the author’'s prototype organ which was later rewired to

improve lead dress.
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Parts are mounted on terminal strips, and the battery is strapped down in the case.
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ELECTRIC
DOZEN
GAME

OME TIME AGO when the author
saw an advertisement for a Mallory

24-contact point rotary tap switch, the

thought occurred to him that this low-
cost switch might be useful in a game or
gambling device. The switch detent mech-
anism is easily removed, and when it is
eliminated the switch rotor can be con-

Neon lamps with imprinted numerals are available
from many electronics supply houses. The author
obtained his from Herbach & Rademan, 1204 Arch
St., Philadelphia, Pa., for $3.50. Operation of S1, S2,
and S3 is detailed in last paragraph of the text.

LUGS
208&l

LUGS
15821

tinuously rotated. The switch contacts
are 15° apart, and in the unit pictured
on this page the two switching decks
are paralleled and the contacts paired.
Thus, neon lamp 9 is lit when switch S4
is at either lug 13 or 23, lamp 3 when S}
is at lug 1 or 20.

To drive the rotor, the author used a
120-rpm, 117-volt a.c. motor. The ¥4”
shaft of the motor is attached to the
switch rotor through a flexible coupling
to eliminate binding and permit the
switch to be rotated freely. The wiring
is obvious from the diagram, although a
few words on the additional switching
might be in order.

The motor is activated by a s.p.d.t.
push-button switch (S1). If all 12 lights
are required in your game, switch S2 is
closed. If only 6 lights are preferred,
82 is opened and. only the neon lamps
with the numbers 1 through 6 will be lit.
Without switch S3 in the circuit, the
lamps will go out as the motor revolves
the rotary switch rotor. With 83 in the
circuit (and closed), the neons blink on
and off as the motor works.

—Ken Greenberg

B &Y

LUGS LUGS LUGS LUGS LUGS LUGS
13823 287 2488 12817 3819 58&(4

”
e ——

MOTOR SHAFT MECHAN-
ICALLY COUPLED TO
SWITCH SHAFT

No attempt was made to
“pretty up” the wiring.
Result: this rat's nest of
leads from neon lamps
. to switch contacts. The
I motor was also ob-

(OPTIONAL)
S3
- —@<—0—

L 1

Sl

tained from Herbach &
Rademan (#B7-208).
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VAC
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IN YOUR KITCHEN you'll find more

than just food. Look around and
you'll come across some of the things
needed to make a small Van de Graaff
generator. Here's a ‘recipe” for an elec-
trostatic generator which can put out
upwards of 100,000 volts of harmless
static electricity, and which requires
very little culinary skill to prepare. In-
gredients called for include a small pie
tin, a large aluminum salt shaker, and a
few ‘“‘condiments.”

Although it’s diminutive in size, there
is little difference in principle between
this midget powerhouse and the massive
2-million-and-more-volt units used in
atomic research. This generator makes
a perfect science fair project and is easy
to build. You can use it to demonstrate
the laws of electrostatics—and don’t be
surprised if it makes your hair stand up
as well!

How It Works. As you know, the sim-
plest way to generate static electricity is
to rub two pieces of material together.
Walk across a carpeted floor on a dry
day, and chances are you’ll draw sparks
when you touch a metal surface; or run
a comb through your hair, and you'll hear

. “Hopped-up” utensils and
. about $2.50 worth
of ingredients
desert the kitchen
for the
science fair

By ED FRANCIS




things snap, crackle, and pop. While
this static electricity is commonplace,
it is no different from that produced
by the little Van de Graaff genera-
tor ‘““cooked up’” here. A hollow insulat-
ing column held in place by a pie-plate
base supports a salt-shaker dome. With-
in the base, a small toy motor drives a
rubber belt around a plastic pulley.
When two dissimilar substances are
rubbed together, they become electro-

While construction is
quite simple, as-
semble the parts as
neatly as you can and
be sure to align

them properly. The
soft rubber belt
should exert a small
amount of tension.
The wire mesh brushes
are dressed close

to the belt—but do
not touch it.

ALUMINUM
SALT SHAKER

- ALUMINUM FOIL

—
3(

PLASTIC COLUMN

1-14"

i

ODWER PULLEY OF WOOD
OR PLASTIC, COVERED
WITH PLASTIC TAPE

SMALL PIE PAN

116

~..UPPER PULLEY OF WOOD
OR PLASTIC, COVERED WITH

§SALT SHAKER LID

1"0.D. 7/8"I.D.X4"LONG

statically charged. The one with the
higher dielectric constant usually takes
on a positive charge, and the other takes
on a negative charge. Plastic materials
generally have a higher dielectric con-
stant than rubber, and if this is the case
with the materials you select, the plastic
will become positively charged by giving
off electrons to the rubber, But regard-
less of which material is positive and
which material is negative, the rubber

Be certain that the dome
contact clip makes
contact with the inside
of the dome. One way

to get higher voltage is
to use a larger or
rounder dome. The diam-
eter of the smallest
exposed curve determines
maximum voltage.

S g,

The small d.c. motor can run on flashlight
batteries, but you may find it more
convenient to assemble a small power supply.
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Optional power supply can be instalied next to
the motor if you use a large enough pie
plate as a base, or you can mount it in a box.
Construction and parts are not critical.

POWER SUPPLY PARTS LIST

C1—60-uf., 50-volt electrolytic capacitor
DI1—1N537 diode or equivalent
PI1—Miniature phone plug

R1—35-0km, 1-watt resistor

S1—S8.p.5.t. switch

T1—6.3-volt filament transformar
Misc,—Line cord, small chassis or box, 3’ cable

belt transfers the charge deposited on it
to the dome, until a certain maximum
charge is reached. This charge is de-
pendent upon the roundness of the dome
—it’s usually on the order of 30,000 volts
per inch of diameter of the smallest
curve or point. Therefore, if you want
to build up high voltage, use a large di-
ameter ball without any ripples, points,
or other small projections.

The wire mesh brushes at top and bot-
tom merely aid the flow of electrons to
or from the dome and the base, depend-
ing upon which is positive and which is
negative. You can use flashlight batter-
ies to power the motor, or you can build
a small half-wave-rectifier power supply
to convert the line voltage to 6 volts d.c.,
and eliminate the batteries.

BILL OF MATERIALS

1—Miniature hobby wmotor (Lafayctte “Super
Micro-Motor” or equivalent)

1—Large aluminum salt shaker

1—354” x 1114” piece of sheet rubber

1—Small pie-plate base

1—4” long x 1”-0.d. x 74" -i.d. plastic column

2—34"-long x 34”-diameter plastic rods (to serve
as pulleys)

1—17%"-0.d. x 1”7-i.d, wood retaining ring, made
from 5/16 stock

1—1"-long x 1/16"-diameter brazing rod (for
pulley shajft)

2—34" x $8” bronze screen brushes

1—Miniature phone jack (J1)

Misc.—Plastic electrical tape, #18 copper wire,
sluminum foil, cement, nuts, bolts, etc.
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Construction. Most people associate the
Van de Graaff generator with a huge
ball-shaped metal dome, but the shape of
the metal dome need not be perfectly
round as long as it has no sharp edges
or small curves. An inexpensive large-
size aluminum salt shaker with a plastic
lid can be used with excellent results.
The plastic lid is a good electrical insula-
tor and prevents corona discharge from
the small diameters of the threaded end
of the salt shaker.

The column is made from a 4” length
of 1”7-0.d. Lucite, Plexiglass, or polysty-
rene tubing. The inside diameter must
be wide enough (about %&”) to pass the
rubber belt. You might try obtaining a
large pill vial from your druggist to
serve as the column. The small pie tin
should be large enough to keep the
structure from toppling over.

Drill a hole in the center of the shaker
lid which is the same size as the outside
diameter of the tubing, and cement the
cover in place about an inch down from
what will now become the top of the
column. Drill holes in the pie-plate base
to mount the motor, and the jack (J1)
for the batteries or power supply. Bolt
the retaining ring made from about %s”
wood stock to the pie pan. Do not ce-
ment the column to this ring, at least
not until after you have aligned the belt,
and then only if you have to. The hole
in the center of the pan is only as large
as the inside diameter of the tube, and
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does not allow the fube to pass through
the pan.

Make the upper pulley from a 3~
length of 3%”-diameter plastic or wood
dowel. Drill a %¢” hole lengthwise
through the center of the dowel and in-
sert a %” length of rod cut from Yg¢”-
diameter brazing wire or piano wire go
that it protrudes about %¢” from each
end. Cement a layer of aluminum foil
around the pulley. The lower pulley is
made from the same material except
that it should be drilled for the motor
shaft and covered with an even layer of
plastic electrical tape.

Cut two notches about %e¢” deep on
top of the column to cradle the upper
pulley shaft. Then drill a 32” hole ap-
proximately one-quarter inch below one
of the notches for the upper brush
bracket and dome contact. Fasten the
lower brush in the base on the gide of
the belt which travels upward.

A wide variety of motors will work
with the generator; in fact, almost any
miniature, fairly high rpm toy motor
will do.

The 11%” x %" belt can be fashioned
from a piece of thin sheet rubber of the
type available from surgical supply
houses or cut from an old swimming cap.
Angle both ends to obtain a long, smooth
butt seam. Apply rubber cement—the
kind used to fix a flat tire—to each end,
and when dry, carefully press the ends
together and apply a thin coat of cement
over the joint.

After the joint is bonded, install the
belt by dropping it down through the
tube and engaging both pulleys. Check
the belt for proper alignment and track-
ing. You can do this by running the
motor. If the belt doesn’t track, shim up
the motor where necessary, or cut one of
the upper pulley notches deeper. Belt
tracking can also be improved by con-
structing the pulleys with a slight crown
or hump in the center.

Both upper and lower brush brackets
are made by soldering a small piece of
No. 18 copper wire, bent to shape as
shown, to a 3%” x 34” bronze or other
metal window screen material. The dome
contact clip, which is also a piece of
copper wire bent to shape, should be
mounted so as to make contact with the
inside of the salt shaker body when as-
sembled. Use a 6 x %” sheet metal
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screw to attach the contact and brush
to the column.

Adjust both brushes so that they are
close to the rubber belt but not touch-
ing, and in line with the pulley. Then
screw the dome in place. Miniature
phone jack JI is then mounted on the
base and attached to the motor to facili-
tate the battery or power supply connec-
tions.

A small wooden box houses the power
supply components. A miniature phone
plug on the end of a 3’ lead plugs into
the pie pan. If you happened to use a
large enough pie pan, you might get
away with installing the power supply
inside the base.

Operation. Some laws of electrostatics
can be demonstrated by placing small
bits of aluminum foil, paper or sawdust
on the metal dome and watching them
fly away from the dome as a charge is
built up. These bits take off because
they gain a like charge. Like charges
repel; unlike charges attract.

The Indian rope trick, in miniature
form, can be duplicated by attaching a
few long strands of string or tissue
paper to the dome: When the strands
take on a charge, they will stand on end
ag they try to fly away. Touch the
strands with your fingers, and they’ll
lean toward your hand as your body
steals the charge.

A jumping ball demonstration can be
performed by placing two or three small
pith balls inside a small plastic tube,
covering the tube with a metal disc, and
placing it on top of the dome. As the
balls are repelled upward from the dome,
they will cling to the metal disc on top
and then fall back to the dome. This ac-
tion repeats itself until the disc ap-
proaches the potential of the dome.

To send corona discharge into the air,
bend a piece of stripped hookup wire so
that it will sit on top of the dome with
one end pointed up. This end should be
filed to a sharp point. Douse the lights,
turn on the unit, and sit back and watch
man-made lightning in miniature being
produced. Another indication of the
presence of corona is the peculiar smell
of ozone which is usually generated.

Moisture and dirt in the column and
dust on the dome will rob your unit of
its prowess. So keep it clean.

ELECTRONIC EXPERIMENTER'S HANDBOOK



UN LIKE the Atlas of Greek mythology,
condemned to carry the heavens on
his shoulder for all time, “Li’l Atlas” is
no myth. It’s an electromagnetic photo-
electric type of servo system that can
establish a weightless condition on small
metallic objects. And it's sure to steal
the show at any Science Fair.

You place an object—an ordinary door
key, a child’s tin toy, or a small metal
globe like the one shown—in the de-
vice’'s ‘“‘sphere of influence.” Then, like
the boys at the Cape, you man the con-
trols to suspend the object in space.
You can move it up or down, or even
wiggle it, if you wish.

How It Works. A photoelectric cell
serves as a position sensor, and controlg
the intensity of a magnetic field that
is used to counteract the pull of gravity
on the object being suspended. (See
photo.) Photocell PC1 is mounted on a
wooden column opposite a light source.
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Li'l s es Gravit

Like orbiting satellites,
objects just float in space
when magnetic attraction

overcomes the pull of gravity

By WILLIAM J. PRICE

When an object is suspended, it breaks
part of the light beam reaching PCI.

If the object begins to fall, more light
reaches the photocell, increasing the
photocell’s output current (Fig. 1). This
current increase is amplified by @1 and
92, and direct-coupled to power tran-
sistor @3, whose cutput is in series with
an electromagnet (coil L1). The result-
ing current increase through L1 causes
an increase in its magnetic field to over-
come the pull of gravity, raising the
object back up in place.

Similarly, if an object is raised above
its predetermined height. less light falls
on PC1, reducing the current to @3. The
magnetic field intensity is decreased, al-
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Fig. 1. Like a Palace Guard,

photocell PC1 keeps an eye on &

the object in space. If the ob- 2N270

ject tends to fall, the photo-
cell rushes the information via
the transistors to coil L1 (the
electromagnet) which, in turn,
acts to increase the pull on the
object to prevent it from fall-
ing. Conversely, if the object
is being pulled too close to
the coil, PC1 detects this con-
dition and reduces magnetic
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pull to re-establish equilibrium.

HZVAC

lowing the object to drop down to its
proper position.

The BIAS potentiometer, R1, controls
the amount of current through @1 for
proper operation under existing lighting
conditions. Similarly, the HEIGHT con-
trol, R6, adjusts the bias on @2, and
establishes the height range through
which an object can be suspended. The
C2-R} coupling network stabilizes @2's
base current for a smooth response.
STABILITY control R2 stabilizes the
oscillatory tendency of the suspended ob-
ject by adjusting the amount of feed-
back voltage developed by R8 and fed
back to @1 through C1.

The power supply is comprised of fila-
ment transformer T1, a full-wave bridge
rectifier (D1 through D), limiting re-
sistor R10, and filter capacitor C3.

Construction. If you use the chassis
listed here, your first task is to lay out
and drill the holes as shown in Fig 2.
If you elect to use a different chassis,
the suggested layout can still be fol-
lowed except for the dimensions—which
may change.

Once the chassis has been drilled and
deburred, lay it aside temporarily while
you proceed to make the wooden bracket,
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PARTS LIST

C1—100-uf., 50-volt electrolytic capacitor

C2—5-uf., 50-volt electrolytic capacitor

C3—500-uf., 50-volt electrolytic capacitor

D1, D2, D3, D4—1IN28594 silicon diode or
equivalent

I1—NE-2 pilot light

L1—Coil—see text

PCI—1Y" x 34”7 selenium photocell ( Lafayette
Radio 99 R 6244 or equivalent)

Q1, Q2—2N270 transistor

Q3—2N301 or 2N2869 transistor

R1—10,000-0/m potentiometer, linear taper

R2—500,000-0hm potentiometer, andio taper

R3, R7—2700-0hm, Ys-watt resistor

R4—3900-0hm, Vs-watt resistor

R5—82-0hm, Vs-watt resistor

R6—100-0hm potentiometer, linear taper

R&—1-0km, 5-watt resistor

R9, R10—5-0hm, 5-watt resistor

R11—100,000-0hm, Ys-watt resistor

S1—S.p.s5.t. toggle switch

T1—Filament transformer: primary, 117 volts
a.c.; secondary, 25.2 volts at 1 amp. (Stancor
P-6469 or equivalent)

TS1—Single-lug terminal strip

1—5” x 77 & 2”7 aluminum chassis ( Bud AC-402
or equivalent)

1—31%" & 4”7 Vectorbord

2—134” x 2”7 x W4” pieces of Lucite or Bakelite

1—T0-3 insulated transistor mounting kit

1—10”-long wooden column

1—4Y4” -long wooden cross armn

Misc.—Photocell mounting brackets, electromag-
net mounting bracket, No. 26 Formvar insu-
lated magnet wire (1 1b.)—see text, transistor
sockets, 34%” rubber grommet (2), #6 solder
lug; 3%7-0.d. rubber feet (4), knobs, etc.
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photocell mounting bracket, and the coil
support strap, as shown in Fig. 3.

Winding the Coil. The coil is wound
on a %” x %” x 3%” core made from lami-
nated strips of mild steel (Fig. 4). You
can have these strips made up by your
local sheet metal shop, or they can be
salvaged from an old power transformer
core.

Clamp the laminations tightly together,
then wrap a layer of black plastic tape
around the core to hold the laminations
close together while the coil is wound.
This will also prevent the wire form-
ing the first layer of the coil from being
stripped by the sharp edges of the core.
At one end of the core, keep the tape
%” away from the edge.

Cut a %” x 3%” opening in the cen-
ter of one of the two Lucite or Bakelite
end stops. Insert the piece with the
cutout over the end of the core with the
3%” recessed tape. Center the other piece
of Lucite over the other end of the core.
Then, cement both pieces of Lucite in
place using epoxy cement.

Allow sufficient time for the epoxy to
dry thoroughly, and close-wind 800 feet
of #26 Formvar magnet wire (approxi-
mately 2500 turns) on the core. Wrap
one or two layers of plastic tape around
the finished coil to protect the wires and
hold the turns in place. Remove about
one inch of varnished insulation from
both ends of the coil using a fine file or
sandpaper, then tin the bare wire. The
d.c. resistance of the finished coil is ap-
proximately 30 ohms.

Installing the Parts. You arée now
ready to begin mounting the components
on the 4” x 3%” prepunched Vectorbord.
Do not mount @1 and @2 any closer to
the 5-watt resistors than is shown in
Fig. 5. Also, make certain the capacitors
and diodes are connected with polarities
as shown.

Mount the filament transformer and
terminal strip using 8-32 x 1" screws
and nuts. Note that the terminal strip
ig held in place with one of the trans-
former screws.

To mount @3, drill the base and emit-
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ter holes using the mounting kit's dia-
mond-shaped mica washer as drill guide.
Apply silicon heat-sink grease to the
transistor mounting surface to insure
good heat transfer. The base terminal
must be positioned toward the top of the
chassis while the emitter faces toward
the bottom. The collector is grounded to
the case. Be sure the #6 solder lug is
mounted on the screw as shown.

Now install the two 3%” rubber grom-
mets, controls RI1, R2, and R6, and the
pilot light assembly. Connect a 100,-
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Fig. 3. These are the dimensions of the wooden
support and crossarm that were used in the au-
thor's model. If desired, 14* hardwood can be
substituted for the aluminum photocell bracket.
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Fig. 5. Pictorialdiagramof the fully
assembled unit tilted over to show wir-

ing details. Wiring from the chassis to

the circuit board shouid be long enough
to enable instaliation and removai of
the board without damage to components.
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000-ohm resistor (R11) from one of the
pilot light terminals to the terminal
strip, and connect one end of a 3” length
of insulated hookup wire to the free
terminal of the pilot light. Insert the
line cord through the grommet provided,
and connect one of the leads to the ter-
minal strip. Then connect one of the
transformer primary leads (black) to
the terminal strip. Solder all leads.

Position the power switch (S1) close
to its chassis mounting location. (Do
not mount the switch at this time.)
Connect the remaining transformer black
lead to one of the switch terminals. Then
connect the free end of the hookup wire
from the pilot light to the same switch
terminal, and the free lead from the line
cord to the other switch terminal. Solder
all leads and mount the switch on the
chassis.

Mount the coil and photocell on the
assembled wooden bracket as shown in
Fig. 6, and secure the bracket to the
chassis. Feed the leads through the

grommet, and connect the wires as
shown in Fig. 5.

Finally, insert four 6-32 x 1%4” screws
down through the top of the chassis,

ALUMINUM
BRACKET -

Fig. 6. The distance of the photocell from the coil
is not critical. You may prefer to mount the photo-
cell entirely away from the unit, perhaps on a
wall. The coil should be aligned as shown, however,

tightening the nuts against the inside of
the chassis. Thread a second nut %~
down on the screw to act as a standoff
for the component circuit board. Then
mount the circuit board and complete
all wiring.

Operation. Before plugging in the Li’l
Atlas, check to make sure that (1) ex-
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posed coil terminals are not grounding
out against the supporting metal strap,
if one is used; (2) the coil and photo-
cell are properly positioned as shown in
Fig. 6; (3) all connections have been
soldered, and there are no shorts.

Place a light source (a 50- or 60-watt
desk lamp will do) opposite the photo-
cell, and about two feet away from it.
Position the light so that the exposed
end of the coil core casts a shadow on
the upper portion of the photocell. If
Li'l Atlas is to perform in a strongly
lighted room, shield the photocell with
a piece of cardboard or paper tubing.

Now all you need is a small object
that will remain suspended in space. Al-
most any small iron or steel object, such
as a key, can be used. If you want
something that will spin as it floats

Interior view showing components mounted on per-

forated phenolic board, suspended on standoff
screws. Transistor Q3 is mounted on the chassis
back panel while transformer T1 is on the inside of
the right panel, directly behind the on/off switch.

around, obtain a round object such as a
tiny globe which you can get in a dime
or stationery store.

Turn on Li’'l Atlas and set its STA4-
BILITY control for maximum resistance,
the BIAS control for minimum resist-
ance, and HEIGHT control to midpoint.
Loosely hold the object about 4” below
the magnet, and advance the BIAS con-
trol until the magnet begins to pull
Then adjust the STABILITY control to
“settle down” the object as it begins to
oscillate. Remove your hand and the
object will remain suspended.

You can cause the object to vibrate
rapidly for special effects by advancing
the STABILITY control. .

ELECTRONIC EXPERIMENTER'S HANDBOOK
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Tickler or stimulator—
take your pick;

once you grab it,
you'll let go quick

By FAIRIS S. BURT

NE LOOK at the foil-covered elec-
tronic stimulator is enough to give
you the creeps. Do you have enough guts
to hold onto it with both hands? Under
that shiny aluminum “skin” beats a
“stout heart” with enough zip to pulse
your muscles without so much as moving
a finger. After your first reaction, if you
are still holding on, you will feel great—
especially after you let go. While it may
come as a shock to you, the stimulator
is completely safe; there’s no dangerous
high voltage or current to worry about.

How It Works. Pulses generated by a
simple single-transistor modified Hartley
oscillator are transformer-coupled by a
reverse-connected filament transformer
to a couple of electrodes. Resistor RI
and capacitor C1 determine the frequen-
cy of the pulses; changing the values of
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Unusual application of filament transformer steps
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up Ql’s pulse output to excite the electrodes—and
any one who happens to be holding on to them.

either of these components or changing
battery voltage will change the fre-
quency. Different frequencies create dif-
ferent sensations, but it’s best to stick
to the values given in the Parts List.
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Construction. All components are
mounted inside a cardboard tube about
9” long and 2%” in diameter. End plugs
for the tube can be fashioned from sty-
rofoam plastic such as that used in pack-
aging. They can easily be cut to shape
with a small knife. (If you can’t get
styrofoam, you can use wood, metal, or
even cardboard.) Hollow out one plug
to hold the on-off switch. Then drill a
14” hole %” from each end of the tube
to accommodate the wires for the elec-
trodes.*

Follow the pictorial diagram when
wiring the unit. Note that the transistor
is mounted directly onto the transformer
mounting flange and the flange is bent
upward slightly to allow clearance when
you insert the circuit into the tube.

Use long leads between the compo-
nents and the tube to allow for the re-
moval and replacement of the entire
electronic package, or just removal of
the battery. Leads of 8” or more should
be used to connect T1’s center tap to S1,
the emitter of @1 to the battery holder,
and one side of the secondary winding
of T1 to the cardboard tube. The other
side of T1’s secondary should be made
about 12” long. Strip about 3” of insula-
tion from the 8” and 12”7 leads attached
to the primary winding of 71, and in-
sert one lead through the hole in the
one end of the cardboard tube and the

*An ideal tube for this project is a stiff, white

lastic rolling pin which is now beiny sold at most
arge stores. If you want to wse it instead of the
cardboard tube, simply twist off the handles and
use a small screwdriver or knife to remove the end
plugs. Enlarge the hole in one of the plugs to ac-
commodate the switch.
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other lead in the other end of the tube.
Wrap the leads around the tube at each
end once or twice.

Now cut two 4” x 14” strips of alum-
inum foil and roll them “squarely” over
the tube flush with the ends of the tube,
leaving a 1” separation in the middle as
shown in the photo on page 125. To ob-
tain good electrical contact with the
bared wires coming from the inside of
the tube, roll the aluminum foil on tight,
smooth and squeeze out any trapped air,
and tape the ends. Each strip of foil
must make contact with only one lead.
Incidentally, a good source of aluminum
foil is your local grocery store.

Using the Stimulator. After you insert
the circuitry into the tube, tissue or
other soft filler can be stuffed in to keep
the works in place. Cap the two ends of
the tube with the styrofoam, and you're
ready to go into the shocking business.

Push the button, hold on to the two
aluminum electrodes and you’ll feel that
stimulating flow of current travel up
your arms. Then try it out on your
friends. Stimulation, anyone?

PARTS LIST

Bi1—1.5-volt battery

C1—160-uf., 10-volt electrolytic capacitor

Q1-—2N176 transistor (or equivalent)

R1—1800-0km, YVs-watt resistor

S1—S8.p.5.t. switch

T1—Filament tronsformer: 117-volt primary,
6.3-volt CT secondary (Thordarson 21109 or
equivalent)

1—9" % 234" cardboard tube (approx.)

Misc—Aluminum foil, wire, solder, efc.

D b A e A Ao

All components, including battery, fit into cardboard tube. Primary leads from T1 pass through inside
of tube to the outside, and are covered with foil. About 1” of space separates the 4”-wide electrodes.
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Are you

a flincher?
Try

your hand
at Reflex . ..
an electronic
game of skill

BUILD AR

By JAMES FISHBECK

HE PERFECT Rx for pooped-out

parties or for those rainy evenings
when you're looking for something to
do is to play “Reflex”’—a game of skill
which shows your wizardry with elec-
tronics, and also shows which of your
guests can respond properly and more
quickly to a given situation. The situ-
ation in this case is created by certain
selected dice throws. All you need to
play is a pair of dice, a set of poker
chips, a jaw-tight determination to
prove how fast your reactions really
are, and a “Reflexometer.”
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Two, three, or four people can play
the game.

There’s a bonus for you, too; the Re-
flexometer has other applications both
for work and for play, some practical
and some not so practical.

Four hand-held push-button respond-

ers, each a different color and each
manned by a different player, tie man
and machine together. The first man to
press the button lights a lamp that
corresponds to his responder. The
lamps are wired through a system of
four relays which permit only one lamp
to light at a time. Once a lamp lights,
it remains lit even after the button is
released. Second best is no good: the
other lamps cannot be illuminated, at
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Fig. 1.

Responders S1 to S4 can complete only one relay circuit at a time. The first switch closed

latches its respective relay, lights its lamp, and disables the other relays until the circuit is reset.

least not until the winner collects, and
the reset button is pressed.

How To Play ‘“Reflex.”” KEach player
starts with 25 poker chips. All players
roll the dice once to see who starts. The
one who rolls the highest number goes
first. He starts the game by rolling the
dice.

Any double or combination of 7, or
11, is a “reflex” roll, and the first per-
son (including the player who rolled
the dice) to press his responder switch
in response to a reflex roll, wins the
round and collects a chip from each of
the other players. If no proper reflex
action occurs on the throw, the player
who rolled the dice does so again until
one of the players wins. The dice are
then passed to the next player on the
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left. Of the 36 possible combinations
of the dice, 14 (approximately 409%)
are reflex rolls.

Sounds simple, doesn’t it? But there’s
a human element to complicate matters.
Quite often those who respond first
lose; edgy players, those most anxious
to register first, are most likely to
flinch. A flinch is a false or a prema-
ture response that causes the light to
come on when it shouldn’t. If a player
flinches, and his lamp shows that he did,
he pays a penalty of one chip apiece
to the other players. The dice are not
passed on a flinch.

Tension mounts as the game pro-
gresses, and if you are a good student
of human behavior, you may try some
maneuvers such as feigning a flinch to
send an anxious player over the hill

ELECTRONIC EXPERIMENTER'S HANDBOOK



LIGHT UP THE NIGHT

With RCA’s EXPERIMENTER’S KiT

Build Your Own Light-Operated Switch
for Dozens of Applications Around the House

Just let your imagination soar—and you'll trigger your
own application ideas for any of the 14 control circuits
you can build with only three RCA Experimenter’'s Kits.
For instance, you can build a light-operated switch for a
garage light, a yard or path light, or even an advertising
sign that can be activated with lights from an approach-
ing automobile! You can aiso build a model race car
speed control, an electronic heat control and other inter-
esting circuits with hundreds of applications. All these
circuits with easy-to-follow directions. are described in
the RCA Experimenter’s Manual, KM-70, available from
your RCA Semiconductor Distributor.

HERE IS WHAT YOU NEED...

o RCA Basic Experimenter’'s Kit (KD2105). Containing
one silicon controlled-rectifier; two transistors; five
rectifiers.

® RCA Experimenter’'s Manual (KM-70). 80 pages pro-
fusely illustrated; 14 circuits—how they operate and
how to build them.

o RCA Add-On Light Sensor Kit (KD2106). Containing one
photocell for light-operated circuits.

® RCA Add-On Heat Sensor Kit (KD2110). Containing
three thermistors for different temperature ranges;
special solder for heat control circuits.

@ Readily available passive components and hardware.

HERE IS WHAT YOU CAN MAKE...

1. Electronic Timer. 2. Electronic Time Delay Switch.
3. Electronic Flasher. 4. Battery Charger (12 Volts). 5.
Baitery Charger (6 Volts). 6. Model Race Car and Rail-
road Speed Control. 7. Light-Operated Switch (Turn-On).
8, Light-Operated Switch {Turn-Off}, 9. Electronic Heat

Control (Turn-On). 10. Electronic Heat Control (Turn-Off),
11, Overload Switch, 12, Electronic Synchronous Switch.
14, Lamp Dimmer.

13. Universal Motor Speed Control.

if you want to build one circuit or all 14, check with your
RCA Distributor where kits and RCA Experimenter's Man.
ual are on display. He'll be glad to help you select the
kit or kits for the solid-state circuit you have in mind.
Do it today!

AVAILABLE FROM YOUR RCA SEMICONDUCTOR DISTRIBUTOR

RCA Electronic Components and Devices, Harrison, N. 1.

The Most Trusted Name in Electronics
®

CIRCLE NO. 18 ON READER SERVICE CARD
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Fig. 2. Construction is simple. Another way to as-
semble the Reflexometer is to do away with the sub-
chassis and mount the relays on top side of case.

with his nervousness. The player with
the most chips, after another player
loses all, is the winner.

You can also use the Reflexometer to
show which event in a series of actions
occurs first, such as in a foot race or a
slot-car race. Switches installed on the
track and wired to the unit act as im-
partial judges. (Perhaps, if such a de-
vice were available years ago, we would
know today which came first—the
chicken or the egg.)

How the Reflexometer Works. Each of
the four responders, containing one of
the switches S1 to S84 (Fig. 1), is con-
nected to one of the relays (K1 to K4%)

Fig. 3. Switches mounted on one end of wooden dow-
els make suitable hand-held responders. Any normal-
ly open push-to-close type of switch can be used.
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PARTS LIST

C1—50-uf., 150-volt electrolytic capacitor

D1-—544 diode (or equivalent)

F1—Y-ampere fuse

11,12, 13, [49—313 28-volt miniature lamp

K1, K2, K3, K4—Relay, 4-p.d.t., 24-volts, d.c.
(Potter & Brumfield KHP17D11 or equiv-

alent)

PLlectal plug (Amphenol 86-PM8 or equiva-
lent

R1—6800-0hm, 1-watt resistor

S1, S2, 83, S4—Normally-open
switch (Eagle 188 or equivalent)

S5—Normally-closed push-button switch (Arrow-
Hart & Hegeman 3392-AE or equivalent)

S6—3.p.5.t. toggle switch

SOI—j)ctal socket (Amphenol 88-8 or equiva-
lent

T1—117-volt to 25.2-volt filament transformer,
1-(m)zpere (Chicago-Stancor P6469 or equiva-
lent

4—Colored indicator light assemblies (Dialco
931-102, 932-102, 933-102, 935-102)

1—7" x 12" x 3" aluminum chassis ( Bud AC-408
or equivalent)

1—7" x 127 aluminum bottom plate (Bud BPA-
1595 or equivalent)

1—2" x 13" piece of 20-gauge aluminym

1—Miniature fuse post (Littlefuse 342014 or
equivalent)

I1—Lamp cord, white vinyl plastic ( Knight POT
—25" spool)

4—17-diameter wood dowels

Misc.—Small handle, rubber mounting feet (4),
rubber grommets, hardware, hookup wire, etc.

push-button

and to one of the lamps (/1 to I}). The
first button depressed completes a cir-
cuit for its associated relay and indi-
cating light. If SI is pressed first, for
example, I1 lights and KI energizes.
When the armature of KI pulls in, one
of the contacts on the relay completes
the relay circuit to ground and, like an
electrical latch, holds the relay ener-
gized and the lamp lit even after the
responder button is released.

The three remaining sets of contacts
on KI open the B4 leads to K2, K3,
and K} to prevent these relays from
kicking in on a second-best response.
The circuit remains latched until S5 is
depressed. When 85 is momentarily
opened, K1 de-energizes and the Reflex-
ometer is ready for the next round of
play.

Transformer TI1 steps down the line
voltage to 24 volts, and D1 functions
as a half-wave rectifier. Capacitor CI1
filters the B+ and RI acts as a bleeder
and tends to regulate the voltage.

Construction. A 12”7 x 77 x 3” alumi-
num chassis holds all the parts, except
the responders. The four relays and

(Continued on page 150)
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SOUND FOR
A PICTURE
EVENING

WITH VOLUME II

SOUND

30 bands of unusual g
background music
& sound effects
specially chosen for
slide shows & movies

This superb-12-inch, 33%; tpm récord
brings you 30 selections of sparkling, mood-
setting off-beat music and hard-to-find, E@& K15 olololololojo] afolololalolofsistalalatolaiolalclalalotatofololoiolol

[ofoielolctofaloleterotalolalolofolcfolaln il

@

sound effects. For use ““as is” by playing i /
the appropriate tracks as your slide or movje ]9 gam aof mccw{
show proceeds or for editjng your selectionis /- sl LA TN UL <+
and recording them on tape, ‘Sound For 2 L

A Ficture Evening” adds another dimens : é sl d'ﬁa‘g@%‘f
L sion to your photography—high 77 Baads ¢

fidelity sound, saund W&- oo

MADE WITH PHOTOGRAPHERS IN MIND

Photographers are travelers are parents are sportsmen are COMPLETE WITH INSTRUC-

restiess experimenters with the unusual. And so the editors of POPULAR TIONS AND BAND POINTER g

PHOTOGRAPHY have produced this second volume of unusual music and A comprehensive instruction booklet comes with your record,
sound effects expressly to match the activities and moods in the most showing you how to make a successful sound-and-music tape
popuiar types of pictures shown in slide and home movie shows. These are track for your stide or movie show, or to use the record alone as
melodies and sounds selected from the vast resources of the Capitol Record ggicnk‘il;‘oldvnh?vcrf\"?g 'gﬁ'c’t“o;eoaf "yaof:}‘; '355&?3Ei'ﬁs‘:gn'tr:'ﬁg'c%‘isbgﬂg
Hollywood Library to fit the special needs of photographers. The 30 bands A :

of “Sound For A Picture Evening, Vol. II"" supplement but do not duplicate band you want. No guessing, no wasted motion, no false starts.

any of those in the first edition of this popular record.
Y ° pop d This 12” long playing vinyl album consisting of selections from

A P’OPULAR PHOTOGRAPHY :XCLUS'VE the music masters of the Capitol Record Hollywood Library is

available to you for 98
The *Sound For A Picture Evening, Vol. 11" album has been produced by OHIY$E POSTPAID!
the editors of POPULAR PHOTOGRAPHY exclusively for our readers and is hd )
prepared by the Custom Services Division of Capitol Records. This outstand- it’s @ must for every slide and film show impresario and an
ing album, which cannot be purchased in any store, is available by mail album you will enjoy for many years to come.
only to the readers of Popular Photography and other Ziff-Davis magazines.

YOU GET 30 SPECIAL MUSIC AND SOUND TRACKS

There are 19 bands of mood and special-situation music . . . 11 bands of
unusual, hard-to-find sound effects.

o=, |

e

.. y . "
MOODS: Majestic, Backyard Nature, Experimental, Mysterious, Music of the | p,,s,,".:‘.';f ;ﬁ;.ﬁgz;‘h“y’f;fe":ﬂ"'s% el

Spheres + NATIONAL PORTRAITS: Vive la France, German Village Band, One Park Avenue, New York, N.Y. 10016

Soul of Spain, American West, English Countryside, Buon Giorno, ltalia » o . +iSound For A Picture Evening, Vol i
SOUND EFFECTS: Bass Drum, Bassoonery, Cathedral Bells, Galloping e S e ] (T LR (R e ‘
Horses, Zoo Noises, Children at Play, Cocktail Party, Birds on a Spring ;% albums at $3.98 each, postpaid. My check (or money order) for
Morning, Outboard Motor, Oars in Water, Skis -on Snow, Trumpet Fanfare, || 3. is enclosed. (Outside U.S.A. please send $5.00
Solo Violin ¢ SPECIAL PURPOSE MUSIC: Music From Silent Movies, Music

for Slow-Motion Movies, Music for Speeded-Up Motion, Music for Stop- per record ordered.)

Motion Movies, Underwater Music, Music for Old-Time Footage. N.Y. State residents please add local sales tax.

For photographers with wanderlust, you'll find the “*Nationai Portraits'’ to be

authentic melodies to go with your vacation pictures of England, France, Name |
Germany, ltaly, Spain and the American West. LEH.67 )
There are also those special bands to accompany the kind of pictures sports- Addfess ]
mer take: The sound of galloping horses, of boat motors, of skis on snow,

of oars in the water. You'll even find other-wordly mood-music chosen espe- City. State. Zip Code.

cially to go with underwater pictures. Sorry—No charges or C.0.D. orders

Experimental photographers will find the electronic music ideal accompani- “SOUND FOR A PICTURE EVENING, VOLUME 1" still available.
ment for abstract pictures. The music for stop-motion, siow-motion and N iR LN . J
speeded-up-metion pictures is fanciful and imaginative in helping to present 1 missed this first release containing 17 specific mood music back-
the unusual scenes being portrayed on your screer. And there is even mood grounds and 8 tracks for special sound effects. Please send

music to convey the visual grandeur of ancient museum relics and photo- “‘Sound For A Picture Evening, Volume 1”* albums at $3.98 each,
graphs of the stars and planets. postpaid. (Qutside U.S.A. send $5.00 per record ordered.)

To these add many other tracks of carefully selected music and sounds—

and you have '“Sound For A Picture Evening, Volume [l
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THE BEST OF TIPS & TECHNIQUES

DON'T BE A SOREHEAD
—CUSHION THOSE PHONES

Headbands used with conventional type ear-
phones can become quite uncomfortable
pressing against the
skull, even after short
periods of time. An
easy way to eliminate
this discomfort is to
cushion the band
with some inexpen-
sive foam rubber or
plastic, Just cut a
12”7-long strip of the
soft material, wrap it
around the headband,
and tape or cement
the end. You can also make a foam cushion
for each of the ear pieces, but be sure to cut
an opening in the center so as not to obstruct
the sound. —Art Trauffer

ADD A 15-VOLT RANGE
TO YOUR HEATHKIT VOM

If you have a Heathkit MM-1 VOM, you can
add a 15-volt d.c. range for greater ease in
measuring 6- and 12-volt d.c. potentials. A
200,000-ohm, 1%, ¥%-watt resistor and an addi-
tional test jack are all you need for this modi-
fication. Remove the instrument panel from
the meter case and drill a hole to install the
new jack approximately %” to the right of
the plus (4) jack. At the rear of the panel,
solder the resistor between the new jack and
the (4) jack. With the RANGE switch set

OHMS ADY

@

COMMON + I5VDC
i |

Lo o
{

7
RESISTOR BEHIND
PANEL

to “5 V,” and the d.c. test lead in the new
jack, a full-scale deflection will indicate 15
volts. With the d.c. scale essentially linear, a
mid-scale reading will indicate 7.5 volts. In-
scribe “15 VDC” on the front panel directly

132

over the new jack, using white India ink or
paint. Compared to the 6- and 12-volt read-
ings obtained on the 50-volt range, the new
range provides an extra inch or two of de-
flection and throws the reading into a more
accurate part of the meter. Input impedance
is 300,000 ohms on the 15-volt range and 1
megohm on the 50-volt range.

—Jerry C. Sutton

PHONE-PLUG-TO-
COAXIAL-CONNECTOR ADAPTER

This adapter is useful for mating ordinary
PL-55 type phone plugs to coaxial connec-
tors on many types of electronic equipment.
Obtain a standard PIL-259 coax plug and a
UG-176 cable reducer, and cut off %” from
the shank of the reducer. Solder a short
length of %¢”-wide spring brass or bronze
strip to the tip of a No. 4 or 5 flathead screw,
34”7 to 1”7 long. Bend this strip into a stirrup

shape to conform to the standard phone plug
as shown, then cover with a %s”-i.d. plastic
sleeve. Now insert the assembly in the PL-259
so that it is firmly seated and the screw pro-
trudes through the hollow tip of the plug.
Trim and solder the screw., Next, take the
shortened reducer and screw it part way into
the PL-259. Insert the phone plug as far as
possible and rotate the reducer until the tip
of the phone plug snaps into place and
touches the bottom of the stirrup. After
checking final results for continuity, solder
the reducer in place to prevent further
turning.

—F. W. Chesson

ELECTRONIC EXPERIMENTER’S HANDBOOK



e ®= = WITH A COMPLETE SELECTION OF
ANNUALS, YEARBOOKS, DIRECTORIES AND

HANDBOOKS from the world’s largest publisher of special interest magazines. Take
a moment to review the titles and issues currently available. You're sure to find many of your
favorites to help complete your library and fill those wide open spaces on your bookshelves.

PHOTOGRAPHY
NNUAL l96 wrizsan |
lnuvuun

] lgﬁfﬁlmmm #,3’:."@’:;7&«

PHOTOGRAPHY ANNUAL

A selection of the World's finest
photographs compiled by the editors
of Pogpular Photography.
212 pages—24 in full color,
1967 — $1.50
1966 — $1.25
1964 — $1.

ELECTRONIC EXPERIMENTER'S
HANDBOOK

Many challenging pro)ects for the
electronics hobbyist

1966 — Fall Edmon—sl 25......439
1966 — Spring Edition—$1.2 #36
1965 — Fall Edition—$1.25 . #3

1965 — Spring Edition—$1. 2. Jt14

CAR & DRIVER YEARBOOK

A complete buyers guide covering vir-

tually every car available in the United

States . . . Road tests . . . Technical

specifications . . . Accessories and

performance equmment buying guide

. . Guide te racing with action-
packed photes.

1967 — $1.50.

1966 — $1.

1965 — $1.

INVITATION TO PHOTOGRAPHY

A unique 116 page guide to better pice
ture taking by the Editors of Popular
Photography. Basic down-to-earth ad-
vice that helps you eliminate costly
trial and error. time-consuming guess
work. 20 complete, fact-and-phote
packed articles in all.

1966 — $1.28en 35

PHOTOGRAPHY DIRECTORY
World's most cemplete
photographic buying guide.

1967 — $1.25... 4L
1966 — $1.25" . %22

TAPE RECORDER ANNUAL

Everything you nead to know abouf
tape recording including a completa
directory of mone and stereo recorders.

ELECTRONICS INSTALLATION
AND SERVICING HANDBOOK
The only complete guide for servicemen
and hobbyists to every major phase of
consumer efectronics servicing.

1967 — $1.25. .. #43
1966 — $1.25...#32

FLYING ANNUAL

The most valuable aviation yearbook
ever compiled ... . Pilot reports , . o
Aircraft directory . . . How to buy a
used airplane . . . Navcom. directory.
» « « Learn to fly section.
1967 — $1.50
1966 — $1.25.

me e m-mnm/

#2
1965 — $1.25.... 3% 28

STEREOQ/Hi Fi DIRECTORY
Complete buyers guide for virtu-
ally every Hi Fi component man.
vfactured.,

1967 — $1.25... #45
1966 — $1.25.... #29

'?_"_!IF* s

TO PLACE YOUR ORDER, circle the num-

POLAROID LAND
PHOTOGRAPHY
Complete guide and only
comprehensive and up-to-date
handbook on Polarsid Land Pio-

tography.
1966 — $1.25
1963 — $1.00

R

SKHNG INTERNATIONAL
YEARBOOK

A luxvriously Hlustrated compen-
dium of 1966’s important events.
. . . A timely forecast of the
excitement-packed 1967 season
—by the editors of Skiing Maga-
Zine.

1967 — §1.25 ...

FLYING TRAVELGUIDE

Here's the first really useful
guide to flying vacations. Everys
thing you need to know about:
lodgings, restaurants, resorts,
sightseeing, recreation, sports
activities, airport facilities
childrens fun, price information,
special information for the gals
—and much more,

COMMUNICATIONS
HANDBOOK
The most complete and up-te-
date guide to the exciting world
of specialized radio communica-
tions,

4§1E§amm@mmmmmmmmmmmmm@

| Ziff-Davis Service Division—Department W « 589 Broadway, New York, N. Y. 10012 gj

" 1 am enclosing $

for the annuals circled below. My remittance includes

f I
A R an additional 15¢ per copy for shipping and handling (50¢ for orders outside

bers of the annuals you- wish to receive on ] I U.S.A). | understand quantities are limited and orders will be fifled on a first ;ﬁ
the coupon, clearly print your name aand licomeificstiservedibasis’ ]
address and enclose your remittance. Please 1 1 3y 9] 1%, 15 17 [I8 [I5 120 22 2% 25uda6, Ry 28 29 fﬁ
be sure to enclose an additional 15¢ shi‘p_ 30 31 32 34 35 36 38 39 40 41 42 43 44 45 46 47 48 s
ping and handling for each copy ordered. 5 Name g
Add 50¢ per per copy for orders outside U.S.A. f Acdress. EEH-67 B

Ty = == = Cnty _ _ State Zip Code.

- B : - s B m A & S pAYMENT MUST BE ENCLOSED WITH ORDER i & @@ = =t n&

1967 Spring Edition 133



BUILD IT
YOURSELF
Clear-as-crystal diagrams
guide you each step of the
way through fun-to-build
projects you can put
together in just a few
hours—for pennies!
Fascinating items such as
the [C-67 Metal Locator
...Tesla’s Thermomagnetic
Motor...a Powerful Color
Organ...an Anti-Gravity
Demonstrator...and an
Ultrasonic Burglar Alarm.

HIGH FIDELITY
& STEREO

in addition to complete
coverage of every major
hi-fi component and kit on
the market, you'll get plans
to improve your present
...learn about every
type of speaker system,
the ins and outs of
amplifiers, and just what
hi-fi and stereo are

really all about.

AMATEUR CB
& SWL

All the latest news and
developments including
candid equipment reports
FCC regs, satellite
frequencies, DX contests,
English-language foreign
broadcast schedules.
PLUS tips on getting
tough QSL’s from all over
the world...antenna
systems innovations...
and how to increase the
range of even the
simplest receiver.

ELECTRONICS
FEATURES

Brilliantly illustrated
feature stories keep you
on top of every vital
breakthrough. You'll follow
the latest advances in
aviation and marine
electronics, telemetry,
computers, radio
astronomy, nucleonics.
And you'll learn about the
challenging career
opportunities they create.

At the regular subscription rate, a year of POPULAR ELECTRONICS
would cost you a full $5.00! But, as a reader of the ELECTRONIC
EXPERIMENTER’S HANDBOOK, you get the special HALF-PRICE rate of:

1 2 months for only$25o

Take advantage of this HALF-PRICE offer today by completing and mailing the card
opposite this page. Or, if someone has already used the card, write to: POPULAR

ELECTRONICS, Dept. 4102, Portland Place, Boulder, Colorado 80302.

134
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SCR TAKES LOAD OFF

CAMERA FLASH CONTACTS

Photographers who constantly use an elec-
tronic or other type of flashgun will appreci-
ate this simple, inexpensive gadget—it cuts
down the high voltage and current normally

ANODEI i
2N3228

s FLTAOSH
CAMERA GATE CATHODE UNIT
1000,

“felt” across the camera’s contacts and ex-
tends their life. You can assemble the 2IN3228
silicon control rectifier (SCR) and 100-ohm
resistor in any small plastic container; a coin
holder will do nicely. If you insert the assem-

i

bly in the flash cord, you'll be able to use the
hookup with different flash units and with
different cameras. No additional batteries
are required since the gadget is powered by
the flash unit. Cost is less than §2.00.

—William 8. Gohl

MISMATCH STUB
CHASES TV GHOSTS

If you're haunted by ghosts on your TV screen
due to transmission line mismatch, you can
clear up this condition with a mismatch stub.
This is simply an extra piece of 300-ohm trans-
migsion line connected across your set’s an-
tenna terminals to correct for slight amounts
of mismatch. First, tune the TV set to the
spooky channel, Then connect one end of a 3’

TO ROOF
ANTENNA
length of lead-in wire across the set’s antenna,
terminals, letting the free end hang loosely
toward the floor. Check to see if there’s an

1967 Spring Edition

NEW
4th Edition
"SECOND OP”

Essential DX operating aid, provides vital data like:
beam headings; list of world QSL bureaus; includes
logging space. See needed prefixes at a glance, in-
crease your odds of a QSO because you have full
information instantly.

e R g

NEW “Q” DIAL

A must for every active operator, ham or C.B. Over a
dozen vital information tables including: Q-signals,
10-signals, abbreviations, all U.S. radio districts and
prefixes, time conversion, logging space for CW-
SSB-CB. Saves time for efficient operation,

At your E-VY microphone headquarters, or send coupon.

S e

Yores

Dept. 273H, . 615 Cecil Street, Buchanan, Michigan 49107

Please send Second Op, Q Dial. | enclose
$1.00 for each item ordered.

Name,

Address

City.

State Zip
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improvement in the picture. Progressively
shorten the stub by cutting into the insula~
tion with a razor blade so as to short out the
pair of wires. Cut the lead at the point where
the ghost disappears or is substantially sup-
pressed. Then twist the two wires together
as shown. —Warren Todd

“PILLBOX™ FiRES FLASH
UP TO 30 FEET AWAY

Small enough to fit into a pillbox, this slave
unit can fire a standard or electronic flash
gun at dis-
tances up to 30
feet. A General
Electric X2A
light- activated
SCR and a sen-
sitivity control
(a %-megohm
potentiometer)
areinstalledin-
side the box. A
small PC sock-
et is mounted
on the case cover to connect the flash gun to
the light-sensitive mechanism. Before insert-
ing a bulb in the gun, turn the sensitivity
control all the way down to prevent the gun
from firing. Then advance the control just
enough to allow the slave to operate when it

/
Z

o LASCR

, 5 @

CAMERA . i ¢ !
EBAC*S(ET fIZME?BK.‘ GE-x2

ul

“sees’” the flash gun on your camera take off.
If you advance the control too much, the
slave may take orders from the available
light and fire before you want it to.

— William 8. Gohl

WHACKIEST MIKE IN
THE SWIVEL PEN HOLDER

Pen holders make excellent swivel stands for
both homemade and commercxally available
crystal micro- ” —
phones. You
can glue a
mike head onto
the top of the
pen or mount
it directly in
the pen holder.
If you plan to
use the pen
case, remove
the ink car-
tridge and drill
a hole in the - o
side of the case for the mike cable to pass
through. If you decide to mount the mike in
the pen holder, locate the hole in any suitable
position. One thing you won’t be able to do
with the pen when you're through is write.
—Art Trauffer
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TUBE ANODE MAKES
MINIATURE SOLDER POT

Want an easy-to-make solder pot to use for
tinning stranded wire? Locate a burned-out
high-voltage rectifier tube such as a 1B3;
break the glass and remove the cup-shaped
HV TUBE ANODE

anode. Then remove the %4” tip from a heavy-
duty soldering iron and insert the anode cap.
Allow the iron to heat sufficiently, and feed

solder into the newly fashioned cup until it’s
about three-quarters full—Jan B, Rosenbaum

SOLDERING IRON

ATTENUATOR PHONE PLUG
CUTS TAPE RECORDER DISTORTION

To prevent a radio or amplifier from over-
loading your tape recorder with high level
signals, you can insert a resistive attenuator
network directly into the phone plug on your
tape recorder’s patch cord. To determine the

PO - s b g g

value of the
two resistors
needed, hook peconer > =5
up a 50,000- 3 RECOROER
ohm potenti- — e
ometer as shown in the diagram and adjust it
for optimum recording level. Then measure
the portions labeled R1 and R2 and replace
the potentiometer with fixed %-watt resistors
of like value. —Marshall Lincoln

“GIMMICK’ CAPACITOR INCREASES
BANDWIDTH OF UHF TV BOOSTER

A variable frequency amplifier, such as the
Blonder-Tongue UTB-1 UHF booster, can
be easily modified to provide a frequency
range from 440 to 910 MHz instead of 470
to 890 MHz to take in part of the UHF radio

174" LEADS

ham band and other services. Solder a 0.47-
pF capacitor or “gimmick” across the out-
put resonant tank, and cut the capacitor
leads as short as possible—they should be no
longer than % inch. Now connect the ca-
pacitor across the two tabs sticking out
from the center wafer on the bottom of the
chassis. —Ken Greenberg

ELECTRONIC EXPERIMENTER'S HANDBOOK



MAKE YOUR OWN
TV SIGNAL ATTENUATOR

1f you live in a very strong signal area, your
TV set may be troubled by too much contrast,
picture tearing, multiple images, or an annoy-
ing buzz you just can’'t tone down. You can
cure these conditions with a simple attenu-
ator pad inserted between the set and the an-
tenna. The pad attenuates the signal without
introducing any side effects such as transmis-
sion line mismatch. In the diagram of the

ALL RESISTORS t/2WATT

pad shown, the values given are for a 300-
ohm line feeding into a TV set with a 300-ohm
input. If the especially strong signals appear
on one or two channels only, you can add a
d.p.d.t. switching arrangement in the circuit
to switch the pad in and out cf the line as
desired. —Vincent Giscombe

DOTS AND DASHES . . .
LOTS OF FLASHES . . . IN A PAN

If you want to practice land Morse code but
have no telegraph sounder, you can do a
pretty good
job with a
transmitting
key mounted
on a small met-
al tray or pan.
Before fasten-
ing the key
down, try dif-
ferent loca-
tions on the tray until you find a place where
the clicks sound the loudest. You can also
make louder sounds by increasing spring
tension and contact gap, and by pressing
harder. —Carl Dunant

COPPER TUBING MAKES
HANDY KNOB BUSHING

Should you find yourself in need of a control
knob for a %”-diameter shaft, but only have
%” types on
hand, you can
use a piece of
copper tubing
as a bushing to £
bring the knob 5
opening down L

s A

o

to size or the
diameter of the
shaft up to size,
depending on the way you look at it. Cut a
short length of “%4” copper tubing, slit it so
that it fits around the %4” shaft, slip the tub-
ing over the shaft, and then fit the knob into
place. —Homer L. Davidson

i
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AT DISTRIBUTORS
E verywhere / -

CERAMIC DISC CAPACITORS /
" Voltages—12 V. thru 1000V. = i
Canac:tance—S pF thru 220,000 pF (.22 uF)

CERAMIC TUBULAR cAPACITORS
~ Voltages— 100 V. and 500V,
\Canacxtance—-—l pEthru 1000 pF

. MYLAR FILM CAPACITORS /
~_ Voltages—200V, thru 600 V. .
Capacitance—.01 uF thru .1 uF o

@f; TRIMMER CAPACITORS (Variable), /
‘ Ceramic - Plastic « Glass
Ranges to suit your needs
. RECTIFIERS & DIODES ./
Industry’s Most Popular Types

TECHNOLOGlCAL
PRODUCTS, Inc.

Erie, Pennsylvania

ERIE TECHNOLOGICAL PRODUCTS, INC.,
Attn: Distributor Sales
Erie, Pennsylvania

YOUR NAME.
ADDRESS

CITY, STATE
NAME OF YOUR FAVORITE DISTRIBUTOR ...

ADDRESS
CITY.

STATE

EXCITIVG NEW
ELECTRONIC

... COMPONENTS -
N HANDY, EASY. TO

&;,gé%

e

IDENTIFY PACKAGES . o

e
e
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= -
CIRCLE NO. 7 ON READER SERVICE CARD
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SILICON RECTIFIER SALE
IMMEDIATE ' DELIVERY

FULLY GTD NEWEST TYPE
AMERICAN MADE’ FULLY TESTED

750 MA-SILICON ‘‘TOPHAT'’ DIODES
LOW LEAKAGE FULL LEAD LENGTH

PIV/RMS P1V/RMS PIV/RMS PIV/RMS
50/35 100/70 200/140 300/210
.05 ea. -07 ea. <12 ea.

PIV/RMS Pi1V/RMS Pl /RMS PIV/RMS

400/280 500/350 GO /420 700/490
.14 ea .25 ea.

PIV/RMS PI /RMS P /RMS PIV/RMS

800 /560 900/630 10 0/700 1100/770
.30 ea .40 ea, .70 ea.

ALL TESTS AC & DC & F\VD & LOAD
SOILICON POWER DIQDE STUDS

D.C. 50 Piv 50 PI1V 200 P1V
AMPS 35 RMS 70 RMS 105 RMS 140 RMS
3 -08 ea .12 ea .16 ea 22 ea
12 .25 .50 -65
35 65 .90 1.25 1, 40
50 1.00 1.20 1.50 1,75
100 1.60 2.00 2.40 3.00
D.C. 300 PIV 400 PIV 500 PV 600 PIV
AMPS 210 RMS 280 RMS 350 RMS 450 RMS
3 27 ea 129 ea .37 ea 45 ea H
12 1.30 1.40 1,
35 2. 00 2.35 2.60 3. OO
50 2.20 3.25 3.50 4.00
100 3.60 4.50 5.25 7.00

7 16 2 16 25
PRV AP AMP AMP PRV AMP MP AMP
25 .25 .75 1.00 § 250 1.75 2.15 2.50
50 .60 .90 1.25 @300 2.00 2.40 2.75
100 .80 1.25 1.S08400 2.40 2,75 3.25
150 .90 1.60 2.008 500 3.20 3.40 3.80
200 1.25 1,80 2.25 600 3-40 4.00 4.50

SPECIALSI
Westinghouse 160 AMP, 500 PIV SILICON HI.-POWER
STUD RECTIFIER lNIGSS
Limited quantity $5.10 ea. 10 for $45.00
100 leferent Precusnon Resnstors
1o— watt 1/~ %, —. °7 TOL $1.25
Asst transxstor Kit. P.N —N.P.N. All popular types.
Unchecked 100 for $2.95 500 for $9.95
Computer Grade Condenser 15,500 MFD
12 ¥YDG American Mfg
Type i1N34 DIODE CL‘\SS .07 ea 100 for $5.
Money Back guarantee. $2,00 min. order. Include
additional % for postage. Send check or money
rder. €.0.D. orders 257% down
WARREN ELECTR&NIC COMPONENT

230 Mercer St., N. Y., N. Y, 10012 ® 212 QR 3-2620
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-75 ea.

TAPE THIS AD TO THE BAC ¢ ¢ OF YOUR TV SET

ALL TV-RADIO

recevine TUBES

ALL BRAND NEW!

All at a flat
discount price
of only $1.

si

Stock up now on Top-Quality, Made in U.S.A,
tubes from one of America’s leading mail-
order sources,

Choose from over 800 types of receiving tubes,
including the new Nuvistor and Compactrons
and tubes for color sets.

All tubes sold on a written 24-month Warranty;
all orders shipped 1st Class same day received!
*Just send $1 for each tube {regardless of
Mfrs. Suggested List Price) plus 50¢ postage
and handling for your entire order, Why pay
more? Write Dept. PEX-27.

UNIVERSAL TUBE

Co.

Ozone Park, N. Y. 11417

CIRCLE NO. 22 ON READER SERVICE CARD

CROWD STOPPER

(Continued from page 111)

tionary contacts is mounted on a 84” x
6-32 brass machine screw, and the ro-
tating contact is mounted on the arma-
ture of the motor.

Timing Motor and Switch (S2). As-
semble the motor and switch as in Figs.
8 and 9. If you're using a counterclock-
wise motor, position the four switch
contacts as shown; otherwise, reverse
orientation of the switch contacts.

Connect stationary switch contacts 1
and 3 together and 2 and 4 together; use
solder lugs beneath the mounting screws
to make it easier to solder the leads.
Also, solder a 10”7 lead to each pair of
contacts. Then fasten the switch assem-
bly to the bottom of the chassis with two
2” machine screws and two 1%” wood
dowels; the motor faces down.

Final Wiring. Mount T1 so it will clear
the coils when the chassis lid is put on.
When wiring the rest of the unit, make
sure leads are long enough for the lid
to be removed without having to break
the connections. Turn the rotary contact
by hand and note the pressure between
it and the stationary contacts: there
should be just enough pressure to make
contact without slowing down the motor.

installation. Plug the unit in, and ad-
just the contacts so a lamp will go out
just before the flip ring reaches it.
When all adjustments have been made,
arrange the wiring neatly inside the
chassis to prevent interference with the
operation of the motor,

INTEGRATED CIRCUIT AMPLIFIER

(Continued from page 105)

solder the leads to the IC socket until the
case is in place. When wiring this unit
in the circuit, observe that the locating
tab on the IC is directly over pin 1.
Viewed from the top of the case, the pins
are numbered counterclockwise. Also, ob-
serve that pinsg 2, 7, and 10 are tied to-
gether and returned to a terminal on S7.

ELECTRONIC EXPERIMENTER'S HANDBOOK



Operating Hints. Distortion will result
if too large a signal is applied to the am-
plifier input. For applications not re-
quiring a wide bandpass, a step-up trans-
former can be used to couple the output
of the first differential amplifier to the
input of the second amplifier, replacing
capacitor C2. However, some amount of
experimentation is required to select the
right transformer, since poor matching
of the stages can transform your ampli-
fier into a blocking oscillator due to the
sensitivity of emitter followers to induc-
tive loads.

For additional gain, two or more IC
packages can be cascaded together. But
care must be taken to keep the signal at
a level low enough so that clipping will
not take place.

The values of BRI and RE2 have been
chosen for best overall performance and
circuit stability. But where it is desirable
to change the amplifier input and output
impedances, the value of these resistors
can be raised to as high as 22,000 ohms
with only a slight loss in gain and stabil-
ity. One advantage of this change is that
smaller values are required for C1
through C3 for any given frequency re-
sponse.

MUSETTE COLOR ORGAN

(Continued from page 52)

rear projection through a plastic or glass
screen, or reflected projection from a
crumpled aluminum foil surface.

For best results, use red, orange, yel-
low, green, and blue spotlights to ob-
tain a full spectrum of colors. It has
been found that spotlights with built-in
optical interference filters perform best,
yielding the deepest colors, the coolest
operation, and providing the best over-
all effect. These lamps readily produce
all hues, and varying degrees of satura-
tion.

The choice of a display, as well as
the arrangement or sequence of colors
for the wvarious channels, is yours to
make. One logical scheme is to drive
the low-frequency color lamp—the color
red—with low-frequency audio, and so
on up the spectrum to blue.
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GEIGER COUNTER complete w/meter, 550 volt.
| transnstqrsuﬁply; less probe tube. #4 10....$4.00

ANALOG TIMER w/sync motor, DC motor, 8 hr. input to 10K output
ma gear train. Made by Veeder Root. HYR .$1.50

POLICE-FIRE converters. Kit when wired makes
your car radio into short wave receiver. High
bhand 100-200 mc or low band 25-100 mc. Either )
kit $5.00 or both kits $9.00

. N’ channel junc-
$1.00 ea 6/$5.00

- FET transisfors w/spec shee
tion FET .

40 AMP SILICON DIODES 100 PIV .

METER w/thermocouple & sun cell demonstrates electrlcﬂ'y from
sun or heat HA35K $3 00

ICINTEGRATED CIRCUITS T0-85 flat pack with special
sheet .. $1.00 ea. 2 for $1.75

2 sheets
........ $1.00

POLAROID FILTER

demonstrate polarlzlng theories
5x5 inch ... .. X y

FAIRCHILD CAN'ERA F-56, 20 mch focal length. In trunk w/film
mags, cables, viewfinder, etc. Manual or electric. Package weighs
150 Ibs., cost Gow't $2,500.00 each. ........... B L P $100.00
POWER SUPPLY KIT output 6-12.24
volts DC 6 amps from 115 volt house
current. Used for powering. surplus
: ‘gear,‘platmg, charging..... #340 12.00
GUN CAMERA, standard Air Force AN-6. Takes 50 ft. 16 mm.
Xint. #447 $17.5
MEMORY FRAMES; wired core-frames from com-
puters, xInt condition, w/specs .

................ 180 core $4.00 * 1,000 core $1
4096 core $12.50 * 8192 core $15.00

SNIPERSCOPE M-3, complete, operational, less battery.

See in dark ... $225.00
; I.ENS KIT, 12 Eastman Kodak cells with experimenters
$1.00

sheet, #222

PUSH BUTTON tuner assembly from Car Radios W/OSC
RF—Ant coils .

REED SWITCHES, triggered by magnet or coil, used in
burglar alarms $1.00 |

SNOOPERSCOPE TUBE see in dark, late model 6032 w/spec
sheet ... : $6.50

SUN CELL, make electricit

from- fhe sun, jumbo’ sue

w/leads & sheet ............
FIRE ALARM HEAT SENSOR, any settmg from 50 to 300 F. Make

your own alarm system for fire alert. 75¢ ea. 6/$3.00

\EXPERIMENTERS RELAY package, 4
relays ‘with instructions ‘using as RF
' noise gen., telephone rmg-blmk indi-
cator, AC buzzer.....,........... #418 1.00

The ahove listing shows only a few of the hundreds of hargalns
availahle in our 84 page catalog crammed with fantastic & unusual
electronic & optical cquipment purchased from govt. and other
sources. We have a most unusual & varied stock for the photo-bug,
R & D lab, amateur radio, etc. Scnd 25¢ handling & prod. cost for
our latest listing of ‘““‘goodies.”’

All material shipped FOB Lynn, Mass. (you pay shipping).
Minimum order $5.00

19 ALLERTON ST.. LYNN MASS 01904 |
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SPECIAL!

FROM POPULAR ELECTRONICS
g 3 DELUXE

These decorative, yet
sturdily constructed
cases are just what
8 you've been fooking
= for to keep your copies

of Popular Electronics

in easy-to-find order.

Constructea of reinforced fiberboard and
covered in rich leatherette, these durable cases
guard against soiling and tearing of your maga-
zines while lending themselves handsomely to
the decor of any room, whether it be a library,
study, den, music room or pine-paneled garage.
The magazine cases are available with em-
bossed gold lettering in either an attractive
maroon back with black sides or black back
with maroon sides.

Specially designed to hold a full year's copies
of Popular Electronics Magazine, the cases are

onl
$3.50 each, 3 for $10, 6 for 19,

FULLY GUARANTEED!

Note: Magazine cases are also available for
other of your favorite magazine titles. For
prompt shipment, use the coupon below.

® ¢ S0 0 0 0@ 00 0 00000 0L OO0t e 20

Ziff-Davis Publishing Company, Dept. SD
One Park Avenue, New York, N. Y. 10016

Please send Popular Electronics Magazine Cases.
Also send cases for the magazine titles indicated below:

TITLE QUANTITY

[ Black backing/maroon sides
[ Maroon backing/black sides

Enclosed is $§________ at $3.50 per case,
3 for $10, 6 for $19 (Quantity prices apply for com-
bination orders of more than one title). Orders outside
U.S.A. please add $1 additiona!l for each file ordered.

Name.

Address

City.

State. Zip Code.
Payment must accompany order.

e e 000000 00000000 000000 s
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Fig. 11. Actual-size iflustration of printed cir-
cuit board. For hole drill sizes, refer to Fig. 4.

Regardless of your final arrangement,
we believe you will have the best color
organ available, in terms of sensitivity,
power output, and performance. Enjoy
it.

ELECTRONIC EXPERIMENTER'S HANDBOOK



LONG-TAILED PHASE INVERTER

(Continued from page 61)

extends at least 134" from the top and
bottom edges to cover the grille cloth.
But be sure to complete your finishing
work on the trim before you mount the
speaker, so that dust particles will not
get into the speaker.

Also, cover all interior surfaces of the
speaker enclosure above panel H with a
17-2” layer of cotton or wool batting.
Pack the tube behind G with loose kapok
pillows. Then make a tightly packed pil-
low of wool batting and attach it to the
ingide of the cabinet, behind the speaker.

If you find it necessary to alter some
of the dimensions given in order to ac-
commodate a different speaker, or for
effects, you can do so under controlled
conditiong; but in no case should the
cross-sectional area of the tubes be made
smaller. In fact, a subtle improvement
may be achieved by adding about three
inches to the depth of the enclosure and
by making each tube about an inch

deeper. For this modification, the port
should be enlarged to 18%” x 67,

If you have carefully followed the in-
structions, and have installed a reasona-
bly good low-frequency speaker, your
long-tailed phase inverter will provide
good listening. ’

PUT AIR BRAKE ON WOOFER

(Continued from page 58)

wood screws. These screws are fed into
the cabinet from the outside.

When ingtalling the woofer, run the
wires through one of the holes in the
side panel. The opening in the front
panel for the woofer is 8%4” in diameter;
its center is 6%” in from the side and
6%” up from the bottom. Stretch and
tack %”-thick polyurethane foam plas-
tic over all inside surfaces of the woofer
compartment except the front. Wrap
some cheesecloth around a strip of 1”-
thick fiberglass (about 1’ wide and 3’
or 4 long) and fold this strip of pad-

PERSONAL TV LISTENER TELEX 1200

Enjoy Television in private without e Superior sensitivity and re-
disturbing others. Full rich sound sponse ¢ Extrarugged and tamper
through comfortable individual ear proof « Field serviceable » Rein-
phones, Others don’t hear a thing. forced cord design with quick dis-
tdeal for late night viewing or keep- connect o Available with or
ing house quiet during children’s pro-  without micraphone boom = Dy-
grams. With extra ear set® two can namic microphone and speakers
listen.

More Than 100 Telex Headsets, Microphanes,
Pillow Speakers and Private Listening Devices
are available. Write for descriptive literature today.

¢

OF EXPERTS FOR:

s

FIRST CHOICE

Ham-

Short Wave L:;stehing %

Citizens Band 4 .
Aircraft COMMUNICATIONS
g ' MICROPHONE
* Hi-Fi Stereo « Transistorized, noise-cancel-
i . ling, dynamic « Voice response
Mobile Communications  characteristics proved superior
i by test s Standard equipment

« ldeal for all communications

‘ i ‘Educational Systems on most new American aircraft

* Industrial Communications  * Carbon noise-cancelling type
B

also avaiable. Both types FAA
i i approved (TSO C58)

TELEX ACOUSTIC PRODUCTS

3054 Exceisior Boulevard, Minneapolis, Minn. 55416
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SPEC I AL Frov rystero —
DELUXE DUST-PROOF RECORD AND
A TAPE CASES Plus FREE CATALOGING

s

RS E
These decarative, yet sturdlly canstructed
cases are just what you‘ve heen looking for

to keep your records and tapes from getting tossed about
and damaged, dxsappeanng when you want them most and
just generally getting the ‘‘worst of it'' from constant handi-
ing. They're ideal too for those valuable old ‘‘78's'' that
always seem to get thrown about with no place to go.

Constructed of reinforced fiberboard and covered in rich
featherette in your choice of eight decorator colors, the
HIFI/STEREO REVIEW Record and Tape Cases lend them-
selves handsomely to the decor of any room, whether it be
your library, study, den, music room or pine-paneled garage.
The leatherette back (in your color choice) is gold tooled in
an exclusive design available only on HIFI/STEREQ REVIEW
Record and Tape Cases. The sides are in standard black
featherstte to keep them looking new after constant use.

Ex“la With each Recon:lf and Tape Case you order
et you will receive, free of charge, a specially

designed record and tape cataloging form
with pressure-sensitive backing for affixing
to the side of each case. It enables you to
list the record names and artists and will
prove an invaluable aid in helping you
locate your ailbums. The catalog form can
be removed from the side of the case at any
time without damaging the leatherette.

Record Cases are available in three sizes: for 77, 10” and
12” records. Each case, with a center divider that separates
your records for easy accessibifity, holds an average of 20
records in their original jackets. The Recording Tape Case
holds 6 tapes in their original boxes.

® The Tape Cases or the 7” Record Cases (wlth catalog
forms) are only $3.25 each; 3 for $9; 6 for $17.

® The 10” or 12”7 Record Cases (with catalog forms) are
$3.50 each; 3 for $10; 6 for $19.

Add an additional 75¢ per order (regardless of number
of cases ordered) for shipping and handling.

Ziff-Davis Publishing Company, Dept. SD

One Park Avenue, New York, N, Y. 10015

My remittance in the amount of $
is enclosed for the Cases indicated below.
Quantity

Tape Case at $3.25 ea.; 3 for $9; 6 for $17
7”7 Record Case at $3.25 ea.; 3 for $9; 6 for $17
— . 10” Record Case at $3.50 ea.; 3 for $10; 6 for $19

127 Record Case at $3.50 ea.; 3 for $10; 6 for $19

ADD 75¢ PER ORDER FOR SHIPPING AND HANDLING.
Check color choice for back of case (sides in black only):

] Midnight Blue [ Red [ Saddle Tan

o]

7

[

Location of tweeter is not critical. If you want to
dispense with testing procedure, drill 80 14 ”-diam-
eter holes (8 rows of 10) in woofer compartment.

ding loosely into the woofer compart-
ment. You can then screw the sloping
back panel into place.

Location of the tweeter can be any
place on the upper part of the front
panel. The amount of padding in the out-
er box is of minor importance. About a
1%” layer of foam plastic on the side
away from the cage and back will do.
The tweeter control can be installed in
any convenient location, preferably on
the back panel.

You can finish and trim the outside of
your enclosure to match the decor of
your home. Note that the front panel is
slightly recessed to accommodate the
grille cloth and permit flush mounting
of molding. Legs are optional. -30—

HEADPHONE CONTROL UNIT

(Continued from page 55)

B O Ppine Green O Orange O Yellow equipped with a phasing switch which

8 O Grey [ Black L] Spice Brown E has two positions: ‘“normal” and “re-

~ Name | verse.” If the speakers have been phased

4 Address | properly, the switch will be in the “nor-
s 1 243

§ City. State. Zip Code : mal pOSIthH.

@5 sz PAYMENT MUST BE ENCLOSED WITH ORDER =% & It is simple to check the phasing of
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the headphone control unit. Place the
“Mode” selector switch on your stereo
amplifier in the monophonic position.
Connect the control unit to the amplifier,
and plug the earphones into the phone
jack. The selector switch on the control
unit should be in the “Speakers” posi-
tion. Turn the stereo system on and ad-
just the speaker volume to your normal
listening level, then flip the selector
switch on the control to the ‘“Phones”
position and adjust the headphone vol-
ume to a comfortable level.

Now flip the phasing switch on the
amplifier back and forth from the “Nor-
mal”’ to the “Reverse” position. The
sound in the headphones will be “clean-
er” and undistorted (and possibly slight-
Iy louder) in one of the positions. If
this occurs when the phasing switeh is
in the “normal” position, no changes will
have to be made within the control unit.
If it occurs in the ‘“reverse” position,
then interchange the red and blue leads
in the primary winding of either T1 or
T2. (Note: disregard the blue lead not
connected.)

If your amplifier is not equipped with
a speaker phasing switch, then simply
alternate the red and blue leads on one
of the transformers for best sound.

It is possible to operate ancther set of
stereo headphones from the control. To
do so, you add another 3-conductor
phone jack to the unit. Connect the
“common” lines together. Another dual
100-ohm potentiometer should be par-
alleled across RIa and R1b if individual
control of the two headphones is de-
sired; if not, simply parallel the new
phone jack across the existing one. —f30~

RQUARIUM HEATER

(Continued from page 31)

time since this can cause the heater to
overheat and probably damage the glass
tube.

Final Assembly. You are now ready
to install the circuit in the plastic con-
tainer. First, align the %4”-thick piece
of plexiglass on the plastic cover asg
shown in Fig. 4. Measure out the loca-
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NEW

mos! versatile of all nutdriver sets

Handy “Tray Bien”” sets lie flat or sit up on a bench, hang
securely on a wall, pack neatly in a tool caddy.

Lightweight, durable, molded plastic trays feature fold-
away stands, wall mounting holes, and a snap lock arrange-
ment that holds tools firmly, yet permits easy removal.

Professional quality Xcelite nutdrivers have color coded,
shockproof, breakproof, plastic (UL) handles; precision fit,
case-hardened sockets.

Hangs up

Stands up

Holds tools
securely

No. 127TB “‘Tray Bien’' set — 7 solid shaft nutdrivers (¥, thru
3" hex openings)

No. 137TB *‘Tray Bien” set — 5 solid shaft nutdrivers (3" thru
34" hex openings) and 2 hollow shaft nutdrivers (14” and %, hex
openings)

No. 147TB “‘Tray Bien'’ set — 7 hollow shaft nutdrivers (14" thru
14" hex openings)

F= o i
| il ~® :
= XCELITE INC. » 54 BANK ST.ORCHARD PARK, N. Y. 14127 l
| Send Bulletin N666 on *‘Tray Bien'' Nutdriver Sets. {
{ name |
I address }
: city state & zone l
[5 oo cocacoor o — — RE oS
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BIGGER ... BETTER
THAN EVER!

YOUR BUYTNG GUIDE
FOR: ® Stereo & Hi-
Fi Systems & Com-
ponents. @ Tape Re-
corders. ® Electronics
Parts, Tubes, Tools. |
® Phonos & Records.
® Ham Gear. @ Test
| Instruments & Kits.
@ Cameras & Film.
® PA. @ Citizens Band.
® Radio & TV Sets.
@® Musical Instruments.

SEND FOR

Dept. EEH-1, 1012 McGee, Kansas City, Mo.

] Rush me the FREE 1967 B-A Catalog. |

1

{

! i
% Name. .... e L T o AT T A e Y |
| Address

L City.
CIRCLE NO. 3 ON READER SERVICE CARD

LEARN ELECTRONICS
AT HOME
N YOUR SPARE TIME

It is fun to learn when you can set
your own pace. Whether you want a
beginner’s course that teaches the basic
fundamentals ol solid state and tube
electronics, or an advanced course that
will equip you to move up the ladder
in your chosen field of electronics, you
can select just the courses you want to
take . . . and take those courses at your
own speed.

EARN MORE, learn about Missiles,
Computers, Transistors, Automation,
Printed Circuits.

Over 30,000 graduates now employed
by industry. Resident school also avail-
able at our Chicago Campus.—Founded
in 1934.

Send for our FREE course catalog.

VETERANS: Write for full information on training.

AMERICAN INSTITUTE OF

ENGINEERING & TECHNOLOGY
1137-1139 W. Fulierton Parkway-—Chicago, lllinois 60614
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tions for two mounting holes and then
drill holes with a %” bit. Drill a third
hole at the opposite end where the
thermistor will be mounted.

To form the plexiglass, place the end
with the two holes in a vise. Then heat
the other end with a torch until it be-
comes soft enough to bend. Using heavy
long-nose or gas pliers, bend the heated
end into a hook with an opening large
enough to fit over the fish tank wall.

When the plexiglass cools off, screw
it onto the plastic cover using two spac-
ers and 6-32 x 1”-long screws. Use
flat washers over both sides of the cover
to prevent it from tearing prematurely.

Now mount the remaining two stand-
offs on the circuit board using 6-32 x
3” screws and #6 nuts. Be sure to
place a plastic cable clamp around the
heater cable and another one around the
line cord before securing the clamps in
place between the circuit board and the
standoffs as shown in Fig. 3.

Run the thermistor through the short
piece of air hose, slip the glass case
over it, and then secure the entire as-
sembly on the plexiglass with the re-
maining clamp. The thermistor should
be adjusted so that, when mounted on
the fish tank, it sticks down as far in
the water as possible, without water
being allowed to seep through the top
opening of the glass.

The entire installation must be water-
tight for water is a very good conductor
of electricity, and unless every precau-
tion is taken to separate this lethal
combination, your entire project could
wind up being a disaster.

Installation. If your circuit passes the
“squeeze test,” you are ready to install
it in your aquarium. Just in case you
haven’'t used one of these thermostats
before, here are a couple of hints:

(1) Hang the thermostat on the out-
side of the fish tank, and allow the
heater to rest at the bottom of the tank.
Keep the thermistor well down in the
water to avoid faulty operation that
could cause the tank to overheat.

(2) Be sure to use a circulating
pump. Even in a small tank, there may
be temperature differences of five de-
grees or more between the top and bot-
tom of the tank.

The heat required to maintain the

ELECTRONIC EXPERIMENTER'S HANDBOOK



desired water temperature depends, es-
sentially, on the difference between the
water temperature and the room tem-
perature. Since the SCR is a half-wave
device, it supplies current to the heater
for only half of the on cycle. Thus, a
75-watt heater consumes only about
37% watts. If your heater never turns
off (allow a couple of days for stabili-
zation), you need more heat.

The easiest solution to this problem
is to add another heater in parallel
with the first. Another solution is to
full-wave rectify the line voltage to pro-
vide power to the heater during the
complete cycle of operation. A fully
assembled bridge rectifier, such as the
Motorola MDA-952-4, or equivalent, can
be wired up as shown in Fig. 5, so that
the SCR can conduct on both halves of
the a.c. cycle.

Under normal operating conditions,
your new thermostat should provide
your tropical fish with true living com-
fort for years to come. Your reward
is to sit back and let your little pets
enjoy all the tranmsistorized heat they
need.

DWELL METER ADAPTER

(Continued from page 32)

Zener diode D1 is a 1N3016, or equiv-
alent, rated at 6.8 volts at 1 watt. Di-
ode D2, a 1N91, protects the circuit from
a reverse connection to the battery. The
other two components are: RI, a 290-
ohm, %-watt resistor; and R2, a 150,000-
ohm potentiometer.

If your car has a positive ground igni-
tion system, reverse the connections of
leads 4 and B to the distributor and the

battery.

DWELL ANGLE CONVERSION CHART
Full .

Scale Conversion Factor

(volts) |4 Cylinders|6 Cylinders| 8 Cylinders
1.5 60° /volt 40° /volt 30° /volt
2.0 45° /volt 30°/volt | 2214 ° /volt
3.0 30° /volt 20° /volt 15°/volt
5.0 18° /volt 12° /volt 9° /volt
6.0 15°/volt 10° /volt | 714 ° /volt

1967 Spring Edition

FREE! For fun and pride in assembly, for long
years of pleasure and performance, for new ad-
ventures in creative electronics mail the coupon
below and get Conar’s brand new catalog of
quality do-it-yourself and assembled kits and
equipment. Read about items from TV set kits
to transistor radios . . . from VI'VM’s to scopes
... from tube testers to tools. And every item
in the Conar catalog is backed by a no-nonsense,
no-loopholes, money-back guarantee! See for
yourself why Conar, a division of National Radio

Institute, is about the

fastest growing entry N AR
in the quality kit and

equipment business.

S % BE MAIL THIS COUPON NOW s i
s CONAR
3939 Wisconsin Ave., Washington, D.C. 20016

i

AQ7C

Please send me your new catalog.
Name.

Address
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SYDMUR SOLID STATE C.D.
IGNITION SYSTEM.

SAVE
MONEY
on GAS! COILS!
SPARK PLUGS!-
TUNE-UPS!

Don’t be fooled by imitations—get the ‘
original Sydmur system.

Regardless of whether you get more mileage with
more power at high speeds, drive 40,000 miles be-
fore your engine needs a tune-up. Thousands of sat-
isfied customers guaranteed 6 or 12v.

Fly-away assembled ..$60.00 prepaid*®
Fly-away kit . . ...$44.50 prepaid®
and mtroducmg the newest and most economical
model, the ‘‘COMPAC’’ as described in Popular
Electronics November 1966.

This small but powerful unit is the littie brother to
the Fly-away designed for Automobiles, Motor Cycles,
Go-Karts, Outhoard motors, etc. Uses high quality
components throughout. Fiberglass tinted circuit
board. Simplified Kit ass. 12V. negative ground

only.
COMPAC assembled . $34.75 plus 75¢ handling®
COMPAC kit ..$24.95 plus 75¢ handling®

“New York state residents add sales tax. Write for
free literature. Send check or money order today.

SYDMUR ELECTRONIC SPECIALTIES

1268 East 12th St., Brooklyn, N.Y. 11230
CIRCLE NO. 20 ON READER SERVICE CARD

Because you've got to SEE it to BELIEVE
it...we will send you a FREE sampe!

DATAMARK

- - the easy new
. way to label
your projects!

>, Just rub over the pre-print-
ed words or symhaols with a
hallpoint pen and they
| transfer to any surface —
looks like finest printing?
Label control panels, meter
dials, letter on anything!

DAT@MARK SETS ... only$1.25 each

— at leading electronic distributors
DATAMARK SETS AVAILABLE FOR:
® Amateur Radio. CB
o Audio, Hi-Fi, TV
®» Experimenter Home Intercom
o Industrial Test Equipment
# Switch & Dial Markings
e Alphabets & Numerals in 147, 14" and 14"
— each set has black, white, and gold
SEND FOR FREE SAMPLE
THE DATAK CORPORATION

85 HIGHLAND AVENUE « PASSAIC, N. J. 07055
CIRCLE NO. 4 ON READER SERVICE CARD

TIME-SIGNAL RECEIVER

(Continued from page 24)

author found that indoor reception could
be improved by placing the receiver’s an-
tenna close to a telephone or an electri-
cal fixture.

If you find it hard to decide which
“band” of frequencies is best suited to
your location, you can monitor each fre-
quency for a period of time with a com-
munications receiver. The optimum fre-
quencies and listening time can be
determined quickly in this manner.

To change frequencies in the receiver,
simply plug in the appropriate crystal,
and tune C2 and C6. Remember, you can
cover two time-signal stations with the
10-uH coils, and three stations with the
5.6-uH coils.

TIME SIGNAL BROADCASTS

CHU Reception of CHU on 7.335 MHz is
possible along most of the eastern seaboard
(north of South Carolina) at any time between
0400-1100 and 1400-0100 EST. On the fre-
quency of 14.670 MHz, CHU is heard through-
out the remainder of the eastern seaboard and
as far west as Denver, Colo., from 0800 to
2100 CST. CHU on 14.670 MHz is also audible
along the West Coast in the early evenings.

WWV Check the 10.0-MHz frequency if you
live on either the East or West Coast. The sig-
nal from the new Colorado transmitters should
be very strong. Try 15.0 MHz if you listen
mostly during the day and you are over 600
miles away from Ft. Collins, Colo. Far West
listeners may be able to pick up both WWV and
WWVH, Maui, Hawaii. WWV now sends
““GEOALERTS' at 18 and 48 minutes after each
hour, broadcast in International Morse Code.

it will be necessary to choose the ‘“listening”
frequency best suited to your needs and to
your geographical location. Reception 100%
of the time, day and night, is not possible on
one frequency only (unless, of course, you live
close to the transmitters). Some frequencies
are better at night, others during the day.

Complete information on the technical services
provided by the NBS standard time stations
can be found in “*Standard Frequency and Time
Services of the National Bureau of Standards,
Miscellaneous Publication 236, which is avail-
able from the Superintendent of Documents,
U.S. Government Printing Office, Washington,
D.C. 20402, for 15 cents, Complete technical
information on CHU is contained in a leaflet
entitled “Time Service Bulletin B-16,”" avail-
able from the Department of Mines and Tech-
nical Surveys, Dominion Observatory, Ottawa,
Canada, at no charge.

ELECTRONIC EXPERIMENTER'S HANDBOOK



MODBOX

(Continued from page 83)

ulation control up to a point where the
meter reads 0.7 mA (1009% modulation).

To check the DISTORTION indicator,
whistle or shout into the microphone to
intentionally overmodulate the carrier.
The indicator should flicker; if it doesn't,
and the meter shows more than 1009%
modulation, your rig’s modulator may
be splatter-suppressed, or have a very
“bassy”’ respongse. To compensate for
this condition, increase the value of R4
in the distortion-indicating circuit until
I1 just flickers when the transmitter
is intentionally overmodulated. Then
plug a pair of 2000-ohm headphones into
the MONITOR jack and listen to your
audio as you speak into the transmit-
ter’s microphone. This is a good check
because it tells you how you actually
sound on the air.

Operating Hints. Once you've famil-
iarized yourself with the Modbox’s moni-
toring provisions, use them constantly
on the air. Each time you work another
station, keep an eye on the modulation
meter and distortion indicator, doing
your best to hold the modulation level
as high as possible without overmodu-
lating. Your logbook and compliments
from other operators will let you know
what the Modbox is doing for you.

One final word: if the Modbox says
you don’t have 100% modulation, be-
lieve it. Check your rig carefully before
you suspect the monitoring circuit.
Tubes become weak and parts do change
value with age. Also, some rigs are
definitely lacking in talk-power due to
design skimping. The specs may say
“fully-modulated,” but they may be
talking about a big, full 75-percent mod-
ulation capability. If your rig can’t
make it to the 1009% mark, at least you
can hold the level as high as possible
by watching the meter and “riding the
gain.”

After you've used the Modbox for a
while, listen around the band to all
those other station operators who have
no idea what their audio is like, and
you'll agree that there's nothing like
knowing for sure—with the Modbox.

1967 Spring Edition

Read What the Experts
Say About knight-kit

——————

VHF-FM Monitor Kits

o i g

—— g Y
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From December, 1965 POPULAR ELECTRONICS

"Well, ot long last! A major kit manufacturer has pro-
duced a police/fire receiver . . . Allied Radio's KG-221
can be wired from scratch in less than 8 hours...it's o
real bargain.”

From May-June, 1966 ELEMENTARY ELECTRONICS

"Perhaps the best buy we've seen yet in a VHF FM
receiver . .. covering the 152 to 174 megacycle band.
A companion receiver, the KG-220 covers 30 to 50
megoeycles.”

KG-221A.152 to 174 Mc FM Monitor Kit

This easy-to-assemble receiver lets you monitor police,
fire, civil defense, U.S. weather bureou, forestry, con-
servation and many other broadcasts. Two IF amplifi-
cation stages and RF stage give top-nolch sensitivity.
Complete with oll parts, wire, and easy- 54@95
to-follow instructions. ]

KG-220. 30 to 50 Mc FM Monitor Kit

Same as above, but covers lawer band. Monifors same
type of services, except U.S. weather bureau 53995
forecasts, railroads, taxis. Less RF stage.

Backed by this unique money-back guarantee . .,
exclusive in the industry:

KNIGHT-KIT GUARANTEE

Build a Knight-Kit in accordance with our
easy-to-follow instructions. When you have
completely assembled the kit, you must be
satisfied or we will return your money, less
transportation charges, under the Allied
guorantee of satisfaction. ALLIED RADIO

SONEYH ONEYP

Rush coupon today for full details
and special introductory offer.

ALLIED RADIO, Knight-Kit Div.

Dept. 41-BB, P.O. Box 4398, Chicago, Ill. 60680
Please rush full details and special introductory offer
on Knight-Kit FM Monitor Kits.

Name
PLEASE PRINT
Address

State

City. Zip

TCIRCLE NO. 11 ON READER SERVICE CARD
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¢ Fill in ccupon for a FREE One Year Subscrip-
tion to OLSON ELECTRONICS’ Fantastic Value
Packed Catalog—Unheard af LOW, LOW PRICES
on Brand Name Speakers, Changers, Tubes,
Tools, Stereo Amps, Tuners, CB, and other Val-
ves. Credit plan available.

NAME

ADDRESS
CITY STATE ZIip—.

If you have a friend inferested in electronics send B

his name and oddress for a FREE subscription also.
OLSON ELECTRONICS
INCORPORATED
563 S. Forge Street Akron, Chio 44308

CIRCLE NO. 16 ON READER SERVICE CARD

ngh Gam Pre tuned FH‘IKF Strlp

Model 8902-B pre-tuned 455 kHz IF strip
provides excellent gain (55 db), and can be fed
directly from a converter without having to buy
a matching transformer. No alignment is re-
quired. The 2 transistor amplifiers and diode
detector are capable of driving earphones.

Model 8901-B input IF transformer, when used
with the IF strip, provides double tuning with
increased selectivity. Both units are included
for $5.75 when ordered as kit number 8903-B.

J. W. MILLER CO.

SAELIRRY 5917 So. Main St., Los Angeles, Calif. 90003

AVAILABLE NATIONWIDE FROM
V%DISTRIBUTORS AND MAIL ORDER HOUSES

CIRCLE NO. 14 ON READER SERVICE CARD

REFLEXOMETER

(Continued from page 130)

power supply components are mounted
on a subchassis or shelf built from a
2”7 x 13” piece of aluminum. Form a
14-inch flange on each end of the shelf.
A 24-volt d.c. power supply and relay
system is used to permit the selection
of surplus and other easy-to-get four-
pole, double-throw relays.

Assemble and wire the subchassis be-
fore mounting it inside the main chassis.
To cut down costs, the relays can be
held in place with sheet metal straps,
and you can solder the connecting wires
directly to the relay pins.

Mount the four pilot light assemblies,
power switch, reset button, fuse holder,
octal socket, and a handle on the main
chassis. Use dome-type lens caps in-
stead of jeweled lenses to be able to
see the light better at wider angles. A
low-cost way to mount the pilot lights
is stick them through rubber grommets
attached to the cover, and solder the
appropriate wires directly to the center
contact and base of the lamps. Paint
each bulb a different color.

If you happen to have on hand four
identical relays that require a different
working voltage, such as 6 or 12 volts,
you can use them, but be sure the pow-
er supply and lamps are rated accord-
ingly.

Responders. Prepare four 4”-long, 1”-
diameter wood dowels by drilling a 54"
hole lengthwise about halfway, then a
147 hole for the remainder of the way
through each of them. Paint each
dowel an identifying color to corre-
spond to each of the different colored
lamps. Pass one end of a 4 length of
lamp cord through the 14,” hole and tie
a knot in it about 3” from the end to
serve as a strain relief. Then connect
the leads on this end of the lamp cord
to the screws on the switch and force-
fit the button assembly into place. The
responders can be connected to the re-
lays directly, or to an octal plug (PL1)
as shown.

Cover the bottom of the chassis, add
four rubber feet to the cover, and in-
vite your friends over.

ELECTRONIC EXPERIMENTER'S HANDBOOK



FOR SALE

BOOKS

NEW SCIENTIFIC INSTRUMENT detects buried gold,
silver, coins, treasures, war relics. $19.95 up. Free cata-
log. Relco-B17, Box 10563, Houston, Texas 77018.

CONVERT any television to sensitive, big screen oscillo-
scope. Only minor changes required. No electronic ex-
perience necessary. lllustrated plans, $2.00. Relco-B18,
Box 10563, Houston, Texas 77018.

ALUMINUM Solder 10 16" Rods $2.00 P. P. Wholesale
Tool, 691 Boxford Road, Haverhill, Mass. 01830.

TRANSISTORS, Diodes, Kits, Modules, Parts Complete
Catalogue Free. Electronic Components Co., Box 2902,
Baton Rouge, La. 70821.

SNOOPING devices catalog, 50¢. L. N, Schneider, 958
Alan Drive, Wantagh, N. Y. 11793.

SHORTWAVE LISTENING

SWL SUPPLIES, 1967 World Radio TV Handbook $4.95.
1967 How to Listen to the World $3.50. North American
Radio TV Guide $1.95. Log sheets, reporting forms, cal-
culators, clocks, many other items. Catalgg. Gilfer Asso-
ciates, Box 239K, Park Ridge, New Jersey 07656,

SWL PROGRAM GUIDE, listings by the hour. $2.00. Many
other publications for SWLs. 218 Gifford, Syracuse 2,
New York.

ELECTRONIC SURPLUS EQUIPMENT

WORLD’S FINEST selection of “Best Buys’ in Gov't. sur-
plus electronic equipment. Thousands of Real Bargains
included in our big catalog. Write for copy today—send
25¢ (coins or stamps) and you’ll also receive 50¢ credit
on first order! Fair Radio Sales, Dept. C, Box 1105, Lima,
Ohio, 45802.

INVENTIONS WANTED

INVENTIONS WANTED; Patented, unpatented. Global
Marketing, 2420-V 77th, Oakland, California 94605.

GOVERNMENT SURPLUS

JEEPS, Boats, Transmitters, Receivers. Information—
Catalogues—Send $1.00. Surplus Scope Tubes 3ACP11A
$2.00 plus postage. Box 53, Drexel Hill, Pa. 13026.

PLANS AND KITS

COMPUTER KITS, other exclusive items. Catalog. Leader
Enterprises, Box 44718-KV, Los Angeles, Calif. 90044.

1967 Spring Edition

GUITAR Playing simplified, $1.25. W. Kazaks, 234 East
58th Street, New York 10022.

TUBES

RADIO AND TV TUBES—33¢ each. Send for free catalog.
Cornell, 4205-17 University, San Diego, California 92105.

DON’T BUY Radio, TV or special purpose tubes till you
get our price list. Brand new tubes only. Lowest prices
in the U.S.A.!! UNITED RADIO, P.O. Box 1000, Newark,
N. J. 07101.

RADIO-TV

UNIQUE relay to build variety of remote controls, model
railroads, liquid level control, weather detector, burglar
alarm, games, trick circuits. 20 design ideas included
free. $3.95 prepaid. Dept. F, Alco, Lawrence, Mass.

INSTRUCTION

CRITICAL Shortages For Aviation Radiomen. Learn Avi-
onics. Employment Assured. Academy Avionics, Reno/
Stead Airport, Reno, Nevada 89501.

PRINTING

EMBOSSED business cards $3.99/1000. Free samples.
Wagner, 6200B Whitewood, Library, Penna. 15129.

MISCELLANEOUS

LABORATORY TEST EQUIPMENT bought, sold, repairs,
calibration. Rex Industrial Electronics, 759 Tenth Ave.,
New York, N.Y. 10019.

WHEN YOU OFFER SPECIALIZED PRODUCTS OR SER-
VICES GEARED to the needs of Electronics Enthusiasts,
your Classified Advertising belongs in one or more of the
Ziff-Davis Electronic Annuals.

The COMMUNICATIONS HANDBOOK, ELECTRONIC EX-
PERIMENTERS’ HANDBOOKS, ELECTRONICS INSTAL-
LATION AND SERVICING HANDBOOK, and the TAPE
RECORDER ANNUAL all have Classified Advertising
pages available for your use.

For complete information concerning rates, closing
dates, sample copies or any other pertinent data write
to:

Hal Cymes, Classified Advertising Mgr.

ELECTRONICS ANNUALS

One Park Avenue
New York, New York 10016



SCIENCE FAIR HEADQUARTERS

qugam' 3” Astronomical Telescope

See the stars, moon, phases of Venus, planets
close up! 60 to 180 power—famous Mt. Palomar
Retlecting type. Unusual Buy! Equipped with
liquatorial mount; finder telescope; hardwood
mpod Inciuded FREE: “‘STAR CHART’;
272-page  HANDBOOK OF HEAVENS”:
HOW TO USE YOUR TELESCOPE’’ book.
Stock No. 85,050-GD ... $29.95 pstpd.
4" Reflecting Telescope—up to 255 Power,
All-metal nedestal mount.

Stock Ne. 85,105GD.. ..$84.50 F.0.B.

Superb
Up to 576 Power. Lmutmml mmmt and Pedestal Base.
Stock No. 85,086G ... .$199.50 F.0.B.

EXPERIMENTAL FUN WITH TESLA COIL

Fifty years ago, Nicola Tesla’s generator lit
200 lamps 20 miles away . . . without wires!
With this simple, safe generator, you can
perform similar spectacular experiments with
extremely high freyuency electro-magnetic
radiation (many millions of cycles per sec-
ond). Radiates high frequency energy through
space . lights tluorescent tube 2-reet away.
Socket for standard bulbs enables you to connect these or similar
radiators to top of coll. 16-pare hooklet describes 21 experiments such
as: ionization of gases by clectrical stress; wireless power transmis-
sion; ionic reaction iotor; ety. lligh frequency generator with coil,
capacitors, transformer, has ball elecctrode, insulative base, pro-
tective plastic cover and cord. Incl. small neon lamp, dlsch(uge
electrode, 2 radiation antenna plates. Generates 5,000 v, for 110 v,
60C, AC. Meas. 6” x 67
STOCK NO. 70, 30IGD ...$38.25 Ppd.

New! Low-Cost! Complete!

Du PONT PLASTIC LIGHT GUIDE KIT

First Time Available Anywhere
Experiment with these amazing new Du Pont
plastic fiber optic light guides. 1001 uses
for mirs., experimenters, hobbyists. Use for
exciting new projects and products. Guides
transmit light same as wire conducts elec-
i tricity. Use to illuminate remote areas, mul-

- tiple locations from single source, confine
light to small areas—with photo cells they count, sélect, de-
tect or sort by sxze shape or color. More flexible than glass
—costs 80 to 90 % ‘less. Kit contains 2’ lg. guides (2 sizes),
penlight source, connectmg adapter, concentrating lens, color
coding end dyes, polishing & capping materials, inst,

Stock No. 70,855GD (Kit) . .. ..%10.00 Ppd.
FOUR GUIDES AVAILABLE SEPARATELY
2 ft. up. (50¢-65¢ ft.) Write for details.

GRADUATED MECHANICAL STAGE

Easily Attaches To Microscope
Eliminates awkward handling when slide
must _be moved. Has 30 mm. front to_back
and 50 mm. left to right excursions. Pixed
verniers read to 0.1 mm. Dual control knobs
horizontally positioned, convenlently located
on right. Slide holder with adjustable arm
and spring clip accents laryge and small glass
slides, mas. opening 314”. Metal unit finished
in blacl\ and chrome. MAuo%opL stage easily
drilled to attach with two locating pins and
thumb serew; turn {wo screws for sunr)le removal.

STOCIK NO. 30,058GD In wooden case.. . ..$31.50 Ppd.

‘‘Balls of Fun’! for Kids . . . Traffic 5'oppers for Stores . . ,
Terrific for Amateur Meteorologists . . .

SURPLUS GIANT WEATHER BALLOONS

At last . . . available again in biy B8-ft. diameter,
Create a neighborhood sensation. Great backyard fun.
Exciting beach attraction. Blow up with vacuum clean-
ers or auto alr_hose. Sturdy enough for hard play;
all other uses. Filled with heltum (available locally)
use balloons high in the sky to attract crowds, ad-
vertise store sales, announce fair openings, eilc,
Amateur meteorologists use balloons to measure cloud
heights, wind speed, temperature, pressure, humidity at various
heights. Photographers can utilize for low-cost aerial photos. Recent
Gov’t. surplus of heavy, black, neoprene rubber.
Stock No. 60,568GD ... ............c0... .. e . $2.00 Ppd.

Order by Stock Ne.—Send Check or M.0.—Money-Back Guarantee
EDMUND SCIENTIFIC CO., Barrington, New lJersey

l EDMUND SCIENTIFIC CO., Barrington, N.J. 08007
Completely New 1967 Edition, 148 pages

I Nearly 4500 Bargains.

l Please rush Free Giant Catalog-GD

] Name,
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NOW 12 EASY, EXCITING WAYS T0 LEARN
ELEGTRONICS, TV-RADIO WITH NRI

NRI has a training plan to fit your interest, your need, your education . . . from Color TV
Servicing to Electronics for Printers. Pick the field of your choice and mail postage-free card now.

TELEVISION-RADIO SERVICING

Learn to fix home entertainment
equipment like radio, hi-fi and stereo
sets, all kinds of TV sets. Training
kits include choice of black-and-
white or color TV set you build. A
profitable field full or parttime.

INDUSTRIAL-MILITARY ELECTRONICS
From basic principles to computers.
Comprehensive training teaches fun-
damentals, then takes you into such
modern-day miracles as servos, tele-
metry, multi-plexing, phase circuitry,
others.

COMPLETE COMMUNICATIONS K
Teaches and provides actual practice
in operation, service, maintenance
of AM, FM, and TV broadcasting sta-
tions. Also covers marine, aviation,
mobile radio, facsimile, microwave,
radar.

FCC LICENSE >k

Prepares you for First Class FCC
Radiotelephone License exams. You
begin with fundamentals, advance to
required subjects covering equip-
ment, procedures.

MATH FOR ELECTRONICS

A brief course for engineers and
technicians who need a quick review
of essential math used in industry,
communications, government. Basic
arithmetic review, short-cut formulas,
modern digital number systems,
much more.

BASIC ELECTRONICS

A concise course in Electronic termi-
nology and components. A wealth of
useful information to help you better
understand the field. For anyone who

{ wants a basic understanding of

Radio-TV Electronics.

ELECTRONICS FOR AUTOMATION

Not for beginners, but for men with
some knowledge of Electronics who
want an understanding of process
control, ultrasonics, telemetering and
remote control, electromechanical
measurements, other subjects.

AVIATION (:0MMUNICATI0NS>1<
Prepares you to install, maintain,
service direction finders, ranges,
markers, Loran, Shoran, Radar, land-
ing systems. Earn your FCC License
with Radar Endorsement.

MARINE COMMUNICATIONS*
Covers transmitters, direction finders,
depth indicators. Radar, Sonar, other
equipment on commercial ships,
pleasure boats. Prepares for FCC
License with Radar Endorsement.

MOBILE COMMUNICATIONS *K

Learn to install and maintain mobile
transmitters and receivers used by
police and fire departments, public
utilities, construction firms, taxis,
etc. Prepares for FCC License.

ELECTRICAL APPLIANCE REPAIR

Prepares you quickly to repair all
types of appliances, including air
conditioning, refrigeration, small
gasoline engines. An easy, practical
course leading to profitable part-time

| or full-time business of your own,

ELECTRONICS FOR PRINTERS
Designed to teach operation and
maintenance of Electronic equip-
ment which controls the latest de-
vices developed for the graphic arts
industry. From basic principles to
computer circuits. Approved by
major manufacturers.

3K NOTE: You must pass your FCC License exam (any Communications course) OTHER

or NRI refunds in full the tuition you have paid.

EARN YOUR FCC
LICENSE OR YOUR
MONEY BACK

FILL 0UT

AND MAIL
POSTAGE-FREE
CARD

SIDE

——————————— e e e —

FIRST CLASS
PERMIT
NO. 20-R
W ashington, D.C,

BUSINESS REPLY MAIL

TRAIN UNDER NEW Gl BILL.
If you served since Jan, 31, 1955,
or are in service now, check GI I

line in postage-free card.

POSTAGE WILL BE PAID BY

NATIONAL RADIO INSTITUTE
3939 Wisconsin Avenue

} NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES
I Washington, D.C. 20016




NRI
GIVES YOU
YOUR OWN
COLOR KIT

‘Discover the Ease and Excitement of Learning
TV-Radio, Electronics at Home with NRI

Begin now an exciting adventure. NRI—the home-
study school that pioneered learn-by-doing training
kits is now first to bring you COLOR TV training
equipment. Learn Color TV Servicing by building
your cwn high-quality Color set. You get ‘‘on-the-
job™ experience as you train, Your family enjoys
the thrills of vibrant color shows for years to come.
And, thanks to NRI training, you can do your own
servicing—no costly service contract.

Earn $4 to $6 an Hour Extra Spare Time

Color TV is booming. Set sales exceed 5,000,000 a
year now. 10-million-color-set years are predicted
soon. And 609%, of color set owners also own black-
and-white sets. TV Technicians are in demand now
to serve this giant, money-making, growing market,
NRI shows you how to cash in on Color TV: how

<«SEE OTHER SIDE

NATIONAL RADIO INSTITUTE, ELECTRONICS DIVISION g *F
13-017

Please send me your new color Catalog. | have checked
the field(s) of most interest to me. (No obligation. No

WASHINGTON, D.C. 20016

salesman will call.)

[ Television-Radio Servicing
[ Industrial Electronics

[J Complete Communications
[ FCC License

[J Math for Electronics

[J Basic Electronics

Address. ..o DT (P i . Ko

[ Electronics for Automation
[J Aviation Communications
[0 Marine Communications

[0 Mobile Communications

[1 Electrical Appliance Repair
[J Electronics for Printers

[0 Check for facts on New GI Bill

................... Code.....c.cvennnnn
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

to earn $4 to $6 an hour extra in spare time while
learning; how to be your own boss in a full-time
Radio-TV Servicing business, or qualify quickly for
jobs in the fascinating fields of broadcasting/com-
munications, industrial electronics, automation and
space projects.

Act Now to Move Ahead

NR! offers you a choice of 12 different training
plans, designed for people with all kinds of inter-
ests, all levels of education. Courses are described
briefly on the other side of this page. To find out
how you can be a part of the Electronics Age, mail
postage-free card for free NRI color catalog. Don't
delay. Electronics and Color TV need you now.
NATIONAL RADIO INSTITUTE, Electronics Div.,
Washington, D.C. 20016. No salesman will call.

N card for free
color catalog

OVER 50 YEARS
OF LEADERSHIP
IN ELECTRONICS TRAINING

Zip
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