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Now get ELEMENTARY ELECTRONIGS sent to your home
all year long for ONLY $2.67" Order Now and Save!
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Now you can learn Electronics by performing
more than 200 practical, skill-producing
experiments....with authentic industrial
components. .. at home...in your spare time.

You learn by doing! This 161-piece Laboratory includes
the up-to-date equipment you'll need —such things as an
IC (integrated circuit), printed circuit board, FET (field
effect transistor), photovoltaic cell, DC motor, micro-
phone, multimeter, soldering iron and power supply.

You put theory into practice right in your own home...
in your spare time . ..while you go right on pulling down
your present pay. Its CIE% exciting space-age “Elec-
tronics Technology with Laboratory” program...
a unique combination of CIE’s special AUTO-
PROGRAMMED® Lessons and laboratory equipment.
It is the practical way to learn Electronics!

Prepare for a High-paying Career

You see, when you “learn by doing)’ you're ready to do
...you're armed with the know-how to meet the chal-
lenges of a high-paying career in Electronics...
prepared to go after an exciting, relevant job in a growing
field such as medical technology, pollution control, radio
and TV broadcasting, computers...just to name a few.
Once you have some experience, you can make $12,000
a year or more.

But thats not all! When you successfully complete
your Electronics Laboratory course, you'll get a CIE
Diploma. And, you'll be able to pass the Government
FCC examination or be entitled to a full refund of all
tuition paid! CIE's Money-Back Warranty is valid during
the completion time allowed for your course.

Send today for CIEs 2 FREE BOOKS about oppor-
tunities in Electronics. For your convenience, we will
try to have a representative call. Mail reply card or
coupon to CIE...or write: Cleveland Institute of
Electronics, Inc.,1776 E. 17th St., Cleveland, Ohio 44114.

s
Youlearn how to construct

* Youlearn to
Make Vone

. with CIFs
Electronics
Laboratory!

== ety s
Testing and troubleshooting

sircuits and connect them with
a soldering iron, which is part of
your CIE laboratory equipment.
This “hands on” experience is
extremely valuable.

are an important part of your
learning experience. Your labora-
tory has a precision multimeter
to diagnose electronic troubles
quickly and accurately.

APPROVED UNDER G.I. BILE °

All CIE career courses are approved for educational
benefits under the G.l. Bill. If you are a Veteran or
in service now, check box for G.\. Bill information.

E. Cleveland Institute
of Electronics, Inc.

1776 East 17th Street, Ciaveland. Ohio 44114
Accredited Member National Home Study Council

Please send me your 2 FREE
BOOKS —The CIE school cata-
log, “Succeed in Electronics”
and “How To Get a Commercial
FCC License”

Name

{Please Print)
Address
City

State Zip
Veterans and Servicemen:
[ Check here for G.1. Bill information.

Age

EB-13
- =
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Supersensitive Photo Meters

Stancard probe

0y

- MODEL 102

Easel probe

Use the MODEL A-3 DARKROOM METER with
dial lights to become a darkroom PRO. it is
EASY to use at the erlarger with the 36 in. high
EASEL probe to determine accurate exposures
for B & W or color photography

Use the A-3to improve your darkroom skiils;
to eliminate waste of prints, chemicals and
time; to standardize your work for increasing
productivity and earning by HUNDREDS OF
DOLLARS.

Use the MODEL 102 LIGHT METER with
STANDARD probe to determine exposures from
dawn to twilight, to moonlight! SPECIAL FEA-
TURES? Four sensitivity ranges; EV-EVS-LV set-
tings; ASA settings from 3 to 25,000: f/stops
from 0.7 to 90; exposure times from 115,000
sec. to 8 hours.

Use the A-3 or Model 102 as a densitometer
to find the highlights and shadow densities of
your negatives and the CORRECT paper for
printing.

OTHER APPLICATIONS? Ground-glass, stides,
photomicrography, hetography and MORE!

These marvelously accurate and extremely
sensitive battery-powered Meters use plug-in
probes. Each is supplied here with the probe of
your choice, exposure computer, carrying case
and manual. This is your opportunity to use one
free for 10 days without obhigation. Mail the
coupon today.

Exposure computer

R S w— S R PR S ST A Gm e G GED G —

| SCIENCE & MECHANICS §
l Instruments Division, Dept. 310

229 Park Avenue South ’
| New York, N.Y. 10003 i

ISend the S & M Photo Meter with probe in- {J
| dicated, computer, case and manual. Complete i
] mstruchons supplied to make your own densi-

tometer. If not satisfied, | may return the Meter i
| within 10 days for a com\plete refund. |
|(Add 10% for Canadian and Foreign orders;
i N.Y.C. residents add 7% for sales tax.)

1

!
[0 Darkroom Modei A-3 @ $79.95 with i

1 O Light Meter Model 102 @ $57.50 with |

| (J Standard probe; O Easel probe; or !
[0 Mini-probe. [ Send more information!

For additional probes:

1 [0 5% in. diameter Standard probe @ $7.50

] % in. high Easel probe @ $7.50

O % in. diameter Mini-probe @ $7.50

(J Check or money order enclosed, ship ppd.

; 3 Company Purchase Order attached

|
|
I NaME___ - 1
|
|
}
|

P T

!ADDRESSh -
3 CITY LD -

i STATE . ZIP.
Prices subject to change without notice!



EXPERIMENTER

International EX Crystal and EX Kits

OX. OSCILLATOR

OX OSCILLATOR Crystal
controlled transistor type.
Lo Kit 3,000 to 19,999 KHz
Hi Kit 20,000 to 60,000
KHz (Specify) $2.95
MXX-1 TRANSISTOR RF
MIXER A single tuned
circuit intended for signal
conversion in the 3 to 170

MHz range. Lo kit 3-20
MHz. Hi kit 20-170 MHz.
$3.50

6/U holder.

EX CRYSTAL

$73 95

EX CRYSTAL Avallable

from 3,000 KHz to 60,000

KHz. Supplied only in HC
Calib. is
+.02% when operated in

International OX circuit
or its equivalent. (Specify
frequency) $3.95

BAX-1 BROADBAND AMP.
May be used as a tuned
or untuned amplifier in
RF and audio applications
20 Hz to 150 MHz. $3.75

.
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NEW PRODUCTS Bags=r

RESOLDERING =
Biofeedback Monitor ‘
With the ever increasing interest in biofeed- SOLDER e AB' LlTY

back monitoring (listening to one’s alpha and ELEMENTARY TO ELITE
theta brainwaves for greater relaxation, con-
centration, and other possible benefits),
Edmund Scientific Co. has produced a highly
sophisticated monitor especially designed
and economically priced for serious amateurs
as well as professional researchers and clin-
icians. This deluxe, high quality instrument
has a built-in scoring device that enables the

WORLD'S MOST PRACTICAL SOLDER HANDLING TOOLS

15958 ARMINTA STREET
VAN NUYS, CALIFORNIA 91406
PHONE (213) 989-2324

Send for our FREE 16 page .j TELEX NO. 65-1469 EDSYNEX VAN
soLper(jamuTy @ Ads in EEM, OTS, E£BG,
manual ) AE, TR, and EPAC Catalogs
Circle No. 14 on Reader Service Coupon CIRCLE NO. 8 ON PAGE 17 OR EA

user to observe the exact degree of progress l
being made in alpha/theta production. Highly
sensitive, Edmund’s “On-Time" monitor pro-
vides the user with reliable audio and visual
feedback in the alpha/theta brainwave spec-
trum, simultaneously keeping an accurate
electronic record of the alpha/theta response
during a specific training session. A front
panel switch permits control of the system
f/t)hezigvlgr tLaeCkllggr tglglneer;?estoalgr?a mll'n:l:etS) (our catalog index of Mfrs extends from ADC to XCELITE)
o eta -

rhythm. It is available by mail (Stock No. ® RO ieians X Neincens ¢+ SERVICE

1652, $349.50 postpaid) from Edmund
Scientific Co., 380 Edscorp Bldg., Barrington,
NJ 08007. Complete instructions are included.

e THE SHOPFING CENTER FOR ELECTRONIGS

Your Satisfaction is Qur Target
Top Name Brands . ..
Low Prices DR
£ AMPLE STOCKS—including
those hard-to-find Parts

whether you want a 15¢ capacitor,
a $50 FET-VOM, or a $450 stereo
system—you can get it at ED|!

Projects Book

Thirteen easily assembled electronic projects
are featured in the new Fascinating Electronic
Projects book, No. FR-174, offered by GC
Electronics, Calectro Division. The book in-
cludes easy-to-follow schematics and instruc- RUSH FREE CATALOG
tions on how to build such interesting and
useful devices as an Emergency Lamp Flash-

Send for your FREE catalog Today.

N
er, Metal Locator, Rechargeable Lantern, ‘ ame
Psychedelic Lights, Hobby Lie Detector, and Address
eight others. Most are battery operated, fea-
ture solid-state design, and can be con- :
4 City State Zip Code
structed for less than $10.00. The book also
contains an introduction that offers valuable Etﬁclf_gN“'&oDE'ELﬁ'BUTORSC,:QEE'D 11l. 60630

FaLL-WiINTER, 1974 7 CIRCLE NO. 6 ON PAGE 17 OR 114



NEW PRODUCTS

Fl-

Circle No. 21

on Reader
Service Coupon
located on

pages 17 and 114

construction tips and techniques that are
beneficial when constructing any electronic
project. As well as Fascinating Electronic
Projects, GC Electronics offers a Digital Hand-
pook, No. FR-169, a FET Circuit Book, No.
FR-172, and hundreds of electronic acces-
sories and components under its Calectro
label. For more information, write to GC
Electronics, 400 South Wyman, Rockford, IL
61101.

Needs No Batteries

The Model ASM-105 compact
portable field strength meter
introduced by Ascom Elec-
tronic Products, a division of
The Antenna Specialists Com-
pany, is designed for handy
field checks of antenna radia-
tion. It can be used to tune
antennas for peak radiating
efficiency, as well as making r
comparative tests of many ;
transmitters and antenna sys-
tem instaliations. The ASM-
105 requires no internal power,
operating entirely from the RF
field, and covers the frequency
range from 27 MHz through

225 MHz. This includes the Circle No.
Class D citizens band, low 25 on
band and high band VHF land- Reader
mobile channels, as well as Service
the amateur 10, 6, 2, and 11- Coupon

meter bands. Price of the

ASM-105 is $15.95. Complete details are
available from Ascom Electronic Products,
12435 Euclid Avenue, Cleveland, OH 44106.

Electret Condenser Microphone

A multi-purpose electret condenser micro-
phone with 140 dB sound level capability is
available from Group 128, incorporated. Des-
ijgnated SD140, the new omni-directional

microphone is built around a rugged minature
electret condenser element. The microphone
weighs less than two ounces, which simplifies
mounting hardware requirements. The small
size of the SD140 eliminates both the visual
and mechanical problems of mic placement.
The unit is supplied with a ballast counter-
weight and universal stand adapter with
standard 54-in. x 27 thread. The SD140 has
a wide dynamic range coupled with a high
sound level capability of 140 dB without

Circle No. 31 on Reader Service Coupon

overload or distortion. This permits its use
in closer proximity to the sound source than
in any other microphones. The American-
made SD140 is available from dudio dealers
or direct from the manufacturer at a price of
$134.50. For complete product specifications
and buying information contact Group 128,
Incorporated, 50 Sun Street, Waltham, MA
02154.

Weather Log

Millions of people listen to the daily weather
reports and observe local weather conditions
with no place to keep daily weather records.
The Edmund Daily Weather Log (No. 9462)

Circle No. 14 on Reader Service Coupon
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lets you keep the daily weather patterns for
one full year in an organized book! A great
way for amateur weather forecasters to learn
to predict future trends. Farmers, scouts,
hunters, fishermen, and others engaged in
outdoor activities will also find the Log valu-
able. Each page lets you record detailed in-
formation. on temperature, humidity, pres-
sure, wind, clouds, etc. There's even a spot
for comparing your prediction and the official
prediction against the actual weather! This
372-page Log is available for $4.95 postpaid
and is filled with weather facts, tips, and
interpretation as well. To order your Weather
Log, just send your name, address, and check
or money. order to: Edmund Scientific Co.,
555 Edscorp Bldg., Barrington, NJ 08007.

Weather Station

The kit-form 1D-1290 Weather Station with
barometer, lighted wind direction indicator,
wind-speed gauge, and indoor/outdoor ther-
mometer has been introduced by Heath Com-

Circle No. 1 on Reader Service Coupon

pany. The weather station features a solid-
state thermometer that displays either indoor
or outdoor temperature at the flip of a switch;
solid-state wind-speed gauge with switch-
selectable ranges for 0-30 and 0-90 mph; a
unique electronic wind-direction indicator with
pointers that light up individually or in com-
bination to give 16-point resolution around
the compass. The barometer has an exclu-
sive precision movement that provides 21/-
times greater pointer deflection than con-
ventional barometers. Sensing devices for the
Heathkit Weather Station are mounted on
single horizontal mast that easily attaches to
a TV antenna mast or tower. The wind vane
and wind cup use hermetically sealed reed
switches for trouble-free operation in all kinds
of weather. All connecting wires are contained
in one handy cable for simple installation.

Priced at $89.95 mail order, the Heathkit |

Weather Station can be built with conven-
tional hand tools and a soldering iron. [nstal-
lation cable can be ordered in lengths of 50
ft. (IDA-1290-1, $5.95), 100 ft. (IDA-1290-2,
$9.95), and 150 ft. (IDA-1290-3, $14.95).

Thumb-Slide Adjustable Wrench

Thumb-slide on the side of the handie makes
this adjustable wrench simple to operate.

FaLL-WINTER, 1974

ORDER NOW & SAVE!

electronics books
from the Davis
Magazine Mart

e Lowest price! e Guaranteed
delivery despite paper shortages!

e Single copies home-delivered at no
extra charge! e Protection against
future price increases!

ELEMENTARY ELECTRONICS — For newcomer
and hobbyist. In each issue theory articles and
construction projects. General rules of electronics
trouble-shooting techniques, much more.

COMMUNICATIONS WORLD — For shortwave
listeners to overseas radio, and to local 2-way
transmissions, Serves users of monitor equipment,
Includes complete White's Radio Log as bonus,

ELECTRONICS HOBBYIST — For beginner-and

advanced buff. Information, complete plans, tips,

instruction on projects for home, car, out-of-doors
and on the job.

101 ELECTRONIC PROJECTS UNDER $15 —For
beginners and the experienced. 100-plus projects

in general circuits, passive circuits and integrated
circuit projects.

ELECTRICAL GUIDE — For the homeowner, How
to maintain, repair and modernize home electrical
system. New tools and products. Departments for
furthering interest or finding a career in electricity
b CLIP & MAIL TODAY————'————'————l

TO: Davis Magazine Mart

229 Park Avenue S., N.Y., NY. 10003

Enclosed is $
indicated order.
Subscription to ELEMENTARY ELECTRONICS

11 yr. (6iss.) $2.67 1%z yrs. $3.97
COMMUNICATIONS WORLD

[J Spring/Summer '75 Edition $1.35
ELECTRONICS HOBBYIST

[J Spring/Summer ’74 Edition $1.35
101 ELECTRONIC PROJECTS UNDER $15

in payment of below

[0'74 Ed. $1.35 [1'75 Ed. $1.35
ELECTRICAL GUIDE
[0'74 Ed. $1.25 1’75 Ed. $1.25
P5014
Name (please print)

Address

City

D I e —
Lk e el e S —

I State Zip
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Circle No. 35 on Reader Service Coupon

Eliminates constant adjustments required of
conventional wrenches. Adjusts instantly and
holds all settings of any size between O and
15/16-in. Has 11/16-in. broached box-end
wrench at end of handle. Ruggedly made of
drop-forged chrome-vanadium steel with
heavy-duty body and jaws for hard use.
Length 8-in. Only $9.10 postpaid. Write for
new 60-page catalog of Hard-To-Find Tools:
Brookstone Company, 8250R Brookstone
Building, Peterborough, NH 03458.

It Repeats

The Hustler two-meter colinear
antenna, Model G6-144-A, is
expressly designed for repeat-
er or any fixed station two-
meter operation. FCC accepted 4
for repeater application, the :
antenna is conservatively rated
at 6 dB gain. Special features
are built into this 117-in. an-
tenna including high power
capability, shunt feed with DC
grounding, easily accessible
S0-239 connector, four radials,
heavy duty construction, and
double “U'" bolt mounting.
Price is $49.95 amateur net.
For additional information, con

tact Sales Department, New- C”f.l,e Ig-
Tronics Corporation, 15800 Rec,;”e‘r
Commerce Park Drive, Brook- Service
park, OH 44142, Coupon

Tunes in Weather

Your own shirt-pocket size Weather Bureau
is what Radio Shack is offering with their new
Mini Weatheradio which is about the size of
a pack of cigarettes and capable of pulling in
the National Weather Service reports being
broadcast 24 hours a day in many parts of
the country. It provides up-to-the-minute
weather information and forecasts for cam-
pers, boaters, pilots, farmers, motorcyclists
—anyone outdoors. National Weather Service
broadcasts are provided by the National
Oceanic and Atmospheric Administration as

part of the nationwide Natural Disaster Warn-
ing System (NADWARN). Although designed
primarily for public safety, to speed warnings
of environmental hazards to threatened
areas, routine weather reports and special
information such as a travelers weather out-

<

Circle No. 28 on Reader Service Coupon

look and recreational forecasts are also con-
continously broadcast. The Realistic Mini
Weatheradio, with battery and wrist strap, is
priced at $14.95. Realistic products are- avail-
able from Radio Shack stores and Authorized
Sales Centers in all 50 states.

Portable Shortwave Receiver

Barlow Wadley's XCR-30 receiver is the first
moderately-priced (about $260.00) all solid-
state portable (requires six D cells) to feature
direct frequency readout. Using a multiple
heterodyne circuit (interpolation and crystal

-
Circle No. 12 on
Reader Service Coupon
l on page 17 or 114
i
i
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oscillators), the XCR-30 is a high sensitivity
receiver designed to provide precision no-gap
tuning form 500 kHz to 30 MHz. A 1-MHz
crystal—in conjunction with the famous
Wadley Loop circuit (Racal)—stabilizes the
received frequency and eliminates drift. The
tuned frequency is displayed mechanically as
a composite function of two dials; the whole
number (in MHz) shown on one dial drum,
and the decimal portion (in kHz) shown on
the second. Reception modes include AM,
CW, and switchable (LSB or USB) single
sideband. There are provisions for an ex-
ternal 9-12 volt DC supply, earphone recep-
tion, and an external antenna (there is a
built-in collapsible whip antenna). A spec
sheet on the XCR-30 is available from the
distributor, Gilfer Associates, Inc., 52 Park
Avenue, P.0O. Box 239, Park Ridge, NJ 07656.

Rack Full of Switches

A specially selected assortment of switches
and switch accessories is offered by GC Elec-
tronics distributors. Over 120 different switch
types individually carded are displayed on a
self-service peg-board

space saving, rack.

Circle No. 21 on Reader Service Coupon

Here you can find the most popular toggle,
slide, reed, key, paddle, rocker, multiple
pushbutton and appliance switches, and ac-
cessories such as vinyl caps, colorful lenses,
replacement keys, and on/off face plates.
Also available on the rack is an attractive
catalog, complete with cross reference,
mounting templates, and descriptive informa-
tion and specifications on each item. To get
more information, write directly to GC Elec-

FarL-WiNTER, 1974

tronics, 400 South Wyman, Rockford, I[L
61101 and tell 'em Elementary Electronics
sent you!

Solid Receiver

The Lafayette HA-600A general coverage re-
ceiver covers 150 kHz to 30 MHz in five
bands, making it ideal for the shortwave
listener. It features a large illuminated slide-
rule tuning dial with calibrated band-spread
for the 80, 40, 20, 15, and 10 meter amateur
bands, and 0-100 logging scale. The HA-600A

T

R A S R A

Circle No. 11 on Reader Service Coupon

receives AM (phone), CW (code), and SSB
(single-sideband) signals. The variable BFO
permits selection of upper or lower-sideband
in SSB mode, and pitch of CW signals. The
HA-600A employs a tuned RF and mixer
stage, two IF stages, and a mechanical filter
for maximum sensitivity, high signal-to-noise
ratio, and fine selectivity. Solid-state circuit
design includes a product detector for CW
and SSB reception, and a separate diode de-
tector for AM reception. Other features in-
clude an S-meter, RF gain control, ANL,
antenna trimmer, front-panel headphone
jack, rear panel tape recorder output, ex-
ternal speaker, and antenna connections.
Priced at $137.50. Available by mail order or
from any Lafayette store.

/\’[}? - (=%
RO
gL
“I figured there was a simple explanation.
Your antenna touched the power line.”
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SIMPLE PROJECTS

© BEGINNER’S RADIO

That old favorite, the crystal radio, becomes
more than just a weak voice buried in the
headphone when it's amplified with a *‘junk
box'" amplifier.

Transistor Q1 can be just about any general
purpose pnp germanium type such as the
2N107, 2N109, etc. The SK3003 specified
gives a little extra gain to give you an edge
when tuning in DX.

L1 is any ferrite antenna coil for the broad-
cast band, while E1 must be a magnetic
headset for maximum output level. To
align the receiver, set C1's dial to the known

wANT

—_ -

Lt

frequency of a strong local station and ad-
just L1's slug until you hear the station in
the phones.

For reception of weaker signals the receiver
should be connected to an earth ground
such as the cold water pipe. The longer the
antenna, the better the reception. Try 20
feet or more.

B1—9-V battery

C1—365-pF tuning capacitor (Calectro
A1-227or 232)

€2—0.2-uF, 10-VDC capacitor

DT1—1N40 diode

E1—Hi-impedance magnetic
(Calectro J4-825)

L1—Ferrite antenna coil (Calectro D1-
841)

@1—SK3003 (RCA); Calectro KA-500

earphone

R1—100,000-0hm, V2-watt resistor

® POCKET BCB BOOSTER

Here's a low cost project that can pack a
lot of extra sensitivity into a ordinary tran-
sistor pocket radio. You'll be able to do
some extensive broadcast band DX’ing with

Ri
39K
TO
WIRE
ANTENNA

that pocket portable the bank gave you
when you opened an account. Assemblie the
unit in a small plastic cabinet with coil L
cemented to the side or back of the cabi-
net; use an adhesive such as General Elec-
tric's RTV. Connect from 10 to 80 feet of
antenna wire to the input, and position this
pocket booster flat against the radio
with L1 directly behind the lopstick an-
tenna built into the radio. Tune capacitor
C2 to the approximate frequency you want
to receive, then turn on the radio and
listen to the signals boom in. Keep in mind
that the receiver's normal AVC action will
mask any boost applied to strong signals
you receive.

B1—15 volt penlight AA battery
C1—0.005 uF disc capacitor, 25 VDC or
better
C2—365 pF miniature tuning capacitor
with dial (Calectro A1-232)
€3—0.05 uF disc capacitor, 25 VDC or
better
270-1430,
equiv.}
L1—Loopstick (Calectro D1-841)
@1—NPN transistor, Calectro KA-501
R1—39,000-ohm, Y2-watt resistor
S1—Switch, SPST (on-off}

Calectro KA-501 or

® NO PARTS BCB BOOSTER

Just about any transister radio can be
made a “DX hound” with the No Parts BC
Booster. Simply bring in the end of an out-
door “‘longwire’’ antenna and wrap the end
around the radio about 5 times. Even bet-
ter reception is possible if you open the

ErecTroNIcS HOBBYIST
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LONGWIRE ANTENNA

INSULATOR

7z

FERRlTE ROD
ANTENNA
IN RADIO

INSULATOR

POLE
OR —»

ANTENNA WINDING #
(ABOUT 5 TURNS)

radio and wrap about 5 turns around the
rod antenna immediately adjacent to the
antenna coil mounted on the rod. Make
certain the ends of the antenna are insu-
lated with glass or ceramic insulators.

e© HEADPHONE LIMITER

Most receivers don’t provide automatic vol-
ume control on code reception. Thus a CW
signal that blows your headphones off one
moment might lie buried on the threshold
of hearing the next. The Headphone Lim-
iter chops those $9-100 signals down to
size until they equalize with weaker signals,
giving relatively constant headphone vol-
ume. Because the clipping action produces

HEADPHONES

chzwen gg Rl
Q-PEAKER

some distortion, the limiter should feed a
headphone Q-peaker (described in another
circuit). The value of Rx should match the
existing speaker impedance and power. In
most cases this will be equal to 4 ohms at
2-5 watts.

, D1, D2—1Né0 diode (Calectro K4-550)
R1—5000-ohm audio taper
’ potentiometer (Calectro B1-681 or
equiv.) |
' Rx—See text |

® SPEAKER SQUELCH

It's almost a universal rule that two-way
radios have a squelch contro!, a device
that mutes the background noise until a
station is received. Even public service
radios now include a squelch, so why put
up with ear-jarring noise when listening on
your SWL receiver. Just a couple of #47
pilot lamps scrounged from old tube radios

FaLp- WINTER, 1974

and two resistors are all that’s needed to
squelch your SW receiver. And if you can’t
scrounge the lamps, they’'re available at
just about every radio parts distributor and
service shop. Switch S1 is needed only to
bypass the squelch for very weak signals.
In many instances, the circuit will provide
a basic attenuation of the noise back-
ground, not complete squelch. But it's a
substantial squelch considering the low
cost and ease of construction. Just about
any enclosure, plastic or metal, can be
used. The components can even lie on the
table.

b

#H
b
b

SOUT "T0A4TO
2 8 OHM
SPEAKER

TO RECEIVER o %
R{

SPEAKER
QUTPUT 4-60
Stal\

11, 12—#47 pilot lamp (Calectro E2-442) |

R1, R2—4 to 6-ohm resistor, 1-watt, 10
percent |

S1—Switch, DPDT I

® TAPE DUBBING FILTER

Next time a friend asks you to dub his old
78 or worn 45 record collection on tape,
don’t start telling him how it will come out
with more scratch and noise than music.
No need to apologize. Just pass his rec-
ords through the Tape Dubbing Filter and

R2

Ri 100K
00K

FROM SIGNAL RECORDER

SOURCE
|300pF‘ l ‘ 300pF: I ‘ I INPUT

he'll never know wh’ hoppen to the noise
—it will all be gone. The filter connects
between the signal source such as a record
player and your tape recorder. It's cut-off
frequency starts at about 5000 Hz, attenu-
ation increasing at the higher noise pro-
ducing frequencies. Control R2 allows
you to shift the ‘‘corner’’ frequency slightly
up or down to obtain more or less high
frequency attenuation as needed. For prop-
er operation, the recorder input impedance
should be at least 100,000 ohms. Some
solid state recorders with input impedances

(Continued on page 15)
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SIMPLE PROJECTS

(Continued from page 13)

less than 100,000 ohms will reduce the
degree of high frequency noise filtering.
This unit should be built in a metal en-
closure.

C1, C2—330 pF disc capacitor, 50 VDC
| or better (Calectro A1-011)
R1—100,000-0hms, 2-watt resistor
R2—100,000-ohm potentiometer, any
taper (Calectro B1-686 or equiv.)

® SCOPE CALIBRATOR

Back-to-back zener diodes provide a scope
calibrator with a zero reference output.
Whether the calibration voltage is fed to a
scope’s AC or DC input, the baseline will
not have to be readjusted.

When the top of D1 goes positive D1 con-
ducts current through to the D2 cathode.
The voltage across D2 builds until 5 V is

12.6
VvAC
INPUT

RI
v]]
TO SCOPE
v INPUT
D2 .

10V p-p

Lo

N

[0 R B ] R

L

reached and the output waveform is 5 V
positive. The reverse action takes place
when the top of D1 goes negative, provid-
ing an output waveform of 5 V negative.
The total result is a 10 V peak-to-peak
square wave to calibrate the scope face.

D1, D2—5.-VY, Va-watt Zener diode
R1—270-chm, Y2-watt resistor

(Continued on next page)

Use Coupon on Left!

131. E. F. Johnson’s 1975 fullt line
of CB transceivers and accessories
equipment is featured in a new 16-
page brochure. A 4-color folder on
monitor scanner line is also offered.

132. If you want courses in assem-
bling your own TV kits, National
Schools has 10 from which to
choose. There is a plan for Gls.

33,/ Get the new free catalog from
ard W. Sams. It describes 100's
of books for hobbyists and techni-
cians—books on projects, basic
electronics and related subjects.

4. 3prague Products has L.E.D.

outs for those who want to
build electronic clocks, calculators,
etc. Parts lists and helpful sche-
matics are included.

135. The latest edition of Tab
Books' catalog has an extensive
listing of TV, radic and general
servicing manuals.

136, L eader’s catalog features “In-

uments to Believe In."” They have
a complete line for industry, educa-
tion and service, featuring oscilto-
scopes/vectorscopes, many gener-
ators, accessories, etc.

137. Pace Communications has a
packet of information for you. The
“Citizens two-way radio” "answers
all the questions from how to op-
erate one to how much they will
cost to operate. A booklet on Pace’s
scan/monitors to keep you informed
is included.

138. Pearce-Simpson has a booklet,
‘Citizens Band Radios & Scan-
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ners,”” which pictures and de-
scribes the various models in this
line. A section on CB antennas is
included.

139. For the latest information on
CB transceivers by Courier, send
for their literature.

140. Featured in Siltronix’'s bro-
chure are single sideband/AM citi-
zen band transceivers, pictured
and described with extra features
and specifications listed. VFO slid-
ers for monitoring are pictured as
well as export models of linear am-
plifiers.

141. Lee Electronics Labs has an
inexpensive circuit analyzer, which
is featured in this catalog.

142, Available from Royce Electron-
ics (a new name in electronics
manufacturing) is a 16-page cata-
log for CB'ers. See their base and
mobile transceivers, accessories
and test instruments.

143. A set of Abraxas/4 speakers
contains a rugged 12-inch long-
throw woofer with a 22-0z. Alnico
magnet, a 5-inch sealed-back rub-
ber-damped midrange, and two 3-
inch dome tweeters from Designers
Audio Products.

144. For a packetful of material,
send for SBE's material on UHF and
VHF scanners, CB mobile trans-
ceivers, watlkie-talkies, slow-scan
TV systems, marine-radios, two-
way radios, and accessories.

145. For CB'ers from Hy-Gain Elec-
tronic Corp. there is a 50-page, 4-
color catalog (base, mobile and ma-
rine transceivers, antennas, and
accessories). Colorful literature il-
lustrating two models of monitor-
scanners is also available.

146. Robyn International has 4-color
“spec’’ sheets for each model of

their CB (base and mobile) trans-
ceivers and monitor-scanner lines.

147. Telex's 4-page, 2-color folder
illustrates their new line of boom
microphone head-sets for CB'ers
and hams, as well as their line of
communications headphones.

148. American Trading Corp. offers
you two catalogs in 4-color. One
features their Electronics 2000/
Contact CB, pictured with descrip-
tions and specifications. Their
Monitor/Scanner, Surveyor Mode!
4H 4U, is featured in the second
catalog.

149. Cush Craft has a catalog on
Citizens Band Antennas for every
purpose. The Ringo base antenna is
featured, as is the new Superfire 8-
element horizontal/vertical power
beam.

150. Get the most out of your CB
rig or scanner receiver with ASCOM
accessories. An 8-page brochure il-
lustrates antenna matcher, anten-
na switch, modulation bridge,
monitor/scanner, preamps, trans-
lators, and other equipment per-
formance helpmates.

151. For a_complete audio acces-
sory line-TV, tape, phono and
radic for home and auto, send for
Audiotex catalog FR 73-A.

152. Operating two (or more) TV
sets plus your FM stereo receiver
from one outdoor antenna? Find
out how to improve your recep-
tion with a Finco multiple-set am-
plifier in this bookiet of detailed
specs of five models.

153. A full-color brochure on Ten-
nelec’s scanners is available. They
have portables, 3 bands—12 chan-
nels and 3 bands—16 channels.
Outstanding features and specifica-
tions of the tri-bands are listed.
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SIMPLE PROJECTS

(Continued from page 15)

¢ ADD A TWEETER

Any single voice coil speaker is hard
pressed to handle both low and high fre-
quencies simultaneously—and it's the
highs that suffer most. A much cleaner
sound can usually be obtained from speak-
ers 6 inches or larger if the highs are
pumped through a tweeter. it can be any
small speaker rated 4 to 6 ohms of ap-
proximately 2 to 3 inches in diameter. The
back-to-back capacitors, C1 and C2, permit
only the highs from about 1500 Hz up to
pass into the tweeter. By keeping the lows

[ -5

Rl + +
500 {é _%
Cct c2 NEW
25uF  25uF | TWEETER

EXISTING
WOOFER

out of the tweeter, the highs come out
cleaner, and there's no chance of the
greater low frequency power ‘‘blowing™ the
tweeter. Potentiometer R1 is used to match
the tweeter’'s output level to that of the
woofer—because small speakers are gen-
erally much more efficient than large speak-
ers. If you eliminate R1, the highs will lit-
erally scream in your ears.

C1, €2—22-uF electrolytic capacitor, 50
VDC (Calectro A1-152)
R1—50-ohm wirebound potentiometer, 1

or 2 watts.
Misc. Cone type tweeters such as the
Lafayette 99-01562 are suitable for
use with this circuit.

@ FIELD STRENGTH METER

High sensitivity without amplification is ob-
tained when a field strength meter (FSM)
is tuned to its operating frequency. With a
poly-type miniature capacitor for C1, the
FSM can be built in a pocket-size cabinet.
Tuning range is from 1.5 to 144 MHz, de-
pending on the choice of coil L1. The coil
can use phone tip jacks for a plug-in con-
nection for band changing. Consult any
coil table for L1's winding data since coil
construction depends on the type of wire
and frequency.

Even greater sensitivity is obtained if a

:7WHIP ANTENNA

01

Ji

Cl

J2

O ,
more sensitive meter is used. A 50-uA
meter, M1, provides maximum sensitivity
combined with reasonably rugged construc-
tion.

Ly

C1—365-pF variable capacitor (Calectro
A1-233 or equiv.)

C2—.005-uF disc capacitor

D1—1N60 or Calectro K4-550 diode

J1, J2—Phone tip jack

J1—Coil (see text)

M1—0-1 mA DC meter (Calectro D1-938)

® LIGHT CONTROLLED
RELAY

With only a handful of low-cost components
this photo relay turns a light on or off ac-
cording general room illumination.

Q1 can be any general purpose pnp tran-
sistor of the 2N109 or 2N217 variety,
though greater sensitivity is obtained with
the 2N2613 type. Relay K1 is a high-sensi-
tivity type like the Sigmas used by model

Sy
PCI

s +GVDC
b Qi
SK3004
RI e oN-OFF
CONTROLT
Rz%] i< l |

CIRCUIT

radio control hobbylsts.
Potentiometer R2, part of a voltage divider
consisting of photocell PC1, R1 and R2, is
set so that with normal illumination falling
on PC1 the base bias current (through PC1)
is just below the value needed to generate
the collector-emitter current required to ac-
tivate relay K1. When additional light falls
on PC1, photocell resistance decreases,
thereby increasing the base bias, which
causes greater collector current to flow and
the relay closes.
This circuit can be controlled by sunlight
so K1 drops out at dusk to turn on a night
(Continued on page 18)
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_FUNDAMENTALS

By Jack Schmidt

“...they're very strict about -
things like antenna height,
power output, frequencies, etc.”

“According to this, the guarantee
becomes null and void upon
application of electrical power.”

“I don't believe you're monitoring
anything. You're just wearing
those so you can ignore me!”

“ . like 1 told you before, the
lightning arrestor carries the
bott away from the tower and...”

“I've checked everything three
times, but it still won't work.”
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Shortwave Listeners...

A PRESELECTOR is a tuned RF amplifier
unit scparate from the recciver. The
preselector is tuned to the received signal
to give a greater signal to noise ratio and a
better image rejection. In the old days of
ham radio and SWLs, commercial preselec-
tors were available, but now the emphasis
on compact solid-state shortwave receivers
has nearly madc the presclector a kin to the
extinct dodo bird.

But many solid-state SW receivers have
fairly broad tuning in their front ends and
can use an additional stage of selectivity.
Also, many older lower-priced receivers can
usc a bit more gain and an increased image
rejection to dig out the DX stations.

Our preselector project will add both
selectivity and additional gain to both SWL
and ham receivers, as well as to the experi-
menter’s home-constructed SW regen re-
ceivers. This preselector has a resistance-

-
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Add pep to your receiver from 1.7 through 36 MHz!

coupled output (the signal for your receiver
is developed across R1) and can be con-
nected to all types of receiver antenna input
terminals and impedances.

Normally, construction of a tuned RF
amplifier is difficult for the average experi-
menter and SWLer. But our project uses
an integrated circuit that is designed for IF
or RF amplification with the equivalent of
three transistors, two diodes and two resis-
tors included inside its miniature package.
It has low internal feedback that provides
a highly stable amplifier for RF. This in-
tegrated circuit is the type 703.

The preselector project covers a fre-
quency range of approximately 1.7 MHz
to 36 MHz in three bands. A bandswitch
is included for easy operation instead of
plug-in coils. Construction is simplified by
the use of commercial SW coils, so that you
don’t even have to wind coils.

)
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Gain-a-Boost

22

With perf board and push-in clip con-
struction used for easy building, most of
the components mount on the board. This
unit is an ideal first construction project
for the novice. The preselector is built in
a compact box with a battery power supply.

About The Circuit. Signals from the an-
tenna at J1 are coupled via S1A to the
primary winding of one of the antenna
coils L1, L2 or L3; Band A (1) 1s tuned
by C1 from approximately 1.7 MHz to 5.5
MHz, Band B (L2) from 5.5 MHz to 18
MHz, and Band C from 12 MHz to 36
MHz.

S1B (ganged with S1A) connects Ci and
the input circuit of ICI to the secondary
winding of the antenna coils where the
signals are tuned. Amplified signals from
IC1 are connected via C4 to the external
SW receiver via J2. S2 controls the DC
power to the IC1 circuits from Bl. Capaci-
tors C2, C5 and C3 act as RF bypass ca-
pacitors for the internal amplifiers of ICI1,
and R1 is the output load resistor.

Construction. The preselector is built in
a 7%-in. long by 438-in. wide by 23-in.

deep bakelite utility box with an aluminum
panel. All of the components (with the ex-
ception of Bl) are mounted behind the
aluminum panel which provides some RF
shielding for the circuits. Most of the com-
ponents are installed on a 4%-in. by 3%4-in.
section of perf board with push-in clips for
easy construction. Because of the high fre-
quency operation of the circuits, the parts
placement is critical, and for best per-
formance follow our component layout and
wiring placement.

Begin construction by ‘mounting C1 in
the center of the aluminum panel as shown
in the front panel photo. Then, cut the
perf board section to size and mount it with
34-in. metal spacers at the board corners
over Cl. Locate and mount the switches
S1A,B and S2 as shown in the photos and
then install J1 and J2 on the panel below
the switches.

The three antenna coils L1, L2 and L3
are mounted on the perf board by soldering
#2 and #3 terminals to push in clips, and
the top end of the coils are held on with
a single turn of wire around the threaded
bushing and soldered to a push in clip. Con-
nect the push in clips holding the top end
of the coils to a ground lug mounted on one
of the screws holding the perf board. Make
sure that the coils are positioned with the

/Al 3
ANTEW it
, B4
?ax SIA 'NEI

BAND
SWITCH

o + -

O
ON OFF 9VD I

RI y
£ 2700 COAX(SEE TEXT)
17 J2

S 4
T caa70pF T REC

WHITE 8
GREEN DOT ) 7
DOT. I (0]
4) o2
3 ) a 5

B1—9-volt battery or DC power supply (see
text

C1—365 pF miniature variable capacitor

C2, €5—0.22 oF capacitor, 12 VDC or better

€3—0.1 uF capacitor, 12 VDC or better

C4—470 pF capacitor, 12VDC or better

IC1—703-type integrated circuit

J1,J2—Phono jacks (see text)

L1—1.7 to 5.5 MHz antenna coil LW. Miller
B-5495-A)

L2—5.5 to 18 MHz antenna coil (LW. Miller
C-5495-A)

PARTS LIST FOR GAIN-A-BOOST

L,L2,L3 1C-1
BOTTOM VIEW TOP VIEW

L3—12 to 36 MHz antenna coil (J.W. Miller
D-5495-A)

R1—4700-ohm, Ya-watt resistor

S1A,S1B—2-pole, 3-position rotary switch (Mal-
lory 3223} or equiv.)

§2--SPST rotary or toggle switch

Misc.—Cabinet and metal panel 7%-in. x 4%-in.
x 2%-in. deep, perf board and push-in clips,
%-in. metal spacers, coax cable (RG-59A or
equiv:, battery connector, knobs, wire, solder,
etc.
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green index dot on the top and as shown
in the board photo.

Next The IC. Fan the leads out of IC1
as shown in the drawing on the schematic
and locate the white index dot marking the
#8 lead. Mount IC1 on the lower left sec-
tion of the perf board (on the side just
below S1A,B), with #4 lead connected to a
ground lug and the remaining leads con-
nected to push in clips positioned around
the IC as shown in the board photo. Make
sure that the connecting leads are as short
as possible and cut off the excess lengths.

Mount and wire the remainder of the
components on the perf board as shown in
the board photo and schematic. Then, one
lead of C4 is mounted to the center terminal
of J2 with the other lead connected to a
length of coax whose remaining end is con-
nected to the junction of R1 and #7 lead
of IC1. Ground the coax at the ground lug
of J2, and position the other end over Ri
to act as an electrostatic shield for this lead
connection to IC1. Connect the S1A,B ter-
minals to L1, L2 and L3 with short, direct
leads spaced over IC1 as shown in the board
photo.

Complete the wiring of the preselector
circuits, and then mount Bl with a metal
strap on the bottom of the box so that it
will not touch any of the board components
or wiring. If desired, you can connect the
B+ and B— lead to a terminal strip mount-
ed on the side of the box for connection to
an external 9-volt DC power supply in place
of Bl.

Hook Up. The preselector unit should be
connected to your receiver antenna and

FaLL-WINTER, 1974

This full range 3-band booster gives a kick
to shortwave receivers; it can also be put
together for just one band. Eliminates the
bandswitch S1A, B and two unused ““L*’ coils.
Use parts layout photo when building yours.

ground terminals with as short a section of
coax as practicable. We used a 6-inch sec-
tion of RG-59A soldered to a phono plug
at one end and with 1%-inch leads at the
other. For intermittent use of the prese-
lector, the internal battery will be ok. But
for long term operation, a 9 VDC ex-
ternal power supply should be usad. The
preselector draws approximately 7 mA at
9 VDC.

Connect your SW antenna to the center
connector of J1, and connect an external
ground to the outside (shell) of J1. Con-
nect J2 to your receiver external antenna
terminals with a short section of coax (do
not use the audio type of shielded cable).
If your receiver does not have external an-
tenna and ground terminals, try a turn of
hook up wire around the receiver internal
loop antenna. Or, if your receiver uses a
built-in whip antenna, clip the center con-
ductor of J2 (through the coax) to the
whip, and push down the whip to its short-
est length. If the receiver is an AC-DC type
(with a “hot” chassis) connect the outside
shield of the coax from J2 in serics with a
470 pF capacitor and the receiver chassis.
Do not connect the shield directly to the
chassis in this type of receiver or there may
be a electrical shock hazard.

Operation. Set S1A.B (band switch) to
the desired band of operation that your re-
ceiver is tuned to, and set S2 to on posi-
tion. Tune C1 (tune control) for maximum
received signal. If you have a problem with
oscillation on the highest {requencies of
Band C, reduce value of R1 and adjust the
coil slugs as necessary for band coverage. B
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by Joe Rolf, K5JOK

C AN PLANTS REALLY TALK? That was the

subject of a report by M. Gronk in the
November/ December 1972 issue of e/e. Of
course, no one knows for sure; but this au-
thor’s experience with this project indicates
some basis for recent articles on the subject
ranging from e/e to the Ann Landers col-
umn! So that you can investigate this in-
triguing subject yourself, e/e presents an
easy experimenter's project. It can help you
make up your own mind while providing a
multitude of interesting experiments related
to plant response.

A Type Of Lie Detector. Proponents of
the idea that plants have feelings—that
plants can respond to human thought and
may even have the ability to remember and
think—have found that by measuring plant
skin resistance, in much the same manner
as the polygraph measures human skin re-
sistance, changes are detected that can be
interpreted as logical responses to psychic
and physical stimuli. The instrument in this
project is a high sensitivity ohmmeter which,
when conncected across a resistance of from
100,000-ohms to 1-megohm, will detect re-
sistance changes in the order of 0.5 percent.

Checking the schematic we see the cir-
cuit is simply a battery-operated “709™ op-
erational amplifier in a differential configur-
ation across an adjustable bridge. Bridge im-
balance is amplified by the op-amp and dis-
played on a sensitive meter or, if you're
lucky enough to have a borrow one, a chart
recorder.

One half of the bridge consists of the
speciman resistance connected to terminals

7 leeYour
Plants AVoice

J1 and J2, an adjustable coarse zero control,
and R1 and R2. The second arm of the
bridge consists of R4, R6, and the fine zero
control, RS. Since the resistance across J1i
and J2 can range from 100,000-ohms to 1-
megohm, R1 (in combination with R2) is
adjusted to equal the resistance of the speci-
man. Control R5 permits final zero adjust-
ment of the bridge. Once balanced, any
change in speciman resistance will apply a
voltage change to the amplifier which is
amplified and displayed by the meter or
other indicating device.

Selecting A Meter. R10, in series with the
meter movement, permits adjustment of the
meter sensitivity. Diodes D1 and D2 pro-
tect the movement during zero adjust and
provide a nonlinear meter function which
makes the meter more sensitive near zero
than at full scale.

Since the most expensive component in
this project is the meter movement, two
meter options are given. You may want to
use a 50-0-50 millivolt movement in your
model, or a re-scaled 0-50 millivolt move-
ment as used by the author. The latter is
more casily obtained, and has the advantage
of providing a 0-25 millivolt indication
when re-scaled to put zero in the middle of
the scale. Since the bridge can be balanced
at any point on the meter scale, it is a sim-
ple matter to carefully re-scale a 0-50 milli-
volt movement. If you are not inclined to
make this modification, which entails re-
moving the meter face and relabeling the
scale, a 50-0-50 millivolt movement can be
used.

ELecTRONICS HOBBYIST



Construction For Good Looks. The poly-
graph is compactly constructed in a readily
available 734-in. x 4% -in. x 2%-in. experi-
menters Mini Utility Box (Radio Shack 270-
232) with all components mounted to the
aluminum front panel. Batteries BI and B2
are secured to the top of the front panel
with a plastic cable tie and adhesive pad to
permit easy removal of the entire unit from
the back enclosure.

The amplifier circuit, for simplicity of
construction, is built on a 2 x 3V2-in. perf-
board chassis and mounted to the front pan-
el with a small aluminum bracket. Construc-
tion is simple and straight forward and can
be accomplished with simple hand tools.

A test stand, such as that illustrated, is
suggested and can be constructed ~of ply-
wood, a piece of lucite. and two banana
jacks. Connections to the plant are made by
fine phono wire and two gold or silver
plated “earring findings” obtained from a
local hobby supply house. Another photo il-
lustrates the connection made to the speci-
man used by the author. A good steady con-
nection to the speciman is important since
the response and sensitivity of the instru-
ment can render readings useless if there is
the slightest movement of the speciman
probe. Adjust the earring finding so that it
holds the leaf tightly and firmly between its

M U

All electronic wiring and components can
be easily assembled on a single perfboard.
Bi-polar battery supply simplifies project

jaws. Conventional banana lcads can be used
to connect the instrument to the jacks of the
test stand.

Operational Set-Up. With a speciman in
place and connected, set the meter sensitiv-
ity control to full counter-clockwise and
turn the plant polygraph to the on position.
Set the fine control knob at center position,
and slowly adjust the coarse zero adjust-
ment until the meter is near center scale.
Make the final adjustment to zero with the
fine control. The full scale sensitivity of the
meter can now be adjusted by rotating the
meter sensitivity control clockwise and re-
adjusting to zero with the fine zero control.

Some experimeuntation may be necessary
in adjusting the meter sensitivity and fine
zero adjust control, depending upon the

i

B1, B2—9-volt battery

C1, €2—0.001 uF (10,000 pF) disc capacitar, 50,
VDC or better

D1, D2—1N34A diode

IC1—Type 709 integrated circuit

J1, J2—5-way binding posts

M1—Meter, 0-500 LAmpere DC, Triplett 320G or
equiv. (see text)

R1—2-megohm potentiometer, linear taper

PARTS LIST FOR GIVE YOUR PLANTS A VOICE

|
R2 R6 MY 9VDC = Bl
IOOK  IMEG 5% 100KI5EENC, Pl
R7 2\ i
i
RIS COARSE 1K 5% |
2 MEG RS ;
R3 250K 2 FINE 709C RIO :
9VDC.-—- B2 E
INPUT L ; e
SE c2 02 i 3
g2 IMEGS%S OOIuF IN34A  Ro | | :
| 100K 5% ~_ |
si-g g

R2, R8, R9—100,000-0hm, Ya2-watt resistor

R3, R7—1,000-chm, Y2-watt resistor

R4, R6—1-megohm, Y2-watt resistor

R5—250,000-0hm potentiometer, linear taper

R10—10,000-ohm potentiometer, linear taper

S1—DPDT toggle or slide switch

Misc.—Perfboard, push-in clips, battery con-
nectors, wire, solder, plastic cabinet with
aluminum cover (8x4%2x2%-in.), etc.
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speciman and the resistance across the two
test points. The author found that plants in
poor health make very bad subjects, while

the responses of healthy plants is much more,

pronounced and rapid.

A good indication that meter sensitivity
is properly adjusted is when a slight bounc-
ing of the meter movement is noted either
side of zero. If the meter movement con-
tinually goes off scale during your experi-
mentation, reduce the meter sensitivity and
re-zero the bridge.

What You See. Interpretation of meter
fluctuations is largely a matter of experience
and repeated experimentation. The figures
give some indication of the types of re-
sponses you will see. Most of the character-
istic resistance changes illustrated in these
photographs can be observed by recording
meter fluctuations of fixed time intervals, or
through a graphic recording instrument
such as the one used by the author (bor-
rowed from a friendly high school teacher).
The latter is invaluable in making long term

These graphs were made with an automatic chart
recorder. On left, major change at 2:45 AM was
unexplained by author. However, center graph at
6:30 AM peaks when avthor’s family had break-
fast. Plant showed major change when watered at
about 10:30. Plant subject was an African Violet

Solder fine phono wire to a
pair of stripped earrings—
gold or silver work the best.
L Then bug your favorite flora!

observations.

Many short term experiments, however,
are possible without the aid of a recorder.
You may water the plant, for instance, and

(Continued on page 117)

The February 1973 Readers Digest reprinted an article
by James Lincoln Collier from the Baltimore Sunday Sun.
The article describes experiments since 1966 by Cleve
Backster of New York indicating the ability of plants to
respond to human actions as well as possibly possessing
some forms of biological memory and thought processes.

Botanists have long acknowledged the ability of plants
to respond to external stimuli as light, temperature, and
moisture but the strange results of the Backster experi-
ments in plant response may have startling implications.
Consider, for instance, several of Backster’s experiments
as reported in the Reader Digest article:

In one experiment, Backster attached a polygraph to

a plant to determine if the rate at which water rose:

from the root to the leaves could be measured in terms
of plant skin resistance. He found that it could. But, more
startling, in a subsequent experiment, he decided to
stimulate the plant by burning a leaf and found that a
dramatic and prolonged polygraph response occured at
the exact moment he made his decision. In other words,
it appeared as though the plont had actually read his
mind!

In a second experiment, two plants were put in a room
and, by means of secret instructions, one of six persons

was instructed to enter the room alone and destroy one
of the plants. Later, each person was brought into the
room separately and, unerringly, the remaining plant
identified the murderer!

Other Backster experiments seem to indicate that plants
can determine, whether a person is telling the truth or
not, and can even respond to human thoughts at great
distancest

What do these experiments imply? In the first, it
implies that plants may actually have the ability to
respond to human thought processes. In the second, and
even more fantastic, it implies that plants may possess
some type of memory, and thus biological thought process!

To date, these experiments and the possible implica-
tions have not been scientifically proven or fully ex-
plained. Consider, however the practical application of
this knowledge if plants can, in fact, respond to humans
or have basic thought processes. One application is a
whole new world of electro-biologic sensors that could be
employed by science.

Do plants feel? Can they think? They might, as ex-
periments by people such as Cleve Backster indicate, but
at the present the question goes unanswered and the
concept is only a theory!

ELecTtroNIcS HOBBYIST
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by R. L. Way

OOKING for the right resistor during a
L circuit mockup, or breadboarding,
sometimes becomes annoying: dim light
makes color band reading impossible; fum-
bling fingers can’t pick up Y4-watt resistors
fast enough; and, of course, you are always
out of the resistance size you want to use.
So get with it with R-Cubed—the experi-
menter’s toy block that makes bench work
seem like child’s play.

R-Cubed is not so much a device as it
is a method for keeping on hand, in an
orderly manner, a collection of standard-
value resistors that can be used singly with
clip-leads, or in series with clip-leads to pro-
vide most needed values of resistance. The
24 resistors that can be mounted and series-
connected on the faces of a small cube will
give resistance values of 1 to 9 ohms and
all multiples of 10 of these values through
100,000. Thus, if all 24 resistors are used,
resistance values from 1 ohm to 900,000
ohms will be available. The author’s unit
contains only 12 resistors, since only values

from 1000 to 100,000 ohms were desired.
In addition, some intermediate values of
resistance (for instance, 42 ohms, 780 ohms,
95,000 ohms, etc.) can also be obtainad from
the R-Cube arrangement, as will be ex-
plained later.

One-half-watt, 5% resistors were used to
keep down the cost, but the same idea can
be applied to 1% resistors, or to 1- or 2-watt
resistors. The only other expense, aside from
cardboard for the cube, paint, etc., is for a
box of vector-board mini-clips, and a pair
of alligator clip-leads. (The Editors took
exception to the author’s construction tech-
nique and went their own way using a
child’s toy play block and some brass brads
—but more on this later.)

Knocking It Together. Four resistors form
a decade (10, 100, 1000, 10K, 100K, and
1M), and each decade is mounted on one of
the six faces of the cube. The resistors are
all multiples of 1, 2, and 3 (that is, 10. 100,
1000, etc., 20, 200, 2000, etc., and 30, 300,
3000, etc). Henceforth, all numbers in a

The resistors in each set g
for each face are valued
at 1, 3, 3, 2-ohms each
multiplied by a factor

for that face. The
diagram at right is for
the X100K face of the
cube. Therefore each
resistor is valued at
100,000-ohms or a

multiple thereof.

A TO OBTAIN CONNECT LEADS AT
£ 1 ohm Aand B
2 ohms DandE
3 ohms Band C
4 ohms AandC
5 ohms Cand E
2 6 ohms Band D
7 ohms Aand D
8 ohms BandE
9 ohms Aand E
10 ohms Go to next higher decade
D
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R-CUBED

decade will be stated as 1-digit numbers,
with the understanding that they are multi-
ples of 10, 100, 1000, etc., according to the
decade in which they are used. By wiring
the four resistors of a decade end-to-end in
the order 1, 3, 3, 2, as shown in Fig. 1, any
value of 1 to 9 can be obtained by connect-
ing clip-leads between the appropriate mini-
clips. This can be better understood by
looking at Fig. | and its accompanying
table.

In order to get resistance values between
those available on a single decade, the
decades arc connected to each other end-
to-end. The following intermediate values
(and all their multiples of 10) are thus avail-
able: 12, 15, 18, 19, 42, 45, 48, 49, 72, 75,
78, 79, 92, 95, 98, and 99. Fig. 2 shows how
the decades should be laid out on a flat piece
of cardboard before assembling the cube so
that the proper ends of the decades are ad-

jacent, and the connections to make between
the faces. The accompanying tables give a
few examples (but not all of the combina-
tions possible) of terminal connections for
obtaining different intermediate resistance
values.

The cube 1s constructed of “artist-board”
since it is inexpensive and easy to work with,
but wood, plastic, or any other insulating
material can be used. The mini-clips press
fit into the artist-board without requiring
glue or crimping, and provide convenient
right-angle mounting of two resistors and a
good electrical connection for the clip-leads.
The cube in the photo measures two inches
on a side, but could be made either larger
or smaller. Measure an equal distance in
from each corner and drill a Y¢-in. pilot hole
for each mini-clip, push the clip in with a
pair of pliers, and orient each one so that
it is parallel to the others.

The cube is best laid out in two flat pieces,
as shown in Fig. 2, then cut and scored, and
the two pieces glued together. Each face of

(Continued on page 117)

FOLD

pee X 10K

XIK
XI100K

Here's how the cube fits together and what
resistors go on what face. Note that terminals
E-F, J-K, U-T and Y-Z are connected by means
of a jumper. Not shown is jumper for O-P.

BB,

RO e
S
795 0 =Q-BB
480 0 =R-X
190 0 =S§-Y
3 X000 99 0= U-DD
750 =V-BB
49 0 =W-DD
3 18 =X-LCC
R Q
FOLD
DOWN -
X1
X100
-
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Tune This Radio with a Voltage Divider!

by Charles Green WEFFQ

UNE IN with the new space-age solid-state compo-

nents that have transformed receiver technology. The
old reliable tuning capacitor that was used in the old
tube receivers is still with us and is still almost as large
in size. Attempts at size reduction, decreasing the air gap
between plates or using a mica dielectric, still are not
enough.

But in the last few years, a solid state equivalent to the
tuning capacitor has been developed to the point of
enough capacity to tune the broadcast band and will be
put into use soon. This solid-state device is called the
Varactor, and is a type of semi-conductor diode.

You can experiment with varactors with our simplified
broadcast band receiver. The old reliable regenerative
detector circuit is used for simplicity, and is brought up
to date with a field effect transistor (FET) used as the
detector. An audio amplifier module is included that
drives a small speaker mounted on the front panel. The

receiver is built using an rf
breadboard style of construction
(Turn page)
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VARI-CAP TUNING

for some very easy experimentation on a
7-in. X 5-in. x 2-in. metal chassis. Informa-
tion is given for the use of selected silicon
diodes as varactors in addition to commer-
cial varactors.

About The Circuit. RF signals from the
antenna are connected via J1 to the primary
winding of coil L1 which, in turn, is tuned by
the varicap diode with tuning control R4.
Signals from the tuned circuit are detected
and amplified by a FET version of the grid-
leak——the gate-leak detector Q1. Some of the
rf energy from the source circuit of QI is
fed back from the tickler winding, detected,
and re-amplified. When there is too much
feedback, the gate-leak detector circuit of
Q! will oscillate. The amount of feedback
is therefore controlled by the Regen con-
trol R2 and adjusted to just below the point
of oscillation for maximum sensitivity and
selectivity of BC band signals.

The detected signals from Q1 are coupled
via T1 to volume control R6 and the ampli-
fier module. Further amplification of the
signals is performed by the module and the
signals are heard on the 8-ohm specaker.

What's a Varactor? The varactor diode
is a semiconductor junction diode that be-
haves like a capacitor when reverse voltage
bias is applied. The capacitance is formed
by the space charge or depletion region
around the internal P-N junction of the
diode, and the amount of capacity is
changed by varying the reverse voltage bias.
This type of diode is also known as a
voltage-variable capacitance diode or as a
vari-cap.

The basic semiconductor junction diode
is formed of a material such as silicon that

has two portions of the material doped
in manufacturing by adding controlled
amounts of chemicals. The doped portions
have opposite electrical characteristics; “P”
type with an excess of positive electrical
charges (or hole) and “N” type with an ex-
cess of negative electrical charges (elec-
trons). As shown in the drawing, the boun-
dary between the two types is called a P-N
junction, and there is a depletion layer (or
region) that is also called the space charge
region. This region is in an area along both
sides of the P-N junction.

This space charge region is an area that
acts as an electrical insulator (electrons will
not normally flow across it) when no ex-
ternal bias voltage is applied, and therefore
bars the passage of an electric current
through the P-N junction. When an external
voltage bias is applied the space charge re-
gion will narrow and disappear. This will
permit the diode to conduct (electrons will
flow across the P-N junction). As shown in
the drawing of a diode being used as a rec-
tifier; the space charge region will vary from
very narrow (and disappearing) to very
wide, when the alternating voltage changes
polarity and gives the diode a reverse bias.

Solid Tuning. As also shown in the
drawing, a diode has an internal capacity
between the P and N type materials with
the non-conducting space charge region act-
ing as the capacitor dielectric.c. When the
diode has a low reverse bias voltage, the
space charge region is narrow, and the ca-
pacity effect is the same as if the plates of
a tuning capacitor are close together—
high capacity. If the diode has a high value
of reverse bias voltage, the space charge
region is wide, and the cfiect is as if the
plates of a tuning capacitor were moved
apart—Ilow capacity. The actual capacity
depends upon the physical and electrical

Start Here. Back off volume
to a low level until station
is tuned and regeneration is
properly adjusted.

Then. Rotate tuning control
until a whistle is heard in-
dicating the presence of a
broadcasting station. Rock
contro! back and forth to
tune radio to center of
channel as indicated

by the loudest whistle.

Finally. Back off the regen-
eration control until the
whistle just disappears. This
control should be adjusted
as near to the point of oscil-
lation (audio whistie) as
possible. Increase volume
control as required. If the
unit again breaks into os-
cillation, back off the re-
generation control to a
stable setting.

-

]
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characterists of the particular diode, and
commercial varactors are specially manu-
factured and selected semiconductor diodes.

When a varactor diode is connected into
a tuned circuit as shown in the diagram, the

value of the reverse bias voltage of the
diode. When the bias voltage is high, the
tuned circuit is at the highest frequency of
operation, and when the voltage is low, the
frequency is low. Capacitance “C” is an rf

capacity of the diode can be varied by a bypass capacitor for the tuning poten-
tuning potentiometer which changes the tiometer.
AUDIO AMP
R
5;% INPUT
VOLUME| (SREEN)

SPKR
COMMON(+) OUTPUT]
(RED)

8a
SPEAKER

—I:""(?)BLACK /

n

(REVERSE BIAS)
(+)

INTERNAL NARROW
CAPACITY SPAGE
ACROSS CHARGE
SPACE REGION
CHARGE
REGION
() (-)
VARACTOR LOW BIAS
UNDER PROVIDES
REVERSE HIGH CAPACITY
BIAS

AAl—Audio amplifier, 100 mW, 4 to 8-ohm
output

C1, €3—470 pF disc capacitor, 12 VDC or better

€2, C4—.01 uF disc capacitor, 12 VDC or better

C5—5 uF electrolytic capacitor, 12 VDC or beiter

J1—Phone jack or binding post for antenna
terminal

J2 to J6~—Fahnestock clips for binding posts

L1—BC Band antenna coil with three-turn tickler
winding; see text (Miller A-5495-A)

Q1—FET, HEP-802 (Motorola)

R1—2.2-megohm, V2-watt resistor

R2—500-ohm potentiometer, linear taper

e @
I ™,
(2)(4) =
c2 TNGREEN 6 S D
R
OwFT 1ok TUNE S) oot al
JS(EXT.V) L
JUMPER | yg(a+)
°9VDC°—1
| VOLT 10 VOLT

(REVERSE BIAS)
(+)

LOW CAPACITY

PARTS LIST FOR VOLTAGE-TUNED RADIO

(+BIAS
VOLTAGE )
-) FOR POT 1 ninG POT
HIGH BIAS
VARACTOR TUNED
PROVIDES L-C CIRCUIT

R3. .10,000-chm, '2-watt resistor

R4—10,000-chm potentiometer, linear taper

R5—100-ohm, Y2-watt resistor

R6—5,000-ohm potentiometer, audio taper

T1—Transformer, 10,000-ochm primary,
ohm secondary

2,000-

Misc. 8-ohm speaker, 7-in. x 5-in. x 2-in. chassis,
5-in. x 7-in perfboard, push-in clips, 4-in. x
7-in. front panel (metal or copper-backed
phenolic), knobs, Vari-cap diodes (see text),
9-volt battery or 9VDC power supply, hookup
wire, solder, etc.
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VARI-CAP TUNING

When a varactor is used in a tuned cir-
cuit, the amount of the change in capac-
itance of the semiconductor diode with the
applied reverse bias voltage becomes im-
portant. In a tuned circuit (LC) the fre-
quency ratio varies directly as the square
root of the capacitance ratio. A varactor
must therefore have a capacitance ratio of
4 to 1 if the tuned circuit is to be tuned
over a range of 2 to 1.

Simple Building Hints. The receiver is
built breadboard style with the components
mounted on a perf-bgard. Even though the
receiver operates on the BC band, wiring
of the Q1 regenerative detector circuit may
be critical. For best results, follow our pho-
tos for parts placement.

Start construction by cutting out the top
of a 5 x 7 x 2-in. aluminum chassis to a
15 -in. rim all around. Slot and bend up two
1% -in. tabs at each end of the front rim of
the chassis and drill mounting holes for
the front panel. Our front panel is a 4 x
7-in. copper-backed phenolic section of the
type used for printed circuits, but any size
metal panel can be used as well. Cut a perf
board section to size to fit the top of the
chassis and install it with sheet metal screws
to the rim of the chassis.

c2

VARACTOR
DIODE -—

R3

Ja

J3

Li J2 ¢I RI QI C3

ca Tt

Coil L1 is mounted on the perf board by
soldering the terminals to push-in clips. Re-
move the 10 pF ceramic capacitor sup-
plied with the coil before mounting, and
make sure that the coil is positioned for the
shortest connections (as shown in the sche-
matic). QI is also mounted with push-in
clips soldered to the leads and positioned
close to L1. T1 is installed on the board
with push-in clips soldered to the trans-
former mounting tabs.

Install the remainder of the parts on the
perf board and chassis, then wire them as
shown in the schematic. Wind three turns of
hookup wire around the top end of the L}
secondary winding for the tickler and twist
the leads together to hold them in place on
the coil.

The amplifier niodule is mounted on the
perf board with machine screws and 4 -in.
spacers. Make sure that you connect the
common (+) red wire to B+ as shown in
the schematic. Clip off the unused red wires.
that normally are connected to a switch.
(See the schematic supplied with the module
for details.) The amplifier module black
{—) wire should be centered to B— (com-
mon ground).

Check The Tickler. Connect a good
outside antenna to J1 and a ground con-
nection to J2. Connect the red wire (B+)
to the (+) terminal of a 9-volt battery or dc
power supply, and connect the black (B—)

RS C5

If you place your components in approximately the same location as the author, you will
have an excellent chance for success with your project. Note “tickler’’ at top of L1.
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receiver wire to the (—) terminal. Connect
a 100 pF capacitor to J3 and J4 (in place
of a varactor), and adjust the tuning slug on
L1 until you hear a received signal in the
speaker. Adjust R6 for a convenient audio
volume, and then adjust R2 until the signal

To this simple circuit tuning

in stations means varying a
reverse bias voltage to the
varactor diode which increases
capacitance in proportion to
the decrease in reverse bias.
Varactors are solid-state
variable capacitors that can
take the place of the usual
mechanical variety.

is received as a whistle (the Q1 regen cir-
cuit is in oscillation). Then back ofl on the
R2 adjustment unti) the signal is received at
best volume and selectivity. It may also be
necessary to readjust the L1 tuning slug. If
the signal can not be rececived as a whistle,
reverse the connections to the tickler wind-
ing.

You can connect a 365 pF variable tun-
ing capacitor in place of the 100 pF capaci-

TUNING THE 50 STATES ON MEDIUM WAVE

Because the BCB band is so crowded with stations, logging all 50 states is tougher than it used to be.
But, with patience and luck, you can do it. Here are your best bets.

State Call Freq. (kHz) State Call Freq. (kHz)
Alabama WYDE 850 Montana KXLF 1370
Alaska KFQD 750 Nebraska KFAB 1110
Arizona KTAR 620 Nevada KOH 630
Arkansas KAAY 1090 New Hampshire WKNE 1290
California KFBK 1530 New Jersey WPAT 930
Colorado KOA 850 New Mexico KOB 770
Connecticut WTIC 1080 New York WABC 770
Delaware WDOoV 1410 North Carolina WBT 1110
Florida WQAM 560 North Dakota KFYR 550
Georgia WSB 750 Ohio WLW 700
Hawaii KORL 650 Oklahoma KOMA 1520
Idaho KGEM 1140 Oregon KEX 1190
INinois WLS 890 Pennsylvania KDKA 1020
Indiana WOowo 1190 Rhode Island WPRO 630
lowa WHO 1040 South Carolina WCSC 1390
Kansas WREN 1250 South Dakota WNAX 570
Kenfupky WHAS 840 Tennessee WSM 650
Louisiana WWL 870 Texas WOAI 1200
Maine WCSH 970 Utah KSL 1160
Maryland WBAL 1090 Vermont WHWB 1000
Massachusetts WBZ 1030 Virginia WRVA 1140
M_ichigan WIR 760 Washington KGA 1510
M!nn'esgta. WCCO 830 West Virginia WWVA 1170
Mississippi WOK) 1550 Wisconsin WKOW 1070
Missouri KMOK 1120 Wyoming KWYO 1410
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VARI-CAP TUNING

tor for easier signal tuning or to allow re-
ception of signals at the lower end of the
band for this test. This test will show that
the basic receiver circuits are operational.
At the conclusion of the test, remove the
capacitor from J3 and J4, and then connect
a short jumper wire between J5 and J6.
This jumper is necessary to provide a B+
connection to the R4 tuning control.

Selecting Your Varicap Diode. The re-
ceiver can be used with either commercial
varactors or selected ones from your stock
of surplus or used semiconductor diodes.
Some transistors will also operate as varac-
tors. The commercial varactors may not be
easily available to the experimenter, as they
may have to be specially ordered from
local parts houses that handle industrial
electronic components.

The following are some varactors that
can be used with this receiver: Motorola—
MV1401 (“EPICAP”) 550 pF at 1-volt
bias, 10:1 ratio; Motorola MV 1405 250 pF
at 2-volt bias,, 10:1 tuning ratio; HEP
R2505 100 pF at 4-volt bias, 3:1 ratio; and
Radio Shack; 276-676 (5 varactor diodes
kit) 10 to 50 pF. There are many more
types by different manufacturers, but at
this time not much information is available
for the experimenter. Unfortunately, most
of the commercial varactors do not have
enough capacity to tune over the complete
BC band; they are more suitable for short

still in the process of developing varactors
for use in home radios (as well as TV sets)
and more varactors should be available for
experimentation.

You can also experiment with ordinary
silicon rectifiers used as varactors with this
receiver. Since the properties of a diode
that go to make a good varactor are not
necessarily that of a good rectifier, it is nec-
essary to test the diodes for varactor opera-
tion. Also varactor qualities may vary a
lot. Even when one of a particular type or
manufacture is found to have varactor op-
erafion, other diodes of the same type
may not work at all. It may be considered
to be a sort of treasure hunt to find varac-
tors among your surplus and used diodes.

Best way to test diodes for varactor op-
eration is to connect them to the receiver—
the diode anode to J3 and the cathode to J4.
Then, tune R4 and see if signals can be re-
ceived over the BC band for a rough check.

It was found that a GF-X4 rectifier diode
worked ok, and several of the Radio Shack
276-599 kit of untested diodes operated as
varactors. Disconnect the connection be-
tween J6 and J5 and try operating the
varactors with the external dc power supply
(+) terminal connected to J5, and the
(—) terminal to J2 for a greater capacity-
tuning ratio range. Try various higher volt-
ages within the maximum voltage rating
of the diode.

Try experimenting with transistors as
varactors. Connect them as follows: emitter
of an NPN type to J4, base to J3; or col-
lector to J4 and base to J3. Connect the
base of a PNP type to J4, collector to J3:

wave and UHF operation. But industry is or base to J4 and emitter to J3. B

B
C AM CLEAR CHANNELS FOR NORTH AMERICA .
H 540 Clear (Canada) 780 Clear 1010 Clear (Canada, Cuba) 1170 Clear :
1 640 Clear 800 Clear (Mexica) 1020 Clear 1180 Clear [
1 650 Clear 810 Clear 1030 Clear 1190 Clear {U.S., Mexico) .
i 660 Clear 820 Clear 1040 Clear 1200 Clear :
1 670Clear 830 Clear 1050 Clear 1210 Clear C
1 680 Clear 840 Clear 1060 Clear {U.S., Mexico) 1220 Clear (Mexico) '
1 690 Clear 850 Clear 1070 Clear (U.S., Canada) 1500 Clear [
1 700 Clear 860 Clear {Canada) 1080 Clear 1510 Clear H
! 710 Clear 870 Clear 1090 Clear {U.S., Mexico) 1520 Clear 1
1720 Clear 880 Clear 1100 Clear 1530 Clear H
1 730 Clear {Mexico) 890 Clear 1110 Clear 1540 Clear (Bahamas) 1
i 740 Clear (Mexico) 900 Clear (Mexico) 1120 Clear 1550 Clear i
s 750 Clear 940 Clear (Mexico, Canada) 1130 Clear (U.S., Canada) 1560 Clear {Cuba) i
. 760 Clear 990 Clear (Canada) 1140 Clear {U.S., Mexico) 1570 Clear (Mexico) .
! 770 Clear 1000 Clear (U.S., Mexico) 1160 Clear 1580 Clear (Canada) d
'-----------------------------I-------------------------------‘
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At ELEMENTARY ELECTRONICS
they said: ‘‘The fact is, today’s
Heathkit GR-2000 is the color

TV the rest of the industry will

be making tomorrow...there is
no other TV available at any price which incorpo-
rates what Heath has builtinto their latest color TV.”

The FAMILY HANDYMAN reviewer put it this way:
“The picture quality of the GR-2000 is flawless,
natural tints, excellent definition, and pictures are
steady as a rock. It's better than any this writer
has ever seen.”

POPULAR SCIENCE pointed out “‘more linear IC’s,
improved vertical sweep, regulators that prevent
power supply shorts, and an industry first: the per-
manently tuned L.F. filter.”

The RADIO-ELECTRONICS
editors said the Heathkit Digital
TV has “‘features that are not to
be found in any other production
color TV being sold in the U.S.:

“On-screen electronic digital
channel readout...numbers
appear each time you switch
channels or touch the RECALL
button...On-screen electronic
digital clock...an optional low cost feature... will
display in 12- or 24-hour format...Silent all-elec-
tronic tuning. It's done with uhf and vhf varactor
diode tuners...Touch-to-tune, reprogrammable,
digital channel selection...up to 16 channels, uhf
or vhf...in whatever order you wish...there's no
need to ever tune to an unused channel. LC IF
amplitier with fixed ten-section LC [F bandpass

Prices & specifications subject to change without notice.

The editors
choice:
Heathkit
Digital Design
Color TVI

tilter in the IF strip...eliminates the need for crit-
ically adjusted traps for eliminating adjacent-
channel and in-channel carrier beats. No IF align-
ment is needed ever. Touch volume control..
when the remote control is used...touch switches
raise or lower the volume in small steps.”

POPULAR ELECTRONICS took a look at the 25-in.
(diagonal) picture and said it ‘‘can only be de-
scribed as superb. The Biack (Negative) Matrix
CRT, the tuner and IF strip, and the video ampli-
fier provide a picture equal to that of many studio
monitors..."”

Furthermore, the Heathkit GR-2000 is an easier
kit- form TV to build. POPULAR ELECTRONICS
pointed out that ““‘Each semiconductor
has its own socket and there are 12
factory-fabricated interconnecting
cables...The complete color ad-
justments can be performed in

less than an hour.”

To sum up, POPULAR ELEC-
TRONICS concluded its study by
stating, “In our view, the color TV
of the future is here—and Heath’s

GR-2000 is it!"

Why not see what the experts have seen?
The Heathkit Digital Design Color TV—without
question the most remarkable TV available today.

Mail order price for chassis and tube,
$659.95. Remote Control, $89.95
mail order. Clock, $29.95 mail
order. Cabinets start at $139.95.
(Retail prices slightly higher).

Send for your FREE '74 Heathkit Catalog - world’s largest selection of electronic kits

HEATHKIT ELECTRONIC CENTERS
Units of Schlumberger Products Corporation
Retait prices slightly higher.

ARIZ.: Phoenix: CALIF.. Anaheim. El Cerrito. Los Angeles.
Pomona. Redwood City, San Diego (La Mesa). Woodland
Hilts; COLO.: Denver; CONN.: Hartford (Avon): FLA.: Miami
(Hiateah), Tampa: GA.. Allanta: ILL Chlcago Downers
Grove; IND.: Indianapolis; KANSAS. Kansas City (Mission):
KY.. Louisville; LA New Orleans 1Kennev} MD.: Baiti-
more, Rockvilie. MASS.: Boston {Wellesiey); MICH.: De-
troit; MINN.: Minneapolis {Hopkins): MO.: St. Louis; NEB
Omaha; N.J.© Fair Lawn: N.Y.. Buffaio (Amherst), New
York City, Jericho. L.I.. Rochester. White Plains: OHIO:
Cincinnati {Woodiawn), Cleveland, Columbus; PA.: Phila-
delphia. Pittsburgh: R.1.- Providence (Warwick). TEXAS:
Dalias. Houston; WASH.: Seattle; WiS.. Milwaukee

CIRCLE NO. 1 ON PAGE 17 OR 114

FaLL- WINTER, 1974

I[ HEATH COMPANY, Dept. 26-8 [— HEATH

Benton Harbor, Michigan 49022 Schiumberger
I [ Please send FREE Heathkit Catalog. i
I Name__ i
I Address I
iy __State Zip |
“Mail order prices; F.0.B. factory. CL-516R !
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PUT TOGETHER A
PORTA-MOBILE

SYSTEM

by Marshall Lincoln

Wm:ou’r EXTENSIVE KNOWLEDGE of
electronics, you can easily build this
go-anywhere portable public address sys-
tem.

You can carry it easily when you need
a battery-powered portable PA, and you
can quickly plug it into your car or truck,
where it will be instantly usable, no matter
whether you’re driving or parked.

You'll find it handy for use at meetings,
sports events, outdoor activities, school or
civic club functions, recreational outings,
parades, or emergency situations.

This simple and useful workshop project
enables you to take advantage of modern
solid state technology which has shrunk au-
dio amplifiers from the cumbersome, suit-
case-sized units of former years to tiny
boxes tha: fit the palm of your hand. This
same technology has freed public address
systems from the necessity of an electric
power outlet. so they can be operated from

batterties.

Modern, compact, cilicient speakers
make the old-fashioned trunk-sized bass-
reflex cabinet or washtub-sized trumpet
speakers unnecessary for any public ad-
dress requirements of the average person.

Transistors can pump out a considerable
audio punch without requiring a high volt-
age power supply, which was a necessity
with the old, bulky vacuum tube amplifiers.
Consequently, transistor PA systems can be
built to operate from 12 volts, making them
usable in a motor vehicle without any spe-
cial batteries or generators. Since transistors
don’t require power for heating filaments or
operating high-voltage supplies as tubes do,
a moderate power public address amplifier
can be operated from dry batteries, with
the entire system light enough for you to
carry in one hand.

And Easy Assembly. Add to all these
advantages the fact that such amplifiers are

ELecTrOoNIcS HOBBYIST



available at moderate prices already built,
requiring a bare minimum of wiring and
assembly work on your part to put them to
use, and you have the modern ideal situa-
tion whereby you can easily rig up your
own anywhere-anytime public address am-
plifier.

A number of companics make versatile
amplifiers which you could use for such
applications. One illustrated here is the
Lafayette “Tiny Mite” 16-watt amplifier
(catalog 99-—45890). It operates on 12
volts, so you can hook it directly to your
car or truck electrical system, and put an
outdoor speaker on the roof or under the
hood.

It may be used with a hand-held mike,
or will accept the output from a record
player, tape deck or radio receiver.

Since these amplifiers draw only about 2
amperes (under average public address
conditions, considerably less) you can op-
erate from a pair of 6-volt lantern batteries
connected in series if you need the added
convenience of a fully portable PA system.

By using four lantern batteries, wired in
series-parallel, you will get double battery
life, with only a little additional weight.

As shown here, the same amplifier can
be used both in your car or truck, and as
a hand-carried portable unit. The amplifier
may be easily removed from your vehicle
and attached to the portable battery pack
in less than a minute when you need to
make the switch from mobile PA to porta-
ble PA.

Model 602F dynamic
mike from Electro-
Voice. Circle 163
on Lit-Lib page.

Select-A-Mike. For a rugged vyet low-
cost microphone, the Heath model GH-12A
ceramic hand-held microphone was chosen.
It has a built-in push-to-talk switch which
can easily be re-wired to cut off the output
from the mike at all times except when
you hold the button depressed. Since the

Adding this connector to your system gives

convenience and versatility. Plug it into
your auto or portable battery /speaker pack.

amplifier shown here has inputs for both
high and low impedance input devices, you
actually can use virtually any mike you
wish, except a carbon mike, which requires
a special transformer and battery.

MIKE ELEMENT

PUSH
T0  — g
TALK ™ h
Pl
F==- {f
$———h)
) O x:'
= 4
giilE ol
._l‘|I wiar
m“; x]o

Model 202 ceramic
mike from Shure.
Circle No. 164
on lit-lib page.

Typical wiring diagram of PTT (push-to-
talk) communications microphones. This
hook-ub shorts out mike when not in use.
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PORTA-MOBILE PA

Like many mobile-type push-to-talk
mikes, the Heath GH-12A contains a
double-pole switch, with one pole intended
to key on a transmitter, and the other pole
intended to mute the mike or the transmit-
ter’s audio section during non-transmit
periods.

For this application, you’re only con-
cerned with the portion of the switch which
mutes the mike when the button is released.
To re-wire the switch in the Heath mike for
that purpose with a PA system, open the
mike by removing the screws from the back,
then remove the white mike cord wire from
switch contact 3 and connect it to switch
contact 2.

The result of this change is to cause the
switch to short the mike element when the
button is released, so you can lay the mike
down with the amplifier still turned on, and
not have the mike pick up any sound.

When you install the phone plug on the
opposite end of the mike cord, connect the

.

Speaker wire goes down through panel from
top and connects to solder lugs on bottom
of socket. Battery also connects to socket.

This Midland unit is typical of the mobile
PA amplifiers on thie market today. Circle 152
on the Reader Service Coupon.

white wire to the plug “tip” and the shield
braid to the plug “sleeve.” Cut off or tape
the red and black wires—these are not used
by the PA—they are intended only for ra-
dio transmitter operation.

Squawker. For a speaker you have a
wide range of choices, since the amplifiers
will accommodate either an 8-ohm or 16-
ohm speaker. Some have a switch recessed
in the bottom of the amplifier to switch
the amplifier output circuit to match either
kind of speaker. If you wish to use two
speakers simultaneously, wire 8-ohm speak-
ers in series and then set the amplifier
switch for 16 ohms output impedance, or

u
-~ 6VDC + ®+6VDC -~ F
] ’ |

12VDGC

-6VDC + ’

]
=uc o

e+ 6VDC —

Series-parallel four 6-volt lantern type
batteries for extended life during port-
able operation. However, a new battery
will try to charge an old one. You must
replace all batteries at the same time.

wire two 8-ohm speakers in parallel and
connect to a 4-ohm top.

An Electro-Voice IB-A8 speaker is
shown on the portable amplifier unit itlus-
trated here—this same speaker may be
mounted under the hood of your car if
you have enough room there, but the
Heath GDA-18-2 speaker designed especial-
ly for under-hood applications will fit into
smaller spaces.

Whatever speaker you use, be sure you

(Continued on page 116)
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ROFESSIONAL DRIVERS in big over-the-

road rigs depend on an ammeter and a
voltmeter to gauge electrical operating con-
ditions in their vchicles. How about you?

With this zener-regulated expanded scale
voltmeter you can forget the idiot light and
measure operational voltage fluctuations
that can tell the real story.

Sure, an ammeter can be installed. After
all, that’s what most vehicular electrical
gauges measure, if one is there at all, so
why not install what manufacturers do?

Why? Because you don’t have the prob-
Iem of installing a meter in series with the
primary power cable as with an ammeter.
Just a simple tap to the ignition switch or
even to an accessory power cable such as
the radio or heater line will do for a volt-
meter. And for a plus in performance, you
have a new sensitivity to electrical system
operation—battery, alternator, voltage reg-
ulator and more—that only an expanded
scale voltmeter can conveniently provide.

What Expanded Scale? An expanded
scale meter is one on which the lowest
reading is not zero volts but the lowest
voltage of interest to the user. A conven-
tional voltmeter has a scale reading from

FavL-WINTER, 1974

EXPANDED
SCALE
VOLTMETER

FromYour Dash

by Martin W. Bajor

zero to a specified maximum voltage. On a
typical meter with a full scale reading of
15 volts it would be difficult to read the
difference of a few tenths of a volt that can
be significant in the automotive clectrical
system. The range for this meter was chosen
to be 11 to 16 volts. This covers the levels
in which we are most interested.

i 3 14
r"\—;\“\ i ; )5

i 2
> BATTERY O
VOLTAGE

LAMPS FOR ILLUMINATION

Drill two small holes for lamp wire, then
cement, glue, or use selastic to secure a
pair of series-connected 6-volt mini [amps.
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Expanded Scale

E PARTS LIST FOR AN
EXPANDED SCALE VOLTMETER
Di--Zener diode, 5.6 volts, Ya-watt, IN752
Motorola HEP-Z0212 or equiv.)
11, 12—Miniature lamps, 6 VDC, 25 mA
M1 —Meter, 0 to 1 mA movement
R1—330-ohm, Y2-watt resistor

=, 9v v
Y v
{1 R3 R4 RS '
— A

5000 39082

3302

R2—2500-ohm potentiometer, PC-type INT752
R3, R5—390-ohm, 2-watt resistor, 5%
R4—500-0hm potentiometer, PC-type,
R6—820.0hm, Va-watt resistor, 5% R8 m
R7—160-0hm, Y2-watt resistors, 5% 1
R8—180-0hm, Y5-watt resistor 18042 U U
n I2
Misc.—Case (3 x 3% x 2-in. deep), perf board,
push-in clips, 2Ué-type 9-volt batteries (for T0 T0
E calibration, see text), wire, solder, hardware, IGNITION AUTO
5 ete. SWITCH CHASSIS
Look at the schematic. The negative end of the voltage divider for calibration
terminal of the meter is connected to the  should be made.
junction of R1 and the zener diode, DI1. The meter face must be modified for

Voltage at this point remains constant at
5.6 volts when the voltage across the circuit
varies from 11 to 16. The positive meter
terminal i1s connected through variable re-
sistor R2 to the wiper of potentiometer R4.
Network R3. R4, and RS make up a volt-
age divider that is adjusted so [ volts ap-
plied by the vehicle results in no current
flow through R2 and the meter. Variable
resistor R2 is set, when 16 volts is applied
to the circuit, for a full scale meter de-
flection.

Building It. To insure accuracy only 5%
tolerance (gold band) resistors should be
used for R3, R5, and the calibrating re-
sistors R6 and R7. If you can not obtain a
160-ohm resistor, two values totaling 160
may be connected in series—150 and 10 or
120 and 39. Be certain that the zener diode
is installed in the proper direction. If a
type other than the one in the parts list is

substituted, the end with the band must !

go to the junction of the meter and RI1.
It must be a 500 milliwatt (V2 watt) rating.
A higher power rating will not properly
regulate the voltage in this circuit. Pro-
visions to conveniently disconnect the R3

meaningful readings. If you use the meter
called for in the parts list cut out and ce-
ment in the pattern provided. Carefully pry
the faceplate off the meter. The meter face
can be removed by taking out the two
screws; slide it out taking extreme care not
to damage the poimnter. If you use a differ-
ent meter you can remove the unwanted
numbers on the dial by gently rubbing them
with a pencil eraser taking care only to
erase the black lettering and not the white
paint underneath. New numbers can be put
on with dry transfer letters available from

prmsm—— e ——
3 14 .
b L ¢ 5
N, %6
BATTERY
VOLTAGE
\ 7\

Copy or cut out this exact-size meter face.
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art supply stores or electronic distributors

It your installation requires lights, minia-
ture bulbs can be built in behind the meter
taceplate. While the faceplate is removed
carefully drill a 3%2-in. hole about Y-in. in
from each bottom corner. Drill two match-
ing holes in the chassis so the wires can go
through to the circuit board. Cement the
bulbs in place with silicone adhesive. Con-
nect the bulbs in series as shown in the
schematic. The 180 ohm resistor is to drop
the voltage slightly so lamp life is extended.

Calibration. If you have a variable power
supply and an accurate voltmeter such as
an automotive analyzer you may calibrate
as follows. Apply 11 volts DC across the
circuit and zero the meter with R4. Turn
the supply to 16 volts and adjust the meter
to full scale using R2. Repeat the procedure
to be surc the settings are correct. Re-
member you must set R4 first then R2.

If you don’t have a power supply use
the following procedure. Disconnect the R3
end of the voltage divider. Connect RI1 to
the positive terminal of your car battery
and the circuit ground to the negative
terminal. Connect two 9-volt batteries in
series with the negative end going to ground.
Connect the positive end of this 18-volt
battery through the 820-ohm resistor to the

D1

R2
(SET TO
I86VOLTS)

RS

R4
(SET TO —
1TVOLTS)

PERF
BOARD

METER
LUG

Pre-drill a pair of holes in the perf board;
slip it over the meter lugs. The two nuts on
each lug permit varying the mounting height.

open end of R3. Adjust R4 to zero the
meter; then connect the 18-volts through
the 160-ohm resistor and set R2 to make
the meter read full scale. Repeat to check
settings. Using silicone adhesive or other
suitable glue, cement the knobs of the
potentiometers in place. Reconnect R3 to
the circuit.

Installation And Use. é‘onnect the posi-
tive lead of the meter circuit to a spare
accessory terminal on the ignition switch.
If this is not available, the lead to the radio
will do. The ground lead goes to some con-

Very simple layout uses push-in clips for stable mounting of the few parts used.

FaLrL-WINTER, 1974

43



44

Expanded Scale

venient chassis ground point; try under the
head of a screw in the dash. When the key
is turned to the accessory position (with
none of the car’s electrical equipment
turned on) the meter will read the battery
voltage. A fully charged battery will be
above 12.5 volts. A reading of less than
11.5 volts (with no-load) indicates a dis-
charged battery.

Start the engine and run it for a few
minutes at moderate to high idle. The
meter reading under these conditions should
be 13.5 to 14.4 volts for most cars. In colder
temperatures the readings will be higher. A
reading of over 15 volts indicates the regu-
lator probably nceds adjustment. Rapid
fluctuations in the reading while driving
could mean a loose alternator drive belt
or an open stator winding or even an open
diode.

A test of the battery’s capacity can be
performed as follows. Crank the engine
with the starter for three seconds. If the
engine starts turn it off immediately and
turn the key to the accessory position. Turn
the lights on low beam and watch the meter
reading slowly drop. If, after one minute
with the lights still on, the voltage drops
below 11.7 the battery should be checked.

Vehicle Maintenance. Fan belt tension is
critical with the alternator. Always make
sure the belt is in good condition and ad-

CURRENT
LIMITING s%'::’“’g
REGULATOR BRE
VOLTAGE \
REGULATOR

Three-unit regulator used with a generator
consists of sections that provide limiting
of current and voltage, and circuit cutout.

justed to specification.

Following adjustment of the fan belt,
turn your attention to the regulator. Make
sure all connections at this unit are tight.
Then check the battery terminals where
high resistance could be causing the trouble.
Remove the cables and clean the terminals
and posts. Make sure the ground cable is
clean and tight. Finally, check at the al-
ternator for loosec connections.

If trouble still persists, replace the brushes
in the alternator since poor contact between
brushes and slip rings is a major factor for
a low charging rate. In some cars, the
brushes can be removed from the alternator
with the unit in the car. This is done by
unscrewing the external cap screws to
which the brushes are attached. In other
cars, the unit must be removed from the
car to reach the brushes, which can then
be unscrewed.

If you still have poor alternator per-
formance remove the alternator from the
car and check the stator. Open windings
cause an unsteady, low charging rate. If it
is necessary to take the unit apart, remove
it from the car and split it open, separating
the stator from the rotor. Test the rectifiers
first. This can be done with a commercial
diode tester, although you can also use
any continuity tester, such as an ohmmeter
or a test lamp.

If a diode is defective, it must be re-
placed. This requires special tools and
should be left to a professional shop.

If the meter indicates low charge rate at
all speeds and you get a run-down battery,
which indicates low voltage output, hook
the negative voltmeter lead to the battery’s
negative post and the positive to the positive
post. Connect a jumper wire from the
ignition terminal to the field terminal on
the regulator and then start the engine.
The voltmeter should read about 14 to 15
volts for a 12-volt charging system. If not,
the regulator is faulty. If you have a
mechanical regulator, try adjusting the regu-
lator points; if that does not increase the
voltage output, you probably need a new
regulator.

But if the regulator does check out, go
to the alternator and tighten all connec-
tions. The trouble could also be a shorted
rectifier, or grounded or open stator, so
check them as well.

I’m sure that when trade-in time for your
car comes one of the first things removed
will be the voltmeter. |
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by Robert L. Way
A Nightlight Blackout Alarm

EAVY rains, electrical storms, drifting
snow, and high winds and the energy
shortage can cause a power failure

to your home just when you urgently need
electricity to operate your furnace, freezer,
sump pump, clocks, etc. After I experienced
a flooded basement due to a power failure
during a heavy rain, I built this power fail-
ure alarm.

This small and inexpensive device will /—

sound a battery-operated buzzer to wake
you up, 2—light a pilot lamp (flashlight
bulb) so that you can locate the unit in a
darkened room (you will want to shut off
that darn buzzer!), 3—remind you to “‘re-
set” it after power is restored (the lamp stays
lighted continuously until house current is
applied to the device), and 4—provide you
with a portable trouble-light (you can un-
plug the alarm and take it anywhere).

Py hall 11
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117 VAC

PARTS LIST FOR POWER LOST

B1—Batteries, two C cells in series (see text)

K1—Relay, normally closed or DPST contacts

L1 —Lamp, PR-2 flashlight lamp
Note: You can also use a 222-type pre-
focussed penlight [amp (Radio Shack 272-1124
or equiv.) in a Calectro E2-400 socket. It
draws one-half the battery power of a PR-2
and beams the light for a flashlight effect.

S1—DPDT toggle switch

Z1—Buzzer for 3-volt operation

Misc.—Wire, power cord, battery holder for C
cells, solder, plastic cabinet with aluminum
cover (5x2%x1%-in.), etc.
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POWER LOST

After you have built the alarm and
installed it (under your bed is a good place),
how do you know that it will work OK when
that power failure hits? Testing its operation
is quick and easy. Simulate a power failure
by momentarily disconnecting the unit from
the wall socket. If the buzzer and lamp both
come on, plug it back in and rest assured
that it’s ready to alert you when a real power
failure occurs.

The alarm is built into a ready-made box
that measures 2%-in. x 5%s-in. x 198-in. It
costs about $10 to build, if all new parts are
-purchased, and about 6¢ per month to oper-
ate. It can be built for even less if you have
on hand any parts that can be used, if you
elect to fabricate your own box, or if you
solder the batteries and lamp permanently
into the circuit, thus eliminating the cost of
a battery holder and lamp socket.

The gadget uses about 2 kilowatt-hours
(kWh) of electrical power per month; in
many localities electric power costs about
4¢ per kWh (most electric bills show the
number ot kilowatt-hours used per month—-
divide this figure into the amount of your
bill to get your effective rate).

How It Works. As shown in the schematic
diagram, the buzzer and lamp are wired in

s. RELAY

BUZZER

le————1.16/16"———»]
SWITCH
LAMP =
7/16" DIAMETER
3/8" DIAMETER = ——— ——
1-1/4” DIAMETER —-\7/'1'\
W oLy
BUZZER
|
fe—1-5/16"—4

Cut out the top metal plate of your box to
these specifications. One additional hole
is drilled in the side for the power cord.

parallel and are connected, through the
switch and normally-closed relay contacts,
to the battery (two C cells). When the
power cord is plugged into any household
outlet, the relay coil is energized and the
contacts open to interrupt battery power to
the buzzer and lamp. When a power failure
occurs, the relay contacts close and complete
the buzzer-lamp-battery circuit.

Section A of the DPDT switch opens the
buzzer circuit to shut it off; simultaneously,
section B applies battery power directly to
the lamp, which cannot be switched off. The
lamp is wired in this manner to provide a
reminder to switch the buzzer back to the
on position after power is restored so that
the alarm will be ready for the next power
failure. If a switch were connected between
the buzzer and lamp to turn just the buzzer
off, you might forget to turn it back on after
the emergency (the lamp would go out when
the relay was energized again).

If parts are substituted for those shown
in the parts list, first check to see that all
components will fit in the box or case to be
used, including clearance for those parts
that will be mounted on the cover. In the
unit shown there is adequate room for every-
thing, of course, but it’s a reasonably tight
squeeze and even a slightly larger part might
give you a packaging problem. Also, if
you've substituted parts it would be well to
hay-wire everything together to see if the
battery(s) you’'ve chosen will deliver enough
current to operate both the buzzer and lamp
consistently and reliably. The buzzer in the

(Continued on page 115)

Inside the black box a couple of parts can
give you instant blackout warning. A buzz
alerts sleepers during nighttime failures.
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Stretch more miles from
your gas supply...

BUILDA
OFESSIONAL| «
WELL/TA

e

Plus tune-up tips by C. R. Lewart

E‘ ITH gasoline prices going up, and
with the growing concern about air pollu-
tion caused by automobile exhaust, a well
tuned car becomes a must. One of the es-
sential tools for a tune-up is a dwell/tacho-
meter that helps you adjust your engine to
its optimum specs. What we describe herc
is a dwell/tach based on a newly-developed
integrated circuit. It’s easy and inexpensive
to build, but with the IC it will also be more
precise and easier to handle than most
currently available commercial units. You
may either put the unit in a portable case,
as we have done, for use as a diagnostic
tool, or you may mount it permanently on
the dashboard.

The main advantages of the circuit are
readings basically independent of the bat-
tery voltage, temperature, and the shape
of the voltage at the points.

How Does It Work? First let's consider
the shape of the voltage at the distributor
points. When the points open there is a sharp
spike of 100 to 300 volts followed by
damped oscillation settling at the battery
voltage as shown in the illustration. When
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the contacts close, ground is applied to the
bottom of the ignition coil, and veltage
across the points drops to zero as current
flows in the ignition coil primary.

In the integrated circuit there is a tem-
perature-compensated  monostable  pulse
gencrator section, an amplilicr-limiter sec-
tion, and a voltage regulator section.

For the tachometer mode, the inpur cir-
cuit (R1, R2, R3, D1 und C1) assures that
only the initial high-voltage spike caused by
the opening points triggers the pulse genera-
tor. The generator produces a single rec-
tangular pulse whose amplitude is deter-
mined by the IC parameters. and whose
pulse width is determined by R+. RS. and
C2. The pulses are amplified and fed into a
one-milliampere meter which reads the av-
crage current. The higher the RPM, the
more pulses, and the higher the meter
reading.

In the dwell mcter mode we bypass the
pulsc-generator section of the IC and apply
the signal directly to the amplifier-limiter
section. The meter reading then corresponds
directly to the percentage of time the points
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are closed.

Calibration. The easiest way to initially
adjust your unit is to connect it to a 12-volt
battery and use a small 6.3-volt filament
transformer to supply 60 pulses per second
from the power line. A 60-Hz line frequency
corresponds 1o the following meter reading
in rpm. Sct meter to the proper reading with
calibration control R5. A 4-cylinder engine
scale would read /800 rpm with the 60-Hz
input, a 6-cylinder engine would read 7200
rpm, and an 8-cylinder engine, 900 rpm.

If, for example, you decide on a 2000-
rpm full scale for a 6-cylinder engine (equi-
valent to 3000 rpm for a “4-banger” and
1500 for a V-8), set calibration control RS
for a 0.6 mA reading. The calibration re-
ference for a 6-cylinder engine in rpm
(1200) divided by the full scale in rpm
(2000) times the full scale meter reading
(1 mA) equals the calibration point meter
reading in current (0.6 mA). Once cali-
brated, the rpm value is determined by
multiplying the meter reading and the full
scale. In this example the full scale is 2000
rpm, so a meter reading of, say, 0.4 mA
would mean an engine rpm of 800. Once

RS is set it should not require recalibration
unless accidently moved. If you prefer sev-
eral ranges on a tachometer, or if you would
like to use the same scale for 6- and 8-cy-
linder engines, switch-select a second pot of
the same value as RS5. Use one switch set-
ting to calibrate for 6-cylinder engines,
then throw the switch and use the second
pot to calibrate for 8-cylinder engines.

It might be a good idea to tape a smali
mA-to-rpm conversion chart to the back of
your meter. Compute rpm values for major
meter divisions to give yourself a quick con-
version capability, particularly if you choose
a full scale of other than 1000 rpm. If you
select a 1000-rpm full scale for V-8 engines,
the meter will read directly in rpm. Just
ignore the decimal point. For example, .55
would be 550 rpm.

With the values of components shown,
you can adjust RS for a full scale reading
for a 6-cylinder engine between approxi-
mately 1200 and 6000 rpm.

A dwell meter adjustment is done with
R7. When the input (points) lead is dis-
connected, the meter should read full scale.
Due to excellent voltage regulation in the
IC, this potentiometer should not need ad-
justment after your initial setting. Full scale
automatically corresponds to a 45-degree
angle for an 8-cylinder engine, 60 degrees

€1—0.005-uF capacitor

€2—0.22-uF capacitar

C3—470 pF-capacitor

D1—Zener diade, 9-volt, Yo-watt

IC1—SW781 (available directly from the manu-

facturer, Stewart Warner Corp.,, 730 E
Evelyn Ave., Sunnyvale CA 94086, for $5.25
postpaid)

M1—0-1T mA meter
R1—6200-chm, 1-watt resistor (you can use two
12,000-chm, Y%-watt resistors in parallel)

Slb
DI
ARl K i
T RS IC1(TOP VIEW) R4 RS
T
17 vac 3”{ gggc}z%gse | Il471( e 50K
PU
e I ©  ry Sl ; 22pf st
s 3 ,
CONNECT 6.8K 12Kk o6 c3
TOIGNITION _ Gl c1 f 39K 500
COIL(-) 0047 SW78! +{0Ima | P
TERMINAL ~ pF Ea
. ] I Ll 500
TO GROUND @ L Q
s [
70 +12VDG

PARTS LIST FOR DWELL/TACH

R2, R3—1200-chm, Va-watt resistor
R4—4700-ohm, Ya-watt resistor
R5—50,000-0hm potentiometer
R6—3900-0hm, V2-watt resistor
R7—500-ohm potentiometer
R8—220-0hm, Va-watt resistor
$1—3PDT switch, 3 sections used
T1—Transformer, 117 VAC to 6.3 VAC

Misc.—Perf board, clip leads, wire, solder, metal
cabinet (5%x3x6-in.), etc.
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wire from dwell/tach to
ignition coil minus terminal. Look for

Clip ""meter”

"distributor’” wire. It runs from the (—)
terminal to the base of your distributor.

for a 6-cylinder, and 90 degrees for a 4.

Operation. Connect plus and minus power
input leads to your 12 volt car battery.
Switch S1 to the dwell function and adjust
if necessary for a full scale meter reading,
then connect the third lead to the points
(thin wire going from coil minus to the dis-
tributor housing). Now you are ready to
take measurements.

Auto lgnition Info. Lct’s define some of
the points about ignition points. A term used
very widely is distributor contact dwell.
Degrees of distributor dwell are the degrees
of rotation during which the breaker, or
contact points, remain closed. This is com-
monly referred to as dwell angle or cam
angle. Correct distributor contact dwell is
essential for good ignition performance and
point life. Distributor contact dwell in effect
is the amount of time that the points remain
closed; during this interval of time, mag-
netic energy builds up in the ignition coil
which, when the points open, generates the
high voltage pulse that arcs across the
spark plug electrode. Generally a longer
dwell period (larger dwell angle) is more
advantageous for high speed operations.

Replacing ignition points is a simple mat-
ter of unscrewing the point retaining plate
and screwing down the new one. This is just
the beginning of a good tune-up. To check
dwell reading you should have a dwell me-
ter. Like most, ours is combined with a
tachometer. With the engine running and
the dwell meter/tachometer connected you
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should observe the dwell meter reading. If
the dwell reading is within specifications for
the engine then you can assume you have
the correct gap, and that point contacts are
in satisfactory condition. If the dwell read-
ing is not within specifications, the point gap
may be incorrect, the cam worn, the rubbing
block worn or the moveable contact arm
may be distorted.

Mini Lube Job. Distributor lubrication is
something which is usually overdone. If the
distributor has an oiler on the outside of the
distributor base add three or four drops of
SAE10W motor oil to the oiler. If there is a
felt wick under the rotor at the top of the
distributor cam, use three to six drcps of
SAE 10W oil. All grease should be wiped
from the distributor cam and rubbing block.
It's very important that the ignition points
be free of grease or oil.

2

7 1
c =
1G1

Use perfboard construction and lay out
circuit components as shown. Components
R7, S1, and M1 are located on front panel.

Many ignition systems use dual breaker
points. These dual breaker point systems are
designed for long life and good high speed
performance. They are handled in the same
way as single ignition points with the fol-
lowing exceptions: One set of contacts
should be blocked open with a clean insula-
tor. A match book section makes a good
clean insulator for this. Adjust the opposite
set of points to specifications using a dwell
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meter. Loosen the stationary contact block
screw just enough so that the stationary
contact can be moved with a light touch
otherwise it will be difficult to set the con-
tacts accurately. When the one set of con-
tacts has been adjusted for the correct clear-
ance, tighten the stationary contact lock
screw. Block the adjusted set of contacts
with an insulator and adjust the other set of
contacts in the same manner as the first set.
Remove the insulator and recheck the tight-
ness of the stationary contact lock screw.
If the contacts have been properly adjusted
the dwell should be as specified for both
contact sets. Again you must make sure that
the gap and the dwell specifications are met
for both sets of points.

Don’t Overlook The Carb. A list of
malfunctions caused by a sick carburetor
reads like a “Who’s Who of Auto Ail-
ments.” It includes hard starting, flooding,
delayed acceleration, poor gas mileage, stal-
ling, rough running, fouled spark plugs, and
the gas leaks at the carburetor.

Not all of these problems, however, result
only from an ailing carburetor. For this rea-
son you should make sure spark plugs, igni-
tion parts, compression, and timing are all in
good condition before beginning carburetor
service. In short, make sure your engine is
correctly tuned, because your carb depends
on proper operation of the rest of the engine.

All types of carbs—no matter how many
barrels—have only one throttle adjusting
screw. Two- and four-barrel units, however,
have two idle adjustment screws—one for

each idle system.

Warm the engine to operating tempera-
ture and have the choke valve completely
open when adjusting. Start the engine and
let it idle. If it stalls, turn the throttle screw
in until the engine is running steady without

300V
~—PLUG FIRES
100 v
PULSE ——=
GENERATOR 12VDG
TRIGGERS M iwn——
ov | e
. <—PLUG
EXTINGUISHES
POINTS OPEN POINTS CLOSE

(END OF DWELL TIME} {START OFE?WELL
TIM

A pulse generator in your dwell/tach is
designed to trigger just once each time
the points open and a plug fires. Often,
erratic behavior in some non-electronic
tachometers is due to this complex wave.

any foot pressure on the accelerator.

The idle mixture should be adjusted to
give a smooth idle. Missing is a sign of too
lean an idle mixture while rolling or loping
indicates too rich a mixture. Turning the
screw in leans the mixture. It may be neces-
sary to readjust the idle speed and mixture
after the air cleaner is installed.

(Note: late model smog-controlled cars
usually have a plastic limiter that restricts
the movement of the mixture screw. An ac-
ceptable mixture adjustment should be pos-
sible within its limits.)

Turn the idle adjusting screw in slowly

WIDE GAP

POINTS
OPEN

POINTS
CLOSE

SMALL GAP

As a gasoline engine runs, a normally closed switch called the “’points’’,
is constantly being pushed open by a cam. Whenever the points open, a
high voltage is generated by the ignition coil to "’fire’’ a spark plug.
Dwell shows how many degrees the cam turns before it opens the points.
Cam shown is for 8 cylinder car. Six cylinder motor has hexagon cam.
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until the engine is about to stall. At this
point, turn it out about a half-turn. If the
engine seems to race, turn the throttle ad-
justing screw out slowly until the speed
comes down.

s

Tune-up helped this overdrive equipped '68
Rambler increase mileage from 21 to over 25
mpg at todays 50-mph speeds. They laughed
when | ordered overdrive back in 1968, Now
one tank gives us a 375-mile driving range!

Service Your Plugs. Be extremely careful
how you apply the socket wrench over the
spark plug insulators. While they can resist
the sledge-hammer blows under extreme
temperatures and load that take place inside
the cylinder each time they fire, they can be
cracked by carelessly banging them with a
wrench either taking them out or putting
them in.

After removing your spark plugs, you
have three things you can do: put them right
back in the engine, have them cleaned and
regapped and reinstalled, or replace them
with new spark plugs.

In the first case, you may merely want to
examine the general condition of the plugs
or check to see if the heat range is correct
for the particular engine. Choice number
two would be normal if spark plugs have
only been used for around 5.000 miles and
show normal wear. Clean and regap after
5,000 miles of use. Choice three would
normally apply to spark plugs that have
10,000 miles of use or more on them.

Assuming that no particular complica-
tions exist, soak the spark plugs in a good
parts cleaner for a few minutes to remove
any oily deposits that exist.

To remove carbon deposits, usc a small
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knife or any other small tool which will fit
up inside the plug along the insulator. Be
careful not to chip the ceramic and avoid
the usc of a wirc wheel, which will com-
pletely ruin the plug.

Hard carbon formations are often impos-
sible to remove. As you examine the plugs,
you may notice such a condition. or possi-
bly a burned condition of the electrodes. In
such a case, it's advisable to install a new
set of spark plugs as you'll need them soon
auyway.

If the condition of the spark plugs is satis-
factory after cleaning, open the gap. File the
electrode sparking surface with an ignition

HIGH VOLTAGE
TO DISTRIBUTOR

BALLAST
+ O———0 -
IGNITION

__VDC SWITCH
T .
= Y IGNITION
SoIL
BREAKER \_
POINTS —CONNECT
DWELL
1 METER
=g HERE
CONDENSER
CAM
P

This is o typical non-electronic ignition
system used for nearly all auto and truck
engines since Henry Ford dropped buzzer
ignition for his Model A. Additional part
of ignition switch usually shorts out the
ballast for more spark during starting.

point filc before opening up the gap. You
will get better firing from clean, flat sur-
faces, so this is an important part of spark
plug servicing. Finally, adjust the gap to the
manufacturer’s specifications (Check the
owners manual) .

Making sure you have the right spark
plugs installed and that they are in good con-
dition is vital to good ignition systecm per-
formance. But it's only part of the story.
Other parts of the system must be working
properly if the plugs are to do their job.
Wiring, distributor componcents. and coil
condition all affect the production of a
healthy spark. E
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TAKES TWO TO COUPLE

by William R. Shippee

otta be! Just about every home has two
TVs. Gotta be! But the number of
homes with two set couplers falls way short
of what would be considered a reasonable
number. So let's equalize the situation a bit
by offering our readers a simple, easy-to-
build two-set coupler that everyone can build
and use with delightful reception results. We
call it the TSC—obviously from Two-Set
Coupler.

The TSC may be used to couple two TVs,
two FM sets, or a TV and an FM set from a
single antenna. Several of these couplers may
be connected to a single antenna system for
more than two receivers. Insertion loss is less
than 2.5 dB and the set-to-set isolation is a-
bout 6 dB.

Start building the TSC by winding coil
L1 as shown-n the drawing and with the in-
formation given in the Coil Data. Close-wind
(no space between turns) the No. 22 enamel
wire, and use care when making the taps to
assure a good connection, since the signal
level is very low. Check the completed coil
with an ohmmeter to make sure the taps are
soldered properly. Check the coil visually to
be certain that none of the turns are shorted!
A shorted turn in coil L1 will make it prac-
tically useless.

Keep all leads as short in length as prac-

mechanically sound before soldering, and,
if an enclosure is to be used, make it wood
or plastic or some other non-metallic mate-
rial. Coil L1 is designed to be non-resonant
when operated in a twin-lead, 300-ohm an-
tenna line, but there is some possibility
that resonance may occur. This will either
give much greater signal on one channel
(frequency) or drop the signal level appre-
ciably. To remedy this, simply install a
resistor valued at approximately 300 ohms
from one tap to the other. The author has
constructed several TSCs and has run into
this problem only once.

Best way to hook up the antenng is to sol-
der directly to the coil ends. Alas, some
people like screw posts, so spring for some
brass screws (aluminum or nylon are also
0.k.) to keep down magnetic fields near the
coupler. Solder the leads from the TV an-
tenna terminals directly to the TSC for the
same reason.

Parts are easy to come by. No. 22 enamel-
ed wire is available in 4-pound spools
(Radio Shack 287-003). 47-ohm resistors
(Radio Shack 271-1800 Va-watt jobs are
best) and 100 pF disc capacitors (Radio
Shack 272-123) are available everywhere
and are probably in your spare parts box
right now. So get on with it, boy, for the

tical, make sure all connections are TSC has got to be! |
i CONSTRUCTION DETAILS
ANT @——1_
COIL DATA FOR L1 IOOpF 100 pF
ANT.
R3 R4

Use Bakelite or wood form -in. 47‘0' 47‘0' 478 VL8

diameter about 1-in. long. Use No. é

22 enamel copper wire close-wound

for 24 turns. Taps located at 3 RCVR RCVR

and 21 turns. Y - g

Construction is simple provided you keep it simple! Avoid iron hardware—brass is
best, but keep its use down. Install the coil and resistors in a plastic box and
fill with ““gunk’’ after wiring is complete. Resistors need be 10% tolerance only.
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You’ll read it first in

Here is your introduction to this great
magazine of automobiles, home improve-
ment, science, new products and new
ideas. S&M brings you each issue for
even Jess than the low, low single copy
price. TAKE ADVANTAGE OF THE
PUBLISHER'S DISCOUNT SAVINGS
CERTIFICATE AND SAVE UP TO
$6.02! (See coupon below.)
Why we make this unprecedented
offer to new readers

Science & Mechanics is fast becoming the
favorite recreation magazine for people
who want to have fun with all new de-
velopments in the “mechanical” field
today. .. without any mechanical experi-

wealth of helpful, money-saving hints
and idcas it offers. Science & Mechanics
is the single magazine that can stir your
imagination if you're the kind of person
who is curious about things that might
concern you or your family. Or if you're
just interested in what's happening as a
result of today's fast-moving science
achievements.
Know where to find the answers —
subscribe now
In Science & Mechanics, you discover
things you can find nowhere else. And
if you can find it elsewhere—YOU'LL
FIND IT FIRST IN S&M!
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And, unlike other magazines in the field,
Science & Mechanics doesn't just write
about well-known personalities. You'll
find such newsmakers as Mario Andretti,
Andy Granatelli, Don Garlitz, Raymond
Loewy, Cotten Owens, Mark Donohue,
Senator Proxmire, Senator Brooke often
writing about themselves for S&M.

Try Science & Mechanics. Try it under
the no-risk subscription offer shown in
the coupon. Just fiil it in, and mail the
coupon to Science & Mechanics, P.O.
Box 2600, Greenwich, Connecticut
06830. Send your subscription in
TODAY.

;33&@8’366&3565@6’5&556@63&%%&'&'&Cé@&'&‘%’%é&é@ﬁm%

enctinceded! @ FIRN [ 12 months of S&M for ONLY $2.99. (I
And the one issue you bought at the .;:;@9 save $3.01 off newsstand price; $2.96
newsstand (or borrowed) is not enough 5  Publisher’s off regular subscription price.)
to show you how Science & Mechanics .% Discount [J Increase my savings. Send me 24
reports to you about your special recrea- 33 months for ONLY $5.98. (I save $6.02
tion interests. Not just cars, but boats, }’g Savings off newsstand price; $4.97 off regular
motorcycles, airplanes, all-terrain ve- }:% Certificate subscription price.)
hicles, surf-sailing, snowmobiles, motor  £¥] O Billme [J Payment enclosed
homes and campers. .. as well as fields of &2 ° {3 New Order [J Renewal
current concern, such as ecology, black- .-}\{)) Good for 85020
outs, transportation, many more with a 23 Name
scientific or mechanical basis. % up to (please print)
Until you actually read the first few 53 .02
issues, you'll find it hard to believe that }’g $6 Address.
every month Science & Mechanics brings %5 in ) .
you such an enormous varicty of useful %’:8 Savings! City State Zip
information and reading pleasure. You'll = %3 L Mail coupon TODAY to: SCIENCE & MECHANICS
read it just for cnjoyment. . . use it for the ;‘@ [l P.O. Box 2600, Greenwich, Conn. 06830
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The next “Wheep, wheep’’ you hear

O A fire in your home can mean more than
just a monetary loss or the loss of irre-
placeable family heirlooms; if the fire
breaks out at night while your family is
sleeping it can mean the loss of life. Yet a
fire alarm is one of the least expensive and
casiest to install of all home protection
systems.

Basically, a fire alarm consists of one or
more low-cost normally-open heat detec-
lors, a 6-volt battery, and an alarm horn or
bell. When heat in the room becomes ex-
cessive the detector’s contacts close, there-
by completing a circuit, and the alarm-horn
sounds. Even if there is an outdoor alarm
bell, a horn should be positioned in the
siceping area to wake the occupants in
time to get out safely. Unfortunately, any
continuous noise (such as a steady tone
from a horn) is not likely to wake a sound
sleeper. What's needed is a horn that pul-
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sates—similar to the warning horns and
klaxons used on boats.

The Klaxon Fire Alarm project is just
such a device. When triggered by a heat
detector, the horn produces a raucous
wheep, wheep, wheep, and keeps producing
the sound until heat is removed from the
detector.

The basic alarm consists of the alarm
horn and pulsation relay, which is mounted
on a scrap of plastic or wood (not metal)
approximately 3 x 4 inches. The power sup-
ply is a 6-volt lantern battery which has a
shelf life of at least one year. The alarm re-
quires no standby current.

The alarm and the battery can be
mounted in any suitable enclosure—metal,
wood, or plastic. Since the alarm should
be mounted in the general sleeping area, or
perhaps directly at a child’s bedside (several
alarms can be connected in parallel), you
might prefer an enclosure that blends in
with the general decor. Our alarm is shown
in an attractive speaker enclosure pur-
chased locally for $2.

For More Noise. If you wish to add an
outdoor alarm bell, or additional horns (up

Yes, you can also connect normally open
smoke detectors to this alarm system.

ErecTrONICS HOBBYIST



““M[ by Herb Friedman

will save your life and maybe your home!

to three total), simply connect them across
the horn (BU1) at points A and B. How-
ever, if you add any additional horns or
bells you must substitute a relay for RY1
with contacts rated at least one ampere.
Any 6-VDC general purpose relay can be
used, such as the Potter & Brumfield
KAS5SDY (Allied Radio 886-0389).

Horn BU1 requires a 196 in. mounting
hole. It is cemented to the board with epoxy
or one of the “miracle” adhesives such as
Permabond. Relay RY1 is supplied in a
plastic case which should not be removed.
Position RYl in relation to the horn as
shown in the photo and cement the casc to
the board. Position RY1 so its leads stick
out from the top.

The S-terminal strip 