ELECTRONICSPA

ELECTRONIC
EXPERIMENTER'S
AL

$1.35

,A NDBOOK

WINTER EDITION
BUILD FROM PLAT, IN THIS ISS"

PhotoelectrE c SecrEt Lock
Passive

Electronic Sperts Timer fr SVII/Ham Noise Blanker

D gital Volt -Ohmmeter
Your Own
Reflex Speaker System
Printed Circuts
Big Speakers + Big Enclosure = Big Sound
SinglE IC 2 -Watt Hi-Fi Anplifier
Audio Voltage Standard
Nixie' Decimal Counting Unit
65 -Watt Ham Transmitter

Direct Readout pH Meter
Q -Multiplier for Better Selectivity
Accurate RF Power Measurements
Kids' Gadget Box

III' tOSTS

a11100 OF 2t A1012

PER ZOID21 301
10 MOW V013
1Td2

AM2

VOILA
ZO1 DER

COR
ORLD S

SOLDER
ANSISTC
PRINTED

CIRCUI'

ORLD'S

TV RADIC

SOLDER

$

5

CORE!

CORES

ERSIN

ERSI
FLUX

FLUX

v4%1,

Latest P
(Printed
Circuit)

111

60/40 Extra Thin
22 S.W.G.-.028"

18 S W G

COPPC

ACTIVE "'

each only 69C per package at your dealer

FIVE -CORE
SOLDER
Imported from England
CIRCLE NO. 14 ON READER SERVICE CARD

TRAIN WITH THE LEADE '

NRI FIRSTS make learning Color Television
Communications, Electronics at home fast an

fascinating -give you on-the-job experience
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Opportunities in Electronics are astounding.
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home with the leader.. Gain priceless confidence
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Electronics comes alive in a fascinating way.
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MULTIMETER AND
MODEL 3000 FET VOM
Delta, pioneer of the famous Mark Tee CD
System, now offers a compact, versatile, and
extremely sensitive VOM which combines

FETs and ICs for extreme accuracy. Compact

(61/2" W x 8" H x 31/2" D), portable, wt. 33/4
lbs.

in full production at ...

only $7495 ppd
New DELTA Features:
1. Mirror scale 200u A D'Arsonval meter

Integrated circuit (IC) operational amplifier for extreme accuracy
FET input stage with current regulator
4. Two stage transistor current regulator and Zener diode on OHMS
for absolute stability and accuracy.
5. Voltage clippers for protection of input stage
6. Fully temperature compensated for low low zero drift
7. Ten turns ZERO and OHMS adjust potentiometers
8. Epoxy glass circuit boards and metal case
9. Enclosed switches
10. Uses readily available type AA cells
11. Uses standard test leads for maximum flexibility and ease of measurement
2.
3.

12.

10 Megohms input impedance

Available in Kit form:
Feedback network with pre-

DELTA PRODUCTS, INC.
P.O. BOX 1147, GRAND JUNCTION, COLORADO 81501

selected components to

eliminate all final calibra-

tion. Ready to use when

I

enclose $

assembled!

KIT:

$C095

Only di/ppd.

Please send postpaid:
Model 3000 FET VOMs ca, $74.95 assembled
Model 3000 FET VOMs (ct $59.95 kit form

NAME
ADDRESS

CITY STATE

ZIP

DP 9.5
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63 Robert N. Tellefsen, Jr.

Simplified a -multiplier sharpens selectivity of 455 -kHz i.f. chain

BUILD A HART -65 TRANSMITTER

77 Hartland B. Smith, W8VVD

Legal -limit Novice transmitter uses 6HB5 tube

ADVANCED HAM FREQUENCY CALIBRATOR 127 Neil Johnson, W2OLU
Edge spotter works best from 200 -kHz crystal

BROADBAND DIPOLE FOR 75/80 METERS 140 Bob Dahlquist, WB6KGF
Good radiation characteristics at low cost

AUDIO/STEREO
MINI -WATT IC AMP
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William Kires
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David B. Weems

Two watts of audio from General Electric PA -237

BUILD THE BIG SIX
Low -resonance Jensen woofer, Cinaudagraph mid -range
and University tweeter in high-performance enclosure

EXTENDED DOUBLE ZEPP ANTENNA

34 John Nelson

Under -the -rug twinlead antenna for optimum FM
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89

David B. Weems

New hi-fi design uses passive auxiliary radiator

USEFUL PROJECTS
GADGET BOX -MARK 99

27

Joseph J. Tashetta

73

Frank H. Tooker

Toy for toddlers is also educational
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95

Thousandths of a second accuracy, direct readout
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The RCA WO -33A Super -Portable 3 -Inch Oscilloscope helps solve virtually any electronics servicing
problem, inside or outside the shop. Its combination
of exceptionally low cost and high performance have
already made it popular as a monitoring and trouble

The RCA WO -91C 5 -inch Dual Band Oscilloscope is
a reliable, heavy-duty, precision 'scope in use in thousands of installations from classrooms to TV distribu-

shooting 'scope in black and white and color TV
broadcasting studios, and in professional service.

plications include waveform analysis, peak -to -peak
voltage measurement, square -wave testing, and ob-

And why not? Here's a 3 -inch 'scope that meets your
requirements for gain, bandwidth, transient response,
accuracy, versatility, and portability. AND IT'S ONLY
$139.00.* Also available in an easy to assemble kit,

servation of circuit characteristics. A front -panel

WO -33A (K).

tion systems...from service benches to broadcast
stations. You probably can't find a better value. Ap-

switch gives you an easy choice of wide -band or narrow -band (high sensitivity) operation. It's easily portable, AND IT'S ONLY $269.00.* The WO -91C -V1 is
available for 240V operation, no increase in price.

Optional Distributor resale price. Prices may be
slightly higher in Alaska, Hawaii. and the West.

Write for a catalog with complete descriptions and specifications for all RCA
test equipment: RCA Electronic Components, Commercial Engineering, Depart-

ment No.1141W, Harrison, N.J. 07029
LOOK TO RCA FOR INSTRUMENTS TO TEST/MEASURE/VIEW/MONITOR/GENERATE
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UNIQUE POWER & IMPEDANCE METER
Sensitive test instrument reads r.f. power output 0.01 to 3.0 watts
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Simple shunt doubles, triples or quintuples meter range
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Getting to know the component that disregards Ohm's Law
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Imre Gorgenyi

Unique, but foolproof, tester checks transistors and diodes

SETTING UP YOUR A.C. BENCH SUPPLY 118
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More flexibility from variable transformers
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Tom Thorkelson

Precise power supply regulation for IC experiments
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Don Lancaster

POWER SUPPLY
Miniature supply with 0-10 volts and 0-500 mA adjustable output

FET REJUVENATES VOM 135
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For The Experimenter!
International EX Crystal & EX Kits
OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER

Type EX Crystal
Available from 3,000 KHz to 60,000 KHz. Supplied only in
HC 6/U holder. Calibration is -±.02% when operated in International
OX circuit or its equivalent. (Specify frequency)

OX OSCILLATOR
Crystal controlled transistor type.
Lo Kit 3,000 to 19,999 KHz
Hi Kit 20,000 to 60,000 KHz
(Specify when ordering)

MXX-1 Transistor RF Mixer
$3.50
A single tuned circuit intended for signal conversion in the 3 to 170 MHz range. Harmonics

of the OX oscillator are used for injection in
the 60 to 170 MHz range.
Lo Kit 3 to 20 MHz
Hi Kit 20 to 170 MHz
(Specify when ordering)

SAX -1 Transistor RF Amplifier

$3.50

PAX -1 Transistor RF Power Amplifier

$3.75

A small signal amplifier to drive MXX-1 mixer.
Single tuned input and link output.
Lo Kit 3 to 20 MHz
Hi Kit 20 to 170 MHz
(Specify when ordering)

A single tuned output amplifier designed to

follow the OX oscillator. Outputs up to 200 mw
can be obtained depending on the frequency
and voltage. Amplifier can be amplitude modulated for low power communication. Frequency
range 3,000 to 30,000 KHz.
BAX-1 Broadband Amplifier
$3.75
General purpose unit which may be used as a

tuned or untuned amplifier in RF and audio
applications 20 Hz to 150 MHz. Provides 6
to 30 db gain. Ideal for SWL, Experimenter or
Amateur.
Write for complete catalog.

INTERNATIONAL
Is'

7.

CRYSTAL MFG. CO., INC.
10 NO. LEE OKLA. CITY. OKLA. 73102
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HOME 111 -TAPE
RECORDERS

... you need SOUND ADVICE
Bring Your Reference Library Up to Date!

Next time you're in the market for audio equipment, consult
the all -new, 1970 STEREO/HI-FI DIRECTORY first.

tape machines-cartridge,

If you've missed any of these current and previously
published handbooks, a wide selection is still available. Just circle the corresponding numbers on the
coupon below.

cassette and reel-to-reel

ELECTRONIC EXPERIMENTER'S HANDBOOK -148 pages

It's the most complete, most reliable guide to virtually every new
component on the market:

amplifiers
tuners
receivers

of the most fascinating and challenging construction projects for electronics hobbyists.
1969 spring-#88
1969 winter-#85
1968 spring-#84
1968 winter-#50
1966 spring-#36
1966 fall-#39
1965 fall-#9

speakers/cabinets

changers and turntables
home TV -tape recorders

a hi-fi systems
miscellaneous accessories

cartridges-arms-accessories
No more guesswork-No more mumbo -jumbo sales talk to confuse
you!

TAPE RECORDER ANNUAL-Covers every aspect of tape
recording ... plus complete buyer's guide.
1969-#81
1968-#59

You'll know what to look for, what to listen for, how to buy, what to
pay-before you set foot into the store.

STEREO/HI-FI DIRECTORY-Giant buyer's guide complete
with photos, specs, prices.
1968-#56
1969-#82

Now you'll be armed with the full technical specifications (and know
what they mean), photos, model numbers, dimensions, special fea-

ELECTRONICS INSTALLATION & SERVICING HANDBOOK

tures, optional accessories, and prices for each piece of stereo

the serviceman and hobbyist.

-Covers all 8 areas of consumer electronics servicing-for

1969-#83

equipment put out by the world's leading manufacturers.
PLUS .

.

.

postpaid, for orders outside the U.S.A.)

0 Deluxe Edition -53.50, postpaid. ($4.50 postpaid for orders outside
the U.S.A.)
I've circled the numbers of additional annuals I wish to receive.
9
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DIRECTORY

just $3.50 POSTPAID!

56

36

43

39

58

59

47
82

50
84

53
85

$1.35

88

each

81

83

86

am enclosing a total of $

for the annuals ordered
above. I've added an additional 250 per cosy for shipping and handling.
(For orders outside the U.S.A., all regular editions are $2.00 per copy,
postpaid. Deluxe editions are $4.50 per copy, postpaid.)
I

The 1970 STEREO/HI-FI DIRECTORY is also
available in a splendid deluxe edition. Rugged
Leatherflex cover provides lasting protection yet
is softly textured and gold -embossed for the look
of elegance. A collector's item-a superb addition

EEH W

print name
address

to your permanent reference library. And it's yours,
for just $3.50 postpaid, when you check the appropriate box on the order form.

city
zip

state

L

10

1

El Regular Edition -51.35 plus 250 for shipping and handling. (52

$1.25

STEREO/HI-fl

.

Please send me the 1970 STEREO/HT.FI DIRECTORY. I want the:

Even if you plan to buy just one piece of equipment in the next twelve
months, the 1970 STEREO/HI-FI DIRECTORY is your most important
first step. A must for anyone concerned with good listening . .. and
sound buying!

1970.

1967-#43

ZIFF-DAVIS SERVICE DIVISION, Dept. SD 595 away N.Y., N.Y. 10012

advances that mean better listening for you.

GET THE DELUXE LEATHERFLEX-BOUND EDITION for

1968-#58

COMMUNICATIONS HANDBOOK-Fact-packed pages for
the CB, SWL, or HAM .
plus equipment buyer's guide.
1969-#86
1968-#53
1967-#47

Julian Hirsch (of famous Hirsch Houck labs) on how to
decide upon-and what to pay for-your hi-fi equipment. Tips on
how to coordinate components, whether you're upgrading your
present system or starting from scratch. Fascinating articles to
increase your understanding of audio engineering, and the technical
.

- m.

PAYMENT MUST BE ENCLOSED WITH ORDER Imo
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ALL-PURPOSE

NIXIE® READOUT
4/14ifrukunt-compoment decimal coulitimg wilt (DC10

uses high -visibility glow -discharge tube
By LESLIE SOLOMON
Technical Editor

and ALEXANDER W. BURAWA
Associate Editor

THE APPEARANCE of the decimal counting unit article by Don Lancaster ("Build a Low Cost Counting Unit,"
1969 Winter EEH) intrigued thousands
of hobbyists, experimenters and engi-

neers. We at EXPERIMENTER'S HANDBOOK
have been deluged with mail telling us of
literally hundreds of unusual circuit applications in which readers have used the

DCU. And many requests have been

coming in asking us for instructions for
converting the original DCU from readouts using incandescent lamps to glow discharge (Nixie® tube) readout.
The major objection to converting the

original DCU to Nixie tubes is cost-it
would have been almost twice the origi-

nal kit price. Add to this the facts that

the circuit would be overly complex and
the circuit -board size would be increased.
1970 Winter Edition

Hence, a totally new DCU had to be de-

veloped. The "Professional DCU" described here is the result of the new design.

Nixie -tube readout is a distinct improvement over the incandescent readout. The circuit -board dimensions are
smaller, and whereas the original DCU
required four IC's, seven transistors, six
resistors, and ten incandescent lamps,
the new unit uses only two IC's, one resistor, and a Nixie tube. Although fewer
parts are required, the new DCU is some-

what more expensive than the original
circuit. However, for $30, you can construct a professional DCU that has all of
the advantages of many commercial

units costing two or three times as much.
The DCU described here has other advantages : Transistor -transistor logic
11

VI NIXIE TUBE
BOTTOM VIEW
1

60

50-7

A

L. DEC. R.DEC
013

40-1

OA

30

-09

20

1. Entire counting circuit is
made up of four components-demodulator ICI, driver IC2, glow -

Fig.

VI, and current limiting resistor RI. Value used for
discharge tube

00

RI

is determined by number of
counting units operated from a given
131

221.1

power supply, as described in text.

O 0000000
TOP VIEW

IC2

SN 7441 AN

O 0000000
O 000000
NC

TOP VIEW

ICI

SN7490N OR SN7090N

O ©00©00

PARTS LIST
ICI-Integrated-circuit decade counter, (Texas

Instruments SN7490N or SN7090N)
IC2----Integrated-circuit decoder driver, (Texas
Instruments SN7441AN)
R1 -22,000 -ohm, vs -watt resistor (see text)
1"1 --Nixie indicator tube, (Burroughs B-5750)
.1Iisc.-Printed-circuit board, wire for jumpers,
PC -board edge connector (Amphenol 142-01001 or similar)
Xote: A complete kit of DCU components, including PC board, is available from Southwest
Technical Products Corp., 219 W. Rhapsody,
San Antonio, Texas 78216, for $30. The PC
board alone is available' for $2.25. A cabinet

for mounting six DCU's with power supply
Components capable of driving six DCU's is
available for $12. A special Polaroid window

NC

is also supplied with the cabinet kit.
+ 755
LEFT
DECIMAL

CARRY

INPUT

5V

0

RESET

GND
9

RESET

RIGHT
DECIMAL

( TTL) is used; this gives the unit an
operational speed of 18 MHz, twice that
of the older circuit, which uses resistor -

transistor logic (RTL). Also, because

TTL requires a much larger input trigger
level, erratic indications due to line
transients or other electrical noise have
been almost eliminated.
Construction. The DCU, whose schematic is shown in Fig. 1, is best assembled on a printed -circuit board similar
to that shown actual size in Fig. 2. Once
the board has been made or purchased
(see Parts List), the two IC's, one resistor, one jumper, and the Nixie readout
are mounted on the board as shown in
Fig. 3. Note that the terminals on the

board for the Nixie tube are not arranged
in the same pattern that they are on the

tube itself. (The actual Nixie -tube terminal arrangement is shown in Fig. 1.)

Also, the PC board has been arranged so

that it can be connected either directly
into a circuit ( via soldered connections)
12

Fig. 2. This actual -size etching guide is used for
circuit board employing edge connector (heavy
mark at lower right serves as connector key), or

for circuit board to be soldered into circuit.
ELECTRONIC EXPERIMENTER'S HANDBOOK

T

JUMPERS

Fig. 3. Circuit board contacts
for Nixie tube are not in same
arrangment as actual tube bas-

L DEC. PT

ing. Keep this in mind when
soldering VI's leads to board.

+170V
GND

RESET
1- 41 -

4-5V

JW
Wig

CARRY

0 RESET
INPUT

1- <h-

xfz

R DEC. PT.

K0uo

or used with a PC -board edge connector.

board with a bead of cement ; do not ce-

place, install the second jumper.
A 22,000 -ohm resistor is specified for

Nixie tube by first bending the "left deci-

from the suggested power supply and it
keeps the Nixie from being too bright.
If four or more DCU's are driven from
the same power supply, reduce the value

priate holes, using insulating tubing over
each lead. Finish with the upper row of
leads and the "right decimal" lead. Note

The Nixie tube is mounted on its side
as shown in the photos. Be sure that the

not used and can be cut off at the base.
The short leads will be sufficient to sup-

After mounting and soldering /C/ in

R1 in Fig. 1. This resistance is used
when three or less DCU's are operated

viewing side is placed as shown. The
plastic pin guide that comes with the
Nixie tube can be secured to the PC

ment the glass to the board. Install the
mal" lead directly at the pin guide and
feeding it into its hole on the board. Put
the leads of the first row into the appro-

that there are two anode leads on the
to pin 10 is
port the tube.

Power Supply. Each counter requires

Fig. 4. Up to six DCU's can be efficiently driven with power supply
shown here. Don't skimp on component quality in +5 -volt circuit, or
DCU's will operate erratically.

PARTS LIST
CI -10 -AF, 250 -volt capacitor
C2 -4000 -AF, 6 -volt electrolytic capacitor
C3 -200 -AF, 6 -volt electrolytic capacitor
DI -1 -ampere silicon rectifier
D2 -5.6 -volt, 1 -watt zener diode
Q1 -2N4921 transistor
R1 -330 -ohm, %-watt resistor
RECT1-2-ampere silicon rectifier bridge

T1-Power transformer. Secondary: 125 and 6.3
volts.
Note: A complete power -supply kit with chassis
is available. See Parts List for Fig. 1.
1970 Winter Edition
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170 volts d.c. to drive the Nixie readout,

and 5 volts d.c. for the IC's. The sche-

matic of a power supply sufficient for six

DCU's is shown in Fig. 4. If any other
power supply is used, be sure that its
outputs do not exceed 170 and 5 volts,
since the Nixie tube and the IC's can be
irreparably damaged by voltages that
are too high.

The power supply is assembled in the

case as shown in Fig. 5. The various
components are mounted on terminal

strips and point-to-point wiring is used.
Use an insulated mica washer and silicone grease when mounting transistor

The jumper wire shown at center of photo should
not be allowed to touch case or leads of decoder.

LEFT DECIMAL PT

GNDGND
13+

4

RESET TO 9

-

+5V

4

CARRY

41

RESET TO 0
INPUT

A

+170V

+5V
TO INPUT OF
FOLLOWING DCU

4

Ir

41

INPUT

RIGHT DECIMAL PT -.AO

Fig.

test

6.

Prior to wiring them into chassis,

individual

DCU's

using

this

circuit.

Fig. 5. Terminal strips and point-to-point wiring
should be employed when assembling power supply.

+170V
+5V

COUNT
INPUT

0 RESET
9 RESET

* DECIMAL POINTS

Fig. 7. Carry output of each module provides input
for following module. As many modules as desired
can be used; units, tens, hundreds, etc., modules.
14

By mounting DCU's side by side so "common" holes
line up with each other, assembly is simplified,
and possibility of wiring errors is minimized.
ELECTRONIC EXPERIMENTER'S HANDBOOK

BINARY CODED DECIMAL OUTPUT
C

J

A

B-IA

L

C

r CP

CP
I

1--,D

R

CP

s

s

DECADE COUNTER

INPUT

0

9

RESETS

B+
CURRENT

LIMITER

RESISTOR

NIXIE TUBE

HOW IT WORKS
Decade Counter. Integrated circuit /C/ is a

decade counter consisting of four master -slave
flip-flops with gating and internal connections
designed to perform the desired counting func-

tions. The output is a binary -coded -decimal signal
which drives the companion decoder -driver module.

The monolithic counter uses transistor -tran-

sistor logic with a counting rate of about 18 MHz.

It will accept positive -going input pulses of 2
volts or more and the shape of the input waveform is not important.
Decoder -Driver. Integrated circuit IC2 is a
monolithic BCD -to -decimal decoder having relatively high -voltage output transistors for direct
driving of gas -filled readouts, miniature lamps,

DECODER
A

BCD B
INPUT
FROM
COUNTER

or low -power relays.

It has ten output transistors which are connected to the appropriate terminals of the readout tube. The BCD input is decoded and applied

C

to the appropriate output transistor to turn it
on and supply current to the proper element in

DECODER -DRIVER

Testing. Connect the DCU to a test circuit such as that shown in Fig. 6. Operat-

ing the zero -reset switch should cause
the Nixie tube to indicate the numeral
zero. Operating the nine -reset switch
should produce a nine indication on the
tube. (The nine -reset connection is used

in "nines complement" decimal opera-

the tube.

at the "carry" output. This pulse is used
to drive succeeding Nixie -readout stages.
A number of DCU's can be connected

together as shown in Fig. 7. All power
leads and resets are connected in paral-

lel, while only the units module receives

the input signal to be counted. The

carry output of this module is fed to the

decimal -point

input of the second (or tens) module.

the left decimal point to glow. Reset the
unit to zero before making the next test.
Any a.c. waveform that has a magni-

hundreds module, etc. The decimal points
are connected to a switching system ( op-

tions.)

Operating

the

switch should cause either the right or

The carry of the tens module drives the

tional) to indicate the correct decimal

tude of at least 2 volts can be used to
test the DCU. A low -frequency audio

point position.
Various auxiliary circuits for use with
the Professional DCU will appear in fu-

an input signal. Apply a signal of less
than 10 Hz to the input of the DCU and

ture issues of the EXPERIMENTER'S HAND-

generator makes a convenient source for
you should see the numerical progression

in the Nixie tube. During the transition
from 9 to 0, a pulse should be observed
1970 Winter Edition

BOOK. We will also show how circuits

and components can be combined to
make up digital voltmeters, frequency
counters, etc.
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WHEN YOU ARE building or experi-

menting with a tuner or an audio signal generator, one thing you need is
an amplifier to bring the signal up to an
audible level. You can use an amplifier
from another system; but it's a real convenience to have a small, simple amplifier designed especially for the purpose.
The amplifier described here can be
built to provide either 1 or 2 watts output ( with some minor circuit differ-

ences). For the 2 -watt unit, you'll need a
24 -volt power supply, which is also described. The 1 -watt unit can be operated
from a 12 -volt battery such as that used
in your car or boat. (This makes it good
for use with a portable phono on picnics
or outings.)
AUDIO IC HAS 2 -WATT OUTPUT
BY WILLIAM KIRES
General Electric Company

The secret of this low-cost, compact

amplifier

is an integrated circuit de-

signed for audio circuits. The IC is rated
for a 24 -volt input with a 2 -watt output,
but with a 12 -volt input it will still de-

liver 1 watt, which may be just what
you need.

16
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+24V

500

C6

0 I FAUDIO
OUTPUT

R7
ICI

R4*

330K

-f-

C3

PA -237

.00IpF

TOP

22.0.

C5

505F

VIEW
R6

6.8K

R3*
INPUT

I8K
ICI

C4

.33pF

.047pF

R2

56K

R5

56K

*RI

R8

39011

680K

4.7p F

*SEE PARTS LIST
AND TEXT

220K
INPUT
I MEG.

TONE

Fig. 1. The IC is a seven -transistor power amplifier requiring 8mV to deliver 2 watts audio con-

AMP

trol. Tone and volume control circuits at right.

PARTS LIST
c1-0.33-gF capacitor
C2 -4.7-µF, 15 -volt electrolytic capacitor
C3-0.001-uF capacitor
C4-0.047-uF capacitor

C5 -50-µF, 25 -volt electrolytic capacitor
C6-500-uF, 20 -volt electrolytic capacitor

Xi-Integrated circuit (General Electric
PA -237)

R1 -680,000 -ohm*
R2,R5-56,000-ohm
R3 -18,000 -ohm*
R4 -330,000 -ohm*
R6 -6800 -ohm
R7 -22 -ohm
R8 -390 -ohm

TO

470pF

x 1" x 5,2" copper sheet heat sink,

printed circuit board, insulated standoffs ( optional, 4 if used)
*For a 1 -watt amplifier, with 12 -volt supply, use

R1-390,000 ohms, R3-12,000 ohms, R4180,000 ohms, all A watt. 8 -ohm speaker

Note: An etched and drilled printed circuit board
# 158B is available from Southwest Technical

Products Corp., 219 W. Rhapsody, San An-

All resistors
-watt

tonio, Texas 78216, for $2.00, postpaid. A kit,

#158CP, containing the PC board and all

parts to be mounted on it, including the PA 237 is also available from the same source for
$7.50, postpaid.

Construction. The circuit for the 2 -watt
amplifier is shown in Fig. 1. It is assem-

bled on a printed circuit board such as

the one shown actual size in Fig. 2.
When you have completed the board,

mount all of the components, except ICI,
as shown in Fig. 3. To prepare the IC for
mounting, use a pair of long -nose pliers

to bend its leads, including the large
heat -sink tab, so that they are at right

angles to the body of the IC. Be sure that

the IC

is properly positioned before

mounting it on the board ; a small notch
at one end of the IC must be oriented as
shown in Fig. 3.
In the power supply, 1.he copper heat sink is soldered to both transistor- tab and PC board foil.
1970 Winter Edition

After bending the leads, insert the IC
pins and the heat -sink tab into the board
and solder them to the foil. Use no more
17

Fig. 2. Use this actual
size layout for the PC
board for the amplifier.

Large amount of foil left

on the board acts as an
extra

for IC1.

heat sink

heat than is necessary to get a good

solder joint.
To make a heat sink for the IC, cut out
a 1" -square piece of heavy -gauge copper
( at least 1/22" thick, see drawing). Tin the

1

f!

t

T

I

4

I

R2 i

i

INP

1
R

C3
4

R6 -I R5 t R4
4

C4

-c,_..6" --RI-

heat sink tab and tin the piece of the

C6
iP

T

IC heat -sink tab that is on the component

1

1 C5 RS

side of the board. Solder the heat sink
to the tab of the IC so that the heat sink
is vertical to the board. This completes

41

1611

OUTPUT

ICI: TOP VIEW

_L

Fig. 3. Install the components as shown here. If
you don't have a 16 -ohm speaker, use two 8 -ohm
units in series. Be sure they are phased right.

I

- 1/4'

the 2 -watt amplifier.
To use this design for a 1 -watt ampli-

fier with a 12 -volt supply, use the same
printed circuit board but make the fol-

C3
HEAT
SINK

ICI

Although not required, you can mount

the finished amplifier on four standoffs, as shown. In attaching the heat
sink to the IC and PC board, do not

apply too much heat to the IC tab
while soldering since heat can dam-

the IC. Tin both connections
before joining and flow solder in.
age
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D2

DI

RI

T

Fig. 4. Besides the 24 volts
required by the 2 -watt amplifier, the power supply
has a 12 -volt, 5-mA output
for use with a preamplifier.

560 11

go

+24V

R2

2.2K

01

D28C4

0

117
VAC

+ 2V

CI

(5mA)

SOOpF

D4*

C3

C2

D5

D3

20pF

500pF

26V

GND

DI-D4.A14A

PARTS LIST
R1 -560 -ohm, %-watt resistor
R2 -2200 -ohm, 2 -watt resistor

Cl, C2 -500-µF, 50 -volt electrolytic capacitor
C3-20-p,F, 25 -volt electrolytic capacitor
Dl -D4 -1 -ampere, 100 -volt rectifier diode
(GE AI4A or similar)
D5 -24 -volt, 1 -watt zener diode
QI-Power transistor, npn (GE D28C4 or
similar)

Tl-Power transformer, secondary -24 volts,
1.2 amperes.

Misc.-1" x 1" x h- copper skeet heat sink,
printed circuit board, line cord, insulated standoffs ( optional, 4 if used)

0
0

HEAT
SINK

R2

3

I- - --,
\ ---

If you do not have a 24 -volt zener, use a pair of
12 -volt units in series as shown here. You must
break the foil that shorts one diode connection.
Fig.

6. Component installation for power supply.

Only one zener diode is shown here for 24 -volt D5.

lowing component changes: for R1 use
390,000 ohms, for R3, 12,000 ohms, for
R4, 180,000 ohms, and use 8 -ohm speaker.
Power Supply. The schematic of a 24 volt d.c. regulated supply for the 2 -watt
amplifier is shown in Fig. 4. The circuit

also has a 12 -volt, 5-mA output for a
1970 Winter Edition

IP

--I

1

I

I

I-- - -- /
0
ii-.

preamplifier. This power supply can be
constructed on a printed circuit board, if
desired, using the actual -size foil layout
shown in Fig. 5. When the board is finished, install the components as shown
in Fig. 6.

To make a heat sink for the transistor,
cut out a 1" square of heavy -gauge cop 19

17 ago
O

O

Fig. 5. Foil pattern for the
power supply. The large foil
area acts as a heat sink for
the regulator transistor. Re-

member that both this foil
section and the heat sink
are at a full 24 -volt level.
Therefore, don't short them

to ground for any reason.

per (at least I/:!" thick) with a 346" wide
by IA" long tab at the center of one edge

heat sink so that it is vertical to the

heat sink. Solder the heat sink to the
heat -sink tab on the transistor and to

and tone controls are desired for the
amplifier, insert a circuit such as that

of the square. This tab is to be inserted
through the PC board for mounting the

the foil on the bottom of the board. On
this transistor, the heat -sink tab is ac-

tually connected to the collector and is at

a potential of 24 volts so be sure that

neither the tab nor the heat sink

is

shorted to ground. Position the copper
20

board.

Volume and Tone Controls. If volume

shown in the inset in Fig. 1 at the input
to the amplifier. The tone control is of
the "losser" type so that, as the rotor of
the tone -control potentiometer approach-

es the capacitor end, the high frequencies are attenuated.
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pH 7,
BUFFER

sown, H 4
NpFER SOLUTION

solid-state pH meter
ACID OR ALKALINE? HOW MUCH? THIS

electronics
IN THE
chemistry

LOW-COST, HIGHLY ACCURATE PROJECT
HAS DIRECT READOUT
BY R. C. DENNISON

THE HIGH COST of pH meters ($100

configuration. An advantage of this sym-

Now, through the use of low-cost metal oxide -semiconductor field-effect transis-

are effectively cancelled in their effect on

to $500) has ruled out their use in
many small schools and laboratories.

metrical circuit is that temperature and
drain -voltage variations tend to affect
the currents in Q1 and Q2 equally and

tors (MOSFET's), it is possible for any
amateur scientist to have his own high -

the meter reading. Stability is further
improved by the use of a zener diode

about $33. The recommended pH probe
(see Parts List) is specially designed for
student use with its delicate glass electrode surrounded by a protective polyethylene shield. Its price of $20 is about
half that of most other probes.
The circuit (see Fig. 1) uses two

battery is in good condition. With the
function switch (21) in the BAT position, only the battery with normal loading is connected to the meter. The bat-

quality pH meter. It can be built for

MOSFET's in a differential -amplifier
1970 Winter Edition

(D1) to regulate the drain voltage.
A portion of the meter scale (between
pH 12.5 and pH 14) is colored green and
is used to determine whether or not the

tery's condition is good if the meter
21

Dj-"-AL

CI

10/

6.6V.MIM 47011

3,N128

ToPr
CI

88

390K
ANsiVAA.

OFF

SUB
BOTTOM
VIEW

BAT.

pH

SIB

Ink

IRS
221(

MI

25-0-2511A

4.7K

BI

9V

-

1. The symmetrical configuration of the differential -amplifier circuit
cancels errors caused by temperature and drain -voltage variations in MOSFET'S.

Fig.

PARTS LIST
B1 -9 -volt battery
C1-510-pF, dipped mica capacitor
DI -6.8 -volt, 400-miV zener diode (TI 1N3514
or similar)
I1-BNC jack, UG-1094/U
M1-25-0-25 microammeter, 4% -inch
Q1, Q2 -3N128 n -channel MOSFET (RCA)
R1, R4 -22,000 -ohm
R2, R9 -4,700 -ohm
All
R5 -3,900 -ohm
resistors
R8 -390,000 -ohm
TA -watt
R10 -470 -ohm
R3 -10,000 -ohm, trimmer potentiometer, (Mallory MTC14L1 or similar)
R6 -25,000 -ohm, /-watt linear potentiometer

reading is in the green portion of the
scale.

When Si is in the OFF position, the
meter is shunted to protect the sensitive

movement during transportation. All pH

measurements are made with Si in the
pH position.

Construction. The transistors, resistors,
and other small components are mounted
on a printed -circuit board shown full size
in Fig. 2. Use glass -epoxy -base copper clad board instead of the ordinary paper phenolic type to maintain high input re-

sistance in humid weather. After the

board is etched, wash it at least 1/2 hour
in running water; then dry it thoroughly

and drill it. Install all components, ex22

R7 -5,000 -ohm, trimmer potentiometer (Mallory MTC53L1 or similar)

SI-Five-pole, three -position, non -shorting ceramic switch (Ccntralab PA -2015) (Do not

substitute.) Note only four of the poles are
used.
Misc.-3" x 5" x 7" metal cabinet (Bud CU -

3008 -A or similar), aluminum handle, thumbscrew, %." metal spacers, knobs, battery connector, screws, nuts, wire, solder, Print -Note,
etc.

The following items are available from Analytical Measurements, Inc., 31 Willow St., Chatham, N. J. 07928: pH probe with BNC fitting
-$20; KCl refill solution for pH probe, 4 -oz
bottle-$1; buffer kit, (3) 500-m1 plastic bottles, 3 pkgs each of powdered buffer salts, 4,
7, 9 pH-$6. Include postage & N. J. tax.

cept the transistors, but including one

circuit jumper and two temporary jumpers as shown in Fig. 3. A finished board
is shown in Fig. 4.

MOSFET's are easily damaged by
static electric charges unless certain precautions are observed. They are shipped
with their leads inserted in a metal fer-

rule. Do not remove this ferrule until
you are ready to solder the transistor to
the board. Solder all the other components in place first. Make sure that the
temporary wire jumpers are in place as
shown in Fig. 3. These jumpers protect
the MOSFET's during assembly and wir-

ing. Now remove the ferrules and bend
the MOSFET leads to fit into the holes in
the board. Get the soldering iron hot but
ELECTRONIC EXPERIMENTER'S HANDBOOK

TEMPORARY
JUMPERS

O

ow%
i 11 TE1I I
111 111

R2

4`,R341- 0

Fig.

glass

to

DO

O

Use best copper -clad
epoxy base

2.

quality

board to maintain
high input resistance of pH meter.

WHAT IS pH?

pH

An acid is a substance that yields hydrogen
ions (H+) when dissolved in water. Actually,

0

each hydrogen ion attaches itself to a molecule
of water to form a hydronium ion (-130+). The

1

concentration of hydronium ions in a solution is a measure of the strength of the acid.

Chemists usually measure concentration in
moles per liter. For example, 0.1 molar hydrochloric acid contains 3.65 grams (0.1 mole)
of hydrogen chloride in one liter of soidtion
because the molecular weight of hydrogen
chloride is 36.5. Since HCI tends to dissociate
completely into ions in solution, the concentration of hydronium ions in this solution
would also be 0.1 mole per liter. Some substances dissociate only slightly. Thus, in acetic

acid, only 1.36% of the molecules in a 0.1

molar solution dissociate. Therefore, the hydronium ion concentration would be 0.00136
moles per liter.
To avoid the use of such small, inconvenient
numbers, it is customary to express the hydronium-ion concentration in terms of pH values
defined by the equation
pH = log (1/H30+)
where H30+ is the hydronium ion concentration
in moles per liter. Thus, in the examples

above, the 0.1 molar solutions of hydrochloric
and acetic acid have pH values of 1.0 and 2.87
respectively.

The pH scale is a logarithmic scale similar to
that of the decibel. Each 10 -fold change in
acidity changes the pH value one unit. The
pH values of some common substances are
shown on the accompanying scale. From this,
we see that orange juice is 1000 times more

Fig. 3. To protect
against
MOSFET's
damage, connect tem-

porary jumpers as
shown until meter
is

fully assembled.

41%HYDROCHLORIC ACID

2

4 GASTR IC JUICE
4 VINEGAR

3
INCREASING

ACIDITY

40RANGE JUICE
4 4 TOMATO JUICE
5
6

4 BR E AD

4

MILK
NEUTRAL* 7 4PUR E WATER

4EGGS
8
9

INCREASING

ALKALINITY

10

4SE A WATER

+BORAX
4 MIL K OF MAGNESIA

11

12 4HOUSEHOLD AMMONIA
13

41%LYE SOLUTION

14

acidic than milk. Note that the scale runs
from 0 to 14. Pure water is neutral with a pH

of 7. Lower pH values indicate an acidic substance while higher values indicate alkalinity.
Many chemical processes are greatly affected
by small changes in the degree of acidity or pH
value. Some examples are the speed of chemical reactions, the growth of micro-organisms,
the quality of electroplated deposits, the polymerization of synthetic rubber, the growth of
1970 Winter Edition

plants and the tendency of jellies to gel.
Thus the accurate measurement of pH assumes great importance in chemical laboratories, medical and biological research, food
preparation, agriculture, and industrial quality
control. Often, pH instrumentation is used in
continuous closed -loop (feedback) systems in
process control.
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JUMPER

01

RI

RIO

TEMPORARY
....-----"JUMPERS

CI

R7

R9

R5

DI

R4

R3

02

R2

Fig. 4. Make sure that temporary
jumpers

are

in

place

before

soldering the MOSFET's into the
circuit. When handling Q1 and Q2,

and when mounting them on circuit board, do not remove the

shorting rings. See text for precautions to take while soldering.

CHASSIS
GND
LUG

Fig. 5. After components and cir-

cuit board are mounted in their
respective locations on the metal
box, wire them together. To obtain a neat, professional appearance, use lacing cord to bundle
the wires into harness configuration
24

as

shown

in

this

photo.
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then unplug it while soldering the transistors to the board. You may have to
re -heat the iron to get all of the connec-

ment into five minor segments. (See
photo of meter front panel.) The section
between 12.5 and 14 should be colored

plugged while attaching the transistors.
Failure to do so may result in permanent
damage to the gates of the MOSFET's.

earlier.

tions made, but be sure to have it un-

green for the battery test described

and semiconductors, use a low -wattage

Mount the board to the bottom of the
chassis using 1/4" metal spacers and appropriate hardware. Complete the wiring
using only high -quality wire. If the wire

and BNC connector J1 to the front of the
chassis as shown in Fig. 5. The battery is
supported on a 2" X 1" x 1/4" block of
plastic by a piece of 'fli"-wide dressmak-

soldering flux. A small packet of silica gel desiccant may be kept inside the pH
meter to remove the last traces of moisture.

tery securely, and the plastic base insulates the battery from the metal chassis.
The original scale of the meter must
be removed and replaced with a linear
scale calibrated from zero to 14 with 7 in
the middle. Subdivide each major seg-

in any position by means of a thumb-

As in all work with printed circuits

iron (25 to 35 watts) to avoid damage from J1 to S1 is to be laced with the
due to excessive temperatures. Remove other wiring, it should have teflon, polyall flux from both sides of the board us- styrene, or polyethylene insulation. If
ing alcohol and a clean cloth. Dry the the wires are laced, coat the wire harness
board thoroughly and then coat both with low -loss coil dope to exclude moissides with a silicone resin such as GC ture. Do not substitute a phenolic switch
Print Kote to moisture -proof the board. for the ceramic switch specified. Keep all
Mount potentiometer R6, switch S1, insulation clean and free of grease and

er's elastic secured to the plastic with
screws. The elastic band holds the bat-

The handle is made from a piece of

X 1/16" aluminum and may be secured

screw on one side. The thumbscrew en-

gages a small piece of threaded brass
which is held in place by flat -headed
screws. The other side of the handle is
fastened to the case by a free -turning

COAXIAL CABLE
TO VOLTMETER

HOW pH IS MEASURED
-4-CAP
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MEMBRANE

Every schoolboy knows that litmus paper can
be used to determine whether a substance is
an acid or a base. Other chemical indicators
which change color at various pH Values are
also available. However, the modern way to
measure pH is by means of the electronic pH
meter. Its operation is based on the use of a
/ glass electrode and a reference electrode, often

combined into a single probe similar to that
shown in the diagram.

The thin glass membrane is permeated by the
charge -carrying hydrogen ions, the number of

ions that pass through the membrane being
determined by their concentration in the liquid
being tested. Therefore, when the probe is
placed in a solution, it develops a voltage at
its terminals which is proportional to the pH
of the solution.
Because the resistance of the glass electrode

may be as high as 200 megohms, the voltmeter portion of the pH meter must have a
Since some
high input resistance.
MOSFET's have input resistances of 10 million megohms or more, they may be used to
make an excellent low-cost pH meter.

very

HCI

25

This lockable handle can be used
to support the pH meter in a tilted posiscrew.

tion to make it easier to use and read.
Adjustment and Calibration.

After all

wiring has been carefully checked, snip
out the jumper associated with Q2. Rotate the STANDARDIZE control, R6,
and the zero -adjust potentiometer, R7,
to their mid -positions and set the cali-

brate potentiometer, R3, to maximum
resistance. With S1 set to OFF, install
the battery. Put S1 in the BAT position
and check that the meter deflects nearly
full scale (within the green region).
Turn S1 to the pH position and rotate
the zero -adjust potentiometer to bring
the meter pointer to center scale (pH7).
Turn Si off and snip out the other temporary jumper (around C/ ). A note of
caution : to protect the input MOSFET,
Q1, switch 21 shunts the gate to ground
in both the OFF and BAT positions. Do
not turn the switch to the pH position
unless the pH probe is connected and
immersed in a solution. (An exception
to this rule occurs during calibration.
Follow the calibration instructions below carefully to avoid damaging Q1.)

brated for use with solutions having a
temperature of 25°C, which is typical
room temperature. A formula to be given

later can be used to correct the meter
reading for temperatures other than
25°C.

Standardizing Buffers. Before the pH

of a solution can be measured, it is neces-

sary to standardize the meter. This is
done by dipping the pH probe into a
solution of known pH and rotating the
STANDARDIZE control until the meter
indicates the known pH. After the meter
is thus standardized, the probe is rinsed

in distilled water, wiped dry with a
lint -free cloth, and then placed in the
solution whose pH is to be measured.

These standardizing solutions are called
buffer solutions and are selected on the
basis of their tendency to maintain a

constant pH value in spite of small

amounts of contamination or dilution
during use. You can buy buffer solutions at a reasonable cost or you can
make your own. For greatest accuracy,
choose a buffer whose pH is close to that
of the unknown.

Buffer No. 1. pH = 4.01. Dissolve 5.1
grams of potassium hydrogen phthalate

in sufficient water to make 500 milliliters
of solution.
1I.6VOLTS
FRESH D CELL

A

Buffer No. 2. pH = 6.86. Dissolve 1.7
grams of potassium dihydrogen phosphate and 1.77 grams of anhydrous di -

sodium hydrogen phosphate in sufficient

water to make 500 milliliters of soluFig.

6. The outboard calibration circuit for pH

meter must be assembled around new, fresh D cell.

The meter is calibrated using the circuit shown in Fig. 6. Make sure the meter is off while making the following con-

tion.

Buffer No. 3. pH = 9.18. Dissolve 1.85
grams of sodium tetraborate decahydrate

in sufficient water to make 500 milliliters of solution.

Use distilled water and keep the buf-

fer in a tightly stoppered bottle. A

nections. Connect point B to the metal small crystal of thymol may be added
case of the meter and connect point A to to the bottle to inhibit the growth of
the center terminal of the meter input mold.
jack, J1. Alligator -type clips are ideal
for these test leads. Place the function
Temperature Compensation. Assume the
switch on pH and adjust the STAND- temperature of the standardizing buffer
ARDIZE control if necessary to make and the unknown is T (in degress centithe meter read pH7. Close switch S1 on grade). The error in instrument reading,
the calibration circuit and the meter to be substracted from the indicated pH,
should deflect toward the left. Adjust is then
calibration potentiometer R3 to make
(pH.-pH.)
pH error = (T-25)
the meter indicate 0 pH. Turn the funcT
273
tion switch to OFF and disconnect the where pH, is the instrument reading and
test circuit. The pH meter is now cali- pH, is the pH of the buffer.
26
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ELECTRONIC TOY IS ALSO EDUCATIONAL

99

BY JOSEPH J. TASHETTA

I N THIS MODERN AGE, two things

should be expected of any toy that you
give to your children. First, it should be
an effective attention -occupier. Then,

even more important, it should be educational. While many toys are effective attention -getters, children often lose inter-

conduction. When Q1 conducts, C/ rapid-

ly discharges through the UJT, causing

a "tick" to be heard in the speaker.
This charge -discharge action repeats
itself indefinitely as long as power is applied to the circuit. To vary the tick rate,
you need only change the setting of R3.

one toy that fills both requirements.

The circuit containing transistors Q2
and Q3 is the siren. When S2 closes, C3
charges and switches on Q2 and Q3. The
output of Q3 then provides regenerative

the Gadget Box. This electronic "toy" is
loaded with special effect controls. Flip

signal frequency increases. Conversely,
as C3 discharges, output frequency di-

est in them after the initial novelty

wears off. And few toys are really educa-

tional. The "Gadget Box," however, is
Children, especially toddlers who are
easily fascinated, won't quickly tire of

feedback to the base of Q2 to sustain
oscillations. As C3 charges, the output

a switch or press a button, and a siren

minishes. The result is that the output
signal wails up and down the scale like
a real siren.

sounds ; flip another switch, and a metronome -like ticking is heard ; twirl a knob,
and the rate of ticking changes. Through

the use of various controls and lights,
the toy can also help to develop motor
reflexes and teach basic logic.
About the Circuits. The ticker circuit
contains a unijunction transistor, Qi.

Closing S1 causes capacitor C/ to begin
charging through resistors R1 and R3.

At some time during the charge cycle
( determined by the RC time constant of

the circuit) the voltage at the emitter
exceeds the voltage at B2, driving Q1 into
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An independent circuit for developing
the sense of basic logic is provided by the
lamp and switch configuration shown in
the schematic diagram. The circuit consisting of 11, S3, and S4 makes up an OR
circuit. Closing either of the two switches
causes 11 to glow; closing both switches
still causes the lamp to glow.
The circuit consisting of 12, S5, and S6

forms an AND circuit. In this case both
switches must be closed before the lamp
will glow since closing just one switch
will not complete the circuit.
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PARTS LIST
B1 -9 -volt transistor battery
B2-Two 1.5 -volt D cells
C1-10-uF, 10 -volt electrolytic capacitor
C2-0.02-uF ceramic capacitor
C3-100-uF, 10 -volt electrolytic capacitor

II, I2-#47 lamp

Q1-General-purpose unijunction transistor
(CUT)

Q2 -2N3393 transistor
Q3 -2N2148 transistor
R1 -4700 -ohm, %-watt resistor
R2 -100 -ohm, %-watt resistor

R3 -10,000 -ohm potentiometer (see tent)
R4, R5 -56,000 -ohm, %-watt resistor
R6 -27,000 -ohm, %-watt resistor

S1-S.p.s.t. switch (see text)

S2-D.p.s.t. normally open momentary -action
push-button switch (see text)
S3, S4, S5, S6-S.p.s.t. switch
SPKR-8-ohm PM speaker

Misc.-Cigar (or Bakelite or aluminum utility)
box; battery holders; perforated board; flea
clips; lamp sockets; hardware; hookup wire;
solder; etc.

Unijunction transistor stage Q1 makes up the ticker, and stages Q2 and Q3 form the siren circuits. The AND circuit (left) consists of 12, S5, and S6; the OR circuit uses 11, S3, and S4.

Construction. Many of the parts needed

for the Gadget Box you will probably
have on hand. Except for the speaker, D
cells and holder, lamps, and controls, all

s5

parts can be mounted on a 3" -square
s6

piece of perforated board, using flea clips

(Continued on page 93)

Controls and lamps mount conveniently
on lid, all other components on floor,

of cigar box. After mounting speaker,
affix rubber bumpers to bottom of box
to allow the sound to come through.
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THE SPEAKER SYSTEM

-

THAT'S BM
AND PROUD OF IT

THERE IS more to some large speaker large size. The performance of the Big
systems than impressive size-name- Six speaks for itself.
ly, quality. Some compact speaker systems have an amazingly low resonance
Overall System. The Big Six speaker
and use long -throw woofer design to system is built around a low -resonance
reduce distortion. But think of the re- Jensen Model W12NF "Flexaire" woofer,
sults you could get by using a woofer mounted inside a modified labyrinth. The
whose resonance is already at the low 20 -Hz characteristic resonance of the
end of the audio spectrum and putting woofer is raised somewhat by the encloit in an enclosure designed to maintain sure, partly because the labyrinth is
the speaker's resonance below that of shorter than the optimum quarter -wave
any available compact. The enclosure length. (Fourteen feet, after all, would
might be much larger than any compact, be a bit large for the average -size lisbut the system would be capable of pro- tening room.) The cross-section area of
ducing deeper, smoother bass response the labyrinth is greater than the theoright down to the bottom of the music retical maximum because experiments inspectrum.
dicate that the larger "tube" produces
The "Big Six" speaker system described

here uses this approach and also provides room for another feature you're

not likely to find in any compact system

-a column of four midrange speakers.

Add a super tweeter and a crossover net-

work, and you have a speaker system
that doesn't have to apologize for its

deep, unrestricted bass.

Four economy priced Cinaudagraph
6'? midrange speakers are arranged in
a sealed column to prevent interaction
with the woofer. The Cinaudagraph
speakers have an extremely wide frequency response and upgrade the overall qual-

ity of the Big Six.
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T
APPROX. 30 1/2"
(SEE TEXT)

T 19-1/2"
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Fig.

1. To avoid confusion, all plates in basic enc osure are identified by letter symbols
A through H. Cleats and corner blocks are referred to by lengths as they are used in text.
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To round out the speaker system, a

University Model T-202 "Sphericon"

super tweeter is used because of its superior high -frequency dispersion characteristics. However, if you wish to
economize, you can substitute a less expensive tweeter with dispersion characteristics similar to those of the Sphericon's. Further economizing can be
accomplished by substituting less expensive fixed crossover networks for the
more versatile ones specified in the Bill
of Materials. Do not, however, substitute

the "Flexaire" woofer or you may degrade system performance.

BILL OF MATERIALS
1-Jensen Model IV12NF "Flexaire" woofer
1-University Model T-202 "Sphericon" tweeter
4-Cinaudagraph 6/2" midrange speakers
( stock no. 6 -'/2" -MR from McGee Radio,
1901 McGee St., Kansas City, Mo.)
1-University Model N -2A crossover network
1-University Model N -2B crossover network
1-University Model AP -8 L -pad for midrange
control

2-37%" X 19%" pieces of 3/4" plywood (parts
A and B)
1-361A" X 24" piece of 3/4" plywood (part C)
1--33" X 24" piece of 34" plywood ( part D)
1-2534" X 24" piece of 34' plywood ( part E)
1-24" X 10" piece of 34 plywood ( part F)
1-25%" X 19%" piece of 34',plywood
(part G)
1- 24" X 191/2" piece of 3/4" plywood (part H)
5-6,A" X 2f4" pieces of 3/4" white pine for
ends and partition separators of midrange

Construction.

To avoid confusion dur-

column

ing construction, the eight major parts
of the enclosure are identified by letters

2-303/4" X 2%" pieces of 3/4" Masonite for

A through H in the text, Bill of Materials,
and dimensioned drawings of Fig. 1. In-

2, -3534' pieces of 3/4" X 34" pine (rear cleats
for parts A and B)
4-24" pieces of 3/4" X 34" pine (top and
bottom cleats at rear, top cleat for partD,
and front cleat for part F)
4- -16 /" pieces of 3/4" X 34" pine ( top and
bottom side cleats)
2-25" pieces of 3/4" X 3/4" pine (side cleats for
part E)
2-303/4" pieces of 34" X 34" pine ( front side

structions for fastening parts together

( with the exceptions of speaker mounting board D, rear enclosure wall C, and

the rear wall of the midrange speaker
column) mean "glue and screw."

Start construction by attaching the

161A" cleats 3/4" in from the side edges
and 11/2" in from the front and rear edges
of plates G and H. Then attach the 301/4"

cleats to the front and the 25" cleats at
the center of side plates A and B. Make
sure the front cleats are flush with the
top edges and recessed %" in from the
front edges of the side plates, and that
the center cleats are 71/4" from the top
and 10" from the front edges. The rear

sides of midrange column ( see text)

1-3034" X 7" piece of 3/4" Masonite for rear of
midrange column ( see text)

cleats)

2-10" pieces of 34" X 34" pine (side cleats for
part F)
1--21./.." piece of 2" X 34" pine ( front of
footing)

2-16g" pieces of 2" X 34" pine (sides of
footing),

30-3/4' X #10 flathead wood screws for
Masonite parts in midrange column

120-13/4" X #8 flathead wood screws
4-13/4" X #12 panhead sheet metal screws for
woofer

28-3/4" X #10 panhead sheet metal screws for
midrange speakers, tweeters, and crossover
networks

4TO an TAP
ON AMP
TWEETER CONT.

3

2

TWEETER

L PAD

N -2A
I

tached later.

Invert top plate G onto a clean, flat
surface, and secure the side plates in
place. Now do the same for plate H.

61 78
2

N-28

3

0

0

4

6 178

MIDRANGE
SPKRS

WOOFER

*RED

Fig.

2.

paint, hookup wire; spade and ring lugs;
colder; aluminized "duct" tape, etc.

cleats for plates A and B will be at-

4

0 0
5

X 1" bolts for conductors

25'-2" X 24" fiberglass house insulation ( see
text)
Misc.-Pine for front trim; grille cloth; stain;

DOT

To obtain proper phasing, be sure to

wire all speakers together as shown here. Terminal
numbers are stamped right on crossover networks.
Tweeter control is supplied by the manufacturer.
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During construction make frequent reference to the dimensioned drawings in
Fig. 1 to insure that each part of the enclosure is properly fitted into place.
To complete assembly of the enclosure

shell, anchor the footing pieces to the

bottom of plate H by driving the screws
down through the bottom plate and into
the footing. Set the enclosure shell aside
temporarily.
31

Start construction of mid
range speaker enclosure by
assembling sides, ends, and
compartment
separators.
Use glue and screws to anchor the members together.

Attach 10" cleats to the bottom side
edges of plate F and the 24" cleat to the
front top edge. Anchor plates E and F together by letting E overlap F at the rear
( see side view drawing in Fig. 1 for details).

cleats on the speaker mounting board
when all parts are in place. When satis-

Coat with glue the interior surfaces
that will make final contact with plates
E and F. Slide the E -F assembly into
place and anchor it with wood screws
along both cleats at the sides. Attach the
303/4" cleats at the front and the 353/4"

of the column and partitions. Remove
the column from the speaker mounting

cleats at the rear of plates A and B.

(Note, the front and rear cleats will be
recessed %" in from the front edges of
the side plates.)

or the cleats to insure that the column
fits properly between the top and bottom

fied with the fit, assemble the column enclosure ( except rear wall) with glue and
screws, and set it temporarily in place on
plate D. Scribe with a pencil the outline

board, and drill countersunk guide holes
through plate D, two for each partition
and end. Locate these holes 1" in from

both ends of the individual partitions
and ends. Attach the column.

Prepare back plate C by drilling the

guide holes for the anchoring screws and
two W64" holes to accommodate the bolts

for electrical hookup. Finally, drill two
3/4" holes near the top of this plate to
accommodate the midrange and tweeter
controls.

Referring to the front view drawing,

carefully prepare speaker mounting board

D. Now you can begin assembling the

midrange speaker column.
First, drill 1/2" holes through the centers of the three compartment separators

to facilitate routing of the wiring. Tem-

porarily set the partition separators,

sides, and ends of the column over the
speaker cutouts, and check for the proper locations of each part. ( Because of the

possibility of slight variations in the
locations of the speaker cutouts, the
length dimension given in the top right

drawing in Fig. 1 is only approximate.)

If necessary, trim either the column
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When properly mo.inted, the crossover networks
should be located between woofer and tweeter.
ELECTRONIC EXPERIMENTER'S HANDBOOK

place it in the well immediately behind
the speaker mounting board, arranging a
hole for the woofer. Finally, fill the rear
well of the enclosure with folded fiberglass wool.

Install the midrange speakers in the

column, and wire them according to Fig.
2. One of the terminals on each of these

speakers is color coded with a red dot;

so be sure to use these dots as guides

during wiring. Then terminate the wires
in conducting bolts ( which you can mount
on the rear wall of the column's enclo-

sure). Code the bolt that connects to the
terminals with the red dots.

Now, cut four squares of fiberglass
wool to a size just large enough to fit
into the speaker compartments, and remove the centers to make room for the

magnet assemblies (see Fig. 3 ). Set the
squares over the speakers, and screw
the Masonite rear panel in place, using
Fig. 3. For proper damping, loosely folded fiberglass wool should fill entire enclosure volume.

Fill the enclosure with fiberglass wool.

(Because of the amount of fiberglass
wool needed, about 25' x 24" x 2", it is

suggested that you use house insulation
fiberglass to effect savings. The cost of
a 50' length of this material is generally
less than $5, and you will have enough

two screws for each partition and end

and placing the screws one inch in from
the sides of the enclosure. Test the midrange column with a battery (all speaker
cones move in the same direction when
the terminals of the battery are momen-

tarily touched against the conducting
bolts.) Then tape the rear corners of

the column with aluminized cloth "duct"
tape to seal the column against air leaks.
(Continued on page 72)

to fill two enclosures.) First strip the

fiberglass wool of its aluminum foil back-

ing. Cut a 3' length, fold it in half, and
place it on the floor of the enclosure.
Triple fold another 8' to 9' length, and

O
O

O0

Fig. 4. Speaker mounting boards must be mirror images of each other for proper balancing of stereo.
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Assembled and wired speaker board is anchor
ed to enclosure front with flathead wood screws
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Sztended Double Zepp Antenna
BY JOHN NELSON, W2OLU

ADD A FEW INCHES TO YOUR ANTENNA
AND WATCH THE SIGNAL LEVEL INCREASE

principle is used in the design of the

11'6"

"Extended Double Zepp" (EDZ) anten-

(FOR FM BAND)
TAPE
1

1

FOR OTHER FREQUENCIES
1225

L.

:

TRANSMISSION

FRED(MHz)
TO

RECEIVER

For 88.108 -MHz FM band, the extended double Zepp

is made of 11 feet 6 inches of split 300 -ohm line.

MOST INDOOR antennas for FM or
TV are conventional half -wave dipoles. Thousands of dipoles have been

bought or made up by experimenters

from a length of conventional 300 -ohm
transmission line. Usually
length of
a dipole is restricted to half of the wavelength at the frequency of interest.

However, most experimenters don't
realize that if they made the antennas
slightly longer than half a wavelength,

the gain would be increased noticeably.
In fact, some AM BCB stations, in order
to increase their coverage area without
increasing transmitter power, use a %wavelength radiator. This improves the
low -angle radiation and gives these
broadcasters greater coverage than they
can get with the usual antenna.
Hams who are familiar with this principle of extending the dipole, often use a
center -fed antenna 11/4 wavelengths long.

This gives a net gain of 3 dB. The same
What's a Zepp? In early short-wave radio, an
antenna consisting of a half -wave dipole, end fed through a quarter -wave transmission line
was developed as an antenna system for the
then popular Zeppelin airship. Because of the
large metal base of the Zeppelin, the antenna
system had to be designed so that only the
antenna proper, and not the transmission
line, radiated. This antenna later became

popular with hams under the name "Zepp."

na described here.

The EDZ can be supported by string,
rubber bands, or thumbtacks; it can be

placed under a rug or hidden behind wall
mouldings; it has no bulky or breakable
insulators; and, if you should forget and

leave it out in the woods on a camping
trip, all you lose is about 50¢.

Fabrication. To make an EDZ antenna
for the 88 -108 -MHz FM band, use the
dimensions given in the illustration. Cut
a piece of conventional twin -lead, 300 -

ohm TV line that is 6 feet long plus
enough to go from the antenna to your

receiver. Cut down the center of the twin

lead for 6 feet. Make a knot (using the
two loose ends) to keep the twin -lead
from being further torn apart. At each
of the two free ends, form a loop to permit the antenna to be hung. Use plastic
tape to close the loops. This completes
the antenna itself ; the remainder of the

uncut twin lead is used as the trans-

mission line to the receiver. The latter
should be only as long as necessary to
keep signal loss to a minimum.

To construct an antenna for other than
the FM band, calculate the length of the
antenna portion by dividing 1225 by the
frequency in megahertz. If you want to
cover a relatively wide band, cut the antenna length for the highest frequency.
Using the Antenna. You can mount the
antenna anywhere but remember that its
directivity is rather sharp. It should be
placed so that its length is broadside to
the stations you want to hear.
Some further signal enhancement can
be obtained by wrapping a 6 -inch square
of aluminum foil around the transmission line and sliding the foil up and down
the line until the desired signal is maximized. Use a piece of plastic insulating
tape to secure the foil to the line at the
desired spot.
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PC BOARD
FRO
1PRII TIED
PAGE -(cD)_
Low-cost photocopying method
can be used by experimenter
DUPLICATING PRINTED -CIRCUIT
foil patterns for home -built construc-

tion projects has always been a laborious
chore. Some experimenters try painfully

The heart of this process is a new

photo -sensitive resist that comes in a
pressurized aerosol can and is simply
sprayed on a clean, cut -to -size copperclad

to duplicate the foil pattern on a PC

board. Because this resist is sensitive to
the ultra -violet portion of the spectrum

only to find that it is not as easy as it

it can be handled in subdued lighting, and
it is not necessary to have a photographic
darkroom. There are no critical temperatures to worry about.

board using liquid resist and a sharp pen,

appears at first glance. Others prefer the
trusty razor blade and a set of stick -down

strips and dots. Both of these systems
are tiresome and seldom produce a pattern that looks like the one in the magazine. By the time a PC board has been

redone a couple of times, a lot of project
interest goes down the drain. This is why

many novice experimenters invest in a
commercially etched and drilled printed
board usually made available with many
projects.

Now, with just a little painting skill,

a simple piece of homemade equipment,
and a few easily available chemicals, you

can fabricate a printed board that will

look exactly like the one in the magazine
in a very short time.

Equipment Required. The basic chemicals were developed for industrial application by the Dynachem Corp., and you

will need their photo resist (in a 16 -oz
aerosol can, $5), dye (also in a 16 -oz
aerosol can, $2.50), and developer (in a
gallon can, $2.50). These are available
from

any

Dynachem

representative

shown in the table. The basic kit will
suffice for about 25 square feet of PC
board-enough for quite a large number
of circuits. Also available is a Photo Resist Trial Kit ($5) that includes reduced
proportions of photo resist, dye, devel-

by Thomas R. Rosica
Sylvania Entertainment Products
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WITH COVER CLOSED,
GLASS WINDOW
SHOULD BE
ABOVE
FLUORESCENT LAMPS

r

HINGED COVER

WITH GLASS
INSERT

has to be removed. Always remember,
you are making a negative, so the parts
to be left copper must be transparent,
while the parts to be etched away must
be opaque. Because the art work in the
magazine is usually black, use a contrast-

ing color of opaque paint for drawing
clarity. Don't forget a tiny dot of color
where holes will have to be drilled

through the foil. A razor blade edge can
be used to "clean up" any slight mistakes.
India ink is not recommended, as it may
FLUORESCENT LAMPS

(F20 T12/BL)

WOOD

IN DUAL 20 -WATT
FLUORESCENT FIXTURE

FRAME

Fig. 1. Suggested printing frame houses the two UV
fluorescent lamps and their associated circuitry.

oper, a developing tray, a test negative,
three copper -clad boards, and a set of
instructions.

You will also need a source rich in
ultra -violet light to expose the photo
resist. This source can be a high -intensity light source, a mercury-vapor lamp,
or a pair of low-cost black -light fluorescent lamps ( Sylvania F20 T12/BL )

available at most electrical supply houses.
A pair of these lamps, mounted side -by side in a conventional two -lamp 20 -watt
fluorescent fixture, can properly expose a
PC board in three minutes.
Although not essential, a printing
frame can be built to simplify the proce-

dure. This consists of a wooden frame
housing the dual -lamp fixture, with a

bead on most plastics and may not pro-

duce a sufficiently opaque coating. A typi-

cal sequence is illustrated in Fig. 2.
While the paint is drying, prepare the
copper -clad board.
Preparing The Board.

Cut the PC board

so that the entire circuit, plus a small

border, will fit within the area. Thoroughly clean the copper surface using a household abrasive ( not a detergent, as the
wetting agents in the detergent may form

a film which might hinder further applications ). You can use a piece of fine
steel wool for the cleaning. Once the
copper surface has been cleaned, let it
dry and from then on handle the copper -

clad board only by its edges to avoid

contaminating the shiny copper surface
with natural body oils. You can lay the
cleaned board on a sheet of cardboard if
you have to move it around.
The board can now be coated with the

photo resist. This should be done in a

semi -dark room illuminated by a 40 -watt

incandescent lamp at least eight feet
away. A yellow bug lamp, or a photo-

window -glass cover that can be set one inch above the lamps. The basic arrange-

graphic safe lamp is fine. Place a sheet

Preparing the Negative. To make a nega-

the aerosol spray from getting on any
other surface. Shake the can of photo
resist to stir the contents, then spray
the copper surface of the board from a
distance of 6 to 8 inches. The coating

ment is shown in Fig. 1. Otherwise, the
negative and the treated PC board can
be "sandwiched" between a pair of glass
sheets held together with rubber bands.

tive of the foil pattern as it appears in

the magazine, you can either have a
photographer make a negative ( on a
transparent background) or you can
,

make your own negative using opaque

paint on a sheet of thin clear acetate

(available at all art stores ). If you make

your own negative, place the sheet of

acetate over the foil pattern as it appears

in the article; then using the opaque

paint and a fine -pointed brush, carefully

cater all the areas in which the copper
38

of newspaper behind the board to prevent

should be as uniform as possible. Try to
avoid having any running droplets. After
coating, keep the board away from any
other light and allow it to dry to a tack free consistency. To speed up the drying
process, place the board in an oven set

for 115°F for about 15 minutes. Then
remove the board from the oven and

allow it to cool. Keep the area reasonably
dark during this process and don't allow
any light to fall on the board. Remember

that the board is now light sensitive.

ELECTRONIC EXPERIMENTER'S HANDBOOK

Fig. 2. If you are making your own negative, the first step In preparing a PC board
is to place a piece of transparent plastic over the foil pattern. Using opaque
.
paint, fill in areas where copper is to be removed. When it is completed.
.

.

. the plastic sheet will look
like this. Don't forget to put

a small dot of paint at each

component mounting hole. Use

the method described in the
text to expose and dye the PC
board. After etching is done....

.

.

.

the finished board will be

an exact duplicate of the one in

the magazine. The foil will be
covered with black resist. Use
steel wool to remove the dyed
resist from the copper. Drill
the required mounting holes
and assemble components.

1970 Winter Edition
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Determining Exposure Time.

If a light

source other than the F20 T12/BL fluorescent lamps is to be used, the required
exposure time will have to be determined.
To do this, take a small piece of scrap PC

board and spray it with the photo resist.
(Don't forget about the safe light!) Then

take a spare piece of the transparent
acetate, and using the opaque paint,

make a small design ( cross, circle, etc. )
on it. After the board has dried completely, lay the design over it and expose the

pair to the light source at some fixed,

close distance, for 2 minutes. Then place

the exposed board on the developer for
about 30 seconds, remove, and spray it
with the black dye. Allow the dye to remain for a few seconds, then wash the
board in running cold water. This not
only stops development, but enables you
to see the condition of the pattern on the

board in normal room light. At this

point, the board is no longer light sensi-

tive. The dyed pattern should be clean
and true. If not, dip the board back into
the developer and wipe it clean. Reclean

and dry the board, go back to the safe
light, and repeat the exposure process
lengthening the exposure time by one
minute, until

able to determine the optimum exposure

time for the light source and distance
you are using. Record the type of light
source, distance between the light and
the board, and the optimum exposure
time required. This will be used whenever you make a printed circuit board
using that light source.

With the light source

turned off, lay the foil negative on the
light -frame window. Remember that the
magazine usually shows the foil as seen

from the bottom of the PC board, so
place the pattern with the painted side
up. Place the sensitized surface of the
board on top of the negative, aligning it

as required. You can place a small weight

on top of the board to make sure that

the negative and board are lying in
close proximity and are flat.

If you are using the fluorescents, turn

them on for three minutes. If you are
using some other light source, refer to

the previously noted exposure time and
distance and expose the required time.
After exposure, place the board in a
40
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pat-

tern of resist. In this way, you will be

Making The Board.

DYNACHEM REPRESENTATIVES

metal or glass tray containing the developer, and allow it to stay there for
about 30 seconds. DO NOT use a plastic

tray, as the developer is a solvent for
certain types of plastics.

After developing, remove the board
from the developing tray and using the
newspaper again as a backdrop, shake
the aerosol can of dye, and spray the wet

board. In 5 to 10 seconds, an image of
the pattern will appear. At this point,
rinse the board in cold water-preferably
a water spray-for about half a minute
or so. Shake the board clear of water
and allow it to dry. DO NOT use a towel

or any other cloth to dry the board at
this stage, as the plastic forming the
resist is soft and can be destroyed by
the abrasive action.

Once dry, the board is ready for the

etchant. Almost any etchant can be used
as directed by its instructions. Incidentally, if you want to speed up the etching
process, use a thin -walled plastic or glass
tray to hold the required amount of etch -

ant, and place this tray in a sink and
run hot tap water around the tray. Lay
(Continued on page 154)
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At1D10 VOLTAGE STANDARC

FINE

ATTENUATOR

CO

Precision Audio Voltage Standard
A LAB/WORKSHOP INSTRUMENT FOP ACCURATE MEASUREMENTS
BY FRANK H. TOOKER

ELECTRONIC measuring instruments
are so sophisticated-versatility

combined with style and ease of usethat we often take the instrument's ac-

curacy for granted. An audio VTVM, for
example, may have a claimed accuracy
of -±-5% and we might assume that this

means it is accurate to 5% at any time.
However, the VTVM can have a total
variation of 10% and still be within the
manufacturer's specifications! In other
words, unless the calibration is checked
1970 Winter Edition

frequently, and readjusted as necessary,
±5% can easily be 0 and -10% or 0 and
+10%.
Of course VTVM's can be calibrated
using their internal calibration circuits,
but age and temperature affect such cir-

cuits and the calibration is sometimes

not as accurate as might be desired.

As another example, many oscillo-

scopes don't even have built-in calibrators; and, of those that do, the line voltage may be used as the calibration
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Fig. 1. The twin -T feedback oscillator incorporates both positive and negative feedback
for stability and waveform purity. Frequency can be changed by replacing the twin -T filter.

PARTS LIST
.BI, B2 -9 -volt alkaline ean.sistor battery ( Mallory MN1604B or similar)
BP1-BP3-5-way binding post, yellow ( E. F.
Johnson type 111-107 or similar)

BP4-5-way binding post, black ( E. F. Johnson
type 111-103 or similar)

Cl, C2-5100-pF, 5%, polystyrene capacitor

(Mallory type SX or similar)
C3-10,000-pF, 5%, polystyrene capacitor ( Mallory type SX or similar)
C4 -200-µF, 12 -volt, miniature electrolytic capacitor
C5, C6 -6.8-µF, 6 -volt, polarized solid -tantalum
capacitor (Sprague type 150D or similar)
C7-0.22-pF, 100 -volt Mylar capacitor
C8-10-p.F, 12 -volt subminiature electrolytic
capacitor
D1 -1N3755 diode
D2, D3 -1N191 diode
D4 -12 -volt, 1 -watt zener diode
J1-RCA-type phono jack
Q1 -2N5457 field-effect transistor
Q2 -2N2613 transistor
Q3 -2N3392 transistor
Q4 -2N1711 transistor
Q5 -2N649 transistor
R1, R2-75 ,000 -ohm*
R3 -39,000 -ohm*

source. At best, the accuracy of this

type of calibration is no more dependable
than the accuracy of the power -line potential. Even a zener-controlled calibrator

can be in error by as much as 20%, depending on the tolerance of the diode.

Thus, to obtain reliable use from in-

42

R4 -150 -ohm, miniature PC -type, wire -wound
potentiometer (Clarostat type U-39 or similar)
R5 -3000 -ohm, miniature PC -type, wire -wound

potentiometer ( Mallory type MR3000P or
similar)
R6 -68,000 -ohm*
R7 -4700 -ohm*
R8 -R10 -5600 -ohm*
R11 -800 -ohm, miniature PC -type, wire -wound
potentiometer (Clarostat type U-39 or similar)

R12-Dual potentiometer, 10,000 ohms per section, molded composition, linear taper (Ohmite
type CCU or similar)
R 13-2400-o hm*
R14 -1000 -ohm, molded -composition potentiom-

eter, linear taper (Ohmite type CU or equal)
R15 -9000 -ohm, 1% precision resistor
R16 -900 -ohm, 1% precision resistor
R17 -100 -ohm, 1% precision resistor
R18 -56 -ohm, 10%, 34 -watt resistor
S1-D.p.d.t. slide switch
S2-S.p.d.t. slide switch
1-6"x5"x4" aluminum cabinet
Misc.-Glass-epoxy PC board stock, L -brackets,
1/4".1.D. soft

rubber grommets ( 3), short

lengths of 4"-diam. metal rod, dual battery

clip, battery connectors ( 2), knobs, carrying
handle, rubber feet ( 4), hardware, wire, solder,
etc.

*These resistors are 2%, '/>-watt (IRC Metal Glaze type RG-20).

struments such as the audio VTVM or
the oscilloscope, you need an accurate

audio voltage calibration standard. Using
such a standard, it is possible to tell im-

mediately whether the instrument is

reading high or low-and by how much.
The instrument calibration can then be
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Fig. 2. Rear view of front panel showing component
mounting. The four rubber feet are optional.

touched up to bring its accuracy up to
that of the standard.
A commercial audio voltage standard
can be quite expensive. The instrument
described here, however, can be assem-

R12

BPI

sl

R15

BP2
R16

BP3

RI?
BP4

R18

bled for about $35.00. When properly
calibrated, it has an accuracy of -±1(;,'
over a temperature range from 60° to
90°F. Negligible variation occurs in the
output signal level when the supply volt age is varied between 12 and 20 volts d.c.
Compensating for temperature and voltage variations accounts for much of the
cost of commercial instruments.
Actually the standard shown in Fig. 1

can be used for three purposes. It is a
precise audio voltage standard; it is a

3. Actual size foil pattern for
standard. Drill all holes including the three isolated plain circles.
Fig.
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Fig. 4. Note that some of the components are mounted on the foil side

of the board to ease construction.
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calibrator with accurate output levels of
0.7, 0.07, and 0.007 volts r.m.s.; and it is
a 400 -Hz audio signal generator with a
clean, highly stable, sine -wave output of
zero to 0.7 volts r.m.s., which is continuously variable and controlled by a double attenuator to provide both fine and
coarse adjustments.
The seemingly odd value of 0.7 volts
output is no accidental or arbitrary selec-

is only necessary to replace the twin -T
board.

The main PC board is prepared using
the actual -size foil layout of Fig. 3. The
preferred material for the board is glass

epoxy. After the board has been fabricated, assemble the components as shown
in Fig. 4. Note that R6, R7, R9, Rio, C5,
C8, and D4 are mounted on the foil side.
The twin -T board can be prepared us-

ing the actual -size foil layout shown in
Fig. 5. After etching, mount the components on the board (Fig. 6) noting that

C3 is mounted on the foil side. When
both boards are complete, attach the

twin -T board to the main board. The assembled PC board should be mounted securely in the cabinet, but preferably not

rigidly. In the prototype, a three-point
flexible mounting was made by using soft

rubber grommets, short length of 14" -

pattern for the twin -T PC
board. A separate board is used so that, if it is
desired to change frequency, you merely remove
Fig. 5. Actual -size foil

three screws and insert a new twin -T filter PC board.

tion. Actually the figure is 0.707, the reciprocal of the square root of 2. Thus 0.7
volts r.m.s. is 2 volts peak -to -peak. The
r.m.s. value is

used in calibrating a

VTVM; 2 volts peak -to -peak is used to

calibrate the vertical deflection of an
oscilloscope. Both values are marked
next to the output binding posts on the
calibrator.

Power consumption for the instru-

ment, from two 9 -volt alkaline batteries
connected in series, is about 90 milli watts.

Construction. The audio voltage stan-

dard is assembled in a 6" X 5" X 4"

metal enclosure, whose front -panel lay-

out is shown in Fig. 2. The rest of the
components are mounted on a pair of
printed -circuit boards attached to the
back of the front panel. Two circuit
boards are used so that the twin -T frequency -determining network can be a
separate, interchangeable unit. It is
mounted on the main PC board using
three 5/8" -high aluminum -alloy spacers
and three 4-40 binder -head screws. Thus

when it is desired to change the basic
operating frequency of the standard, it
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diameter rod ( which fits the inner diameter of the rubber grommets snugly), flat
washers, screws and nuts. Two of these
assemblies were fitted to a 414" L -bracket at the top of the cabinet, and one was
centrally located attached to a 11,r
bracket at the bottom. (See Fig. 7.) The
grommet hole in the lower bracket was

elongated to permit a vertical play of
about M6". Details of the flexible board
mount are shown in Fig. 8. The batteries
are secured to the bottom of the chassis.
The finished chassis is shown in Fig. 9.

Adjustment and Calibration. You will
need a variable -voltage power supply ca-

pable of adjustment from zero (or near
zero) to at least 18 volts d.c. ; an oscilloscope; an accurate 400 -Hz voltmeter
standard; and a stable electronic audio
voltmeter which can be calibrated against

the voltmeter standard at 0.7 volt r.m.s.
If you don't have a voltmeter standard,
the audio voltage standard may be calibrated as accurately as available means
P- It I --40, 1P -R2-1.

,

p/3 C

3

P

P

Fig. 6. Capacitor C3 is mounted on the foil side of
the twin -T PC board. The three holes marked "P"
mate with similar holes on the main circuit board.
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HOW IT WORKS
The standard consists of an audio oscillator
(Q1 and Q2), a buffer current amplifier (Q3),

and an output current amplifier (Q4). To control
the operating level, a portion of the output signal
is rectified in a voltage -doubler circuit (D2 and
03), filtered, and applied as reverse bias to the
gate of Ql. This type of circuit is similar to the
a.v.c. used in a radio receiver and, in this case,
will hold the output voltage level extremely close
to its calibrated setting.
Operating frequency is determined by a twin -T

network (R1, R2, R3, Cl, C2, and C3). Both
positive (through R4) and negative (through
R5) feedback are used to obtain stability and

waveform purity (minimum harmonic content).
Although the twin -T network described is designed for 400 Hz, any other frequency may be
used.

The frequency stability of the circuit is excel-

D3
R4

Q4
D2

C7

lent-on the order of ±0.5% at 400 Hz. To

make the circuit independent of power supply vari-

ations, a supply regulator is used. Because the

circuit consumes only 90 milliwatts, internal batteries are used, but provisions have been made for
the use of any external power supply that can deliver regulated 18 -volt d.c.

permit and can be depended on to hold
this calibration for reference and comparison, even though its output may not
be precisely 0.7 volt r.m.s.

The first step is to set the negative

feedback control R5 so that oscillation

begins when the d.c. power -supply level
is at 10.5 volts. To do this, first set OUT-

PUT switch Si at CAL, and POWER

switch S2 at EXT. On the main PC board,
set potentiometer R4 at maximum resis-

tance and potentiometers R5 and R11
at midposition.

Connect the oscilloscope to the 0.7 V
and COM output binding posts. Connect
the variable -voltage d.c. power supply to
J1 ( lower left corner of the front panel) .

Set the power supply for zero output

voltage and turn it on.
Advance the output control of the d.c.
power supply slowly while observing the
oscilloscope screen. Stop as soon as oscillation shows on the oscilloscope and note

the output level of the power supply. If
it is below 10.5 volts, R5 should be advanced slightly; if it is above 10.5 volts,
R5 should be set for lower resistance.
Set the power supply back to zero output,

adjust R5 as necessary, and make the
check over again. Continue this process
until oscillation begins at exactly 10.5
volts of power supply. Once oscillation
begins, it will continue until the power

supply has been reduced to 8 volts or
1970 Winter Edition

Fig. 7. Component location on the main PC board.
The lower view also shows the method of installing
the two flexible mountings. Use of these mountings
reduces the possibility of instrument vibration
which affects the stability of the oscillator.
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less. Thus, R5 should not be adjusted

while the oscillator is operating. Set the
power supply back to zero each time, and
wait a few moments for the electrolytic
capacitors to discharge.
When R5 is properly adjusted, run the
power supply up to about 18 volts d.c.
Connect the electronic audio voltmeter
across the oscilloscope connection and
adjust potentiometer R11 to give an output signal level of 0.7 volt r.m.s. Observe
the waveform on the oscilloscope screen.
It should be a clean, highly stable sine
wave with a frequency close to 400 Hz.

If there is any distortion, it should be

RUBBER
GROMMET

BRACKET

FL AT
WASHER

mon. To use the instrument as a 400 -Hz

signal generator, set S1 at VAR. Continuously variable output between zero
and 0.7 volt is then available at the 0.7 V
binding post. With this setting of S1, the
binding posts for 0.07 and 0.007 volt are
dead. The FINE ATTENUATOR control,

R/4, permits a variation of about 60

millivolts at any setting of the COARSE
ATTENUATOR control, R12.
Output Loading. In general, voltage
standards such as that described here,

are not intended to deliver power. Since
the input impedance of the average audio
VTVM or oscilloscope is on the order of
a megohm or two, loading of the precision audio voltage standard in the course
of calibration is of no consequence. However, should it be desired at any time to
use the standard for some other purpose,
a resistive load as low as 10,000 ohms

SCREW

issoisalmali\

1/4"0.D.
METAL SPACER

NUT

1/64 SPACE
PC CARD

TWIN -T
PC

Fig.

8.

Details
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mounting. Rubber grommet is fit.
ted in a hole in the Lbracket.
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BOARD

slight, and it should be on the negative -

going excursions of the waveform. A
small adjustment of the positive feedback potentiometer, R4, should clean up

the distortion. If R4 is adjusted, R11
must be reset to bring the signal level

back to a 0.7 -volt output. It is desirable
that both R4 and R11 be set as high as
possible ( consistent with an acceptably
clean waveform) to maintain the accuracy of the output.

When the output is at precisely 0.7
volt r.m.s., the calibration is complete
and the instrument is ready for use.

Use. To use the instrument as an audio
voltage standard or r.m.s. calibrator, set
switch Si at CAL. Outputs of 0.7, 0.07,
and 0.007 volt are then available between

the respective binding posts and corn46

B1

B2

Fig. 9. Rear view of completed instrument. The
two batteries are secured with an aluminum strip.

connected between the 0.7 V and COM
binding posts, with switch Si in either
CAL or VAR, produces negligible variation in accuracy. Heavier loading, however, will cause clipping of the negative
excursions of the output waveform. -301ELECTRONIC EXPERIMENTER'S HANDBOOK

Build

NOISE
BLANKER
AUTOMOBILE -IGNITION and electrical -impulse noise is a serious problem

Impulse noise suppressor

can be added to any
SWL, Ham or CB receiver
BY A. E. McGEE, Jr., K5LLI

ply. A good quality audio amplifier used

to raise the low-level output of the
for the ham station operator or SWL blanker to a comfortable speaker level
who lives near a busy street. Most com-

mercial receivers have noise clipping
provisions, but the circuit used is not

effective for SSB or CW operation. Some

receivers have no noise limiter of any
kind. If your receiver is deficient in this
respect and if you are bothered by igni-

tion noise or other noise created by electrical impulses, the "Audio Noise Blanker" is what you need.
The noise blanker works equally well

with SSB, AM, and CW signals. It ac-

cepts a signal that is nearly indistin-

guishable because of impulse noise and
makes it 90% readable. It is not necessary to modify your receiver; the noise
blanker is connected between the low -im-

pedance output of the receiver (3.2 to 16
ohms) and the speaker. The noise blanker itself requires no external power sup 1970 Winter Edition

does require a power supply.

Construction. The circuit of the noise
blanker is shown in Fig. 1. It can be assembled on a printed circuit board, on
perf board, or with point-to-point wiring
on multi -tab standoffs. The author's version, shown in Fig. 2, uses perf board.

(Most of the board is taken up by the
audio amplifier, which will not be de-

scribed here since any type of circuit can
be used. Even the compact audio modules
available at low cost from any electronics distributor will do. Remember, how-

ever, that you must supply power for
this audio amplifier.)

Transformer T1 is a 50L6 audio output transformer, but any other type can
be used if it has a low -impedance speaker

winding and a 2000- to 5000 -ohm pri47
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TO
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AUDIO
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DI

1N34

R3
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PARTS LIST
Bl-B4-1%-volt, AA penlight battery

C 1-10p, , 15 -volt electrolytic capacitor
D1 -D6 --1N34 germanium signal diode
R1, R2 -1800 -ohm, 1 -watt resistor
R3, R4, R5 -10,000 -ohm, %-watt resistor
R6 -50,000 -ohm miniature potentiometer

D2

KN34
812-"1-

I.5V T
SIB

B2

471-1.5V

ON

S1-D.p.s.t. switch
T1 -50L6 transformer (see text)
Misc.-Suitable pert board, PC board, or other

DC

POWER
TO15
VDC
S2
POWER

wiring method, battery holders, chassis, hookup
wire, etc.
R13

10011

10K

470n

PARTS LIST
C2, C3-500-uF, 15 -volt electrolytic capacitor
C4 -1000-µF, 15 -volt electrolytic capacitor
D7 -1N2069 silicon rectifier diode

Ql, Q3 -2N169 transistor
Q2, Q4 -2N414 transistor
Q5, Q6 -2N456 transistor

R7 -50,000 -ohm potentiometer
R8 -22,000 -ohm
R9, R10, R11 -1000 -ohm
R 12 -680 -ohm
R13 -100 -ohm

1. Diode circuits in the noise blanker
(top) clip the audio input to eliminate noise
represented by spikes. Clean signal is then
amplified in the audio amplifier (bottom).
The amplifier should be of good quality with
low inherent distortion. Also if the Blanker
overloads the amplifier, insert the simple at-

Fig.

tenuator shown in the separate drawing at left.

All resistors
-watt

R14, R15-47 ohm
S2-S.p.s.t. switch
48

ELECTRONIC EXPERIMENTER'S HANDBOOK

-

mary winding. Diodes Dl through D6 can
be any general-purpose, germanium, sig-

nal units-such as 1N34. Be sure to observe the polarities on the diodes, and,
when soldering, use a heat sink on the
leads.

audio amplifier. Turn on the receiver and
the amplifier and place noise -blanker

switch S/ in the OFF position. Set the

receiver volume control to its normal po-

sition and turn the audio amplifier gain
up so that you can hear a signal. Adjust

Adjustment. Balance potentiometer R6

the Noise Blanker amplifier gain to a
comfortable listening level and turn Si

act results, with an oscilloscope. Connect
the low -impedance output of the receiver
speaker to the blanker input (see Fig. 3)

until the speaker output is very distorted. Adjust balance control R6 until the
audio output is at a minimum. This will

can be adjusted by ear, or, for more ex-

and connect the blanker output to the

ON. Turn up the receiver volume control

be close to the mid -position of R6. Once

HOW IT WORKS
not allow the signal to pass until its amplitude
Assume that a high-level noise pulse, whose
exceeds the blanking level. The portion of the
amplitude greatly exceeds the blanking level, ensignal that exceeds the level (waveform D) is
ters the system. After passing through transformer
passed to a peak clipper consisting of reverse T1, where it is split into two identical signals
180° out -of -phase with each other, the signal

takes two different paths as shown in the diagram.

In the lower path, the signal (waveform A)

passes through a peak clipper consisting of diodes
D1 and D2 which are connected in opposite polar-

ity and are in parallel with the signal path and

biased diodes D5 and D6 which are connected in
opposite polarity between signal and ground. Operation is the same as in the D1, D2 peak clipper.
The two clipped output signals, waveforms B

and E. are applied to opposite ends of balance
potentiometer R6. If the rotor of this potenti-

ground. When the noise -pulse amplitude reaches
the voltage level equal to the reverse bias on the
diodes, both diodes conduct and shunt everything
above this level to ground. The truncated signal
(waveform B) is then passed to balance potenti-

ometer is adjusted to receive signals of equal am-

receivers.

noise

ometer R6. This type of circuit is called a peak
clipper, and similar circuits are found in many
The other input signal, waveform C, is fed to
a base clipper consisting of a pair of diodes, D3
and D4, connected in opposite polarity and in
series with the signal path. The arrangement does

plitude, the composite signal appearing as the

audio output then looks like waveform F. Note
that this signal contains far less power than the
original input waveform, and even less power than
a peak -clipped waveform.

The result is that, regardless of how great the
is compared with the desired signal, any
noise pulse that exceeds the blanking level will
not only be greatly reduced, but will in fact have
an audio power less than that of the desired signal. Thus the noise can hardly be heard.

+I.5V

AUDIO
OUTPUT

8
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2.

Fig.

In

layout

used by the author,

much of the circuit
is

part of the au-

amplifier.
If
a separate amplifier
module is used, the
blanker assembly is
dio

made

smaller.

Ar-

rangement of components is not critical. The four

batteries
are
for
the noise blanker
only. The amplifi05

RI2

06

er requires a separate battery or a
power -supply
unit.

ing on the effectiveness of the receiver
a.g.c.

system. If the receiver volume

control is set too low, the noise blanker
will not be as effective as desired; if the
receiver audio control is too high, the desired audio will be distorted.

Connections to the circuit are made
through a six -terminal barrier strip.

R6 is adjusted, it will remain correct for
a long period of time unless components
age or are replaced.
Operation. Tune in a signal, set the external audio amplifier gain for a comfortable listening level, and advance the re -

RECEIVER

3.2n

SPKR

OUTPUT

in an automobile having no ignition -noise
suppression. In this case, reception with -

0
NOISE

BLANKER

AUDIO
AMP

OUTPUT

-0

ceiver volume control until some audio
distortion is noticed. At this point, back
off the receiver volume control slightly
until the audio is clear. This means that
the noise blanker is operating properly;
the receiver volume control is now the
blanking -level control, and the audio output level is controlled by the gain control
on the Noise Blanker amplifier.

When you tune in very weak or very
strong signals, the receiver volume control may neec: to be readjusted, depend 50

The noise blanker does not begin to
work until the amplitude of the impulse
that of the signal ;
it works best when the noise amplitude
is several times that of the signal. Therefore, it is important that the noise pulse
not be limited or suppressed by the receiver. In some cases, turning off the receiver a.g.c. may improve the noise suppression characteristics of the system.
The noise blanker has been used very
successfully with a mobile SW receiver

Fig. 3. The noise blanker connects
between the receiver loudspeaker
output and external audio amplifier.

out the blanker was nearly impossible unless the signal was exceptionally strong.

With the blanker, even the weakest sig-

nals are not bothered by the ignition
noise.

Batteries B1 through B4 will last approximately as long as their shelf life

since the current drawn by the reverse biased diodes is only a few micro -amperes. Fresh batteries will last about a
year before showing signs of leakage-an
indication that they must be replaced. -M-ELECTRONIC EXPERIMENTER'S HANDBOOK

Build the Popular
Electronics Digital
dolt Ohmmeter

BY DON LANCASTER
1970 Winter Edition
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For less than the price of many transistor multimeters, you can now build
your own real digital volt -ohmmeter.
Gone forever will be your days of having
wobbly meter pointers, reading the wrong
scales, or trying to read accurately from

a cramped and highly nonlinear ohms
scale. There will be no more problems

caused by VOM circuit loading or bent
or broken pointers resulting from circuit
overload.

You can just clip the DVM to your
circuit and read volts or ohms as they
brightly and unquestionably pop up on
the front panel of the instrument. Just
clip and read-instantly! It's that simple.
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This DVM is no slouch on performance

either. It has better than -±-1 percent

accuracy over most portions of the seven available scales. It is self -zeroing
and automatically self -calibrating. Three
voltage scales, 0-2, 0-20, and 0-200 volts

are provided, each at reasonably high
impedances-in fact, you can read down
to 10 millivolts with ease. Four ohmmeter scales, useful from one ohm to

over 200,000 ohms, are also available. If
you like, you can easily add extra outside

circuits to measure digitally anything

you can convert into a 0 -2 -volt d.c. sig-

nal, including a.c. voltage and current,

time. It's done in a way that automatically rejects all a.c. line -induced hum and
noise and also eliminates practically all
other high -frequency noise that may be

present. The instrument is essentially
"blind" to 60 -Hz hum and only measures

the d.c. component of the input, even if
hum or noise is present. All this is done
automatically-all you do is watch a continuous output display that updates its
readings fifteen times a second.

While not a beginner's project, the

extensive use of integrated circuits
makes the construction of the DVM rela-

tively straightforward and easy on a

d.c. current, speed, and temperature.

module -by -module basis. A complete kit

this DVM is a multiple -slope integrating
device. This means it averages the input

boards, dialplates, and individual module
kits. If you'd rather build things on your

Like its far more expensive brothers,

signal over a relatively long measuring

is available as well as individual circuit

own, all parts are obtainable on the

market, and complete preparation details

of all the circuit boards are given here.

Either way, when you're done, you'll have
V/F MODULE PARTS LIST
C1 -100-µF, 25 -volt electrolytic capacitor
C2 -0.1-µF, 35 -volt Mylar or tantalum capacitor
C3-0.0018-p.F, 50 -volt Mylar or polystyrene capacitor ( see text)

C4 -1-µF electrolytic capacitor
D1, D3, D5 -1N914 silicon computer diode or

equivalent
D2 -1N4750 1 -watt, 27 -volt zener diode
D4, D6 -1X4734 1 -watt, 5.6 -volt zener diode (do
not substitute D4, as leakage is critical)
01-Transistor (Motorola MPS6521, do not substitute)
Q2-Transistor (Motorola MPS6523, do not substitute)
Q3-Q5-Transistor (Motorola MPS2923)
Q6-Unijunction transistor ( Texas Instruments
TIS43, do not substitute)
R1-10-megohm
R3 -68 -ohm
R4-3.3-megokm
R5 -2700 -ohm
R6 -680,000 -ohm
R7 -100,000 -ohm
R8 -33,000 -ohm
all resistors
R9 -4700 -ohm
R10 -330 -ohm
%-watt
R11 -12 -ohm
R12 -6800 -ohm
R 14 -1000 -ohm
R15 -590 -ohm
R16 -5900 -ohm
11% precision
R17 -60,400 -ohm
R18 -565,000 -ohm

R2 -10,000 -ohm trimmer potentiometer (CTS

type U-201 or similar)
R13 -250 -ohm trimmer potentiometer (CTS type
U201 or similar)

a real DVM-at a fraction of the cost of

commercial equivalents and with performance untouched by anything analog.

Construction. The project has been

broken down into five modules plus the

and some panel components. Module
1 is the voltage -to -frequency (V/F) con-

verter. Modules 2 and 3 are decimal
counting units (DCU's) described in the

Winter 1969 ELECTRONIC EXPERIMENTER'S HANDBOOK.

Module 4 is the gate circuit, which
simultaneously provides the 0, 1, and
overrange counting needed to complete
the digital display. Module 5 is the power supply.*

It is best to construct each module
separately following the details very

carefully. Each module has its own parts

list and schematic. If you prefer to
purchase circuit boards or partial kits,
details are given in the parts lists.
Voltage/Frequency Converter. This

circuit, shown in Fig. 1, is the "heart"
of the DVM and converts the input d.c.

Misc.-3" x 3-%" PC board, PC terminals or
eyelets ( 14) (optional), aluminum mounting

bracket ( see Fig. I 1 ) with hardware, solder.

Note:-The following are available from Southwest Technical Products, 219 W. Rhapsody,
San Antonio, Texas 78216: etched and drilled
printed circuit board, #155 F, $3.25; complete
kit of all above required parts, #CV -155, $16
postpaid in USA.

1970 Winter Edition

important: The circuits labeled OND throughout
this project are not actually ground connections
and should not be connected to the metal case.
They are common connections constituting an individual circuit and grounding them to the case
may produce circulating currents which interfere
with the operation of the meter. The metal case
should be either left floating or connected to the
SW terminal on the V/F module. This is one side of
the input signal and is actually the reference point
for the system.
53

Fig. 2. If you make your own V/F
converter -ohmmeter current ref-

erence PC board, carefully copy
this

actual -size

etching

guide.

Fig. 3. Place etched and cleaned
board foil -side up on a block of
scrap wood, carefully locate and
mark hole centers, and drill all
the way through from foil side.

signal to a series of pulses that are

*60 DRILL (REMAINING HOLES)

You can purchase the printed -circuit
board for this module or you can make
one using the actual -size layout shown
in Fig. 2 and following the drilling details of Fig. 3. File or multiple -drill the
slots required for the two trimming potentiometers (R2 and R13). If you wish,

CUT TO SUIT R2, RI3

counted by the DCU's.

you can add optional terminals or eyelets
to make wiring easier.
Components are installed on the board
as shown in Fig. 4. Be sure to install all
semiconductors properly and doublecheck electrolytic capacitor polarities. Be
especially careful not to interchange R2
with R13.
Gate Module. This is act) .sally the con-

trol center of the DVM. The start and
stop signals for the V/F converter and
the reset signals for the various counting circuits are generated in this module.
The schematic for this module is shown
in Fig. 5.

A printed -circuit board is suggested
for this module. You can purchase one
( see Parts List for Fig. 5) , or you can
etch and drill your own following the
actual -size layout shown in Fig. 6 and
the drilling information shown in Fig. 7.
Don't forget to install the two jumpers
on the component side of the board as
shown in Fig 7. Do not use a drill larger
54

1/16 DRILL (14) -ADD PC
TERMINALS OR EYELETS IF
DESIRED (OPTIONAL)

3i

4"

9/64 DRILL (2)

3"
ONE RE0'D - MAKE FROM 1/16" SINGLE -SIDED FIBERGLASS PC MATERIAL

than #67 for the IC mounting holes.

Optional eyelets or PC terminals can be

added where indicated.
Mount the components as shown in Fig.
8. Use a low -wattage soldering iron and

fine solder when mounting the IC's. The
rectangular IC's are identified by a notch
and dot at one end, while the round IC's
have either a flat or a dot at pin 8.

Power Supply. The power supply is
not assembled on a PC board, but is
wired point-to-point at one end of the
chassis. The schematic is shown in Fig.
9. A conventional tube -type transformer

is used. The 250 -volt, center -tapped secondary has two functions. It provides the
125 -volt a.c. reference, and its output is
ELECTRONIC EXPERIMENTER'S HANDBOOK

HOW IT WORKS
V/F CONVERTER
The block diagram for this module appears
here while the complete schematic is shown in
Fig. 1. The waveforms are keyed to test points
shown on the diagrams.

The 0 -2 -volt input from the function selector
is subtracted from a +27 -volt supply generated
by the power supply module and regulated by

zener diode D2. Thus the input voltage at the
V/F converter actually varies from +27 to +25
volts as the instrument input goes from 0 to +2
volts. Note that all input signals are referenced to
+27 volts and not to the power supply common
(GND).
Diode D4 provides reverse polarity and overload protection for the circuit. Transistor Q1 is

an emitter follower that provides a high input
impedance. Transistor Q2 is a complementary
emitter follower that bucks out the offset produced

by Q1 and causes a voltage identical to the input
voltage to appear across RS and the front -panel
CAL 1.35 control. The current through these resistors can be set for a constant input voltage by
adjusting the CAL 1.35 control. Practically the
same current appears at Q2's collector as flows
through R5 and the CAL 1.35 control. Transistor

Q2's output current is then proportional to the
original input voltage. Transistor Q2's output
current drives a conventional unijunction saw tooth oscillator consisting of UJT Q6 and integrating capacitor C3. A series of pulses at BI of
Q2 changes in frequency as the input voltage
changes in amplitude. These output pulses are
sent to the 0-199 digital counter and display
modules.

The UJT oscillator is turned on and off by
IMPEDANCE
MATCHER

0
D.C. INPUT FROM
FUNCTION
SELECTOR

gating transistor Q5. This transistor is driven by
the Gate module and allows the oscillator to run
for 16.7 milliseconds and then shorts it out for
the next 50 milliseconds and keeps this up continuously, recycling 15 times a second. The frequency produced by the oscillator is determined
by the input voltage. The time this frequency is
produced is determined only by the Gate module
and QS. As a result, the oscillator generates 0 to
199 pulses for a 0 -1.99 -volt input signal, once
each measurement interval. This is how the
digital display appears to be reading the actual
value of the input signal.

There would be a slight linearity problem if
the current on Q2 were allowed to go down to
zero. Thus a little more emitter voltage (about
0.3 volts) is added by the front -panel ZERO potentiometer and a correspondingly constant

amount of collector current (about 100 microamperes) is removed all the time. This shifts the
operating point of Q2 to a more linear region but
still lets 0-2 volts of input produce 0-200 pulses
per 16.7 milliseconds at the output.

The extra 100 microamperes of current

is

"dumped" into the collector of Q5, which is biased
to act as a current sink.
The current source for the ohmmeter is also on

the V/F board, but it is a completely separate
circuit. The collector current of transistor Q3

is either 0.01, 0.1, 1, or 10 milliamperes, depending on the resistor selected for its emitter circuit

(R15, R16, R17, or R18). These resistors are
not quite decade multiples of each other, because they compensate for slight circuit nonlinearities.

Base current for Q3 is regulated by D6, temperature -compensated by D5, and adjusted over
a limited range by R13. Resistor R14 prevents
oscillation but otherwise does not affect the output current.
Many hours of design went into this particular
V/F circuit, which is far less expensive than the
usual operational -amplifier V/F converters used
in commercial gear. It is of utmost importance

that you neither substitute for D4, Q1, Q2,

01

or Q6, nor attempt any modification of the circuit
unless you consider yourself an expert in analog to -digital converter design.

V/I
CONVERTER

02

LINEARIZING
CURRENT
SINK

CURRENT SENSITIVE
OSCILLATOR

04
C

GATE INPUT

FROM GATE 0

COUNT PULSES
0 TO UNITS DCU

06

OHMS
CURRENT
SOURCE

KEYING
GATE

MODULE

HIGH

GATE
MODULE
INPUT

LI

CURRENT FOR
OHMMETER

INPUT SIGNAL
ZERO PROPERLY SET

NO INPUT SIGNAL
ZERO TWO COUNTS

NO INPUT SIGNAL
ZERO PROPERLY SET
C

H REFERENCE

03

OS

L

L

II
16.7 1

ms

E*

+3.6V
L0

50ms -

416V
THRESHOLD

_//1

OSCILLATOR
WAVEFORM

F
OUTPUT TO
COUNTER

+3V
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* CAN BE MEASURED ONLY WITH IOM SCOPE PROBE
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Fig. 4. Avoid accidentally interchanging R2 and

R13. Author's prototype
is shown in photo, right.
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+3 6V

RESET

OUTPUT TO
UNITS AND
TENS DCU'S

0

COUNT
FROM
TENS DCU
CARRY

=
+6V

K SEE"HOW IT WORKS BOX FOR WAVEFORMS
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Fig. 6. Actual -size etching guide
must be copied exactly as shown

to insure proper component fit.

Small dots near solder termi-

nals indicate IC indexes.

Fig. 7. Proper location of hole centers and selection of drills are

critical for the Gate module
board. Once holes are drilled,
immediately install jumpers.

also rectified to provide a 30 -volt d.c.
supply. Resistor R1 is a voltage dropping
resistor which dissipates a large amount
of power and must be located where the
damage.
The power from the "filament" wind-

ing of T1 is rectified to provide 6 -volt

I/O" MATCH DRILL TO
BRACKET (2)

*60 DRILL

*24 WIRE JUMPERS
ON COMPONENT SIDE;
POSITION EXACTLY
AS SHOWN

*67 DRILL

(REMAINING HOLES)..

31 4"

and 3.6 -volt d.c. supplies. Rectifier
RECT1 is a full -wave bridge. Capacitors
GATE MODULE PARTS LIST
C1 -1-µF, 25 -volt electrolytic capacitor
C2-100-uF, 10 -volt electrolytic capacitor
C3-0.1-pf, 10 -volt ceramic disc capacitor
C4-0.005-uF, 50 -volt Mylar capacitor
C5 -0.1-µF capacitor
D1 -1N914 silicon computer diode or equivalent
11 -13 -6.3 -volt, 50-mA pilot lamp and lens as-

sembly, two orange and one red (Southwest
Technical Products #0-6.3 and #R-6.3 respec-

tively, or equivalent)
ICI-Integrated circuit (Motorola )11C789P)
IC2, IC5-Integrated circuit (Motorola MC790P
or MC791P)
1C3-Integrated circuit ( Fairchild u.L.914)
1C4-Integrated circuit ( Fairchild 4900)
Q1 -Q3 -2N5129 transistor or Motorola MPS2923
R1 -220,000 -ohm, 1/4 -watt resistor
R2 -1000 -ohm, 1/4 -watt resistor
23 -3300 -ohm, 1/4 -watt resistor
R4 -R6 -470 -ohm, 1/4 -watt resistor

Misc.-PC board, 3" x 3-54", PC terminals or
eyelets (7) (optional), #24 jumpers ( 2 ), solder, lamp bracket ( see Fig. 12), mounting
bracket and hardware ( see Fig. 11).

Note:-The following Gate module parts are

available front Southwest Technical Products,
219 W Rhapsody, San Antonio, Texas 78216:
etched and drilled printed circuit board # 155G,
$3; complete kit of all necessary parts #CG 155, $10.85 postpaid in USA.
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9/64 DRILL

3"

H

I/16" DRILL (7/ IF DESIRED, SET PC TERMINALS
OR EYELETS I OPTIONAL)

C2, C3, and C4 provide filtering for the
d.c., and diodes D3, D4, and D5 drop the
rectified voltage from 6 to 3.6 volts. The
unrectified voltage from the 6.3 -volt
winding is also used for the pilot or

decimal -point lamps. Resistor R2 is in

series with this supply to reduce the

voltage on the lamps so that they do not
glow brighter than the counting lamps.
Most of the power supply components
can be mounted on terminal strips or a
component board as shown in Fig. 10.
The rest of the components are mounted
on the chassis.
Assembly. To mount the modules in the
chassis, aluminum support brackets such
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IC3

A
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rWAVEFORM

TO V/F

MODULE

C

HOW IT WORKS

A

GATE MODULE
This module is a three -in -one board. First, it's
a gate generator that produces the on -for -one,
off -for -three gating waveform used in the V/F;
it's also a reset generator that automatically pro-

+1.3V
B

vides a short pulse the instant the V/F is told
to start producing a new count; and finally, it

contains an 0, 1, overrange counter used to complete the 0-199 digital display. The complete sche-

2V P -P

A
V

AA
16.7
ms
SO ms

+3.6Y

C

0

matic is shown in Fig. 5.
The gate waveform is generated by filtering the
60 -Hz supply to obtain a smooth sine wave. The

filter removes any noise from the power line that
might cause inaccuracies, while IC1, a hex inverter, produces a rectangular wave with a fall time
sufficiently steep to trigger the next stage. Capacitor C3 provides positive feedback to improve the
square -wave form.
The next stage, IC2, is a divide -by -four counter

consisting of two JK flip-flops connected as cascaded binary dividers. Dual -gate IC3 is a I -of -4

decoder producing a gating waveform that

0
C

N

DISPLAY

ERASE

0

DISPLAY

ERASE

ERASE

is

grounded for 16.7 milliseconds (one 60 -Hz peri-

The 0, 1, overrange counter, ICS, has two flip-

od), and positive for the next 50 milliseconds
(three 60 -Hz periods). Since this process takes

flops. One is a binary divider; the second is a

the 15 measurements per second.

counter takes the output of the ten's DCU and
converts what would be an 0-99 display into an

up four 60 -Hz cycles, the frequency of the composite waveform is 4 of 60 Hz, or 15 Hz; hence

The gate output is routed to the V/F converter
and to a half-monostable reset generator consisting of C4 and buffer IC4. This circuit generates
a very brief (about 2 microseconds) reset pulse

which erases the display before the V/F con-

verter can produce its first output pulse. The reset

pulse goes to the two decimal counters as well
as resetting the 0, 1, overrange portion of this
module.

IC2

+2V
D

latch that goes on when full scale is reached, regardless of how many more counts arrive. This
0-199 plus overrange capability.

A power -line gate may be expected to be accurate to ±0.05%, while the digital 0-199 display used is only inherently accurate to ±-0.5%.
Thus, the instrument accuracy is determined by
the display and the V/F accuracy. Without a far
more expensive V/F circuit, extra decade modules
or a more precise time base will not increase the
instrument's accuracy.

Photo of author's prototype shows
properly wired Gate module board
with indicator lamps and bracket
in place and optional solder terminals at left; external wiring can

be soldered directly to board.
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as those shown in Fig. 11 can be used.

The complete schematic for the DVM

is shown in Fig. 13. The photos show
the assembly used by the author, although any other similar neat arrangement can be used. While layout is not
critical, be sure to keep the instrument

The photos show how these brackets are
used for support.

A three -hole bracket is required for
the indicator lamps of the gate module.
This can be fabricated as shown in Fig.
12. (One of the brackets supplied with

neat and compact to minimize the chance

of wiring error. Be sure to use very
short, heavy ground connectors. A

the DCU kit can be used as a guide.) Use

orange plastic covers for the 0 and 1

ground buss of #12 solid wire between

bulb, and a red one for the overrange indicator.

modules is strongly recommended.
6011z
REF.
DI

1'

RED

IN 4005

125VAC

F1

RI

5K

+175V DC

RED/YEL.

IA

+++ +30V(WHEN

CONNECTED

a.

125VAC

+

T

117 VAC
RED

CI

40pF
250V

D2
GREEN

YEL

D3

D4

05

+3.6V

REO

1N4001 IN4001 IN4001
GREEN

Fig. 9.

Single power supply

YEL.

8LK
C3
.1pF

RECT. I

MOA942-1

provides all necessary d.c.

voltages for various circuits and 60 -Hz reference.

C4

600 OAF
GND

C2

-1-0+6V

6000pF
R2
2711

PILOT
PILOT

NOTE: I -DO NOT CONNECT CASE TO POWER SUPPLY COMMON
2 -USE HEAVY GAUGE WIRE WHERE SHOWN

POWER SUPPLY PARTS LIST
C1-40-p,F, 250 -volt electrolytic capacitor
C2, C4 -6000-µF, 10 -volt electrolytic capacitor
C3-0.1-p,F, 10 -volt ceramic disc capacitor
D1, D2 -1 -ampere, 600 -volt silicon diode (Motorola 1N4005 or similar)
D3 -D5 -1 -ampere, 50 -volt silicon diode (Motorola 1N4001 or similar)
RECT1-1.5-ampere, 50 -volt, full -wave silicon
molded bridge assembly (Motorola MDA942-I
or similar)
F1 -1 -ampere fuse and fuseholder
R1 -5000 -ohm, 10 -watt resistor
R2 -27 -ohm, %-watt resistor
1970 Winter Edition

T1-Power transformer, secondary 250 volts CT
@ 25 mA, 6.3 volts I ampere ( Knight 54E2008, Stancor PS8416, Thordarson 22R39 or
similar)
Misc.-16-point (8 on each side) terminal board
assembly with mounting hardware, a.c. line
cord, strain relief, mounting hardware for Ti
and F1, wire, solder, mounting clips for capacitors, etc.

Note:-Complete kit of all power supply parts
available from Southwest Technical Products,
219 W. Rhapsody, San Antonio, Texas 78216.
#CS -155, $10.70 postpaid in USA.

59

GATE
MODULE

POWER SUPPLY
COMPONENTS
BOARD

UNITS
DCU

TENS
DCU

V/F

MODULE

CI

10. Power supply circuit
is located along rear apron of
chassis. Modules are at left,
while CAL and ZERO controls,
range/function switch, polarity selector are at right.
Fig.

(C4

TI

UNDER

CI)

R2
RI

- J2
Setup and Calibration. After a careful
wiring check, the DVM may be plugged
in and Si placed in the ZERO position.

H-r/e-.1

One digit in each column should light
brightly and continuously. Turning the
ZERO control through its entire range
should change the display from 000 to

030. At about the mid -point of the control, the reading should be 001.

The proper setting of the ZERO control is the position immediately before
MATL: 3/64" ALUMINUM
ONE NEEDED FOR EACH
MODULE

9/32" DRILL -ENLARGE SLIGHTLY TO SUIT
VARIATIONS IN PLASTIC LENSES

Fig. 11. If necessary, to avoid interference with
components or wiring, deepen the notched cutout.

It is best to use color -coded wiring to
minimize wrong connections and facili-

tate any possible troubleshooting. The
resistors associated with Si may be as-

sembled directly on the switch before installation. Also, use green -colored lenses
on the decimal -point indicators.
The 1.35 -volt reference cell (B1) is
mounted wherever convenient within the
chassis. Note that there are two types of
mercury cell: those for general-purpose

use and those for standard or voltage reference purposes. Make sure that you
get the latter. The accuracy of the DVM
will be no better than the accuracy of
the calibration standard.
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2 5/8"
1/8" DRILL (21

5/15"
1/32 ALUMINUM

(A)DRILLING GUIDE
OPTIONAL EPDXY

PILOTS PRESS FIT IN PLACE;
ARE HELD BY WEDGING ACTION
OF BULB

\
PRESS INSTANT TRANSFER
NUMERALS IN PLACE; PROTECT WITH ACRYLIC SPRAY

COMPONENT
SIDE

POP RIVET OR
#4 HARDWARE

3/64" CLEARANCE FOR
ADJACENT DECADE

(B) MOUNTING DETAILS

Fig. 12. Arrange lamp mounting holes in two closely

spaced, staggered columns to obtain small size.
ELECTRONIC EXPERIMENTER'S HANDBOOK
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IITAC

6010

ONLY -4

415 POWER SUPPLY

60Hz REF. 0

0

SIA

---

*Hy (+++)0
AC

REAR DECK

GND 0

0

---4I

PILOT

0

T: I

II

12

13

LEFT

CTR

RIGHT

0

++6V0

R2
CAL.

DECIMAL POINTS

"

J1

+3.6V0

SIB

CCW

1K

RI

ZERO

CC

25011
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POLARITY

INPUT

SELECTOR
.12

!III

7,7

R5

90

SIC

R6

9.09M

05W

R3
I 2M

1I/

-m w

CI

210

-on

GNDC

05.9K

ii3Ely.

060.4K

II
SW TCH

2 -ZERO

3 -CAL.

4-0-200V
5-0-20V
6-0-2V
7-0-200K
13-0-20K
9-0-2K
10-0-200A

COUNT

GND

GND

RESET

0

0

RESET

RESET

0

0

0
++

++

M2
UNITS

M3
TENS
DCU

0

+3.6V
GATE

FO

CELL

POSITIONS

COUNT

0

0590.11

R4
102K

+

COUNT

0

+++0

SID

131

6V

0

025

0.1pF

-

CARRY

CARRY

ZEROO

GATE0

I

IA t

0

AC

IS

047

MI

115

4

V/F
MODULE

SIE

32

GND

0565K

I

DCU

M4
GATE
MODULE

1

NOTE: FLOAT CASE -DO NOT CONNECT TO POWER SUPPLY GND RETURN

13. The heavy line connecting the GND terminals in this overall wiring diagram is NOT a chassis ground; it is a convenient floating common bus.
Fig.

COMPLETE DVM PARTS LIST
B1 -1.35 -volt AA mercury reference cell
C1 -0.1 -AF, 50 -volt Mylar capacitor

11-13-6.3-voll, 50-mA pilot lamp.

.11, 12 -5 -way binding post, ( red and black)

M 1-V /F module (see text)
M2, M3-Decimal counting unit. See POPULAR

ELECTRONICS February 1968 or Winter
1969 ELECTRONIC EXPERIMENTER'S
HANDBOOK

M4-Gate module (see text)
MS-Power supply (see text)

R1 -250 -ohm, 2 -watt linear potentiometer
R2 -1000 -ohm, 2 -watt linear potentiometer

R3-1.2-megohm, %-watt resistor
R4 -102,000 -ohm, %-watt, 1% precision resistor
R5 -909.000 -ohm, %-watt, I% precision resistor
R6-9.09-megohm, 4 -watt, I% precision resistor
or series resistor combination

R7 -1000 -ohm, %-watt resistor
S1-Five-deck, five -pole, ten -position, nonshorting rotary switch
1970 Winter Edition

.N2-D.p.d.t. slide switch

Misc.-Vinyl clad aluminum case and support

assembly, ;4" knobs (2), 1-'4" knob (1),

backup plate for controls, dialplate ( optional),
mounting hardware, brackets for M2, M3, (see
Fig. 11), wire, solder, 1300- to 1500 -ohm precision resistor, green jewels ( 2), etc.

Dialplate:-Hard anodized aluminum dialplate
available from Reill's Photo Finishing, 4627
N. 11th St., Phoenix, Ariz. 85014. In black and

silver, $3.00; in red, gold, or copper, $3.45,
postpaid in USA. Stock #DVM-1.

Note-Kits for the decimal counting units are

available from Southwest Technical Products,
219 W. Rhapsody, San Antonio, Texas 78216
for $12 each, postpaid in USA. A complete kit

of all above parts, including a punched and
machined, vinyl -clad case and support assembly, but less dialplate and BI is available from

the same source for $79.50 plus postage for
OA pounds.
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converter. This is a current -driven unijunction

HOW IT WORKS
OVERALL OPERATION
The function selector includes switch S/ and
its associated circuits. Here all input signals are
converted to 0 -2 -volt d.c. voltages across a onemegohm resistance. When measuring 2 volts d.c.

or less, the signal is applied directly to the remainder of the circuit. Above 2 volts, the signal
is attenuated by 10 or 100. For ohms measure-

ment, a calibrated and temperature -compensated
current source supplies 0.01, 0.1, 1, or 10 mA to
the input terminals. The voltage drop across the
resistance (between 0 and 2 volts) is then an ac-

curate measure of the resistance. For example,

1 mA of current through a 1600 -ohm resistor produces a voltage drop of 1.6 volts. Because maxi-

mum ohmmeter current is only 10 mA on the
lowest

range

(less on

the higher resistance

ranges), you can safely measure most current sensitive devices without fear of damage.
For calibrating and zeroing the instrument,
the function selector switch connects either a
1.35 -volt mercury standard battery or a short
circuit to the system.
The 0 -2 -volt d.c. signal from the function selector is fed to a voltage -to -frequency (V/F)

OHMS
REFERENCE
CURRENT
GENERATOR

0

play used.

The output of the V/F converter drives a 0-199

counter/display (DCU's) and turns on a red

overrange indicator when full scale is exceeded.
If this were the entire circuit, the digital display would be a blur of numbers that would just
keep on adding up the output pulses from the V/F
converter. Additional circuitry, called the gate and -reset generator, continuously turns the V/F
converter off and on and erases the old display
before presenting an up -dated one.

In the gate and reset generator, the 60 -Hz

power from the line is used to generate a signal
that turns the V/F converter on for one-fourth
of the time and allows the display to show the
results for three -fourths of the time. Immediately
after the V/F converter is turned on, a very brief
reset pulse is generated to erase the counter dis-

play before the new results can arrive at the
DCU's.
The V/F converter then averages the input
voltage and generates the pertinent frequency

during its on time. The counter/display module
counts and displays this frequency during the on
time, and when the V/F is turned off, the display
indicates the total number of pulses generated
during the on time. During the off time, the display holds the last value until reset for the next
measurement. Since all this happens fifteen times
each second, you get the effect of a continuous
display that rapidly follows the input -voltage

1.35 VOLT
REFERENCE

FUNCTION
SELECTOR
SWITCH

oscillator whose output frequency is proportional
to the input voltage. Unlike industrial V/F converters, this one runs "open loop" and relies on
calibration and inherent linearity rather than on
complex and expensive feedback schemes for accuracy. Linearity, range, and resolution are more
than adequate for the one -part -in -200 digital dis-

variations.

V/ F

ALA

CONVERTER

INPUT

0-200
COUNTER

OVERRANGE

AND
DISPL AY

INDICATOR

GATE
GATEAND

GO Hz

REFERENCE

0_01.1

RESET

RESET
GENERATOR

you get the 001 reading. If you turn the
control down all the way, you'll pick up
some serious low -scale errors.

After zeroing, switch to the CAL 1.35
position. When the CAL potentiometer is
turned through its entire range, the indicator should go from about 1.20 to about
1.50 with 1.35 at about the middle of the

range. If you cannot get the readings
low enough, or if 1.35 is at the lower end

of the control, add one or two 680-pF
mica capacitors across integrating capacitor CS in the V/F module till you
get the proper range.
Very rarely, it may be necessary to
change the value of R11. This occurs because of variations in the characteristics

of Q6, the unijunction transistor. If the
62

V/F converter oscillates but does not
drive the counter, either increase or decrease the value of R11 (in a range of
6.8 to 22 ohms) until proper operation is
obtained.

Always rezero the instrument before
calibrating. The settings will be remarkably stable after a few minutes' warmup.

A slight interaction between the CAL
1.35 and the ZERO controls is normal, so

always recheck the ZERO setting after
calibrating.

To check zeroing, short test leads
together, and misadjust zero control
to get an 001 reading. Switch 21 to
0-2 range. The reading should stay at
001. Remove the short. If the reading
(Continued on page 94)
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BUILD

A

FET-QM

Improve selectivity with simplified Q- /77 u /tip lie r / a mp I/fie r
BY ROBERT N. TELLEFSEN, WOKMF

ing in your old communications receiver because its selectivity is about as

About the Circuit. The FET-QM incorporates a high -Q 455 -kHz tuned circuit
(L1, Cl, and C2 in Fig. 1). Additionally,
amplifier stage Q1 provides a facility for
controlling regeneration.

ly need. Instead, the addition of a Q -mul-

tuned circuit and considerably improves

tiplier to your present receiver may be

receiver selectivity. Now, because the

just what the doctor ordered.
Now, for less than $10, you can build
a Q -multiplier that incorporates a field-

FET-QM is connected to the mixer plate,
where the 455 -kHz i.f. first appears in

the receiver, its narrow passband de-

HAVE YOU BEEN THINKING of trad-

broad as a barn door? If so, an expensive replacement receiver-even if it is a
better model-may not be what you real-

effect transistor stage to improve re-

ceiver selectivity and provide controlled
regeneration. Called the "FET-QM," this
device is completely self-contained ( it
even has its own line -independent power
source ), compact in size, and easy to use.
A single coaxial cable connects the FETQM to your receiver.
1970 Winter Edition

Regeneration increases the Q of the

termines the receiver's selectivity. As a
result, broadcast signals as close together as 5 kHz can be easily separated ( see
Fig. 2).
With the FET-QM switched out of the
receiver, signals A and B will be heard.
If you wanted to listen to signal A, signal
B would interfere. Ideally, signal B
63

C3

.005pF

PL MIXER
PLATE

LI

.0033pF

MPF -103

C2

Ct

.00IpF

470pF

PARTS LIST
B1 -9 -volt bath;
C1-0.0033-aF ceramic disc capacitor
C2 -0.001-µF ceramic disc capacitor
C3 -0.005-µF ceramic disc capacitor
C4-470-pF ceramic disc capacitor
C5-0.01-aF ceramic disc capacitor
LI-Adjustable slug -tuned broadcast band an-

R2

47011

tenna coil

Ql-Plastic n -channel FET (Motorola MPF-

BI

9V

103)

sI

Fig.

1. High -Q 455 -kHz tuned circuit (C1,

C2 and LI) helps narrow passband

of

receiver, while RI in source of Q1 provides means for controlling regeneration.

R1-1000-ohnt linear taper potentiometer
R2 -470 -ohm
vall resistors,
R3-1,000,000-oh»t
-watt
R4-1000- to 1500 -ohm (see text) j
S1-S.p.s.t. switch, part of R1

1-4" X 214" X 2i4" aluminum utility box
2'-RG-58A/U coaxial cable

Misc.-Knob for %"-diameter shaft; knob for
,A" -diameter shaft; 2 four -lug terminal strips;

battery clip; hookup wire; hardware; solder;
etc.

should be eliminated or at least considerably suppressed. So, the FET-QM is

switched in, with the result that the

passband narrows, and signal B is now
to all means and purposes rejected. The

FET-QM passes signal A and suppresses
signal B, making the desired signal
stand out.
Potentiometer R1 controls the amount

of regeneration produced by the FETQM. With too much regeneration, the
Q -multiplier goes into oscillation, and
a steady squeal is heard from the receiver. Therefore, the optimum setting
for selectivity is when R1 is set just below the point of oscillation.

box to accept a rubber grommet, pass
one end of the coax through the grommet, and solder the coax into the circuit
as shown in Fig. 1.

Assemble the metal box, and letter

the two panel controls. Finally, mount a
knob designed for Ye -diameter shafts
over the coil's adjustment screw; a 1/4"

knob goes onto the shaft of Rl. This
completes the construction of the FET-

NORMAL

SELECTIVITY

SELECTIVITY
WITHOUT FET-QM

WITH

FET-OM

Construction. The circuit of the FETQM should be housed inside a compact
aluminum utility box. The TUNE con-

trol, Li, and the PEAK control, R1,

should be mounted on the front of the
box as shown in the photos.

Two terminal strips can be used for
the mounting of the remaining parts,
except for battery B1.

The battery can be mounted with a
battery clip in a location where it will
not interfere with the other components

in the circuit.
When all parts are mounted, wire them

together. Drill a hole in the rear of the
64

SIGNAL

SIGNAL

A

Fig. 2. Broadcast signals 5 kHz apart can be easily

separated with the FET-QM in the receiver's circuit; unwanted

signal

B

is

greatly attenuated.
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QM, and all that is left is to connect it to
the receiver.

To connect the FET-QM to your receiver, first locate the plate lug of the

mixer stage and solder one lead of a

0.005-/LF capacitor to this lug. The other
lead of the capacitor is then soldered to
the center conductor of the coax. Ground
the braid of the coax to the chassis near

the tube socket. (In a.c.-d.c. receivers,

ground the braid through a 0.005-FF ca-

pacitor to eliminate shock hazard.) If
desired, phono jacks and plugs can be
used to simplify connecting the FET-

WHAT IS Q -MULTIPLICATION?
The high selectivity provided by the FET-QM
is the result of positive feedback (regeneration). The idea of attaching this circuit to the
i.f. channel was proposed in 1952 by 0. G.
Villard and W. L. Rorden. In the circuit shown,
the impedance at resonance of Cl, C2, and Ll
is very high, and signals at this frequency pass
through the i.f. strip unhindered. A Q -multiplication of 20-30 is not uncommon. Possibly, the
phrase "Q -multiplication" is a misnomer since

the actual Q of the

i.f. strip remains unchanged, but signal frequencies slightly off resonance in the strip are sharply attenuated.

QM to the receiver.

Fig.

3. Due to simplicity of cir-

cuit, two terminal strips can easily

accommodate all small parts.

After the interconnection between the

FET-QM and the receiver is accomplished, repeak the i.f. transformer. Be
sure the FET-QM is turned off when

on the PEAK control until the whistle
disappears. Slowly adjust the setting
of the TUNE control until the desired
signal suddenly peaks. If necessary, the

touching up the transformer.

PEAK control can be advanced until the

Turn on your receiver,
and tune in a weak, interference -free
signal with the Q -multiplier turned off.
If your receiver has an r.f. gain control,
back it off a bit from maximum to prevent strong signals from forcing their
way through the receiver and reducing

This is the point of maximum selectivity,

How To Use.

FET-QM almost goes into oscillation.

and any signals coming through the receiver will ring like a struck bell. The
best setting is just below the point where
the extreme ringing stops but where the
desired selectivity is still present.

the effectiveness of the FET-QM.

Even an inexpensive receiver can do
surprising things with the addition of a

beat note. Now, switch on the FETQM, and set the PEAK control fully

ideas you had about trading in your re-

Turn on your BFO and adjust it for a

clockwise. Rotate the TUNE control until
you hear a strong whistle; then back off
1970 Winter Edition

Q -multiplier. When you build and use the
FET-QM, you will probably find that the

ceiver for a better model were rather
drastic.

--Cri65

UNIQUE

POWER
Impedance
QUIETER
READ MAXIMUM OUTPUT
OF AMPLIFIERS, SIGNAL
GENERATORS AND LOW -POWER

TRANSMITTERS
BY ROY HARTKOPF

MEASURING VOLTAGE, current or
resistance is relatively easy; all you

need is a VOM or VTVM. However, when

it comes to measuring power, most experimenters run into trouble. One difficulty is that two independent variables must
be measured at the same time : either

voltage and current, voltage and resistance, or current and resistance. This
may not be too difficult, but if you want
to measure maximum output power of an
amplifier, signal generator, or low -power

transmitter, the problem is complicated
by the fact that, when making the measurement, the load impedance must
match the output impedance of the device being tested.
The "Power and Impedance Meter" described here is a low-cost, signal -powered

The power meter is very easy to use:

simply connect it to the output to be

measured and rotate a single switch until a meter calibrated in watts indicates
a maximum value. This is the maximum
power output and the switch position indicates the approximate output impedance of the circuit being tested. The test

set can be modified easily to indicate
output impedance almost exactly.

Construction. The Power and Impedance
Meter is constructed in an enclosed metal
case to prevent excessive radiation when

the test set is used with a low -power

transmitter. A sloping front panel is convenient but any other shape is satisfactory.

The load resistors associated with

instrument that measures power output

switch S1A (R1 through R11 in Fig. 1)
should be 2 -watt, non -inductive units

matches the output impedance from 4.7
to 10,000 ohms. What is more, the meter
has a frequency range from d.c. to about

amount of reading accuracy desired, keep-

from a few milliwatts to 3 watts and
simultaneously (and automatically) whose tolerances are chosen for the
150 MHz! It has no power supply or
semiconductor circuitry ; and does not
require alignment or maintenance.
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ing in mind that the ultimate accuracy
depends on the meter movement itself.
The ohmic values of the resistors shown
in the Parts List were selected to cover
most loading cases.
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The switch can be as,-;ertk.:ied outside
the case. Although only two 11 -position

decks are required, the author used a
three -deck switch with the third one
serving as support for one end of the
meter resistors (R12 through R22). Dis-

assemble the switch and make up a

U-shaped, tin-plated metal shield that
covers the front deck of the switch (see
photo). The front end of the shield is
clamped ( and grounded to the chassis)
with the switch mounting hardware.
Drill holes in the rear of the shield for
the rear leads of the load resistors (which

are soldered to the shield). The front
leads of the load resistors are soldered

to the appropriate terminals on the front
deck of 21. Resistors R12 through R22
are mounted between the center and rear
decks of the switch. Remove the rotor
segment of the rear deck to prevent accidental shorting of resistors.
Drill a hole in the corner of the shield

that will be closest to input jack J1.

This hole should be capable of accepting
feedthrough capacitor Cl, which is sol-

dered to the shield. One end of Cl is
used as a support for diode Dl. Capacitor C2 is then soldered in position, and
the completed switch assembly is mount-

ed in the chassis. Mount switch 22 and
input receptacle J1 on the panel.
Almost any diode will suffice for

but there are two factors which must be
considered. With three watts ( d.c. ) across

a 10,000 -ohm load, there are 173 volts
across the diode. With the same power
and impedance, the a.c. voltage is about
250 volts peak. All germanium signal diodes will fail at this voltage level. At the

other extreme, 30 mW across a 5 -ohm

load produces less than half a volt across
the diode, which is below the threshold
of conduction for a high -voltage silicon
diode. In practice, these two extremes
are seldom encountered, and the author

has found that a germanium rectifier

having a 120 -volt PIV rating will suffice
for almost all conditions.

To calibrate the meter scale for in-

dicating power in watts, gently remove
the meter -face protective covering, and

Fig. 1. The resistors associated with SIA provide

impedance matching to

circuit under test. The

R5

resistors used with S113
make up a voltmeter
using MI as the readout.

N.-

H

JI

DI

(SEE TEXT)

CI

1
DC

C2
MI

/777 CASE

0-1m.4

S2

PARTS LIST

CI -1000-0 , Iced, rough capacitor

C2 -0.1-µF capacitor
D1-Germanium rectifier diode (see text)
1-Phono jack or other coaxial fitting
M1-0-1-mA meter
R 1 -4.7 -ohm

R2 -10 -ohm
R3 -22 -ohm
R4 -47 -ohm
R5 -100 -ohm
R6 -220 -ohm
R7 -470 -ohm
R8 -1000 -ohm
R9 -2200 -ohm
R10 -4700 -ohm
R11 -10.000 -ohm

1970 Winter Edition

These resistors
2 -watt
non -inductive

ASE

R 12 -3900 -ohm
R13 -5600 -ohm

R14-8200-ohin

R15 -12,000 -ohm

R16-18,000-ohnt

R17 -27,000 -ohm
R18 -39,000 -ohm
R19 -56,000 -ohm
R20 -82,000 -ohm
R21 -120,000 -ohm
R22-180,000-ohnz

These resistors
%-watt

R23-see text

S1 -3 -pole, 11-posit'on rotary switch (see text)
S2-S.p.s.t. switch
Misc.-tin-plated shield material, metal enclosure,
large knob with pointer, hookup wire. solder,
hardware, etc.
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recalibrate the scale in accordance with
Table I. When this is done, mount the
meter in the case.
Because the r.m.s. value of an a.c. sig-

nal (assuming it is a sine wave) is only
0.707 of the peak value, it is necessary
to have a shunt resistor in parallel with

the meter during

a.c. measurements.

Since meters vary considerably in their
TABLE I-METER CALIBRATION
WATTS
3

2.5
2

1.5 (CAL)
1

0.75
0.5
0.25

0.1
0.05
0.01

mA
1.0
0.91

0.82
0.707
0.57
0.5
0.41

0.29
0.185
0.13
0.057

internal resistance, the choice of this

shunt resistor R23 must be made to suit
the meter you are using. To do this, connect a high -voltage supply and a potentiometer with a resistance of several thou-

Mount the resistors, shield, Cl, and DI before
installing the switch in the chassis. Grounding,
through switch mounting hardware, must be tight!

of 1.5 watts. If, on the other hand, you
find that the meter indicates 0.5 watts in
both the 220- and 470 -ohm positions, the
correct impedance is about 350 ohms and
the power output is a little over one watt.

sand ohms in series with the meter. Adjust the potentiometer until the meter in-

dicates exactly full scale (3 watts).

Then connect various values of resistors
across the meter terminals until the me-

ter reads 1.5 watts (the CAL position
on the scale).

Since the meter now indicates peak,
rather than r.m.s., power, it cannot be

expected to give exact results for inputs
that are not sine waves. However, this
method is used in most VTVM's and has
proved to be quite satisfactory in practice, particularly at very high frequencies. Once R23 has been selected, wire
the test set in accordance with Fig. 1.
Operation. Connect input receptacle J1
to the amplifier, signal generator, or low-

power transmitter to be tested. Set S2
to the AC position, and turn on the system. Rotate S1 until the meter indicates
the highest power output and read the
switch position. For example, if the test
set indicates maximum power of 1.5 watts

at 470 ohms, you know that the device
under test has an output impedance of
470 ohms (or close to it) and an output
68

(A)

(8)

Fig. 2. Power measuring methods. (A) shows basic
approach to measuring power, while (B) illustrates
the method used in the Power and Impedance Meter.

Calibration Method. The Power and Im-

pedance Meter uses the E2/R approach
to measuring power. The basic circuit is
shown in Fig. 2(a). The power dissipated by R,, is E2/R. Thus if Ili, is 100
ohms and the voltmeter indicates 5 volts,
the power is 52/100 or % watt. Because

power is proportional to the square of
the meter deflection, the scale is nonlinear. As an example, if the desired full-

scale indication is 2 watts, then the

1 -watt indication mark is 1A/2 or 0.707
of full scale.

Assume that the meter in Fig. 2(a)

indicated 10 volts full scale. With a 100 -

ohm resistor, the power is 1 watt. If the

resistor is changed to 500 ohms, the
(Continued on page 72)
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FREE!

World's Largest
Electronic Kit Catalog

New 1970 Edition ...Over 300 Kits For Every Interest, Save Up To 50%
Deluxe Color TV ... The sets

you've heard and read about that
give better performance yet cost
no more; six models: 295. 227, &

180 sq. in. rectangular; with or

without AFT; all with exclusive
built-in self -servicing aids for best

pictures always; custom, wall or
cabinet installation ; optional wire-

less remote controls. Also new

Heathkit antennas, towers, and deluxe 12" B & W portable TV.

Stereo/ Hi-Fi Components
ing the world famous Heathkit
AR -15), amplifiers, tuners, speakers, turntables, cartridges, furTransistor stereo receivers (includ-

niture.

Transistor Organs ... Deluxe

19 -voice "Paramount" and low
cost 10 -voice Thomas models in
kit form with instant -play Color G lo" keys - save up to $500. Also
Percussion and Rhythm accessories.

Music Instrument Amplifiers

.. 20, 25 & 120 watt amplifiers

for lead and bass instruments; distortion boosters, headphone amps,
plus mikes and stands.

Home Equipment ... Intercoms,

HEAn+.0,

table radios, garage door openers,
portable radios and phonographs,
home protection systems.
Shortwave Radios ... Multi -

A4f0C9r

*AM, As, V,A,V
e 'Nveas

band shortwave receivers, solidstate and tube -type, portable and

AC operated.
Am
Radio Equipment .
World's most complete line of SSB
transceivers, transmitters, receivers, and accessories.

Citizen's Band Radio ... 5 -watt
fixed and mobile transceivers, kit
or assembled.

Test and Lab Instruments ... A

complete line of meters, generators and testers for shop, school,
industrial and hobby use.

Scientific Instruments ...

In-

cluding Berkeley Physics Lab,

Melmstadt-Enke instrumentation
for spectroscopy. analog /digital
equipment, pH meters, recorders.
Basic
Home Study Con
kit -courses in electronics, radio,
and transistor theory. Application
kit -courses on how to use meters.
generators, and oscilloscopes.
Photographic Aids
Darkroom

computers for B & W and Color
printing; electronic timer; color
developing trays.

Radio Control Electronics ...

For modelers. NEW Heathkit R /C

gear including transmitters and

Learn how you can build sophisticated electronics at 50%
savings ... no special skills needed, famous Heathkit instructions show you how, free technical consultation available ...
enjoy the fun and satisfaction of building the best ...

receivers (choice of 3 bands) servos, tachometer.

Trail Bikes ... For off-street

use, the Heathkit Trail & Snow
Bike; outstanding performance at
low cost.

Marine Electronics For safety
and pleasure; radio -telephones,
direction finders, depth sounders,
weather monitors, and accessories.

Automotive Electronics ... For
hobbyist and professional, new

Heathkit 3 -in -1 Tune-up Meter,
Ignition Analyzer Scope, Tachometer, accessories.

a Schlumberget subsidiary

MAIL

1

HEATH COMPANY, Dept.110-19
Benton Harbor, Michigan 49022
Please send FREE Heathkit Catalog

COUPON

Name
(please print)

NOW!

Address

City
I

State

Zip
CL -366

CIRCLE NO. 9 ON READER SERVICE CARD
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POWER METER

BIG SIX

(Continued from page 68)

(Continued from page 33)

power at 10 volts is 102/500 or 1A watt.

As a result, if the voltmeter were calibrated in watts, it would give the proper indication only with one particular
value of load resistor.

The solution to the problem is to forget about voltage measurements and con-

centrate on the amount of current required to produce a full-scale meter deflection. With a 1-mA meter movement,
all we have to do is arrange for 1 mA to
flow through the meter whenever we want

the meter to indicate full scale ( 1 watt,

3 watts, etc.). A simplified circuit for
doing this is shown in Fig. 2 ( b).

For a full-scale meter deflection of 3

watts and with a load resistor of 100
ohms, the voltage across RL would be

W x R or 17.32 volts. To make a 1-mA
meter indicate full scale, the total resistance in the meter circuit (R. plus meter

Now, install the crossover networks,

tweeter, and woofer on the speaker

mounting board. Carefully observing po-

larity, complete speaker/crossover system wiring. If you plan to paint or stain
the enclosure, now is the time to do so.
And, while you're at it, apply a coat or

two of flat black paint to the front of
the speaker mounting board.

Set the speaker mounting board close

to the enclosure, and thread the leads

to the two L -pad controls and conducting

bolts on the rear of the enclosure. Install the controls. The basic system is
now ready for testing.
Temporarily set the speaker mounting
board in place on the front of the enclosure, and hold it in place with four
screws. Connect your amplifier, and start
a record playing. Now, listening careful-

320 ohms. Similarly, if the load resistor

ly, test the range of the controls. There
should be more than enough range to allow adjustment of the sound reproduc-

38.73 volts and the meter -circuit resis-

your listening room. When you are satis-

movement resistance) will have to be 17,-

is 500 ohms, the voltage across it is
tance must be 38,730 ohms.

tion to the acoustical environment of
fied, turn off the power amplifier, and
disconnect the feed cable.

TABLE II-METER RESISTOR VALUES
RL

E

(ohms)
4.7
10
22

47
100
220
470
1000
2200

4700
10 k

mounting board and the grille cloth and

R.

(volts) (calculated) (used)
(kohms) (kohms)
3.742
5.48
8.12
11.87
17.32
26.67
37.42
54.8
81.2
118.7
173.2

3.7
5.5
8.1
11.8
17.3
25.7

37.4
54.8
81.2
118.7
173.2

3.9
5.6
8.2
12
18

27
39
56
82
120
180

The values used to determine R. for

the Power and Impedance Meter are giv-

en in Table II. Note that in every case,

the calculated value of R. is close enough

to a standard resistance value that it is
not necessary to use special resistors.
The use of 3 watts as the full-scale deflection makes possible this happy circumstance. Since the meter, in this case,

had an internal resistance of only 100
ohms, its resistance was ignored.
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Complete construction by installing
the rest of the screws for the speaker
trim.

Stereo Setup. If you build two Big Six
speaker systems for stereo reproduction,
make the speaker mounting boards mir-

ror images of each other. In this way,
the sound will be balanced. A diagram of

a mirror -image stereo system is shown
in Fig. 4.

Because the midrange speakers are

mounted off center and the two speaker
mounting boards are mirror images of
each other, the two speaker systems can
be reversed to alter the stereo effect.

What is the sound reproduction like
from the Big Six speaker system? As
mentioned earlier, the bass is deep and
smooth, but not obtrusive. (So use a
turntable with negligible rumble). The
midrange is full and smooth, with the
column adding to the effectiveness of the
sound distribution. And the treble is expansive.
ELECTRONIC EXPERIMENTER'S HANDBOOK

THERMISTOR-

CONTROLLED
TONE
GENERATOR
USED
FOR

AUDIBLE
TEMPERATURE

READINGS

BiOund-signal
THERMOMETER
BY FRANK H. TOOKER

TEMPERATURE CAN be meas-

AIRured in many ways-with a conventional mercury thermometer, a bimetal

strip turning a pointer on a dial, or a

thermocouple operating a digital readout. However, all of these systems have
one thing in common-you have to be
able to see the indicating device to be
able to determine the temperature.
Some of us have friends or relatives
who have difficulty seeing and who

even a sightless person to tell the temperature. By flicking a switch and making a dial adjustment, he can "read" the
temperature by comparing two sound
signals. The range of the electronic thermometer is from 55 to 100 degrees Fahrenheit.

help them in going about their daily

Construction. The layout of the components is not critical so any assembly
arranged for convenience can be used.
The author's version (see photos) is assembled in a small, sloping -panel metal

is an electronic device that any experimenter can build and that will enable

and battery B1 is clip -mounted to the

would welcome a device or technique to
tasks. The "Sound -Signal Thermometer"
1970 Winter Edition

cabinet. Switch Si is mounted on the top,
potentiometer R1 is on the sloping front,
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SCALE

PARTS LIST

SIB

B1 -9 -volt transistor battery

C1-0.47-0 Mylar capacitor
Q1 -2N2646 or 2N2647 unijunction transistor

RI -75,000 -ohm potentiometer (Ohmite CU 7531, or similar)
R2 -27,000 -ohm, %-watt resistor
R3 -220 -ohm, TA -watt resistor
S1 -2 -pole, 3 -position lever switch with spring
THI

50K

return from both sides to center (Centralab

CI

SCALE

1455, or similar)
SPKR-2,4", 3.2 -ohm speaker

2N2646
OR

2N2647

Tl-Transistor output transformer (Argonne
AR -174, or similar)
TH1-Probe-type thermistor, 50,000 ohms at
25°C (Fenwal GA45P2, or similar)

Misc.-Sloping-panel cabinet 4" X 4" X 4/1."

(Bud AC -1610-A, or similar), large -diameter
146" plastic
mounting board, transistor socket, cambric
tubing (to fit thermistor body), mounting
hardware, wire, solder, etc.

pointer knob, 2%" X 2%" X

The a.f. output of the UJT oscillator depends
on emitter -circuit resistance-in SENSE mode,
a function of the temperature acting on TH1.

E

bottom of the chassis. The output trans-

former T1 and the loudspeaker are on
the other half of the cabinet. The remainder of the components are assem-

nent recommended for this unit is a
small, very delicate device. It is easily
damaged by both careless handling and
excessive heat. The author found it ex-

bled on a small piece of plastic mounted

pedient to mount the thermistor in a

degrees F) or in Braille.

Plastic insulation, slipped over the two
thermistor leads, is cemented to the

on L brackets within the cabinet. The
dial knob used for R1 should be large,
with a distinct pointer, and the calibration marks can be either numerical (in
The most critical part of the assembly is the mounting and connecting of
the thermistor. The probe -type compo-

snug -fitting, short length of cambric spaghettic tubing, held in place on the plastic circuit board by a small metal clamp.
cambric tubing.

Keep the thermistor leads as long as
practical in the assembly. Solder them

The entire electronic thermometer is
contained within a small cabinet. The
circuit is not critical, so any other
mechanical arrangement can be used.

If you wish to measure outside temperature, mount the thermistor out of
a window in a weather -protected spot,
and connect it to the thermometer via

a twisted pair. This pair can enter

the cabinet through a rubber grommet.
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quickly, keeping the heat of the soldering iron well away from the thermistor
at all times. Once overheated, a thermistor's characteristics may change and
drift indefinitely. In this event, permanent accuracy of the instrument is impossible.

HOW IT WORKS
Unijunction transistor Q1 is an oscillator

whose frequency is determined by the combination of emitter capacitor C/ and the resistance of
either the thermistor TH1 or calibration potentiometer R1. Audio output is obtained from B1
of Q1 through transformer T1.
Switch S1 is spring -loaded to return to its cen-

ter position. If it is moved 'to either of its two
other positions (SCALE or SENSE) and released, it will automatically return to the off
position.
1

6

2

7

3

8

4

9

5

TH1 can be duplicated by adjustment of R1.
Thus, when S1 is in the SCALE position, R1 can
be adjusted to duplicate the tone generated by
the thermistor.

0

Braille numbers, in various combinations, can be
embossed on front panel for use by a blind person.

Calibration.

When S1 is moved to SENSE, thermistor TH1
supplies the resistance for the RC circuit which
controls Q1. The transistor then oscillates at a
frequency determined by capacitor C/ and the
resistance (at ambient temperature) of TH1. A
thermistor is a semiconductor device whose resistance varies inversely with temperature; as
the temperature goes up, the resistance goes
down. Therefore, the audible output frequency is
a function of thermistor resistance and, hence,
the temperature.
The values of potentiometer R1 and resistor
R2 have been selected so that, over the range of
55 to 100 degrees Fahrenheit, the resistance of

There are several ways of

calibrating the thermometer, most of

them are somewhat complex. However,

there is one simple method that is ac-

curate enough for almost all purposes.
Assemble the thermometer, except for
the thermistor. Connect a pair of 15- to
20 -inch leads between the thermistor and
its terminals on the circuit board. Using

Installation. The Sound -Signal Thermometer can be placed in any convenient

place in the house and is always ready
for immediate use. If desired, the thermistor can be mounted outside a window,
with the cabinet on a window sill, ready

to make outside temperature measurements within its range. When using external mounting, the thermistor leads
must be waterproofed to prevent resistance changes caused by rain.

a large container of water and an ac-

curate mercury thermometer, adjust the
water temperature consecutively (from

55 to 100 degrees F) to the various

temperature values to be calibrated.
With the thermistor placed two thirds
of its length into the water, set ,R1 until
the frequency of the audible tone is the
same in both the SENSE and SCALE
positions of S1. Mark the R1 dial in accordance with the thermometer readings. Calibration at 5° intervals is ade-

ARTS

TALK

quate. Do not allow the thermistor leads

to get wet as this may produce inac-

curate temperature indications.
When calibration is complete and has
been checked, remove the auxiliary leads

from the thermistor and reinstall it in
the cabinet.
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Throw
Together
"Quint-upler"
SHUNT

UPS RANGE
OF

YOUR

MILLIAMMETER

BY TOM GILBERT

HOW OFTEN has the pointer of your
milliammeter been deflected off scale

For example, if the meter has an internal
resistance of 100 ohms, the potentiome-

was slightly too high ? What did you do ?

resistor between 10 and 15 ohms.
The following discussion assumes that

because the current through the meter

Change meters or give up because you
didn't have a suitable meter at hand ?

If your measurements can tolerate a

modest inaccuracy, you need a "Quintupler."
The "Quintupler" is nothing more than

a simple variable shunt that you temporarily place across the milliammeter.

The shunt is made up of two resistances :
a potentiometer (R1) equal to, or slightly

greater in value than, the internal re-

sistance of the meter movement; and a

fixed resistor ( R2) with a value of about
10-15% of the potentiometer's resistance.

ter should also be 100 ohms, and the

your meter is a 0 -to -1 mA unit; however,
the same procedure applies to all current measuring meters. Before using the vari-

able shunt, adjust the current amplitude

through the meter movement only for

full-scale deflection. Plug the shunt into

the meter's inputs, leaving the power

connected. Now adjust the potentiometer
so that the meter pointer deflects to 0.5

mA to obtain an X2 range. For the X3,
X4, and X5 ranges, adjust the potentiometer so that the meter pointer deflects
to 0.33 mA, 0.25 mA, and 0.20 mA, re-

spectively. The X1 range is obtained

with the variable shunt out of the circuit.
Record pot position for each range.

This setup allows you to measure up
to 5-mA current amplitudes with only a
0 -to -1 mA meter movement. Using a

RI

greater than five times multiplication

R2

J

Values of of potentiometer RI and resistor R2 depend

on the internal resistance of the meter movement.
76

factor for any given meter movement is
not recommended since beyond this point

the adjustment of the potentiometer is
too critical.
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BUILD A
HART -65 TRANSMITTER
CLOSE TO THE
LEGAL LIMIT
NOVICE HAM TRANSMITTER
CAN BE BUILT

FOR 80 AND 40
USING ONLY ONE TUBE

By HARTLAND B. SMITH, W8VVD

OVER FIFTEEN YEARS AGO, the
author wrote about a Novice transmitter with an input of 22-26 watts which
cost about $20 to build.* Several months

ago a new version of this single -tube

transmitter was constructed. Through the

use of a modern tube, the power input
can be raised to 65 watts-but the con-

struction cost remains just about the

same-$20! Here is a Novice transmitter
for 40 or 80 meters that is easy to build
and provides just about the "mostest" for
the very "leastest" investment.
*POPULAR ELECTRONICS, April, 1955, "The Hart -25,"

page 30.
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The "HART -65" was carefully constructed to minimize television interference (TVI). All r.f. carrying components,

sibly fracture it, trimmer C/ has been

shielded within an aluminum box. The

passes through an r.f. choke, RFC2, and
any r.f. is blocked. However, the r.f. is
passed by C. to L1 and then on to out-

with the exception of the crystal, are

key and power leads are bypassed to con-

fine stray r.f. inside the case. A high -C
pi -network plate circuit discriminates
against harmonics that want to escape
up the antenna feed line. In the unlikely
event that a herringbone does appear on
your family's favorite TV channel, a co-

included to provide a means of adjusting
crystal current to a safe level.

The d.c. voltage to the plate of V1

put connector J1. Components C5, L1, and

C6 form a pi -network load and antenna

circuit which can be tuned to the op-

erating frequency. All of L1 is used for
80 meters, while a portion of the coil is
shorted by S1 when 40 -meter operation

axial cable and low-pass filter can be
connected between the transmitter and is desired. The output capacitor, C6, is adthe antenna.
justed to match the transmitter to a low
How It Works. The transmitter circuit

is shown in Fig. 1. The tube, a 6HB5,

was designed to be a TV horizontal amplifier, but it is also a highly efficient r.f.
generator. A 3.5 -MHz crystal is required
for 80 -meter operation and a 7 -MHz crys-

tal for 40 -meter work. Pilot lamp II indicates the r.f. current passing through

impedance feed line. Capacitors C7 and
C8 can be switched across C6 to extend
its impedance -matching range.

Although a telegraph key could have
been wired directly in series with the
cathode of Vi, this arrangement was not

used because it would have allowed a
very dangerous 700 volts to appear across

the exposed key terminals. Instead, 6.3
the crystal. The brighter the bulb, the volts from the power transformer is apgreater the current. Since too much r.f. plied to the coil of relay K1 by the teleenergy will overheat the crystal, or pos- graph key. The relay, in turn, keys the
C4

R2

391).
CI

.0Ipr

12

*41

LI

41

ANT.

VI
6HB5

9 -180 pF

X TAL IZZZZX

II

*47

C2

330
pF

R7

270
K

Re

270

_Li.

C18

1000F

+ C19100pF

F1

1 I/2 AMP
CK

I

C12

.001

Fig.

II

117 VAC

crystal current in the HART -

C13

.001
pF

65, and two or more pilot
lamps are used to indicate

BLACK

CI7
.01pF
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1. Note that a pilot

lamp is used to indicate

antenna current. In this way,
no meters are needed at all.
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transmitter. This arrangement keeps

high voltage inside the transmitter, where
it is less likely to attack a careless operator.

A built-in keying filter consisting of
R5 and C9 minimizes key clicks to pre-

vent undesirable interference to other
fellows operating near your frequency.

Safety is one of the most important

features of this unit. When the transmitter is properly buttoned up, there are no
exposed high -voltage points to shock the
unwary. Even across the key terminals,

PARTS LIST
C1-9-180 pF mica trimmer capacitor (Allied
Radio 43 C 3513, or similar)

C2-330-pF mica capacitor
C3-0.0047-0 disc ceramic capacitor

C4, C14, C15, C16, C17-0.01-0, 1000 -volt
disc ceramic capacitor

C5-15-409 pF variable capacitor (Allied Radio
43 C 3524, or similar)
C6-15.5-467.8 pF two -gang variable capacitor

a danger spot overlooked in many transmitters, the voltage is only 6.3 volts.
Choke RFC3, connected between J1
and the chassis, provides a d.c. path that
will immediately blow the 11/2 -ampere line

fuse, F1, should plate blocking capacitor

C4 fail, thus preventing a deadly voltage from ever appearing on the antenna or its feeder.

Since the HART -65 is strictly a CW
rig, its power transformer need only sup-

ply plate current during the short intervals when the key is depressed. Between

dots and dashes, as well as during
standby periods, the transformer loafs

along, merely furnishing a little heater
power to the 6HB5. The intermittent nature of CW operation makes it possible

to draw much more than rated trans-

former current under "key down" condi-

tions without causing the transformer
to overheat. Thus, a relatively small, lowcost transformer can be used.

(Allied Radio 43 A 3528, or similar)

A bridge rectifier utilizing the entire
T1 secondary, rather than half, as is the

or similar)

case with an ordinary center -tapped full -

C7, C8-510-pF mica capacitor (Aerovox 1464,
C9-1-0, 600 -volt paper capacitor

C10, C11, C12, C13-0.001-0 disc ceramic
capacitor
C18, C19-100-0, 350 -volt electrolytic capacitor
D1, D2, D3, D4-750-mA, 1200-PIV silicon

wave circuit, doubles the available d.c.

11-#47 pilot lamp
12, 13-#41 pilot lamp
.11-.50-239 coaxial chassis connector
K1-S.p.d.t. relay, 6.3 -volt a.c. coil (Potter &
Brumfield KASAY-6AC, or similar)
L1-22)4 turns of #20 wire, 1" diameter, 1/"

destroy the diodes. In addition, the capacitors also bypass r.f. around the di-

diode rectifier
F1 -1% -amp fuse (3AG)

long, tapped 7 turns from C6 end (Barker &
Williamson 3015 Miniductor, or similar)

R1-100,000-ohnt, /-watt resistor

R2, R6 -39 -ohm, 2 -watt carbon resistor
R3 -25,000 -ohm, 12 -watt wire -wound resistor
R4 -200 -ohm, 5 -watt wire -wound resistor

R5 -270 -ohm, /-watt resistor

R7, R8 -270,000 -ohm, 2 -watt resistor

RFC1, RFC2, RFC3-2.5-mH, 125-mA r.f.

choke (National R-50, or similar)
Sl, S2, S3-S.p.s.t. slide switch
TI -Power transformer: primary, 117 volts, a.c.;
secondary, 480 volts, CT @ 70 mA, and 6.3
volts @ 3 amperes (Allied Radio 54 C 1463,
or similar)
TS1-2-screw terminal strip

voltage. Disc capacitors C/4 through C17

in parallel with diodes D1 through D4

absorb stray voltage spikes which might
otherwise ride in on the power line and

odes to produce a clean signal in the

shack. Without C/4 through C17, if you
used your receiver as a monitor, the signal would sound disturbingly rough, even

though it would be clear as a bell at a
distance.

Resistor R6 prevents a high current
surge from ruining the diodes at the instant C18 and C19 first charge up when
the a.c. power is switched on. Two filter
capacitors in series are needed to withstand the "key up" voltage of the power
supply. Equalizing resistors R7 and R8 di-

1-10" x 6" x 3Y' aluminunt box (Bud CU -

vide the voltage drops across C18 and
C19 so that one capacitor is not subjected to a significantly greater voltage

Misc.-Fuse clip; compactron tube socket (ceramic); 1 -terminal insulated tie point; 2 -terminal insulated tie strips (3); 4 -terminal
insulated tie strips (4); crystal socket, 0.095" -

as bleeders to slowly discharge the capacitors after the power supply is

#6 screws (3); h" to %" shaft extender

No plate meter is included in the transmitter. If the transformer specified in the

VI-6HB5 tube
XTAL-See text

2110A, or similar)

diameter pins, 0.487" spacing; TA" spacers for

(Allied Radio 47 A 1109, or similar); knobs
(2); grommets, 5/2" mounting hole, w' i.d.
(6); grommet, 4" mounting hole, 11/32" o.d.;
4-36 and 6-32 machine screws and nuts; line
cord; plug; decals; wire; solder.
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than the other. These resistors also serve

switched off.

Parts List is used, the input to V1 will
be between 60 and 70 watts, safely below the 75 -watt Novice limit, when the
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2. D filling specifications for the chassis. The
photos on the opposite page show the
various holes and the location of all parts. Don't
Fig.

three

forget to drill 25 holes in the other half of the
chassis, directly opposite the holes on the top
panel. Crystal socket holes are drilled as required.
80

DIMENSIONS SAME Ae
ON LEFT SIDE

4"
4F33

7,

.1

4133
Top view of finished transmitter (right). Visible here
are the top and rear panels with mounted components. In this transmitter, only the power transform.
er and crystal are mounted outside the chassis. Note
that the three indicator lamps are mounted in ordinary rubber grommets fitted into drilled holes.
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RFCI

Fig. 3 (left and below). Views of the interior
of the transmitter. Mounting details of certain components are shown enlarged on
pages 82 and 83. Once the other half of
is secured in place, the entire
transmitter is shielded, and all high voltages are safe from accidental contact.

the box
JI

rig is tuned for maximum output as indicated by 12 and IS.
Construction. A 10" x 6" x 31/2" metal

box serves as both cabinet and chassis
for the transmitter. Major dimensions
are shown in Fig. 2, while the photos on

p. 77 and below show what the final unit
looks like. A few of the small holes re-

quired for mounting the insulated tie

strips have been omitted from the drawing because their exact positions will depend on the configuration of the mounting holes of the tie strips you buy. The
crystal socket holes are also missing for
the same reason.

It is very important that you drill all

of the 1/4" -ventilation holes visible in the

photos and called out in Fig. 2. Otherwise, the considerable amount of heat
generated by V1 will be trapped within
the chassis. Four rubber feet, at least
y," thick, should be fastened to the bottom of the box so that it will clear the

operating table sufficiently for air to
circulate easily through 25 holes drilled
in the bottom directly beneath the tube.
Indicator lamps 11, 12, and 13 require
no sockets. They are merely pressed into

1/2" grommets with %" holes just far
enough to assure a good friction grip
(see photos). Appropriate leads are then

soldered to the bases and tips of the
bulbs.

Since relay El is rather noisy, shock mount it to prevent the chassis from act 1970 Winter Edition
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Fig. 4. Details of vacuum tube
L -bracket (top) and rectifier and
bypass capacitor mounting (bot-

tom). The bracket is a narrow
piece of scrap aluminum bent
R3

KI

C9

R5

into an L -shape as shown with
the vertical section about 11/2"
long; mount the socket so that

pin 4 faces the chassis. Also

clearly shown in lower photo are
the 4-36 screw and nut that prevents the rotor of C5 from opening fully to avoid accidental operation on 20 meters. Note method

of "countersinking" Ll's turns
on both sides of tapped turn.

CI8

D2

DI

D3

D4

KI

ing as a sounding board. In the prototype, the positioning lug on the base of

and then epoxying the relay to the sponge.

bolt. This grommet was inserted in the

C6, remove and discard the trimmer adjusting screws, mica insulation, and trim-

the relay was cut off. Then, a 1/4" grommet was slipped over the 6-32 mounting

Details of the underside of the chassis

are shown in Fig. 3. Before mounting

hole of a 1/2" grommet. A washer was mer plates located on the side of the
placed over the short portion of the capacitor. Since C6 has a 3/8" shaft, a
3/8"

"-to-%" shaft extender is required to
sis and the relay was secured in place adapt it for a knob having a 1/4" hole.
with a 6-32 nut. These mounting details Fasten capacitor to chassis using three
can be clearly seen in the photos be- %" long, 6-32 screws that pass through
tween the Band Switch and ventilation 1/2" spacers and then into tapped holes in
holes on the top of the unit. An even the bottom of the capacitor frame.
mounting bolt protruding above the chas-

quieter mount can be achieved by epoxy -

Attach C5 to the front panel with three

124" x 6-32 screws that have been cut
sponge to the underside of the chassis down until they are long enough to hold
cementing a 1" -square chunk of plastic
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chassis. When V1 is plugged into the
socket, the envelope of the tube should
clear the bottom cover of the chassis by
approximately 3/4".
Wiring.

After mounting the major

components, start wiring the power supply section. The red -yellow center tap of
T1 is not used. Snip it short and insulate
the stub with electrical tape. When sold-

ering diodes D1 through D4, grip their
leads with long -nosed pliers to drain
away excessive heat.

While wiring K1, TS1 and Si, keep

The three bulbs are press -fitted into ordinary rubber grommets. The crystal is mounted adjacent to
11. Note that 12 and 13 are connected in parallel.

the capacitor, but not so long that they
extend through the frame far enough to
touch the rotor. There are five holes in

the rear of C5's frame. Fasten a 4-36

screw in the upper right hole, as shown
in Fig. 3, to prevent the rotor from opening fully. This action restricts the tuning
range of the capacitor and will prevent

in mind that you must leave room for L1,
which will be installed after the balance
of the circuit has been completed. Before

installing Li, bend the turns on either

side of the tapping point inward so that
there will be plenty of clearance to prevent a blob of solder from creating an
unwanted short.

Cut the leads of R2 very short and
solder the resistor directly to pin 7 of
V1. A wire about 6" long can then be
run diagonally across the chassis from

the other end of R2 to a one -terminal tie

you from accidentally resonating the point supporting the junction of RFC2
transmitter at 20 meters when you're and C4. ( See Fig. 3.)
tuning up on 40.

Support V/'s socket on an L -bracket

approximately 11/2" high, as shown in

Fig. 4, with the pin -4 side towards the

Resistor R1 is connected between pin

11 and pin 4 of V/'s socket; C2 goes
from pin 4 to a ground lug under the
mounting nut that holds V1's socket to
the L -bracket; CS runs between pin 2

and the same ground lug; and RFC1 goes

from pin 10 to a two -terminal tie strip

which also supports R4.
Solder the terminal of Cl which is part
of the capacitor's movable plate directly

to pin 11. Run a wire from the other

end of C/ to the crystal socket.
When you have completed the overall

wiring, apply the following words in a
prominent spot on the underside of the
chassis: "DANGER! HIGH VOLTAGE.

CLOSE RELAY. SHORT B PLUS." These

will remind you that after pulling the
a.c. plug you should close the relay momentarily with an insulated prod to dis-

charge C9 and you should ground the

positive end of C18 with a shorting stick
or the blade of a screwdriver with an insulated handle before working on any below -chassis component. Don't neglect
these warnings. The bleeder on C18 and

Details of the area around the tube socket. Trimmer
Cl adjusts crystal current as indicated on lamp 11.
Antenna output connector .11 is on the right panel.
1970 Winter Edition

C19 works quite slowly, and the large
value of capacitance in C9 can hold a
nasty charge for several days!
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Crystals. Use a 3.5 -MHz crystal for the

80 -meter band, or a 7 -MHz crystal for
40 meters. Although the transmitter will
put out a 40 -meter signal with an 80 meter crystal if C5 is inadvertently set
near minimum capacitance, NEVER op-

time the key is operated. When C/ is
properly adjusted, indicator lamp 11

( marked XTAL) will barely glow. If it
lights up brightly, too much current is

will radiate a strong subharmonic at the

flowing through the crystal.
Bear in mind, too, that Ti, V1, the r.f.
chokes and several resistors are operated
above their continuous -duty ratings.

fundamental frequency.
Use only FT -243 type crystals, which
are furnished in Bakelite cases that measure approximately 9A6" wide, 11/8" high,
and 7116" thick. They are widely available

10 seconds at a time. Always allow a 15 second cooling interval before operating
the key again.

erate the rig in this manner because it

on the surplus market at prices ranging
from $1 to $1.50. Smaller HC6/U hermetically sealed crystals cannot be used
in the HART -65 because they will overheat, drift, and possibly shatter.

The transmitter will not function satisfactorily on the 20-, 15-, or 10 -meter

bands. Don't attempt to modify it for
such service.

Testing. The power supply delivers up

to 700 volts. Consequently, while per-

forming the following tests, you must be

Therefore, when you're tuning the rig,
never hold the key down for more than

Antennas. For maximum performance
and minimum harmonic radiation, separate center -fed half -wave antennas for 80
and 40 meters are recommended. Do not

attempt to get by with a multiband radiator or a random -length wire.

If an 80 -meter dipole is too long for
your piece of real estate, don't hesitate
to bend it around corners, or even droop
the ends. Whatever the final arrangement,

sure to keep your fingers out of the

125' FOR 80 METERS
65' FOR 40 METERS

works!

After double-checking for wiring er-

rors, plug in the power cord, attach a

-44

100 -watt bulb to J1, plug in an 80 -meter

crystal, and connect a telegraph key to
TS1. Tighten C/ for maximum capaci-

tance. Set C5 (Tune) and C6 (Anti Loading) at maximum capacitance, place Band
Switch S1 in the 80M ( meter) position,
and place the Pad switch (S2) in the IN
( closed) position. Turn on the a.c.
power. After a one -minute warm-up, close

the key. Relay K1 should click shut.

Slowly reduce the capacitance of C5 until
the 100 -watt lamp glows brightest. Mark

the position of C5's knob with "80M".
In the future, whenever you work 80 meters, C5 should always be set to approximately this point.

Plug in a 40 -meter crystal. Place the
Band Switch (S1) in the 40M ( meter)
position, and set the Pad switch ( S2 ) in
the OUT ( open) position. Adjust C5 for
maximum lamp brilliance, and mark the
position of the tuning knob with "40M".
Remove the antenna from your ham re-

ceiver and tune in the transmitter's sig-

nal. Send a series of rapid dots while
slowly opening C/ (reducing capacitance)

with an insulated screwdriver. Use only
enough capacitance to assure reliable,
chirp -free starting of the crystal every
84

7 X 22 STRANDED
ANTENNA WIRE
SHORT LENGTH OF

RG-59/U COAX
HART -65

BELDEN 8222
75 -OHM TWINLEAD
ANY LENGTH

COMMERCIAL LOW-PASS FILTER

IT IS ADVISABLE, FROM A SAFETY STANDPOINT,
TO CONNECT AN EARTH GROUND TO THE TRANSMITTER CASE
NOTE: UNLESS TVI IS A PROBLEM, OMIT COAX AND LOW-PASS
FILTER. CONNECT TWINLEAD DIRECTLY TO JI

Fig. 5. Suggested antenna system for the HART -65.

The commercial TVI filter is an optional feature.

though, make certain that you have a
total of 125' of wire in the air.

Although the antenna itself must be
cut to the dimensions given in Fig. 5,
the feeder can be of any convenient
length. RG-59/U coaxial cable can be

used if you want a fancy installation, but
Belden 8222 75 -ohm receiving -type twin

lead, at $1.65 per hundred feet, will cost

a lot less and will perform quite satisfactorily.

On The Air. Plug in the appropriate
(Continued on page 94)
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Unique Component Disregards Ohm's Law
BY NORMAN CRAWFORD

AMONG THE SCORES of semiconduc-

tor devices available to the modern
electronics enthusiast, none seems to be
more underestimated and misunderstood
than the zener diode. Since the zener di-

ode has the unique ability to regulate

voltage within precise limits, regardless
of changes in load impedance or supply

voltage, this is indeed a strange situation.

The zener diode is not only unique

among solid-state devices : it is also one
of the most important in terms of circuit
efficiency and safety. The experimenter

that is unnecessarily top-heavy with
technical details.

Voltage -regulator circuits are most
commonly employed in electronic power

supplies, but they are applicable to any
circuit in which a constant -level voltage
is required. To understand why voltage
regulation is so important, it is necessary to review the conditions that exist
when there is no regulation.

Consider the output circuit of an unregulated electronic power supply. In its

or hobbyist who fails to take advantage
of its properties works under a handicap.
Even so, its relatively uncommon usage
suggests that many experimenters do not

simplest schematic representation, the
circuit consists of an input voltage, a
supply resistance, and an output resistance. The input "sees" the two resistances as a voltage -divider network. If

dubious value.

just half of the input. Therefore, with

the market dealing with zener diodes,
most of them are written for engineer-

15 volts input, the output is 7.5 volts,

fully understand how the zener diode
works-or they dismiss it as being of
While there are several good books on

both resistances are of equal valuesay, 1000 ohms-the output voltage is
10 volts input, the output is 5 volts ; for
and so on.

ing -level readers. The few books that are
less technical rarely do more than inform

the reader that such devices exist. This
article bridges the gap between little or
no useful information and information
1970 Winter Edition
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0-
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I

5V
OUT

--0
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The important point to bear in mind
here is that these output voltages are

ideal; no load has been connected across
the output. Now, replace the output resistor with a 5 -volt zener diode, and apply 10 volts to the input.
Rs
I

io v
114

0-

5 -vOLY

zENEFI 0,00E

This shows that, while a resistor behaves
according to Ohm's law, the zener diode

-0
SV

OUT

As before with the two 1000 -ohm re-

disregards it, changing its effective resistance as needed to provide a constant
output voltage.

To see how this unique ability of the
zener diode can be put to good use, consider a hypothetical power supply whose
5 -volt output (unloaded) is unregulated.

sistors in the circuit, the voltage divides
exactly in half so that 5 volts appears at
the output. What happens when the input potential is raised to 15 volts? Oddly
enough, the output remains at 5 volts as

a result of the regulatory ability of the
zener diode.

In the voltage -divider circuit, accord-

ing to Ohm's law (I = E/R), current

.6".."Svorci4
opEN

PowER

VIII

When the load is switched into the output circuit of the power supply, its output drops to 4 volts.

voltage jumps up to 7.5 volts.

When a 5 -volt zener diode is substituted for the output resistor, however,
a strange phenomenon takes place when

the input voltage is increased. With a
10 -volt input, 5 mA must circulate to

ScN
ra

PowEJ

put potential must be E., = I x R

rent flow becomes 7.5 mA and output

Cat- 5 v0vr s
0

SUPPLY

flow through the circuit is 5 mA when
the input is 10 volts. Therefore, the out0.005 x 1000 = 5 volts.
By applying Ohm's law for a 15 -volt
input, it can be determined that the cur-

0-

SUPPLY

Now, give a few values to the hypothetical components inside the power
supply: 1000 ohms each for the supply
and output resistances, and 10 volts for
the source. To keep the example simple,

assume that the load is an ordinary
2000 -ohm resistor.

produce a 5 -volt output.
I Kn.
=710N/

T

A
IOV
IN

IKC)

5 -VOLT
L) 0 DE
ZENE

E OUT: -

5/

Thus, the same current -voltage relation-

ship as in the voltage divider network
exists when the zener diode is substituted and a 10 -volt potential is applied

IKSL

;

r

5 VOLTS

0

With the switch open and the load

disconnected, the output is 5 volts with
5 mA in the output resistor. Closing the
switch puts the 2000 -ohm load in paral-

lel with the output resistor so that the
6 mA now drawn from the source divides: 4 mA through the output resistor
and 2 mA through the load resistor.

to the input.

Raising the input to 15 volts causes

the zener diode to conduct more current
(10 mA), but it maintains a 5 -volt out-

put in spite of the increased current.
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Using Ohm's law, E.., = 2000 x 0.0002
4 volts. What happens is that the load
resistance shunts the output resistance,

decreasing the total resistance "seen"
by the source and reducing the voltage
drop across the load.

How can the zener diode help? Well,
first, substitute a 5 -volt zener diode for

the output resistor. With the switch

open, there is a 5 -volt drop across the
diode as in the example discussed earlier.

The difference is that, when the switch

is closed and the load is connected to the
output of the power supply, the current
still divides -2.5 mA going to the zener
diode, and 2.5 mA going to the load.

Even before complete current starvation, however, most zener diodes indicate

their inability to maintain regulation by
allowing the output voltage to sag.
A good rule of thumb is to keep about
20% of the zener diode's maximum current flowing through it when the load is
heavy. To determine maximum current
handling ability, you need only apply the
power formula: P = IE. Let us assume
you have a 5 -volt, 1/2 -watt zener diode
and you want to know its maximum current handling ability. Since P = IE, I =

P/E = 0.5/5 = 100 mA. The current
through the diode should not be allowed
to fall below 20 mA.
CU

.NT Tb LOAD

5- voLr,

-.

WATT
ZENER

0

i0 OE

LOAD

All of the foregoing may be very in-

The reduction in current through the
zener diode has little or no effect on it
(up to a certain point), and the diode

teresting, but what practical applications
are there for zener-diode regulation?
One of the more common uses

for the

maintains a constant 5 -volt output. As a

zener diode is in reducing and maintain-

(it can be any other type of load for
that matter), it cannot ignore Ohm's
law, so it draws current: /load = E/R

9 -volt d.c. supply and you wish to operate it from the 12 -volt cigarette lighter

result, the 2000 -ohm load has 5 volts
across it. Because the load is a resistor

5/2000 = 2.5 mA.
At this point, you might well ask what
would happen if the load were to drop to
1000 ohms. To find out, simply apply the

above formula again, substituting 1000
ohms for the 2000 ohms in the denominator. Thus, the current now required
by the load is 5 mA; but with this new
drain, the zener diode is completely deprived of current.

ing voltages to and at a safe level. To
demonstrate, let us say that you have a
portable radio receiver that requires a
accessory in your car. Obviously, you
need a 9 -volt zener diode.

Designing the regulator circuit is relatively easy. If the radio receiver draws 5
mA of current, and the battery potential
is 12 volts, you must first determine the
maximum zener diode current allowable.
Let's take a guess and start with a 1/4 watt zener diode. Using the power formula, I... = P/E = 0.25/9 = 27.8 mA.

Twenty percent of 27.8

is 5.56 mA.
Hence, 10.5 mA must be drawn from the

5mA\

ewrikE smA
Rtquik61)

voltage source -5 mA for the load, and
5.5 mA (minimum) for the diode.

EY 1..PAO

I K.L1-

*NO CURRENT

LEFT FOR

2ENkIi

10.5 rri A

II. I K
LOAD
12V

With no current available for the zener
diode, it ceases to conduct, and the voltage across the load begins to decrease
with further decreases in load resistance.
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We know now that 10.5 mA must flow
87

through the resistor, tha't the battery is

power formula; P = 0.0133 x 9 = 119.7

tor, and that the drop across the diode

mW) maximum for the zener diode.

holding 12 volts on one side of the resisis 9 volts.
qV

I2V
12 V

mW-still well below the 1/4 -watt (250

But we're not finished yet. We still
have to check on what is happening to
the resistor; P = 0.0133 x 4 = 53.2 mW
-again well within the maximum 1/4 watt rating. Everything checks out.

Now, assume that 1 or 2 mA more
current is drawn (as a receiver with a

3

T

The result is that 3 volts is dropped

across the resistor. Ohm's law now tells

class -B output circuit is likely to do on
high -volume settings) and that the
source suddenly decides to drop to 11
volts.

us the value of the resistor: R= E/I =

voltage drop/current = 3/0.0105 = 286

ohms. Because 286 is not a standard

2V
I ONLY 6.6 r. A AvAtoeis
I:ENDA/AOC
-30011
30011

ohmic value, we would use a 300 -ohm
resistor. Next, we use the power formula
to determine the power rating required :
P = 0.0105 X 3 = 31.5 mW. Almost any

0

IVVIINA/V,"

IIV IN

iiv-ci

LOWER

VOLIA0E)

commercially -made 300 -ohm resistor can

7mA NEEDED Ely LC:DET

1

5.5m A
NEEDED

2V

RY

ZENLR

LOAD

0

be used; it just has to dissipate more
than 31.5 mW.

While the circuit components thus se-

lected will almost certainly work, let's
find out how they will bear up under
"worst -case" conditions. First, assume

that power

disconnected

is suddenly

NO CURRENT

rs4eriNTO LOAD

S mA

-0 -X -

0---AANVvL

ALL CUI;iGkEt4T

INTO zENER

LOAD
DI SCONwEcTED

Just as suddenly, the entire 10.5 mA is

now diverted to the zener diode-and
while we're at it, let's assume that the
input voltage chooses this instant to
jump up to 13 volts.
rIo.SmA 113.3rnA
I3V

30011

rent drops to about 6.67 mA.

Unfortunately, the receiver requires 7

current, the zener diode stops regulating,
and the output voltage drops until there

is enough of a drop across the resistor
to supply the receiver's needs. As the
supply voltage drops, the receiver will
probably operate less than satisfactorily. The regulator circuit is a failure,
and something has to be done to rectify
the problem.
All is not lost, and because of the sim-

plicity of the circuit, the solution is also

simple. Something must obviously be
done about the resistor. Since we know
that the zener diode requires 5.5 mA of
current to operate and the receiver requires an additional 7 mA, 12.5 mA must
come through the resistor.

EXTRA CURRENT
CAUSED Ely HiGnni,

voLTA6E
e

q

through the resistor. As a result, cur-

mA to operate properly. Deprived of

from the receiver.

Lto,

This leaves only 2 volts, dropped across
the source resistor, to drive the current

7rnA FOR LOAD >

12-5mA NEEDED

4VOLT%

--X-311
3C

13, 3 m

13V -qv
13 V IN
=4VDRWP
( HIGHER
YOLTA0E)

TOTAL
CURRENT

6,EMA
POE

TUNER

LOAD

O

As you can see, the current through the

diode jumps to 13.3 mA. Back to the
88
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SEIMED-REFLEX

SPEAKER SYSTEM
Build something new in hi-fi-a passive radiator system that provides
better bass, dynamics, and efficiency
BY DAVID B. WEEMS

I F YOU'VE BEEN PLANNING to build

a compact speaker system but can't
decide between using a bass reflex or a

sealed enclosure, why not build a sealed

reflex? By adding an extra "speaker

cone" to your enclosure, you can obtain
increased bass performance without
using ducts or ports.

Experiments to add "free" bass performance have been going on for more
than 15 years in projects called by such
names as "drone cone," "auxiliary bass
radiator," and "passive radiator." The
common denominator of each of these

projects has been the addition of a freely
suspended speaker cone (speaker minus
its magnet assembly and voice coil) to a
sealed enclosure. Some of the results obtained from these experiments have giv1970 Winter Edition

en rise to the sealed -reflex speaker system described here. The system consists
of a full -range 8" loudspeaker and a com-

plementary cone which the manufacturer, James B. Lansing, terms a "passive
radiator."
About the System. The sealed reflex offers several advantages over the conventional compact speaker system. Noticeably improved bass response is possible
in the sealed enclosure with the use of a
passive radiator. While an ordinary bass

reflex will provide approximately the

same results, there are a few differences.

The air in the port of a bass -reflex
system does not necessarily move in

phase with the movement of the speaker

cone at all frequencies nor even at all
89

The PR8 (right) is nothing more than heavy speaker cone without
voice coil and magnet. Cone is tuned by adding circular weights.

points across the port. The passive radiator, on the other hand, maintains an

in -phase movement of air over its entire
surface and throughout its effective
range. Thus the possibility of unwanted
mid -range reflections through an open

port is eliminated. Proponents of the

sealed -reflex system claim that it gives a
"warmer" tonal quality to the sound than
does the bass -reflex system.
Any cone mounted inside a sealed enclosure produces extra bass at some frequencies, but its range and freedom from

closure sizes by a change in its mass.
When used with the JBL Model LEST
complementary 8" loudspeaker it is possible to obtain low -distortion wide -range
response with greater efficiency and dy-

namic range than with the usual compact speaker system.
Construction.

The enclosure for the

passive radiator system features unitized
construction; each wall of the enclosure
is permanently bonded and sealed to the

distortion are determined by the mass

other walls. This procedure is possible
because the speakers are front mounted.

sion must be linear and compliant because the passive radiator, having no
electromagnetic control, moves much

screws) for the speakers is supplied.
To achieve a clean professional appear-

and suspension of the cone. The suspen-

farther than a driven speaker's cone. The
JBL passive radiator, Model PR8, used

in this system, was designed for free

movement and is tunable to various en-

23 1/2"
22"

The hardware

( T -nuts

and machine

ance when assembling the enclosure,
bevel the mating edges of the top, bot-

tom, and two side panels at a 45° angle.
Leave the front and rear edges of these
panels square. If you have no facilities in

3/8"-.- -.--

I.-3/e
- - rr-

1

1

r1

i2-3gi"

II

H
I
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I
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1

I

I

I

/
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I

I
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I

I
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21 7/8"
1. "Unitized" construction-sides, front,
and rear panels permanently glued and screwed

Fig.

1-1/2"

together-is featured in the enclosure design.
dm;

11-1/2"

II

-1/ 2"

I

MASK CUT FROM V4"PLYWOOC1
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your workshop for making the beveled
edges, be sure to adjust the sizes of the

panels used so that the enclosure has
the same inside dimensions called out in
Fig. 1.

After cutting the lumber to size, prepare the speaker mounting board as follows. First cut the two 7" -diameter

using one brass and one steel bolt, or by
some other method so that you can identify the polarity of the speaker. Connect

a 24" length of twin -lead cable to the

screws.

Next, cut the cleats and corner Mocks
to size, and drill 1%4" holes, along their

center lines, in one direction every 4"
apart. Set the cleats aside, and drill the

speaker holes. Then drill WA" guide
holes every 4" apart and %" in from

same size holes through the corner blocks

from the front of the board and mark

alternate these new holes with those already drilled. (The 11/x4" guide holes

the edges of the mounting board. Temporarily set the speakers into the holes

in the other direction every 4" apart;

the location of the mounting holes. Re-

should be used only in a construction

move the speakers.

carefully drill the mounting
holes at 90° angles to the surface of the
board ( if you have a drill press, use it)
Now,

with a 1,2." or 1%4" drill. Install the T -nuts

by driving them into the holes from the
inside surface of the board.
Replace the speakers into their respec-

tive holes, and temporarily screw in the
machine screws to check for proper fit.
Finally, remove the hardware and speakers and set the speakers aside in a safe
place. When handling the speakers, be
careful not to touch the cones or alumi-

member that holds the head of the screw.
Use 7,114" or 3%" guide holes for the part
receiving the threads. Also, countersink
all 11;;4" holes to provide a flush surface
over the screw heads.)
The quickest and most efficient way to
obtain a good seal is to use glue liberally
between all surfaces to be joined. There-

fore, glue and screw the long cleats to
the long sides, leaving a margin of 3/4"

num domes.
Prepare the rear panel by drilling 111;4"

guide holes every 4" around the edges,

recessing them %" in from the edges
as done with the speaker mounting
board. Drill two small holes near the
center of this panel, and insert two tightfitting bolts to serve as terminals for connection to the speaker. Code the bolts by
BILL OF MATERIALS
1-James B. Lansing Model LEST 8" loudspeaker*
1-James B. Lansing Model PR8 8" passive
radiator*
2-23,/z" x 113/4" x 3/4" pieces of interior -grade
plywood for sides

2-123" x 1194" x

pieces of interior -grade
plywood for top and bottom plates
pieces of interior -grade ply2-22" x 11%" x
wood for speaker mounting board and rear plate

1-2174" x 11q- x 4" piece of plywood for

mask; see text
4-22" x y4" x 9.4" pieces of pine for side cleats
4-994" x 94" x 3/4." pieces of pine for top and
bottom cleats

4-83" x 3/4" x 3/4" pieces of pine for corner
blocks

Misc.-94"-wide trim cut to size; 6-doz. #8 flat-

head wood screws; glue; fiberglass wool; carpet
tacks; grille cloth; two -conductor cable; stain;
etc.

*James B. Lansing loudspeaker and passive radia-

tor are available from most well -stocked hi-fi
centers or can be ordered through franchised
JBL retailers.
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Fig. 2. Corner blocks, drilled in two directions,
must be used to anchor sides to top and bottom.
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Line the top, bottom, sides and rear
wall of the enclosure with a 2" -thick
layer of acoustical fiberglass. Glue and
screw the speaker mounting board to the
front of the enclosure. This board should
be recessed from the front edges of the
enclosure by approximately IA" at this
time.
Cut four pieces of 3/4" -wide wood trim

to size, and frame the front edges of the
enclosure; use glue to hold the trim in
place. Sand and stain all outer surfacesexcept speaker mounting board. If you
use wider trim, it should be secured as
the final step in assembly when the grille
cloth is in place.

Before mounting the passive radiator,
remove the screw that anchors the discs
at the rear of the radiator. Remove one
of the discs. Then reassemble one disc,
the large washer, the small lock washer,
and the screw in proper sequence, and

tighten the screw back in place-but
don't over tighten. The passive radiator
is now tuned to the enclosure.
Connect the speaker cable to the speak-

Fig. 3. Two screws, inserted through rear of
enclosure, serve as electrical connectnons.

at the rear and 1W' at the front. Do
the same with the corner blocks.

Set up a long side and either the top
or bottom panel with the beveled edges
matching. Mark the points where the
screws from the corner block will enter
the top or bottom panel. Drill the small
guide holes about %" deep at these locations. Glue and screw the two pieces
together ( see Fig. 2) , and repeat this

process until both sides and top and bottom are assembled.

Now glue and screw the 93i" cleats

to the top and bottom panels. These cleats
must fit snugly between the longer cleats

to prevent air leaks when the enclosure
is fully assembled. Glue and screw the
rear panel in place as shown in Fig. 3.

er, taking care to note polarity. Mount
the passive radiator and speaker in their

respective holes as shown in Fig. 4. You
will notice that the edges of the speakers
protrude about 1/4" in front of the speaker mounting board. For this reason it is

necessary to fabricate a mask from

%"-thick plywood, following the dimen-

sions provided in Fig. 1. This mask
should be slightly smaller than the
speaker mounting board-how much

smaller will be determined by the thickness of the grille cloth.
Drive several %" carpet tacks through

the front of the mask. Set the side of
the mask with the tack heads showing
over the grille cloth, fold the edges of
the grille cloth over the edges of the
mask, and staple. Set the mask over the

speakers, pushing the tacks into the

speaker mounting board to anchor it sol-

idly. If you are using larger than 3/4 wide trim, now is the time to glue it in
place.

PASSIVE RADIATOR TUNING TABLE

Conclusion. This enclosure offers a good

compromise between space and perfor0.75-1.0 cu. ft.
1.0-1.5 cu. ft.
1.5-2.0 cu. ft.
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use two discs
use one disc
use no discs

mance requirements. The LE8T/PR8

combination can be used in any enclosure

from less than one cubic foot to two

cubic feet in volume. It is estimated that
a two -cubic -foot passive radiator system
ELECTRONIC EXPERIMENTER'S HANDBOOK

Fig. 4. T -nuts and machine

screws are provided to fa-

cilitate passive radiator
and loudspeaker mounting.
Note that the LE8T and PR8
are designed for mounting

through the front of the
speaker

mounting

board.

will equal the performance of a four- or
This is

HOW DOES IT SOUND?
probably the most expensive hi-fi

speaker -system construction project published

in the EE HANDBOOK. The author and his
colleagues all report that the sound from the
JBL LE8T-PR8 combination is "pleasing." The
bass may be less heavy than in certain other
compact systems (selling at about the same
price this system costs to build), but it seems
natural. Transient response is particularly good

and there is little doubt this system has the
"edge" in dynamic range. In fact, this combination

is thought to be more lively than a

well-known system selling for $25 more than
construction

costs.

"warmth" of tone

There is

a

feeling of

the sound-especially
in the reproduction of the lower string notes.
in

five -cubic -foot bass reflex system. If you

wish to use a different size enclosure,
tune the passive radiator according to
the table shown on page 92.

Although the tuning specifications
specified are those recommended by JBL,

you can vary them to match your own
tastes. You might also want to experiment with more or less fiberglass padding. When you obtain the quality of

sound you want, you're in business. The
sealed reflex system will handle up to 20

watts of power but it is efficient and
may be used with a low -power amplifier.

--

and the last to open when S2 is depressed.
GADGET BOX

(Continued from page 28)

For the ticker circuit, two controls
were used-the on/off switch, Si, is a

switched potentiometer, but the potentiometer section is not used; and a sepa-

rate pot was used for R3. If you wish,
for the interconnections. You can anchor
the 9 -volt battery to the perf board with

a length of wire as shown in the photo
on page 28.

As far as controls are concerned, you
can select almost any type that suits your

fancy. The d.p.s.t. push-button switch
designated for S2 in the Parts List requires some preparation before installation. First decide which set of contacts
you will use as the power switch for the
siren assembly. Then, bend these contacts so that they are the first to close
1970 Winter Edition

you can use just one switched pot to control the tick rate and power. Almost any
general-purpose unijunction transistor
can be used for Ql.

If you're going to paint the cigar box

or decorate it with adhesive -backed vinyl,

do so after drilling but before mounting
any of the parts. Then, when you're finished with construction, show your child
once or twice how the controls work and
the functions of the Gadget Box. Then,
quietly back out of the room and leave
him to his own devices.
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HART -65 TRANSMITTER

VOLT -OHMMETER

(Continued from page 84)

(Continued from page 62)

crystal and antenna. Place the Band changes, adjust R2 on the V/F module to
Switch (S1) in the appropriate position. get an identical 001 reading with the

Set C5 (Tune) at the correct band mark,
then place the Pad switch ( S2) in the
IN position. Slowly reduce the capacitance of C6 (Ant. Loading) while slightly
readjusting C5 for brightest indication on
12 and 13 ( marked Line). On 40 meters,

you may find it necessary to place the

Pad switch in the OUT position to obtain

the most power from the transmitter.
If lamps 12 and 13 are very dim, or

input test leads either open or shorted.
Center the adjustment on the 001 reading and then adjust it slightly lower, favoring the 000 reading.
DIGITAL VOLTMETER SPECIFICATIONS

Ranges: D.c. volts: 0-2, 0-20, 0.200. Ohms:

0-200, 0.2000, 0-20,000, 0-200,000. Range

don't glow at all, disconnect one of them.
This will double the current through the

extendable to anything that can be

one in parallel with the other two to
prevent them from burning out. Bulb
brightness is dependent on feed line

millivolts on 0.2 -volt range, ±0.5 ohms on

other and you should then get a usable
indication. On the other hand, if the
bulbs are very bright, you may find it
necessary to add a third-similar-bulb,

length and the amount of standing wave

present in your particular installation.
Since 12 and 13 are relative indicators
only, just tune for the best indication

repre-

sented by a variable 0 -2 -volt d.c. signal.
Input Impedance (Voltmeter): 0-2, 1 megohm; 0-20, I megohm; 0.200, 10 megohms.
Maximum Ohmmeter Current: 0-200,000
ohms, 10 µA; 0-20,000 ohms, 100 µA; 0-2000,
1 mA; 0-200, 10 mA.

Resolution: One part in 200, any range. ±5

0 -200 -ohm range.

Accuracy: Better than -±-1% of full scale, -2:1

count over most portions of most ranges. Internal calibration with
mercury standard.

1.35 -volt

secondary

Stability: Less than 1 count drift per 20 minutes after 15 -minute warmup.

and forget about how bright or dim they
are at maximum output.

Noise Rejection: Instrument is a fully integrating, multiple slope type and is essentially
"blind" to any 60 -Hz line -borne hum or noise
and has a high degree of rejection to all other

process, the knob of C5 should be fairly
close to the band marked on the panel.

high -frequency noise.
Update Time: 15 measurements per second;
instrument integrates input for 16.7 milli-

When you've completed the tuning

If it isn't, your antenna is not properly
constructed, the Band Switch is in the
wrong position, or C6 has been set at

too low a capacitance with the Pad switch

in the OUT position. In any case, don't
work 80 meters with C5 at less than half
capacitance, because the nearer C5 ap-

proaches minimum capacitance, the more

likely the transmitter is to put out an
unwanted 40 -meter harmonic.

While testing the prototype, Novices
and Generals were worked throughout
the U.S. and Canada on both 80 and 40
meters. The little rig has a click -free
pure d.c. note that is a joy to copy. It is
rock -steady on 80, and its 40 -meter sta-

bility compares favorably with that of
many low-cost VFO transmitters presently on the market.

If you're looking for an inexpensive
way to put out a truly effective signal,
the HART -65 is a construction project
well worth considering.
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seconds and displays for 50 milliseconds.
Miscellaneous: Automatic overrange indicator, floating decimal points for "actual
value" indication; zener input protection; polar-

ity reversal switch; internally self -calibrating;
useful accuracy to 200% of full scale.

To calibrate the ohmmeter portion,
ZERO and CALibrate the DVM as described above. Then place the test leads
across a precision 1% resistor between
1300 and 1500 ohms ( do not use higher
or lower values) and switch to the 0-2K
resistance range. If the DVM does not
read exactly the resistance being mea-

sured, adjust R13 on the V/F module
till it does. The instrument is now fully

calibrated on all scales.
Readjust the ZERO and CALibrate 1.35

front -panel controls any time you like.
This gives you an instant check on how
the DVM is doing. The internal trimmers

will rarely need readjustment.
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BUILb Tit

PO
Get Ahousandth

of-ikseconil
accuracy up to

I

minutes-useful
for a variety
of sports events

THE AVAILABILITY OF LOW-COST

decimal -readout counting units has
created an entirely new "ball park" of
experimentation for the advanced electronics hobbyist. This new area is digital -readout instruments and we will be
publishing several articles on such proj-

ects in the issues to come. The first is
the "Sports Timer," a real-time clock,
described here.
1970 Winter Edition
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QI

++

I

RESET

COUNT

I

I

ICARRY

Fig.

The clock is basically a combination
of two previous projects ("Low -Cost
Counting Unit," and "Ultra -Fast Electronic Stopwatch," 1969 Winter Edition,

ELECTRONIC EXPERIMENTER'S HANDBOOK,

1. The modulo6 counter indicates

only up to five, then returns to zero.

Simultaneously, it passes a carry (trig-

ger) pulse to the next decade counter.

PARTS LIST

with the addition of a modulo -6 counter
that counts, and indicates, to 5 and then
returns to zero. This counter is required
in real-time measurements in order to get
the 5 needed in measuring 59 seconds or
59 minutes before switching to the next
register. (The original counter reads out

11 -16 -6.3 -volt, 50-m.4 pilot light and cap assembly (Southwest Technical Products #0-6.3
or similar)
IC1, 1C2-MC791P dual JK flip-flop integrated
circuit (Motorola)
Q1, Q2, Q6, Q8, Q10-MPS3638 or 2N5139
Q3, Q4, Q5, Q7, Q9, Q11-MPS2923 or 2N5129
R1, R2, R6, R7 -470 -ohm, %-watt resistor

The "Sports Timer" is designed to read

Corp., 219 W. Rhapsody, San Antonio, Texas
78216, for $10.00, postpaid in U.S.A.

to 9 before returning to zero.)

out to 9 minutes and 59.999 seconds,
96

R3, R4, R5 -1000 -ohm, TA -watt resistor
A complete kit of parts for the modulo -6 counter
is available from Southwest Technical Products

ELECTRONIC EXPERIMENTER'S HANDBOOK

4

5

2

3

1

0

Fig. 2. Actual -size foil pattern
for the modulo -six counter. It is
the same size as the boards used
for the other circuits (see text)
simplifying construction of timer.
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°Q. -r

..Q2.

Q 5*

14+- R6-4

lo-R4
R6-+

*03°

I/6" DRILL (21

Fig. 3. Drill the PC board as shown here, and add the
two insulated jumpers on component side of board.

DABIPT
Q4

+6V

+3.6V

RESET
COUNT

GND

CARRY

Fig. 4. Mount the components as illustrated here making sure that you orient the semiconductors properly.

Note Q4 is not installed in same way as Q1 -Q11.
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Fig. 5. The power supply can handle the

six DCU's, the timing module, and the
three

position -indicator

panel

lamps.

TO

SEPARATOR

LAMPS

R2

I011

40514

PARTS LIST
CI, C2-4000-uF, 6-V electrolytic capacitor
C3-100-uF, 15-V electrolytic capacitor
D1 -4.7-V zener diode
F1 -0.25-A fuse

R1 -78 -ohm, 1 -IV resistor (two 39-ohnz, 1-1V
resistors in series)
R2 -10 -ohm, .'-IV resistor

RECTI-Full-wave bridge rectifier (Varo
VS148, or similar)

+13.6V)

S1-S.p.s.t. switch
T1-Filament transformer; secondarys 6.3 V, 2 A
Q1-40514 power transistor (RCA)
()2-40407 transistor (RCA)
Misc.-Heat sink for Q1, fuse holder, silicone

grease, wire, solder, four standotjs, etc.
.1 complete kit of parts is available from Southwest Technical Products Corp., 219 TV. Rhapsody, San Antonio, Texas 78216, for $9.75,
postpaid in U.S.A.

Fig. 6. Actual -size foil pattern for power supply. Like
all the other PC boards, this
one is also available etched
and
drilled (see Parts
List for ordering details).
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of the two jumpers required. These

jumpers are made from #24 solid wire
and are added on the component side of
+3.6V

TO
TIC

6.3V

+6V

*SEE PARTS LIST

Fig. 7. Component installation on the power supply

PC board. Note that RI is two resistors in series.

which should be sufficient for the majority of track events, auto races, swimming

contests, ski runs, etc. If desired, how-

ever, the maximum time can be extended

to read up to 9 hours, 59 minutes and

59.999 seconds. Besides sporting events,
the clock can be used to time tape recordings and speeches and has applications in

laboratories, photo darkrooms, or any

other activity where an illuminated readout clock capable of measuring to small
parts of a second can be used.
The clock can be started and stopped

in a variety of ways. A photoelectric

start -and -stop circuit (described in this
article) is one way; others include the
operation of mechanical contacts, such
as pushbutton switches or step -on doormat switches. If desired, the clock can be
started from a microphone and amplifier
system adjusted to pick up the crack of
the starter's pistol. The number of triggering methods possible is limited only
by the imagination of the user.
Construction. Because the decade count-

ing units and the crystal -controlled timing circuit have already been described
in detail ( see the 1969 Winter ELECTRONIC EXPERIMENTER'S HANDBOOK)

only

the modulo -6 counter is covered here.
The basic modulo -6 counter (schemat-

ic shown in Fig. 1) uses two low-cost
IC's, eleven transistors, 7 resistors, and
six incandescent bulbs. Cost of this count-

er is $10 (see Parts List) . An actual -

size printed -circuit -board foil pattern is
shown in Fig. 2, while Fig. 3 shows how
the board is to be drilled and the location
1970 Winter Edition

the board.

When mounting the components, as
shown in Fig. 4, be sure to observe the
correct positioning of all semiconductors, noting that the IC's are identified

GND

by a notch and dot code at one end. Use a
low -wattage soldering iron and fine solder
to make all connections.
If desired, a readout -lamp display

bracket can be cut and bent from a piece
of 1A2" aluminum similar to that shown
in the "Counting Unit." Pop rivets can be
used to secure the bracket to the board.
Press the plastic lamp covers into the six
holes, then press the bulbs into the plastic covers. After each bulb is wired to its
correct terminals, use black "instant

transfer" numerals to identify them,

coating the numbers with a clear acrylic
spray to prevent accidental removal.
Note that, in the finished clock, lamp
mounting brackets are not used on any
of the readouts, but holes are drilled in
the front panel using the lamp brackets
( provided with each kit) as a template.
If you select this method of construction,
be sure to leave all lamp leads as long as
possible before soldering the far ends to
the PC boards.
To duplicate the "Sports Timer" shown

in the photos, you will need five 0-9

counting units, one 0-5 counting unit, a
crystal -controlled timer, three 6.3 -volt
lamps and plastic covers, a power supply,
and a chassis.

Power Supply. The power supply pro-

vides 3.6 volts at very low ripple for

use by the IC's, 6 volts for the numerical display incandescent lamps, and approximately 6.3 -volts a.c. for the three position -indicator lamps ( two making up the
colon, and one for the decimal point). A
suitable supply, shown in Fig. 5 consists
of a transformer -powered bridge rectifier
followed by a two -transistor, zener-diodecontrolled regulator. The separator lamps
get power from T1 through dropping resistor R2.
The power supply can be assembled on

the printed board shown actual size in
Fig. 6. All parts, with the exception of

power transformer T1, fuse Fl, and
dropping resistor R1 are mounted on the
board as shown in Fig. 7.
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To prevent components from shorting
against chassis, install spacers between

the chassis and the
power supply board.
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J3
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IK

100

MI3

°.441.51
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R3
100I1
S2
l*A4AWFRESET

Fig. 8. In this complete wiring diagram of the timer, indicator
lamp 11 is the seconds decimal point; indicators 12 and 13
comprise colon that separates minutes from seconds readouts.

LIST
S1-S.p.s.t. switch
pilot light and cap as - S2-S.p.s.t. momentary pushbutton switch
red (Southwest Tech Misc.-Chassis, mounting hardware, line cord,
or similar)
adhesive -contact plastic ( optional), wire, solRCA types
der, etc.
MI-Power supply
The following parts are available from Southwest
M2-Timing module
Technical Products Corp., 219 W. Rhapsody,
M3, M4, M5, MO, M8-Decade counting unit
San Antonio, Texas 78216: Timing module
M7-Modulo-6 counter
kit with 100 -kHz, 0.005% crystal, $24; decade
R1, R2 -1000 -ohm, %-H' resistor
counters, $12; chassis, punched, primer coated,
R3 -100 -ohm, /2 -IV resistor
and with covering material for top, $6.50.
PARTS
11, 12, 13-6.3-V, 50-mA
sembly, two green, one
nical Products #0-6.3,
.11, 12, 13-Phono jacks,
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POWER SUPPLY

Fig.

9. Timing module

and DCU circuit boards

should be stacked for

space conservation and
neatness. Use 1/2" -long
insulated

spacers

(or

metal spacers and fiber
washers) between each
.01 SEC

.001 SEC

board for adequate separation. Board designations from bottom to

top are M2 through M8.

TIMING
MODULE

Assembly. The 10" wide by 31/2" high by

7" deep metal chassis, used by the author
consists of two U-shaped sections. One

serves as the mounting chassis for the
completed circuit ( Fig. 8) and the other is used as the cover.

Start the assembly by drilling the required holes in the front panel for the
readouts, using the lamp bracket as a
template. The plastic lamp covers are
press -fit into the holes, and the lamps
are press -fit into their covers. Therefore,

when assembling the counters, use the
full length of wire provided with each
lamp. Don't forget to drill the three
holes for the position identifier lamps.
Drill a hole to accept the RESET pushbutton S2, power ON -OFF switch Si, and
three phono jacks J1, J2 and J3.

Fig.

10.

Suggested

for use as

a

Before mounting any components on
the front panel but after drilling the required holes, cover the entire front
panel with a contact -adhesive plastic
coating whose pattern or color appeals
to you. Use a sharp knife to remove the
material from the area where the holes

are. Apply the front panel markings
with any type of instant -transfer lettering. The box outline was made with thin
black tape. The author used a red plastic

cover for the decimal indicator

(11)

and a green cover for the colon indicator
(12, 13).

The interior layout is shown in Fig.
9. The seven printed boards are sepa-

rated from each other with 1/4" spacers at

the two rear mounting holes. If metal

spacers are used, place a non -conducting

photopickoff

start/stop device.
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washer between each spacer and the adjacent foil section to avoid any chance
of short circuits. Use 3" -long thin bolts
to fasten the boards together. The bolt
passing through the bottom portions has
a small L bracket at each end to secure

the bottom edges of the boards to the
base of the chassis. A similar pair of L

brackets is used to secure the outer

boards at the front. Mount an insulated
single -lug terminal strip at the nut end

of the upper mounting bolt as shown
in Fig. 9 to support resistor R2.

Drill suitable holes in the base to

mount the fuse holder, power transformer, and power supply as shown in the
photo. Mount the power supply using

four small standoffs, then secure the

transformer and the fuse holder.
Once all components have been
mounted, insert the bulbs in the respec-

tive plastic holders and wire the components as shown in Fig. 8.
Testing. Once final assembly is complete, turn on the power (21) and note

that the decimal point and the colon
indicator lamps come on. The various
counters will be at some random numerical indication. Depressing the RESET
button should cause all readouts to indicate zero.

Being very careful, use a small piece
of wire to make an electrical contact between the center contact of the ( ) jack

J1 and the similar contact on START
jack J2. As soon as this is done, the
counters will start to operate. The count-

er on the far right ( thousandths of a
second) will assume a dim, blurred condition, indicative of very fast counting.
(Continued on page 145)
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HOW IT WORKS

the input signal goes to a decoder consisting of

Edition of ELECTRONIC EXPERIMENTER'S HAND-

counter determines whether the number being
counted is 0 or 1, 2 or 3, or 4 or 5. The correct

timing unit were described in the Winter 1969
Boox; therefore, only the operation of the modulo -6 counter will be described here.
The input pulse train is fed to a divide -by -two

counter (half of IC2), a flip-flop which changes
state with each input pulse. One state of the flipflop indicates an odd number, while the other indicates an even number. The odd -even signal is
processed by transistors Ql, Q2, and Q3 so that,
on even numbers, the "even" bus is energized, and
on odd numbers, the "odd" bus is energized. The
five state -indicating incandescent lamps are con-

nected in pairs to the odd and even buses, and
each pair is connected to ground through a set
of switching transistors. These transistors act as
open switches when they are cut off and closed
switches when saturated, thus determining when
each bulb is lit.

102

After passing through the divide -by -two stage,

Operation of the decimal counting unit and the

the other half of IC2 and half of ICI. This

switching signals are then passed to three sets of
switching transistors which connect the bulbs to
ground.

As an example of how the counter works, assume that the count has reached the number 4.
The divide -by -two counter has determined that
this is an even number and has supplied power

to the even bus. The decoder has determined that
it is either a 4 or 5, and thus turns on the Q8 -Q9
combination. The other two switches are left open.
Under these conditions, only bulb 5 is illuminated.

On each sixth input pulse, the counter automatically cycles back to the zero state, and supplies an output pulse to the "carry" terminal. This
pulse is used as the count input for any succeeding counters.
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ELECTRONIC LOCK
SUPER -SECRET PHOTOELECTRIC LOCK USES

MODULATED LIGHT BEAM KEY

BY JOHN S. SIMONTON, JR.

ARE ALL KINDS of electrical

While the operating range of the key
described here is two or three feet, ex-

however, is quite like the "Freq-Out."
The "key" to this lock is a modulated

periments with a well -focused beam from
a larger flashlight indicate that the prin-

THERE
and electronic locks. None of them,

beam of light which is turned on and off
at a rate of about 2000 times a second.
The key, using an inexpensive integrated
circuit, is about the size of a pocket penlight. The Fotolock circuit can't be fooled
by incandescent or fluorescent lights operating on 60 -Hz power, and no amount

of vigorous hand waving can break a

light beam fast enough to open this lock.
1970 Winter Edition

ciple could be applied to longer -range
operations-such as a remote control ga-

rage -door opener. Under normal lighting

conditions, a much greater distance can

be covered with the modulated beam
than with one which is unmodulated.
The Freq-Out itself uses 117 -volt a.c.

line power and can be used as an intrusion alarm which cannot be bypassed
105

Fig.

1. The IC and associated

components form a 2 -kHz oscil-

lator. This drives the transistor which in turn powers the
flashlight lamp.

In

operation,

the lamp flashes are so fast
that the lamp appears to be
turned on all

PARTS LIST
B1 -1.5 -volt hearing -aid
M-76 or similar)

batteries

time.

Misc.-Eveready #315 penlight, insulating tape,

(Mallory

styrofoam, etc.

Note-The following parts are available from

Cl, C2-0.33 p.F, 35 -volt tantalum capacitor
(Kernel KR33C35 or similar)
I1-#222 flashlight lamp
IC-Dual-buffer integrated circuit, MC788P

PAIA Electronics, Inc., Box 14359, Oklahoma
City, Okla. 73114: penlight modulator board
$1.10; PC for high -power modulator $2; kit of

parts for penlight modulator with penlight less

(Motorola)
Q1 -2N1306 transistor
R1, R2 -2200 -ohm, r/.4 -watt resistor

batteries $6.50; kit of parts for high -power modulator less lamp, reflector, and power supply
$7.50.

with an ordinary flashlight. It is insensi-

nents to the board, use a clean iron and
lots of patience. Note that the location
of the notch on the integrated circuit is
keyed with a small dot on the circuit

tive to ambient light conditions and

there are no finicky sensitivity adjustments to be made.

board.

Modulator. If you plan to build the pen-

light key or modulator (Fig. 1)

As shown in Fig. 2, there are only

a

three external connections to be made to

printed circuit board is an absolute must.
You can make your own using Fig. 2 as
a guide, or you can purchase a PC board
(see Parts List). When soldering compoMS -76
bo,fery

of the

the printed circuit in the modulator.

These go to the negative side of the battery, the tip contact of the lamp, and the
penlight case. For simplicity, you may

cos

R"V

--92

C0151,0.pcoo 0

-1

-

9,

Fig. 2. Actual -size printed board for the modulator.
It will fit into the penlight case with room to spare.
RI, R2

ICI

C I,C2

QI

il/A
BATTERY PACK)

(TAPE WRAPPING
NOT SHOWN)

#16 BUSS

STYROFOAM

AS NEEDED

SOLDERED

FOR SUPPORT
INSULATION

Fig. 3. The entire modulator is assembled within the

penlight using styrofoam cut to make a tight fit.
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C8

RIO

CI
R3
03 R9
C4
1 RII C6

RI

QI

The completed demodu-

lator (left) and pen
light modulator (right)
before

CI

installing them

TI

in their packaging. Because some transistors

C2
R5

"hot" cases, it
may be necessary to
have

02

insulate Q1 of modulator, using plastic tape.

ICI

R4

RI

R2

C9

C7

R8

C5

815

812

R6

prefer to run a piece of #16 wire from to prevent shorting to the penlight case.
Power for the modulator is supplied
the circle marked "case" on the printed
circuit board to the rim contact of the by three MS -76 hearing -aid cells wired
lamp, thereby making the connection to in series. Form the cells into a battery
the case through the base of the lamp. pack by stacking them and wrapping
The lamp used in the modulator is the their outer edges with a piece of electrisame #222 lamp supplied with most cal tape. The tape not only holds the
penlights.

Contacts for the battery and lamp can
be formed of #16 wire and soldered directly to the large circles provided for

cells together, but also prevents the
edges from shorting out against the penlight case.

ends of the wires and inserted into the

The completed key device is assembled as shown in Fig. 3. Use as much
electrical tape and styrofoam as necessary to prevent shorts between the
board and the penlight case. Although

2N1306 used for Q1 is in a standard TO -5

signed for an Eveready #315 pen-

them on the ends of the board. These

contacts will be able to withstand greater stress if small tabs are formed on the
holes in the board before soldering. The

package and can be fitted into the penlight case if care is used. Some manufacturers connect one of the elements of
this transistor to the case so you may
need to wrap a layer of tape around it

the printed circuit board shown was de-

there is no reason why it
shouldn't fit in any case designed to
use two AA batteries. Be sure that the
penlight switch disconnects both the
point marked "case" on the PC board
light,

02

2NI55
(ANY PNP

POWER
TRANSISTOR)

+

4.RI
6K

Fig. 4. This high -power
modulator has a great-

er range than the penlight version. If the
lamp is mounted within a three-inch, or
larger, reflector, it can
be

used

as

an

in-

trusion warning alarm.
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could

lead

to er-

NC

O

0

volts)
K1-D.p.d.t. relay, 6 -volt d.c. coil
PC I-Photocell (Clairex CL703L or similar)

11-Neon lamp assembly (with resistor for 117

C10 -100 -AF, 25 -volt electrolytic capacitor
C11, C12 -1000 -AF, 25 -volt electrolytic capacitor
D1 -D5 -1N538 diode

C1-.001 -µF capacitor
C2, C4, C6-.01 -AF capacitor
C3, C5, C7 -25 -AF, 3 -volt electrolytic capacitor
C8 -0.1 -AF capacitor
C9 -15 -AF, 3 -volt electrolytic capacitor

PARTS LIST

are the printed -board connections.

ratic operation. The lettered and
open small circles on the diagram

signals. This

cated where it can pick up stray

a high -gain amplifier, take care
that the input circuit is not lo-

Fig. 5. Because the demodulator is

F

O

OIOK

.01

81

C4
019F

2N3391

87>
3.9Ks

85
33K

Sl-S.p.s.t. switch

259F

C3

-.

2N3391

01

R3

3.9K

RIO
I8K

R9
33K
811

IK

R12

2 5pF

2N3391

3.91(

V2 watt

All Resistors

C6
.019F

Q 1, Q2, Q3 -2N3391 transistor
R1 -22,000 -ohm
R2 -1800 -ohm
R3, R7, R11 -3900 -ohm
R4 -200 -ohm
R5, R9 -33,000 -ohm
R6 -10,000 -ohm
R8, R12, R14, R17 -1000 -ohm
R10 -18,000 -ohm
R 13 -3300 -ohm
R15 -15,000 -ohm
R18 -510 -ohm
R16 -20 -ohm, 2 -watt resistor

22K

I

3.3K

IK

RI7

CI

D4

or similar)

IN558

KI

2W

OD

20f1

RI6

IN538

117

VAC

$16.50.

Misc.-Standoffs, rubber grommet, strain relief,
line cord, utility box, wire, solder, etc.
Note-The following parts are available from
PAIA Electronics, Inc., Box 14359, Oklahoma
City, Okla. 73114: demodulator PC board $2.50;
kit of electronic parts and circuit board for demodulator less power supply, case, and relay

C.T., 1 ampere

T2-Filament transformer; secondary 24 volts

primary, 2000 -ohm C.T. secondary

TI-Transistor driver transformer; 10,000 -ohm

SCRI-Silicon controlled rectifier (GE C106B2

C9
15pF

CI068 2

SCRI

R1536D3

OO9F TIOSOpF

CI 1

I N538

813

CT

100pF
25V

510f1

RI8

MoWA

6. Actual -size printed board for
the demodulator. This also shows where
Fig.

the various components are to be
stalled

case. A 31 --inch reflector salvaged from

an old flashlight and a PR -3 lamp are
required.
Demodulator.

should be substituted for the 222 usually
used in the penlight.
If the Freq-Out is to be used as an intrusion alarm, the modulator requires a

TO

TO
T2

relay

Because the first three

stages of the demodulator form a high gain amplifier (Fig. 5), care should be
taken in construction to avoid unintentional feedback and subsequent parasitic

larger source of power. The schematic

Two

in-

circuit board.

Either a 6 -volt lantern battery or a
suitable power supply is used in this

a larger flashlight and reflector should
be used. Adapting the PC board for use
in a flashlight which holds two D cells
should be no problem. A PR -6 lamp

7.

the finished

shown in Fig. 4 is for a unit of this type
which has worked well for the author.

and the outer lamp contact from the positive side of the battery pack.
For applications requiring greater
range than is possible with the penlight,

Fig.

on

configurations that

may be used. In (A), the relay remains
closed even after the light beam has
been restored. In (B), the relay may
be latched on in the presence of light,
latched on in the absence of light, or
operated as usual in the normal mode.
TO
D5

NO

LATCH ON
PRESENCE

I RESET
1

(A)
TO R15
AND C9
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(B)
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oscillation. You may make your own PC

board using Fig. 6 or you can purchase
one (see Parts List).

HOW IT WORKS

The wiring of the circuit board is

Modulator. The basis for the light -beam modulator is a dual -buffer integrated circuit (Mo-

semiconductors in place. Notice that

lator is used to switch transistor Q1 and its load,

straightforward, though you should use
the usual precautions when soldering the

transformer T1 has been turned around

so that one half of what would ordinarily be the secondary is used as the

primary. It is not important which half
of the secondary you use. Cut off the
unused lead on the transformer so that

it doesn't come in contact with some
other component.

In the unit shown in the photos, the

PC board is mounted on ceramic standoffs in one end of a conventional 3" X
4" x 5" utility box. There should be suf-

ficient clearance behind the board to
mount the photocell in a rubber grom-

torola MC788P). The addition of R1, C1, R2,
and C2 converts the IC into an astable multivibrator having a frequency of approximately 2
kHz. One of the buffered outputs of the oscil11.

Demodulator. The modulated light beam striking PC1 allows a varying current to flow in the
low -Q, resonant circuit composed of C/ and the
primary of Ti. This circuit is tuned to the operating frequency of the modulator. The output of
T1 is amplified in three stages which are designed to pass only frequencies above about 800
Hz. The output of the amplifier is detected and
filtered by D4 and C9 before being used to turn
on SCR1. Resistor R14 provides a slight time
delay in the voltage built up across C9 to prevent
relay chatter due to sudden transients. The SCR
is a half -wave rectifier used to energize relay K1.
Resistors R18 and R17 are used to filter the
power supply and also to decouple the photocell
from the amplifier. Resistor R18 also limits the
current flow through PCI under high ambient
light conditions.

met.

The power -supply components in the
prototype unit were soldered to a six -lug
terminal strip (no grounded lugs) which

was then fastened to the otherwise unused section of the utility box. Choose
the location for the terminal strips carefully so that, when the two halves of the
box are united, there will be no physical
contact between components in the two
halves. Tying all the wires going to the
power supply into a cable not only gives
a neat, professional appearance, but also helps prevent short circuits.
The line cord is brought into the case

through an insulated strain relief. One
side of the line is connected directly to

S1 and the other to T2 through a single,

ungrounded lug. Be very careful that
neither side of the a. c. power line is
grounded to the utility box.
When mounting K1, note that diode D3

Assemble PC board and other components in the box
as shown, with connector on one end for relay circuits.

is wired directly to the coil terminals of
the relay and is not on the printed cir- ence of the modulated light beam and
cuit board. It is very easy to get the po- opens again when the light is interrupted.
larity of this diode wrong, so be very To use it as an electric door lock, connect
careful. In some applications the Freq- one of the sets of normally open contacts
Out may be used to control power -line on K1 in series with a standard electric
voltages, so the author mounted a multi - door -latch assembly. Locate the Freqcontact plug on the back of the case for Out in a position where it can "look"
the relay contact circuits. With this ar- out a window, but not too far from the
rangement, there are never any current - key beam.
carrying conductors exposed.
For some uses you may wish to have
the electronic portion of the Freq-Out
Applications. Most applications of the concealed in a closet or drawer and the
Freq-Out require only that it act as a photocell at some remote location. The
simple switch which closes in the pres(Continued on page 153)
110

ELECTRONIC EXPERIMENTER'S HANDBOOK

BIND
THE
111111111hEAK
FOOLPROOF TESTER CHECKS TRANSISTORS AND DIODES
BY IMRE GORGENYI

When you want to test a semiconductor, in or out of a circuit, you usually
have two options : use a semiconductor
test set (which you probably don't have)
or an ohmmeter. The trouble with using

an ohmmeter is that you might "pop"
the transistor due to excessive current
flow through the junction. Besides, you

can never remember which lead goes
where in order to identify transistor

together, both lamps glow at a very low
level, due to the low current flow through
them. This current is not enough to dam-

age any transistor or diode connected to
the probes.

The circuit is arranged so that, if the
probe tips are connected across a diode,
regardless of which tip is connected to
which end of the diode, only the lamp
associated with the probe on the anode

types.

Now, at very low cost, you can build
the "Lampleak", a perfectly safe semiconductor test set that can be used with
any type of diode or transistor without
fear of getting the polarities wrong, or
destroying the device due to excessive

current flow. This tester does not tell the
"quality" of the semiconductor-only
whether or not it works.
The circuit consists of half of the secondary of a 6.3 -volt filament transformer
connected in series ( through the probe
tips) with a parallel circuit of two low -

current pilot lamps and two diodes. If

the two probe tips are connected directly
1970 Winter Edition

DI
1N4001

r18690

12

117

VAC

18690
N.C.

L_

The lamps are connected so that, with equal poten-

tial on both probes, both lamps glow very dimly.
111

glows, indicating a good diode. If neither

lamp glows or if both lamps glow, the
diode is bad.

Since transistors are similar to two

back-to-back diodes, the sex of the unknown transistor can be determined easily. Merely connect one probe to the base

lead, the other to either the emitter or
collector. If the base lamp glows, the
transistor is npn, if the lamp connected
to the emitter or collector glows, the
transistor is pnp. In a good transistor,
of either type, connecting the probes be-

tween the emitter and collector should
cause neither lamp to glow. If they do,

leakage of less than 500 ohms is present.
These tests, along with a test for a conventional bridge rectifier, are also shown
in the illustration.
The author mounted the filament
transformer and the two rectifier diodes

in a small enclosure. The shells from a
pair of ball-point pens were used as insulated probes. A hole, sufficient to accommodate the base of the pilot lamp,
was drilled near the working end of each
To check a transistor for type, connect
probes as in two diagrams at top. If unit
is npn, the lamp connected to the base
will glow; if it is pnp, the lamp connected to either emitter or collector will
glow. In a bridge rectifier, the lamp
connected to the low side of d.c. glows.

probe.

The lamp wiring was

fished

through the probe and soldered directly

to the bulb. Although the author used

General Electric 1869D lamps, any simi-

lar type of low -current,

10 -to -28 -volt

lamp can be used. The diodes can be any
silicon rectifier type.

MULTI -CONDUCTOR

CABLE TO TEST
LEADS

The transformer is mounted di-

rectly on the chassis with its
secondary connected to the diodes mounted on terminal strip.

TRANSFORMER
DI

112

D2

ELECTRONIC EXPERIMENTER'S HANDBOOK

extra brightness for your camping/boating trips
BY BEN RICHARDS

system for your camping or boating

bright area surrounded by darkness ; and
the efficiency of such a lighting system is

cent bulb and some wire to attach it to
your car or boat battery. Unfortunately,

light, either a number of bulbs or a large,
high -power bulb must be used. If you use

proach: the intense point -source of light
generated by a relatively small bulb can
be very annoying to the eye; the amount
of illumination delivered by such a bulb
is limited in coverage, producing a small

long before your battery gives out.
All these troubles can now be alleviat-

I T'S EASY to make an outdoor lighting

trips. All you need is a 12 -volt incandes-

there are some drawbacks to this ap-
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low. To get any appreciable amount of

either of these approaches, it won't be
ed if

you build the battery -powered

fluorescent light described here. The light

uses a 22 -watt fluorescent lamp and
113

(SEE TEXT)

00\
CI

250pF

fS(DI

GE -X4

(OPT)
RI

100f).

FI

5A
GRN
I

R2
20C1

BI

Fig.

LAMP

L

T

MOUNTING

CLIP (3)

The

1.

circui

Q2

is

a basic power oscillator
with the fluorescen as

40251

YEL

load. A special transformer allows choice of

two

brightness

levels.

5/8"--1
COIL BRACKET
.040"ALUMINUM

3/6.

T

5/8"

DOWEL

3-7/16"

9/16"R

SPLIT

1-1/4'

2-3/8"

7/16"

WASHER

1/4"

8
SCREW

BEND

16"

_L
3/B"
1/4

3/4" 6-32

I/8"WASHERS FROM PLASTIC OR PLYWOOD

SCREW

WIND COIL -FORM WITH 18-I/2 FT.

LAMP CLIPS MADE FROM .032"BRASS
3 REQUIRED

3. Make three clips for mounting
the fluorescent lamp. It is important
that you get the correct curvature.
Fig.

works from a conventional 12 -volt d.c.
car, boat, or trailer battery. It produces
large -area illumination without harsh
glare and has two levels of illumination
--bright, or subdued for extra -low battery drain. Efficiency is high, thus getting the most from the battery, and generated heat is almost non-existent. You

can attach the fluorescent light to the
end of a 20 -ft, conventional two -conduc-

tor rubber -covered appliance cord and
position it where it is needed.

Construction. A parts list is given on
114

INSULATED SOLID *14 WIRE IN
4 EVEN LAYERS

Fig.

4. Construction data for LI.

Plas-

tic tape can be wound over coil to keep
it

from

unravelling

during

mounting.

page 116 and a schematic in Fig. 1. Al-

though almost any type of construc-

tion can be used, Fig. 2 and the photos
illustrate the method used by the author.
To duplicate this version, fabricate the
wood and metal parts as shown. Note
that there are two electrically isolated
metal chassis, one for each power transistor. When drilling the holes for these
transistors, make sure that both the base
and emitter holes are large enough to
prevent short circuits. Each transistor
can be mounted directly on its chassis
without using insulated mounting kits,
ELECTRONIC EXPERIMENTER'S HANDBOOK

1 ii:

BACK

ve 5 9.

1

4i1'

X 7-1/4"

13/1CR

3/4"

8

,21

0

- - -- ...1 5 I/2"
2!...9511E
IIMINI111111111=

HINGE

.11
11=1

2-15/16"

PLYWOOD

BASE
X 9-1/9"

X 9"

COMPARTMENT
PANEL
5/13"R

HASSIS
REO'D

3 1/2"

'
RUBBER FEET

HOLE FOR

COMPARTMENT
PANEL -WOOD

1-1/4"R

SUPPLY CORD

5/13"1)--ia-

3/111"

T

2-7/16"

1

7/16 -

3/9"
3/4t..-1
TRANSFORMER
BRACKET

3/4"
VINYL

SHIELD .030"
I-1/2"
SIDE
PANEL

9 I/8"
BRACKETS, SIDE PANELS; AND CHASSIS

ARE MADE OF .040 ALUMINUM
HOLES ABC ARE LAMP CLIP MOUNTING HOLES

Fig. 2.

If you want to duplicate the author's prototype, follow the construction

details shown here. Note that the two transistors are mounted through the wooden
front panel and the metal chassis. All wiring is done after components are mounted.

since isolation is provided by the two

independent chassis. Put a solder lug under one of the collector (mounting)
screws of each transistor. Fabricate three
lamp -holding clips as shown in Fig. 3,

making sure that the edges are smooth
and that they are shaped correctly.

The tops

of

the two transistors

fit

through holes drilled in the wooden pan-

el. At this time, make sure that holes

have been drilled to mount the fuse holder (one screw), inductor Li (one screw),
and transformer T1 (two screws). If optional diode D1 is to be used, drill a hole

Assemble the two chassis, the two near one end of the fuseholder to sup-

four -lug terminal strips

(no ground

lugs), and the three lamp -holding clips

to the plywood front panel. Note that
the two chassis are spaced so that they
do not touch either each other or the
metal side panels to be mounted later.
1970 Winter Edition

port an insulated standoff. Use countersunk machine bolts to attach the 'Vie thick wood top and bottom to the chassis
ends. Then use countersunk wood screws
to secure the :%"-thick top and bottom
to the 7,i6" top and bottom wood parts.
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Resistors and capacitors are
mounted between two terminal
strips. Note how a wire har-

ness makes for a clean, neat

internal arrangement. This

photo also shows the two isolated

metal chassis and the
method of wiring the power
transistors.

Both

the

emit-

ter and base connections are

soldered direct to the transistor leads; the collector
connection is made to a solder lug under the collector
(and case) mounting hardware.

A carrying handle can be secured to the
top surface, but make sure that it does
not cause a short circuit between the two
metal chassis.
Attach the line -cord stowage compartment panel to the base -and -chassis assembly using wood screws. ( A small

magnetic door -latch assembly can be
used to keep the stowage compartment
door closed.) Assemble the entire cabinet

to make sure that everything fits properly. Note that, of the three lamp clips,
one is electrically connected to each
chassis while the third is insulated by
the wood front panel.

Construct inductor Li in accordance

with Fig. 4. Using the photos as a guide,
assemble all components in the cabinet
and wire in accordance with Fig. 1. Note
that the two "hot" lamp clips are connected automatically to their respective

transistor collectors through the metal
chassis. Be careful to observe the color
coding on transformer Ti. ( The trans-

former is mounted to the chassis with an

L bracket.) Connections to the transistor base and emitter leads are made by direct soldering. Use a long -nose pliers as

a heat sink to avoid transistor damage
while soldering. Do not mount resistors

Ri and R2 too close to capacitors C/
and C2 to avoid heat damage to the
capacitors. If the optional diode is used,
it can be mounted on the chassis using

a small standoff insulator at one end,

Front view of the completed cabinet. Clear vinyl
shield wraps around entire front surface. Paint
front panel fllat white for best light reflection.

PARTS LIST
.B1-Car, boat, or trailer 12 -volt battery
C1-250-uF, 25 -volt electrolytic capacitor
C2 -5-µF, 150 -volt electrolytic capacitor
D1-20 ampere, 200-PIV diode (General Electric
X4 or similar) (optional)
F1 -5 -ampere, 3AG fuse
I1 -22 -watt, 7" circular fluorescent lamp (Westinghouse FC8T9/CW or similar)

L1-see text and Fig. 4
Q1, Q2-Transistor (RCA 40251)

R1 -100 -ohm, 5 -watt, wirewound resistor
R2 -20 -ohm, 5 -watt, wirewound resistor

Sl, S2-S.p.s.t. switches (rocker -type preferred)
T1-Ballast transformer*
Misc.-Wood, aluminum, brass strip, line cord,
4 -lug terminal strips (2), fuseholder, machine
screws, wood screws, transparent plastic shield,
wire, solder, etc.
*An inverter -ballast transformer, Type EC -0501 LM, is available from Milwaukee Electromagnetics, P.O. Box 4476, Milwaukee, Wis. 53207,
$9.60, postpaid.
1
1
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HOW IT WORKS
A.c. power to operate the fluorescent lamp from
a d.c. source is generated by a pair of power tran-

sistors, operating in conjunction with a saturable
transformer in a feedback -type power oscillator
circuit.
Oscillation frequency is slightly above the audi-

ble range to avoid any annoying buzz from the
device. A portion of the transformer winding can
be shorted to provide high intensity.

Were it not for the ballasting action of the

transformer, lamp brightness would fluctuate excessively with small changes in input voltage and
the lamp current could easily exceed its safe value.
This happens because a fluorescent lamp acts like
a voltage -regulator tube, or zener diode, and tries
to maintain a constant voltage while the current
through it varies. The type of lamp used has low power filaments which are continuously heated to
allow rapid self-starting and dimming.

Fluorescent lamp is held by three clips (one shown

transistor damage if the d.c. supply leads are ac-

here). Two of them are at same potential as the
transistor collectors to aid fluorescent starting.

were wrong, the transistors would fail before the

light in operation, carefully identify both

Diode DI is optional and is used to prevent

cidentally reversed. Inductor Ll and capacitor
Cl minimize radio interference. Fuse Fl is used
to protect the wiring only. If the battery polarity

fuse could blow. That is the reason for using
diode Dl.

Testing and Use. Before placing the

the positive and negative input power
leads. Connect the leads to a source of
12 volts d.c. capable of delivering at least

with the other end connected directly to
the fuseholder.

31/2 amperes.

checked electrically and mechanically,
paint all exposed exterior surfaces any
color desired and paint the surfaces sur-

ately. Current drain is about 3 or 31/2 am-

Once the lamp assembly has been

rounding the lamp flat white.

Attach the lamp connector ( part of
Ti), then install the lamp in its three
clips, making sure that it is a snug fit.
Then mount the transparent plastic

shield, clamp the line cord in its storage
compartment, and attach the back and
storage -compartment access door.

Turn switch Si on and note that the

fluorescent lamp lights almost immedi-

peres when the lamp is started at high
intensity (with switch S2 closed). At
low intensity, current drain should be
about 11/2 amperes when starting.

The author used a cigarette -lighter

a 20' two -conductor
( #16) appliance cord so that the light
can be plugged into the cigarette lighter
socket and positioned anywhere within
20 feet of the car.
connector with

optional diode Dl is
used, mount it near the
fuse and 1.1 (shown here).
If
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Setting Up
Your A.C.

Bench
Supply
THOUGHTS ON MAKING
A VARIAC MORE VERSATILE

BY B. W. BLACHFORD
One of the most versatile and necessary
pieces of equipment on the test bench of

Under no circumstances should the fuse

relatively uncomplicated, usually dependable device, there are several points
you should keep in mind when setting up

in the line side of the transformer should

satile supply.

fixed -ratio transformers where the primary and secondary windings are insu-

many an engineer, technician, experimenter, or hobbyist is the variable voltage transformer. Although it is a

your transformer to obtain a good, verProtection.

Fuses on the input (pri-

mary) side of a variable -voltage trans-

former do not

ratings be larger than the maximum
rated output current of the transformer.
Controls and Meter. The ON -OFF switch

be a double -pole switch with one pole in
each side of the line. A single -pole
switch should only be used on ordinary
lated from each other.
Many variable -voltage transformers

give good protection
against overloads. Fuses should be in the
output (secondary) side. Also, since the
device is an autotransformer, protection

have a tap on the winding, usually at a

obtained only by fusing both sides of the
secondary circuit.

permit connecting the incoming line ei(Continued on page 141)

from burnout due to grounding can be

Use fuses with current ratings no

point about 20 volts below the upper ter-

minal of the full winding. To achieve
versatility in your supply, it is advantageous to include a s.p.d.t. switch to

larger than required by the job at hand.
This protects not only the transformer,
but the circuit being supplied as well.

*STEP-DOWN
TRANSFORMER

-o
FUSE
I/2 AMP

-o
6V
0

117V

PRIMARY

o OUTPUT
9V

120V

40V

VARIABLE
VOLTAGE

12V

XFORMER

--1
H7VAC
INPUT

'POWER ON

LOW
HIGH

*FUSE

!INDICATOR

Circuit diagram shows how protective devices and controls
are connected to Variac to

give ease and variety to use.

OUT PUT

L_

ISO VAC

*FUSE

LINEAR
SCALE

SOCKET

*SEE TEXT
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Build Infrared
Sensor
IDRET:.1,0TTOBr

HAS
FANTASTIC
SENSITIVITY

HAVING a fire alarm in a house or office is a good idea-sometimes, it's a

life saver. However, most commercial
alarms use sensors that only operate at
some critical temperature before they
actuate the alarm. Under these conditions, if a fire starts some distance from
the sensor, a lot of building can burn
away before an alarm is given. What is
needed is a device that can detect the
infrared (IR) radiation from a smoldering or unusually hot ob:ect. This radiation can be sensed from a distance.
In the realm of burglar alarms, most

low-cost units use either a frangible

trip wire or a light beam to detect
be seen and light beams can either

intruders. Trip wires, in many cases, can

be seen directly or can be detected by the

dust motes in the air. This, of course,

nullifies the alarm. What is needed here
is an invisible beam of IR and a detector
1P70 Winter Edition
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1. No power is applied to output indicator
until PC1 "sees" a predetermined level of infrared.
Fig.

that responds only to IR and not to visible light.

Incidentally, the infrared portion of
the electromagnetic spectrum lies be-

tween the highest radio frequencies and
visible light. Because all material emits
IR radiation if its temperature is above
absolute zero, the amount of IR radiated
is a measure of heat (not necessarily actual flames).
The "Hotbox" IR detector described
here not only makes an ideal fire or burglar alarm, but has many other uses. For
example, it can check for over -heating
conditions in electrical and mechanical
equipment or detect the difference between a cloudy and a clear sky. When not

serving some truly practical purpose, it
can tell you when your soldering iron is
up to temperature, turn on your hi-fi or
TV when you light a cigarette, or provide

a low-cost test instrument for studying
the IR, properties of various materials.
Because the Hotbox is, by necessity, a
low-cost device, its IR range is limited.

It responds only to objects that are at
least 75°C hotter than the ambient tem-

perature of the detector. Therefore it
does not respond to the warmth of a
120

PARTS LIST
B1 -6 -volt lantern battery
C1 -20-µF, 10 -volt electrolytic capacitor
D1 -D4 -1N914 diode
PC1-Infrared detector kit, including reflector and
filter (Radio Shack #276-035 or similar)
Q1 -2N3819 field-effect transistor (see text)
Q2 -Q6 --2N3704 transistor (see text)
Q7-Power transistor (Texas Instiuments TIP24
or similar, see text)
R1 -1000 -ohm
R4, R12 -2200 -ohm
R5 -4700 -ohm
All resistors
R6 -3300 -ohm
%-watt
R7 -1500 -ohm
R8, R11 -330 -ohm
R9-1500-ohmR10-680-ohm

R2 -100,000 -ohm potentiometer
R3 -10,000 -ohm potentiometer

I1-#47 indicator lamp and holder

MI -6 -volt meter movement
Misc.-Plastic case and cover (Harry Davis type
260 or similar), 6 -volt d.c. buzzer (optional),
6 -volt d.c. relay (optional), miniature jack and
plug with earphone -type lead, pert or PC board,

camera pistol grip (optional), knobs (2), cement or epoxy, mounting hardware wire, etc.
Note-An etched and drilled PC board may be
purchased from Excello Circuits Co., 847 W. 23
St., Houston, Texas 77008, for $3.95.

human body. Commercial IR detectors
are submerged in cryogenic (extremely
low temperature) chambers making the
detector sensitive not only to humans,

but also to very low levels of IR.

Similar to visible light, IR. can be reflected around corners by shiny sheets of
metal or conventional mirrors, thus en-

abling the device to "see" around corELECTRONIC EXPERIMENTER'S HANDBOOK

IR DETECTOR
HOUSING

GLUE AROUND
RIM

R2

SOLDER

When soldering the lead to the IR detector housing, work fast so that you do not
overheat the IR element within the reflector. Other connection is made to bulb tip.

ners if desired. The reflector unit speci-

fied in the Parts List for Fig. 1 is as
directional as a flashlight, so that the

(shown in Fig. 1) is very flexible with
regard to resistor values and transistor
parameters. In fact, almost any silicon

Construction. Putting the Hotbox to-

through Q6. Most n -channel FET's will
work for Ql, while almost any npn power
transistor can be used for Q7.
The author used perf-board construc-

device can be pointed very precisely at
the IR source.

gether is simple and straightforward.

Lead dress is not critical and the circuit

npn transistors can be used for Q2

tion (see photos), although a printed -

This is what good pert -board construction looks like. Note the clean, almost
polished look of the solder connections and the neat arrangement of parts.
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HOW IT WORKS
The heart of the circuit is a threshold detector
composed of transistors Q2, Q3, and Q4 and their
associated components. Each of silicon diodes D1
through D4 has a constant 0.6 -volt drop when
forward biased with a few milliamperes. Under
all conditions, current flows through R8 and forward biases the four series -connected diodes so
that the voltage at the emitters of Q3 and Q4 is
fixed at 2.4 volts. This fixed voltage establishes
the operating point for the circuit.
If the detector, PC1, is shielded from IR radiation, Q2 and Q3 are turned off, and current flows
through R6 into the base of Q4. Thus Q4 is turned
on and appears as a short circuit between its collector and emitter. The collector voltage of Q4 is
therefore close to 2.4 volts.
Emitter follower Q5 acts as a buffer between
the threshold detector and the output stage. Because its base -emitter junction behaves like a forward -biased diode, the emitter of Q5, under all
circuit conditions, is about 0.6 volt below the collector of Q4. When Q4 is conducting, the emitter
of Q5 is at about 1.8 volts. Voltage divider R9
and R10 presents slightly less than one third of
Q5's emitter voltage to the base of Q6. With 1.8
volts on the emitter of Q5, the voltage at the base
of Q6 is about 0.55 volt, which is not enough to
turn on Q6. Since no current flows through Q6,
Q7 does not receive base drive and is turned off.

circuit board is available. The components layout for the perf board is shown
in Fig. 2.

To prepare the case, use a circle cutter

or fine saw to cut a hole in one end of
the case slightly smaller than the rim
diameter of the IR detector reflector.
Secure the reflector to the case using

high -quality cement or epoxy. The filter
provided with the IR detector must be cut
to size, with the protective paper left on

If an indicator is connected in series with the collector of Q7, it is not energized as long as Q7 is in
the off state.
Assume now that the voltage at the base of Q2
increases. This transistor must be conducting in
order for Q3 to conduct. However, this requires a

bias of at least 3.6 volts on the base of Q2 to

overcome the emitter bias on Q3. When this condition is satisfied, Q2 and Q3 both turn on, and
the base -emitter junction of Q4 is bypassed. This
turns Q4 off and its collector voltage jumps from
2.4 volts to about 5.5 volts. The emitter voltage
of Q5 jumps correspondingly from 1.8 to about

4.9 volts. Under this condition, voltage divider
R9 and R10 provides a forward bias for Q6, causing it to conduct. This turns Q7 on and the output
indicator is energized.
Field-effect

transistor Q1 is connected as

a

source follower with the detector PC1 and a pair of
trimming potentiometers, R2 and R3, determining
its gate voltage. The sensitive area of the detector
is lead sulphide whose resistance decreases when

exposed to infrared radiation. If the detector is
shielded from IR and the trimmer potentiometers
are adjusted for a Q1 gate level of 3 volts, then,

when PC1 is exposed to IR, the voltage at the gate
of Q1 goes above 3.6 volts. The remainder of the
circuit is then triggered on. Adjustment of the
coarse and fine potentiometers determines at what
IR level the Hotbox produces an output signal.

mount the perf board (or PC board) in
the case, using a standoff at each cor-

ner. Connect the circuit board to the other components
to Fig. 1. The
schematic also shows the correct way to
wire potentiometers R2 and R3. One of
the connections to the IR detector must

be made to the reflector. Use a small

it during the cutting process. Cut the

file to clean away the protective coating.
Tin this area soon after filing, avoiding
excessive heating of the detector. If you
want to use the Hotbox to trigger an ex-

affix the filter, remove the paper from
both sides and glue the filter into place,

posts near the power input jack. Connect
the binding posts in parallel with the indicator lamp.

filter slightly larger than the diameter of
the reflector hole. When you are ready to

ternal relay, mount a pair of binding

covering the reflector.

At the top of the case, drill holes for
the two potentiometers, R2 and R3. In
the end opposite the IR reflector, drill
appropriate holes for indicator lamp 11
and a miniature phone jack for the battery power leads. The author used the
type of phone jack and earphone cable
and plug usually furnished with imported

transistor radios. The battery is carried
on the waist belt. If desired, a hole can
be cut out for an optional 6 -volt meter.
This meter is used for daylight indications when the glow of the lamp may be
obscured by bright light.

Once the case has been prepared,
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Checkout. Check all wiring for circuit
errors, wrong component installation,
and faulty soldering. Assuming that all

is well, connect the 6 -volt battery to the
circuit being careful to get the polarity
correct. Aim the IR detector end of the

Hotbox so that it does not "see" any
incandescent lamp, hot soldering iron, or
other source of IR energy. With both R2
and R3 completely counterclockwise, the
indicator light should be off ( and the optional meter should indicate zero). Slow-

ly rotate R2 clockwise. At some point,
the indicator light will come on. Once
it is on, back off on R2 until the light
ELECTRONIC EXPERIMENTER'S HANDBOOK

OPTIONAL METER
RANGE RESISTOR

OPTIONAL
METER

II

07

R3

06

The optional meter range resistor converts the low -current meter into a 6 -

goes off. Now turn R3 clockwise until

the light comes on again. Then rotate R3
slowly counterclockwise until the light
just goes off. The detector is now set for
maximum sensitivity. Potentiometer R2

is used as the coarse control while R3
is the fine adjustment. The settings of
these controls determine at what level
the Hotbox responds. If a particular device normally runs hot, set the controls
(Continued on page 152)

volt full-scale indicator. The resistor
value depends on the type of meter. The

meter reads the voltage drop across

Fig. 2. Internal arrangement of the detector. The optional camera pistol grip

is secured with its own screw and makes

portable use very convenient. With it,
you can aim the detector where desired.

C PTIONAL
METER
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PRECISE REGULATION IN A TO -5 PACKAGE
BY TOM THORKELSON

T HE WIDESPREAD popularity of the
integrated circuit has brought to light
the urgent need for an inexpensive regulated d.c. power supply that can be safely
used for IC experimentation. Working

lation is 0.5% for load changes and 0.1%
for a 1 -volt change in input. The input-

power supply on their benches, the problem was to design an inexpensive acces-

low idle drain.

power supply to provide lab features.
Now, for less than $5, such an acces-

deliver almost any regulated current.

NJS300 voltage regulator available from

terminals are shorted together; removing the short restores the voltage to its

on the assumption that most experimenters already have an unregulated

output voltage differential ranges from
3 volts minimum to 20 volts maximum.
Additionally, the voltage regulator gives
short-circuit protection, fast action regulation, choice of output voltages, and

sory that could upgrade the common

With the addition of external components, you can build a power supply to

sory is obtainable in the form of the

The short circuit protection simply shuts
down the power supply when the output

New Jersey Semiconductor Products,
Inc., Blue Star Shopping Center, U.S.

former value.

Highway 22, Watchung, N.J. 07060.
This National Semiconductor IC con-

tains 12 transistors, eight resistors, and
three diodes-two of which are zenersall contained in a compact TO -5 eight -lead

package. The NJS300 accepts unregulat-

ed d.c. inputs ranging from + 8 to +30
volts, and delivers any regulated d.c. out-

put voltage between +2 and +20 volts.
When connected to the output of an

unregulated power supply, voltage regu124

How to Use. The voltage regulator's
pin designations are shown in Fig. 1.
You can leave pin 1 unconnected for

standard regulator operation, or connect
a resistor between pins 1 and 8 to provide current limiting. The resistor value
can be determined from the relationship
R = 0.350/I, where I is the desired cur-

rent limit in amperes. For example, if
you want to limit the current to 10 mA
ELECTRONIC EXPERIMENTER'S HANDBOOK

of feedback used depends on the output

REGULATED
OUTPUT

desired. Two resistors are used as a
TAB

CURRENT LIMIT

COMPENSATION

voltage divider to obtain a portion of the
output for the feedback. The ohmic val-

ues of these two resistors are determined from the curves in Fig. 2. For

GROUND

example, assume that a 4 -volt regulated
output is desired. The values of R1 and
R2 (see How It Works) are found to be
5000 and 4000 ohms respectively.
A 47-pF capacitor should be connected
between pins 6 and 7 for all applications
to improve compensation response time.

Fig. 1. Voltage -regulator pin arrangement. Components are added to provide for various load types.

Applications. Three different current limiting circuits, suitable for a variety of

BOOSTER

FEEDBACK

OUTPUT

UNREGULATED
INPUT

REFERENCE
BYPASS

(0.01 ampere) the resistance needed is
0.350/0.01 or 35 ohms.

If you want to use the regulator for

output currents not in excess of 12 mA,
connect pin 2 to pin 3. For output currents exceeding 12 mA, other external
components (to be given later) are

40

6

30
R2

needed.

The unregulated input voltage is applied to pin 3 and must never exceed 30
volts. An input below 8 volts cannot be
properly regulated, though it is possible

R

20

to get a regulated 2 -volt output with the

unregulated 8 -volt input. In any case,
the unregulated input must be at least 3
volts greater than the desired output.

10

Pin 4 is normally connected to the circuit ground. Do not make any connection
to pin 5.

A portion of the regulated output is

applied to pin 6 as feedback. The amount

3

2

3 4 5 6 78910

20 30 40 50

2

OUTPUT VOLTAGE (V)

Fig. 2. Resistance values (in kilohms) for R1 and
R2 in feedback circuit versus desired output volts.

HOW IT WORKS

The NJS300 voltage regulator consists of 12

transistors. 8 resistors, and 3 diodes, all deposited

UNREGULATED
VOLTAGE

REGULATED
VOLTAGE

and interconnected on a single silicon chip IV
square. These 23 elements make up a feedback

control system as shown in the diagram.
The unregulated d.c. input is applied to a
series -pass element that is controlled by an error
voltage from a difference amplifier. The error is
determined in the amplifier by comparing a portion of the regulated output voltage with the voltage across a precise voltage reference diode. (The
sample of regulated output is taken from an external voltage divider consisting of resistors RI

DIFFERENCE

AMPLIFIER

RI(EXTERNAL)

R2(EXTERNAL)

and R2.) If the regulated output voltage is not
correct, the error voltage developed by the difference amplifier causes the series -pass element to

adjust the output until
determined value.
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returns to the pre-
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REGULATED
OUTPUT
-14

R

+

UNREGULATED

INPUT

R2

UP TO 12mA

(a)
REGULATED
OUTPUT

In

UNREGULATED
INPUT

...

UP TO 300mA
(b)
REGULATED
OUTPUT

0.1411

+

4-

UNREGULATED

INPUT

1.1F

UP TO 2 AMPERES

(C)

OR SIMILAR

3. Circuit at (a) provides a regulated output
under 12 mA. Booster transistor is added in circuit (b) for output to 300 mA with smoothing ca
pacitor. Second transistor (c) provides up to 2 A.
Fig.

experimenters' power supplies are shown
in Fig. 3. In Fig. 3(a), the current -limit-

ing resistor between pins 1 and 8

is

omitted because the current output demand should not exceed 12 mA. (A re-

sistors is used to provide an output up
to 2 amperes. In the second and third

circuits, solid -tantalum filter capacitors
have been added to improve smoothing.

Also, in these two cases, the current sistor could be added, of course, if a limiting resistors have been determined
lower current limit is desired.) A transistor and resistor have been added in
Fig. 3(b) to provide output current up
to 300 mA. In Fig. 3(c), a pair of tran126

for the approximate maximum current

value. If a lower current limit is required, the resistor value should be
changed accordingly.

-@-
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COMPLY WITH NEW RULES -CHECK YOUR OPERATING FREQUENCY TO 25 KHZ
BY NEIL JOHNSON, W2OLU

THE MAJORITY of American hams

has been content to comply with FCC
rules for checking operating frequency by
using a 100 -kHz crystal -controlled frequency standard. Under the latest FCC
regulation, however, Advanced and Extra class licensees are required to check
their operating frequencies to make certain that they fall within certain 25 -kHz
sub -bands in the conventional ham bands.
At present, there is no low-cost commer-

cial unit available for this purpose. The

crystal -controlled calibrator
here fills the need.

described

25 -kHz intervals and the other turns the
calibrator on and off.
Construction. The author elected to
construct his calibrator on perf board,

although point-to-point or printed -circuit
board construction can be used. The use
of good -quality components, especially in
the crystal oscillator stage, is recom-

mended. Silver mica, or zero -temperature -coefficient ceramic capacitors should

be used. By-pass capacitors should be
ceramic or Mylar, while tube sockets

It would be natural to assume that

should be either ceramic or mica -filled.
Do not use tube shields as they tend to

ers. This being the case, the frequency
calibrator was designed to work in con-

lamp II and its associated dropping re-

such a device would incorporate the latest in semiconductor devices. However, a
casual survey of hams in the N.Y. metropolitan area showed that over 95% of
them are still using vacuum -tube receivjunction with this type of receiver.

Because power can be obtained from
the receiver, the frequency calibrator can

be built directly into the receiver cabinet,
with only a couple of front -panel switches
to control operation. Power requirements
are low for a vacuum -tube unit : 600 mA

for filaments and 10 mA or less for the
plates. One switch determines whether
the frequency output is at 200 -kHz or
1970 Winter Edition

attenuate the higher harmonics of the
circuit. Use as short a lead as possible
from the r.f. output of the calibrator to
the receiver antenna terminals. Avoid
the use of lengthy coaxial cable as this
reduces the signals above 30 MHz. Neon

sistor R13 are optional. Between 150 and
200 volts d.c. is required by the plate circuits, and this can be obtained from the

receiver power supply. If the available
B + is higher than 200 volts, a 2 -watt

dropping resistor can be inserted between R14 and the B + , allowing 100
ohms for each volt to be dropped. For example, if the B+ is 250 volts, the resistor
should be approximately 5000 ohms.
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PARTS LIST

50-pF trimmer capacitor (E.F.
Johnson type S or similar)
C2 -0.002 -AF capacitor
C3 -0.01 -AF capacitor

C1-3.2-

I- I-,

to

C4-See text

LL

C5 -0.02 -AF capacitor

C6-18-pF capacitor
C7-56-pF capacitor
C8, C9-390-pF capacitor
C10-25-pF capacitor
I1-NE-2 neon lamp (optional)

N

R1 -510,000 -ohm
R2 -510 -ohm
R3 -47,000 -ohm
R4 -100,000 -ohm
R5 -33,000 -ohm
All resistors
R7 -18,000 -ohm
%-watt
R8 -R10 -51,000 -ohm
R11 -15,000 -ohm
R12 -22,000 -ohm
R13 -220,000 -ohm
R14 -270 -ohm
R6 -25,000 -ohm potentiometer

ow
N

>W

0Y

S1-S.p.s.t. switch
S2-S.p.d.t. switch
V 1-6BH6 tube
V2-6EA8 tube
XTAL-200.000-kHz HC6U*
Misc.-Perf hoard, ceramic tube sockets (one 7 -

w

O

pin, one 9 -pin), ceramic crystal socket, mounting hardware, terminal strips, wire, etc.
*A 200.000 -kHz HC6U crystal is available from
JAN Crystals, 2400 Crystal Drive, Fort Myers,

a
W

N

Florida 33901, for $2.30 ($2.50 with socket)
postpaid.

0

N
zV

C)HW

Ck1

NO

Operation. With power applied to the
calibrator and the r.f. output connected
to the antenna terminal of the receiver,
turn on switch S1. The optional neon indicator lamp should come on. Place S2
in the AMPLIFY position and, with the

receiver BFO turned on, note that, as

C.)q

LC

yl0an
tO

I

No tuned circuits are used, giving the crystal oscillator a harmonic -rich output. The second stage
(V2) acts as a frequency divider controlled by R6.

Avoid the use of World War II surplus

the receiver tuning is operated, a signal
is heard at each 200 -kHz interval along
the dial. Turn off the calibrator and tune
the receiver to any of the WWV standard
frequency stations. Once you have accurately set a zero beat (using the receiver

BFO) with WWV, turn the calibrator

back on, turn off the receiver BFO, and
adjust C/ until the calibrator and WWV
zero beat with each other.
Place 82 in the DIVIDE position. Ad-

crystals. The best type is the HC6U, a
source for which is given in the Parts just frequency division potentiometer
List.
Note that no value is given for C4, the

screen bypass capacitor for V1. Values
will vary from 150 pF maximum to 50 pF
minimum, depending on the crystal used.

With the crystal specified in the Parts
List and a 51-pF screen bypass capacitor,
the crystal resonated with 15 MHz from
WWV.
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R6 until seven calibrator signals are

heard between the 200 -kHz intervals on

the dial. In the author's prototype, this
occurred with R6 set at about 11,000
ohms. Flip S2 back and forth between its
two positions, making sure that the 25 kHz "birdies" return whenever S2 is on
DIVIDE. If not, a slight readjustment of
-13gR6 is required.
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MAGNETIC STIRRER

SPEED

POPULAR

on

STIRRER

MAGNETIC

BY R. C. DENNISON

ri\ electronics
ZN THE
chemistry
LAS

UNIFORM MIXING AND
STIRRING WITH ELECTRONICS

AMAGNETIC STIRRER that mixes
chemical solutions smoothly, thoroughly, and without splashing is here. A
photographer can use it to mix developers or hypo, and chemists, pharmacists,

being blended. For example, during a
titration, an acid or base is added to a

find many uses for it.

materials. Other applications involve
mixing or stirring toxic, volatile, or
flammable solutions which must be kept
stoppered and mixing dyes or colored so-

biologists, and other lab workers will

Laboratory procedures are speeded

up, or made more exact, by uniform stir-

ring action while reagents are being

added or while various ingredients are
1970 Winter Edition

solution until the proper pH is obtained.
( See article on page 21.) Without constant stirring, it is easy to overshoot the

balance point and thus waste time and

lutions before they are analyzed in a
129

PARTS LIST
C1-0.1-pF, 200 -volt capacitor
11-Neon indicator lamp with resistor assembly
(117 -volt)

Motor-Shaded-pole a.c. motor (R.M.S. M4RK
or similar)
R1 -50,000 -ohm linear potentiometer (with attached switch)
R2 -47,000 -ohm, %-watt resistor
Sl-S.p.s.t. switch, part of R1
Triac-RCA type 40431 (do not substitute)
Misc.-Triac heat sink (Wakefield 254-S1 or
similar), aluminum posts /4" diameter by 1%"
long internally threaded for 6-32 screws (H. H.
Smith 8349 or similar) two required, 6-32 binding -head screws ( four required), 4 -lug terminal
strip, aluminum box 5" x 4" x 3", sheet of thin
( 1/ 16" -thick) cork to cover top of box, selfadhesive plastic (white), epoxy glue, grommet,

rectangular driving magnet 1" x 1/2" x 1/t",

stirring magnet, wire, rubber feet (4), knob.
Note. Plastic -coated stirring magnets and retriev-

40431

BOTTOM

Fig.

1.

Use of a triac with built-in trigger

simplifies circuit design and provides smooth
control of motor speed from creep to maximum.

colorimeter. One non -chemical use has
been suggested-mixing alcoholic drinks
without a shaker!
The magnetic stirrer consists of two
magnets, a low -power a.c. motor, and an
electronic motor -speed control. One of
the magnets ( called the driver) is attached to the shaft of the motor so that

it rotates in a horizontal plane as the

motor revolves. The other magnet (called

the stirrer) is placed within the beaker,
flask, bottle, or other non-magnetic container which is placed atop the magnetic
stirrer, directly over the driver magnet.

ers are available from Arthur H. Thomas Co.,
Box 779, Philadelphia, Penna. The driving magnet

is available from Maryland Magnet Co., 5412
Gist Ave., Baltimore, Md. 21215.

As the motor and the driver magnet
rotate, the stirrer magnet attempts to
keep in magnetic alignment, and in the
process, constantly stirs the liquid in the
container.

There are many ways to control the

speed of the motor. The simplest would
be to use a power rheostat in series with

the motor. While this is low in cost, it
generates heat which might be undesirable in some applications. A Variac could

be used, but this is a bulky, relatively

expensive component. By making use of
a triac, however, a simple low-cost elec-

MOTOR

2. View of inverted chassis
driver magnet fixed
to knob secured to motor shaft.
Fig.

shows

Magnet must be as close as possible to non-magnetic frame top.

CI

SI

CORK SHEET

SELF-ADHESIVE PLASTIC
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DRIVER MAGNET
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Fig. 3. When testing the magnetic stirrer with the top off,
be sure not to touch any of the wiring since all of the circuit is connected to the a.c. power line. Do not use the metal
chassis as a common tie point for any of the circuit.

tronic circuit such as that shown in Fig.
1 can be constructed. This circuit does

not generate heat and provides for infinite variation of motor (therefore, stiring) speed. Remember that a triac is

Drill a hole in the side of the chassis
to accept the triac heat -sink mounting

bolt, then secure the heat sink to the
chassis (see Fig. 3). Mount the four -lug

terminal strip near the heat sink. Slide
the triac into the heat sink and secure it
of being bidirectional so that only one in place using a flat spring. The heat
triac is required for full -wave control. sink has a built-in insulator so that no
Gating of the triac and actual speed are external insulating washers are needed.
controlled by the phase -shifting network Mount capacitor C2 and resistor R2 on
consisting of R1, R2, and Cl.
the terminal strip. On the other side of
the chassis, drill holes to mount potenConstruction. The motor and speed - tiometer R1 and power -on indicator IL
control circuit are assembled in a 5" x
Using the two mounting holes on the
4" x 3" aluminum box as shown in motor as a guide, drill two holes in the
Figs. 2 and 3. To get a good fit within upper surface of the chassis. Making
the close confines of the box, shorten the sure that the driver magnet is secure to
similar to an SCR, but has the advantage

motor shaft by approximately %". A small

the knob and that the knob is firm on the

the driver magnet to the motor shaft.
To do this, first enlarge the hole in the
knob until it is a snug fit on the motor
shaft. Slide the knob on the shaft, and

chassis using 6-32 binding -head screws
and two internally threaded aluminum
mounting posts '4" in diameter by 1W'
long. The driver magnet should be free
to rotate as close to the top of the chassis as possible. Wire the circuit as shown
in Fig. 1. Triac MT2 terminal is the case

knob from an old radio is used to attach

hold the '/4 -inch thick driver magnet to
the top of the knob. The distance from
the top of the magnet to the laminations
of the motor should be slightly less than
1W'. Using a good quality cement, pref-

motor shaft, mount the motor to the

of the triac which is plated to accept a

erably epoxy, secure the knob on the

soldered connection. Use a low -wattage
soldering iron to make this connection,

the upper surface of the knob taking

heating it. Pass the a.c. line through the

and allow the cement to dry.

insulator.
(Continued on page 151)

shaft. Then cement the driver magnet to

care to center it for good balance. Place
the finished motor assembly to one side
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so as not to damage the triac by over-

chassis using a rubber grommet as an
131

POPULAR
ELECTRONICS

POWER SUPPLY

Experimenter's
"Professional"
Power
Supply

CUR RE N. ,

ADJUSTABLE 0-10 VOLTS
ADJUSTABLE 0-500 mA
SHORT -CIRCUIT -PROOF

ALL FOR ABOUT $20
BY DON LANCASTER

LOOKING FOR a professional -quality
low -voltage power supply? Here's

limit. And the split output terminal design gives you either a positive or nega-

one that puts out 0-10 volts at half an
ampere or less, is fully regulated, and
automatically protects both itself and

tive case ground. All this in a three pound 3" x 4" x 5" package you can
easily put together in several evenings
for $15 to $30, depending upon how

An adjustable current limiter sets the

fancy you care to get.

damaging currents are possible should

just fit in a 3" x 4" x 5" metal box. Holes

your circuits from any possible damage.

absolute maximum current that can possibly be delivered to the circuits-no high

Construction. The power supply will

an accidental short circuit or polarity reversal occur. The power supply can even

for the meters are cut with a nibbling

harm!

for -, and black for the case. If you use
exactly 3/4" mounting centers between

ideal for IC experiments, where you can
easily set the 3.6 or 4.5 volts at the high current levels you will need in multiple

the binding posts, you can use a standard

servicing, and a general replacement for

Although not essential, a small printed

millivolts, no load to full load. There are
dual meters, one for voltage and one for

and component polarities. The PC board
mounts on the chassis spacers with four
*6 screws.
To bleed the heat from Q3, use a Wakefield NC623K heat sink drilled to suit the
2N3766 unit specified, and an insulated

run short-circuited overnight with no
This power supply circuit (Fig. 1) is

tool. Color -coded five -way binding posts
are used at the output, red for , yellow

double banana plug connector to your
experimental projects. Line switch Si

circuits. You'll also find it handy as a mounts on the rear of voltage -adjust pobattery eliminator for transistor radio tentiometer R6.
"D" cells or similar batteries in bench circuit board greatly simplifies the wiring
experiments, and anywhere else you're and makes all the small parts easy to
working with transistor or IC circuitry. mount. The board should be laid out and
The performance specs are very im- drilled as shown in Fig. 2. Component
pressive: less than 1 millivolt of r.m.s. layout and interconnections are shown
output ripple; regulation better than 300 in Fig. 3. Be very careful of all circuit

current, with no confusion over what

scale you are reading. Two controls are
provided-one for adjusting voltage, the

other to set the short-circuit current
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mounting kit. (As this heat sink is a

$1.50 item, you might prefer to build
your own with 1/8" aluminum or some

other low-priced material.) Use silicone
grease on Q3, and check to be certain the
transistor is insulated from the heat sink

proper. The heat sink mounts on the
rear of the case with pop rivets or #6
hardware.

Assembly. The various elements are

assembled in the case in accordance with

the layout selected. Figure 4 shows the
author's unit before wiring. The printed

board is mounted at the top, directly

above the two meters, and the fuse holder is at the rear. The two potentiometers
and three binding posts are also visible.
The transformer (T1) and filter capaci-

r1

0-500mA

PRINTED CIRCUIT BOARD

GRN

I

+
YEL

03

2N3766

RED

DI

MDA920- I
I

46000CF

2 V DC

YEL
IITVAC

BLK

Ws iif4742

8'

1. The shortcircuit proof feaFig.

2N7613

ture makes this
low-cost power

2516t 3

R6
IK

R2

VOLTAGE ADJUST

0.6211

supply the equal of

many, far more
expensive,

com-

mercial supplies.

R3
ton

CURRENT ADJUST

BPI

0+

RED

J

BP2

0

BLK
BP3

0

YEL

PARTS LIST
BPI, BP.?, BI'3-5-way binding post, one red, R1 -180 -ohm, V2 -watt carbon resistor
one black, one yellow

C1 -4600-µF, 15 -volt computer -grade electrolytic capacitor (Sprague 462G015AA, or
similar)
C2 -200-µF, 15 -volt electrolytic capacitor
C3 -0.1-µF, 50 -volt miniature disc ceramic capacitor
C4 -10-µF, 15 -volt electrolytic capacitor
D1 -1.5 -ampere, 50 -volt, full -wave bridge rectifier (Motorola MDA930-1, or similar)
D2 -12 -volt, 1 -watt zener diode (Motorola
1N4742, or similar)
F1 -0.5 -ampere fuse with holder
HS1--3" x 4 7/16" fiat -finned heat sink (made
from Wakefield NC623K-see text)
I1 -28 -volt, miniature pilot light assembly
M1-0-10 d.c. voltmeter, edgewise -type (Emico
Model 13, or similar)

M2-0-500

d.c. milliammeter,
(Emico Model 13 or similar)

edgewise -type

PC1-11/2" x 3" printed circuit board
Q1, Q2-2N1613 transistor
Q3 -2N3766 transistor with mounting kit for
TO -66 case
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R2 -0.62 -ohm, 1 -watt carbon resistor
R3 -10 -ohm, 5 -watt miniature wire -wound potentiometer (Mallory VW -10, or similar)
R4 -47 -ohm, 3/2 -watt carbon resistor
R5 -1000 -ohm, %-watt carbon resistor
R6 -1000 -ohm, j -watt potentiometer (with
s.p.s.t. switch S1)

Sl-S.p.s.t. switch (on R6)

T1 -12.6 -volt, 2 -ampere filament transformer

(Allied Radio 54 D 1420 or similar)
1-3" x 4" x 5" enclosure (Bud CU -2105-A, or
similar)
1-Hard anodized -aluminum dialplate, available
from Refill's Photo Finishing, 4627 N. 11th St.,
Phoenix, Arizona 85014; in silver color for

$2.75, red 'or copper for $3.25, postpaid in
USA; stock #PSY-i (optional)
Misc.-Insulated mounting kit and #6 hardware
for Q3, line cord and strain relief, 3/4" knobs
(2), mounting clip for Cl, ground strap for
BP2, #10 nylon cup washers (4), TO -5 transistor pads (2), printed circuit terminals (9),
solderless terminals (9), wire nut, #6 hardware, wire, solder, etc.
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21
2

HOW IT WORKS

16 DRILL B SET P.C.

The power supply circuit uses full -wave, ca-

TERMINALS,

pacitor -filtered, 16 -volt, unregulated d.c. generated by 12.6 -volt, 2 -ampere filament transformer TI, rectifier bridge module D1, and filter
capacitor Cl. Transistors Q2 and Q3, and 12 -volt
zener diode D2 make up a voltage regulator.
Together Q1 and Q2 have a gain of around

COMPONENT SIDE (9)

0
2

0

O
NO.60 DRILL (24)
3*

Fig. 2.

Foil side

(right)

drilled

watts in the short-circuit mode.
A silicon transistor needs 0.6 volt between base
and emitter before it will conduct current. To
get short-circuit protection, a 0.62 -ohm current
sensing resistor (R2) is placed in series with the
output, and transistor QI is connected across this
resistor. As long as the current is less than 1
ampere, the voltage drop across R2 is less than

0.6 volt, and QI stays of. If too much current
flows, Q1 immediately turns on, and robs the

of full-size PC
board

10,000, effectively "amplifying" the filtering effect of capacitor C2. Voltage -adjust potentiometer R6 across D2 permits setting the output voltage smoothly from zero to 10 volts. A heat sink
is required for Q3 as it will dissipate about 16

is

zener diode of its supply voltage; the output voltage, drops immediately, thus preventing any
fault currents. A wire -wound control potentiometer (R3) connected in series with the 0.62 -ohm

as

shown above

and compo

nents mounted as

resistor permits setting the maximum short-circuit current to be delivered to a load.

shown in Fig. 3.

tor Cl are mounted on the rear wall of
the case. Long leads are used to interconnect these two components, and to
wire Q3 to the PC board.

Wiring should present no major problems. Use #18 wire on the high -current
portions of the instrument-between the
collector of Q3 and meter M2, from M2
to terminal F of the PC board, from the
emitter of Q3 to the red ( ) binding
post, and between the yellow ( -) binding post and R3, R3 to R2 (R3 can be
soldered directly to R2), and R2 to ter (Continued on page 145)

R3

+OUTPUT +MI
EMITTER p3
BASE 03
WIPER R6

C1+;II;M2+
CI-; II;R2 TOP
TI SECONDARY
TI SECONDARY

R6 TOP

-OUTPUT; R3,

R6, MI-

SI

Fig. 3.

Parts arrangement on component side of

the printed board. Observe polarity of the capacitors.
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R6

Fig. 4. Author's unit before wiring. Capacitor Cl,
transformer Tl, and transistor Q1 are on rear cover.
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TT REJUVENATES

D.

ADAPTERS IMPROVE SENSITIVITY OF ORDINARY VOLT -OHMMETER
BY SOL D. PRENSKY

THE OVER -WORKED VOM has been
the best friend of the electronics experimenter for many years. While usable

for most measurements, there comes a
time when the faithful VOM must be
shunted aside for the VTVM, especially
when it comes to measuring the lowlevel voltages in semiconductor circuits,
or when probing around in high -impedance circuits.
The reason for dropping the VOM by

the wayside? Low input resistance-

typically 20,000 ohms per volt-which

puts an excessive load on critical circuits

under test and produces false voltage
indications. Also the VOM lacks sufficiently low full-scale voltage ranges.

Most VOM's cannot measure below 1.0

or 1.5 volts at best. Since voltages in
1970 Winter Edition

some semiconductor circuits do not exceed 0.1 volt, it is impossible to read
them on a VOM, even if it has a suitably

high input resistance to avoid circuit

loading. Even VTVM's have their faults
-the older ones do not have low enough
full-scale voltage ranges.
Now the field-effect transistor (FET)
has come along to allow the VOM to re-

trieve its rightful place on the work-

bench. A pair of FET's can be added to

your VOM to convert it into a very high input -resistance (10 megohms) voltmeter

and also give it two more low -voltage
ranges -0.5 and 0.1 volt full scale. Be-

cause both the FET adapter (powered by
internal batteries) and the VOM require
no power, you are not dependent on the
a.c. power line.
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R13-:--10,000-ohm linear potentiometer
R14 -50,000 -ohm linear potentiometer

PARTS LIST
BP1-BP4-5-way binding post, two black, two

S1-D.P.d.t. momentary pushbutton switch (Lafayette 99H6183 or similar)
S2 -5 -position, 2 -pole rotary switch (Lafayette
30H4234 or similar)
Misc.-Plastic case, transistor sockets (2), perf

red

B1 -6.75 -volt mercury battery (2), (Mallory

TR235R or similar; see text)
D1 -5.6 -volt zener diode 1N5232 (Motorola) or
1N1520 (International Rectifier)

board, knobs, mounting hardware, etc.

Ql, Q2-N-channel FET TIS58 (Texas Instru-

ments) or MPF103 (Motorola)
R1-8-megohm
R2-1.8-megohm
R3, R4 -100,000 -ohm
R5 -50,000 -ohm
R6, R8 -15,000 -ohm
R7 -2000 -ohm

R9-10-megohnt

RI I

all resis-

2.7K

tors %-watt,
5%

CALIBRATE
SI

RIO

22011
DI

R10 -220 -ohm
R11 -2700 -ohm
R12 -47 -ohm

5.6V

IN5232

INI520

01802
Go
S o1
R13

10K
ZERO

TO VOM
COM

RI

8 MEG.

TIS-58
MPFI03

00-

+

Ct

BP4

BP3

01

C/2

13BI 5v.

T IS -58
MPFI03

RI4

50K

BPI

CAL

R5

50K

INPUT
BP2

lOy

COM

OFF

R7
2K

R4
100/<

R9

10 MEG.

Construction. If your VOM is of the
popular 20,000 -ohms -per -volt type, use
the circuit shown in Fig. 1. If you have a

Fig. 1. Designed for use with 20,000 ohms/
volt VOM's equipped with a 0.1 -volt d.c.
range, this circuit provides the VOM with
effective input resistance of 10 megohms.

1000 -ohms -per -volt VOM, use the circuit

in Fig. 2. Note that the Fig. 2 circuit
provides only 1 -volt full-scale range at
five megohms input resistance.

PARTS LIST
BP1-BP4-5-way binding post, two black, two

The circuit may be assembled on a
perf board which is then mounted in a
plastic case. The case also contains the
(Continued on page 140)

red

B1 -6.75 -volt mercury battery (2), (Mallory
TR235R or similar; see text)

Qi, Q2-N-channel FET TIS-58 (Texas Instruments)
all resistors
R2 -2000 -ohm
%-watt, 5%
R4, R5 -3600 -ohm
126 -10,000 -ohm linear potentiometer
R7 -50,000 -ohm linear potentiometer

R1, R3-4.7-tnegohm

R6

1K

R4

ZERO

3.6K
COM

BP3

S1-S.p.s.t. switch
Misc.-Plastic case, transistor sockets (2), perf

0

BP4

01

TIS-58

board, knobs, mounting hardware, etc.

D

CALIBRATE

0

INPUT
BP2

RI

4.7MEG.

02
T1S- 58

BI

0

R7

-BPI

Fig. 2. For VOM's with only 1000 ohms/
volt sensitivity, this simple circuit
is used to provide d.c. input resist-

R5
3.61(

TO VOM

112

2K

R3
4.7 MEG.

ances on the order of five megohms.
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10 Reasons why
RCA Home Training is

I

your best
investment
for a rewarding
career
in electronics:
1

LEADER IN ELECTRONICS,
TRAINING

RCA stands for dependability, integrity
and pioneering scientific advances. For

over a half century, RCA Institutes,
Inc., has been a leader in technical
training.

2Beginner or refresher - AUTOTEXT,
RCA Institutes' own method of Home
Training will help you learn electronics
faster, easier, almost automatically.
THOUSANDS OF WELL PAID
JOBS ARE OPEN NOW

,Cm

3RCA Institutes can help you qualify for

9

5For those working in electronics or

You can take advantage of RCA's convenient monthly payment plans. There
is one to suit your budget.

SPECIALIZED ADVANCED
TRAINING

with previous training, RCA Institutes
higher level. No wasted time on material you already know.

10 RCA GRADUATES GET TOP

6

Thousands of graduates of RCA institutes are now working for leaders in the
electronics field; many others have their
own profitable businesses ... proof of

RECOGNITION

PERSONAL SUPERVISION
THROUGHOUT

All during your program of home

study, your training is supervised by
RCA Institutes experts who become

the high quality of RCA Institutes
training.

personally involved in your efforts and

help you over any "rough spots" that

Dept. if -s9

a rewarding career if you have an interest in electronics. Every year, thousands
of well paid electronics jobs go unfilled

may develop.

RCA INSTITUTES, INC.

opportunity to train themselves for

7able Atspecially
no extra cost, a variety of valuengineered kits come with

320 West 31st St., N.Y., N.Y. 10001

your program-yours to keep and use

just because not enough men take the
these openings.

3

CONVENIENT
PAYMENT PLANS

'Career Program begins with the amazing AUTOTEXT method.

offers advanced courses. Start on a

RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER

C

Transistor experiments
on programmed breadboard using oscilloscope.

VARIETY OF KITS, YOURS TO KEEP

Canadians: These same RCA courses
are available to you in Canada. No

postage. No customs. No delay. Your

nquify will be referred to our school

on the job.

In Canada.

4Select from a wide choice of courses 8
You will receive in most career proWIDE CHOICE OF CAREER
PROGRAMS

and career programs ranging from basic
Electronics Fundamentals to advanced
training including Computer Program-

ming and Electronics Drafting. Each

TRANSISTORIZED TV KIT AND
VALUABLE OSCILLOSCOPE

All courses and programs approved
for veterans under new G. I. Bill.

grams a valuable oscilloscope. Those
enrolled in the TV Program or courses
receive the all -new Transistorized TV

CLASSROOM TRAINING ALSO AVAIL-

ABLE. FREE CATALOG ON REQUEST.
Receiver-exclusive with RCA. Both are
at no extra cost.
If Reply Card Is Detached-Send This Coupon Today

ACCREDITED MEMBER National Home Study Council
Construction of Oscilloscope.

RCA INSTITUTES,

Construction of Multimeter.

INC.

Home Study Dept. EE -99

320 West 31st Street
New York, N.Y. 10001
Name

Address

City

State

p
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Zip

Check here if interested in Classroom Training
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(Continued from page 136)

batteries used for power. Although the
author used a pair of 6.75 -volt mercury
cells, you can use any combination of
batteries to produce between 9 and 13
volts for satisfactory operation. The two
FET's draw only 0.5 mA during a measurement, while the seldom -used calibration circuit takes 15 mA. Batteries
should last a long time.
Operation.

Place the VOM range switch

in the 1 -volt d.c. position, then connect

the VOM to the FET adapter output

binding posts, making sure that proper
polarity is observed. Connect a pair of
test leads to the adapter input binding
posts and short these two leads together.

Then place the FET adapter RANGE
switch (S2) in any position other than
OFF. Rotate the ZERO potentiometer

(R13) until the VOM needle is on zero.
Separate the two test leads on the input of the adapter and place the RANGE
switch in the 0.1-V position. Depress the
CALIBRATE pushbutton (S1) and adjust the CALIBRATE potentiometer

(R14) until the VOM indicates exactly
1 -volt d.c. Release the pushbutton.
If your VOM has a full-scale range of
1.2 or 1.5 volts, adjust R/4 for an exact
1 -volt reading. In either case, the scale
markings of the VOM must be multiplied
by 100 to give you a reading in millivolts.
Once calibration has been performed for
the 0.1-V position of S2, the calibration
will hold true for the other three ranges.
In the case of the 0.5-V position, multiply the VOM reading by 500 to obtain
the value in millivolts ( or divide by two

to get the value in volts) ; in the 5-V
position, multiply the VOM scale by 5 to

get the value in volts; and in the 10-V

position, multiply the VOM scale by 10
for the value in volts.
Because of the very high input resistance and the 0.1 -volt full-scale lowest

range, the FET adapter can be used to

measure very small current flow through
a circuit. This is done by measuring the
voltage drop across a resistor with a low

ohmic value in series with the current

flow. Apply Ohm's Law ( E-=IR) to find
the current.

THIS ANTENNA WILL ALLOW you

to load your transmitter across the

entire 500 kHz of the 75 -80 -meter band
without using an antenna tuner, and with
a SWR less than 3:1.
Construction is shown in the diagram.

Broadband Dipole

For 75/80 Meters

About 260 feet of antenna wire is re-

BY BOB DAHLQUIST, WB6KGF

quired, as well as eight insulators, a conventional Hy -Gain center insulator ( or

substitute), and a length of 50 -ohm
TO

TO

SUPPORT

SUPPORT

TO

TO

TO

SUPPORT

SUPPORT
likEE TEXT

TO

SUPPORT

SUPPORT

5011L1NE

A is made 50 feet long. The resultant

31

Az51.5"

4=50"

SWR is also shown in the diagram.

21

3.5

36

38

3.7

39

4.0

MHz

Length of side A depends on coverage desired and
determines the standing wave ratio for the dipole.
140

transmission line long enough to go from

the antenna to the transmitter. You will
also need three antenna supports, masts
or trees, between 30 and 40 feet high.
Although these supports should be in a
reasonably straight line, the antenna
will work if it is folded up to 90°, making a horizontal Vee.
For coverage of the entire band, side
A should be 51 feet, 6 inches. To cover
just the phone portion of the band, side

Because the SWR is affected by the
height of the antenna and whether or
not it is folded, you may have to shorten

or lengthen side A to obtain the lowest
SWR.
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BENCH SUPPLY
(Continued from page 118)

ther to the full winding or to the tap.
With the switch in the latter position,

you can get an output approaching 140

well in other applications, such meters
do not have a scale range that is sufficiently detailed to be of value when used
with a variable -voltage transformer.

You can use the meter for the low voltage output if you determine the
voltage ( turns) ratio of the step-down
transformer accurately and apply this
ratio to the meter reading.

It is also a good idea to have a means
of obtaining very low voltages without
depending on the setting of the variable

Packaging the Supply. The assembly
shown in the photo uses a 2.4 -ampere
Variac mounted in a 6" X 6" x 6" aluminum cabinet, with the knob for the

HIGH -LOW switch which, in the LOW
position, puts a step-down transformer

on the top can be used to carry the supply; they also protect the Variac knob

former. The author uses a multi -tap
transformer here, but any step-down

secondary which is capable of carrying
at least 1 ampere would be suitable.

and they provide a place to rest the palm
of your hand while making a setting of
the knob.
Although the schematic diagram
shows only one 120 -volt output recep-

supply is extremely convenient and timesaving. A meter with a 0-150 volt linear
scale is best. Unfortunately, a number of
inexpensive a.c. voltmeters have nonlinear scales. Although they serve perfectly

trols.

volts.

transformer. For this purpose, use a

across the output of the variable transtransformer with a 12 -volt center -tapped

Having a meter in the output of the

Variac on the top. Two large handles also

so that it can't be accidentally moved

tacle, the author's setup has two wired
in parallel for added convenience. They
are located on the rear of the cabinet so
that cords plugged into them are out of
the way of the work area and the con-

P atented components ... a 30 -year reputation for innovaa consistently creative approach to sound
tive design .
reproduction ... this is where it all comes together, in the
creation of extraordinary speakers such as the 312.
A glance at its specifications will tell you the 312 is an exceptionally fine reproducer. Unfortunately, they won't begin to show you how extraordinarily pleasing the sound is
that flows from it. You must,discover that for yourself, by
listening. It's not inexpensive. Still, it's only about half
what you'd expect to pay. Hear the 312 soon. Find out why
.

we call it: "the speaker your other components will be
proud of."

This is where it all
comes together
"Listen
University

Specifications: Model 312 3 -way 12" Diffaxial
Speaker. Frequency response: 28 to well over
40,000 Hz. Patented Sphericon tweeter is flat
within 2 db to 22,000 Hz. Power rating: 35 watts
integrated program material. Impedance: 8-16
ohms. Crossover: 1000 Hz (mechanical). 3000 Hz
(electrical). Dimensions: 13" overall dia 654S"

deep. Mounting: Front or rear baffle. Special
Features: Rigid, die-cast frame. Wide-angle dispersion by patented Sphericon Super Tweeter
and exclusive Diffusicone principle. Rigid cup
baffle (eliminates

tweeter -woofer

interference).

High compliance suspension with University's
exclusive Critical Edge Damping.

IUNIVERSITY6SOUND
A DIVISION OF LTV LING ALTEC. INC
P. 0. Box 26105,

Oklahoma Coy. Okla. 73126

.

Sounds

Better."
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METHODS

THE BEST OF TIPS & TECHNIQUES
GADGETS

ADD SCREW BASE

TO NE -2 NEON LAMP

At one time or another you have probably had
(or will have) a need for an NE -2 neon lamp

with a screw base for one of your projects.
Unfortunately, NE -2 lamps come with wire
leads not designed for screwing into pilot
lamp sockets. However, you can solve the
problem quickly enough if you have an incandescent pilot lamp you're

willing to

sacrifice - or

one that has
burned out and
you never

wire in place and also solder together the
outer conductors of both connectors. For this
application you can discard the shell of the
PL259. Shrink some heat -shrinkable tubing
over the assembly, and you have a good
emergency adapter.
-Robert Runnels, WA8UGT
COLORED LAMPS AID LOGGING DX

Add color to the tuning dial of your shortwave receiver and you can make logging
stations easier. The colored glow lets you
distinguish between main tuning and band spread at a glance. This works especially
well with the Knight -Kit Model R -100A re-

threw

away.
Carefully

break the glass
envelope of the incandescent lamp, and remove the elements and whatever glass remains in the screw base. Insert one of the
wire leads on the NE -2 through the bottom
contact of the lamp as shown in the photo;
the other lead goes to the metal case. Insulate

the leads from each other, solder both in
place and, you'll have a screw -base NE -2
lamp.
-Hubert Melin
EMERGENCY COAX CONNECTOR

What do you do when you have to connect a
PL259 plug to a UG 261/U BNC-type jack?

Well, you could change the connector on
either the cable or the piece of equipment the
cable must be connected to. However, this
means you'll just have to change the connector again when you're finished. A quick

ceiver. Remove the #47 lamps, and replace
them with #51 lamps. Then place colored
dome -type lenses (for example, red for main
tuning and green for bandspread) over the
lamps, and replace the lamp holder on its
bracket.
-Gary Humniell
HEAT -SHRINKABLE TUBING
COUPLES PHOTOCELL TO LIGHT SOURCE

The next time you build a project that uses
a photocell control circuit, use heat -shrinkable tubing to join the lamp and photocell

mechanically end -to end to produce a
light -tight coupling.

way out of this problem is to make an adapter. A type UG 261/U single -hole mounting

BNC connector makes a good slip fit into
the stem of a PL259 plug for the adapter
assembly. First, solder a length of bare,
solid hookup wire into the BNC connector,
and slide the wire through the stem of the
PL259 plug as shown in the photo. Now, bend
the end of the wire over the center contact
of the PL259, bringing the flange of the BNC
into contact with the PL259 plug. Solder the
142

After butting the
lamp and photocell

together, slip a length
of the heat -shrink-

able tubing over the

two. The length of
tubing used should

be adequate enough

to allow 1/4" overhang at the ends of the lamp
and photocell. Shrink the tubing, making
sure the overlap makes a good seal.

-Royland Pettersen

ELECTRONIC EXPERIMENTER'S HANDBOOK

SUBMINIATURE CONNECTORS FOR
PROJECTS AND EQUIPMENT

You can make inexpensive subminiature connectors from 6-, 8-, or 10 -pin TO -5 integrated
circuit sockets. A socket with the wires from

the circuit soldered to the pins serves as the
female connector. The male connector must

be prepared by carefully melting a small
amount of sol-

der into each of

the IC socket's
holes. Then cut

They'll never
build a better
Toscanini.

the required
number

of
lengths of wire
(transistor or
IC leads make
a perfect fit) to
'4" or :Yr,". Heat

the pins of the
IC socket, and

drop in the

lengths of wire. Then solder the wires to the
appropriate pins on the male connector. Finally, slip a 1" length of heat -shrinkable tub-

ing over each connector, and shrink it
place.

in

-C. A. Schieszer

MOWER ENGINE SAVES GAS
WHEN CHARGING BATTERY

The camper usually has to rely on his car's
electrical system for power to operate lights
and radios, and this generally means that his
car's engine must be kept running to keep
the battery fully charged. However, with the
aid of an old lawn mower engine, and some
hardware, the battery can be kept fully
charged with a very small outlay for gas.
First, use four heavy bolts to mount a metal
plate semipermanently inside the
car's engine near
the generator or
alternator. Then

mount the mower

engine on the metal plate. In use, you
simply remove and

save the fan belt,

and run another

belt from mower
engine to generator. The genera-

tor's

mounting

bracket provides belt adjustment. Over-

charging is prevented by the car's voltage
regulator. When not in use, the fan belt
goes back in place and the mower engine
stores neatly away in your car's trunk.
-Harry I. Miller
TV LEAD-IN DOUBLES AS CABLE TIES

One of the most unsightly-and possibly most
dangerous-things in ham shacks and work-

shops is dangling wires and cables. If you
have some extra 300 -ohm twin -lead TV leadin cable handy, however, you can fabricate
1970 Winter Edition

Or Flagstad. Or Charlie Parker.
Or Bessie Smith.
Technology helps us build better
stereo equipment. But not better artists.
Your records are the most irre-

placeable part of your sound system.
(They could be your biggest high
fidelity investment, too.)
That's why we build our least
expensive automatic turntable-the

$79.50 Dual 1212-with no less precision than our most expensive model.
So that you can use the finest
cartridges, and track them at their
lowest recommended force. (The 1212
is "compatible with...the most compliant cartridges available today," said
Stereo Review.)

And so ,that you can enjoy such
features as cue -control "for a very
gentle lowering of the pickup onto...
any portion of the record," (according
to High Fidelity).
Of course, not all the 1212's features were put there just to make life
easier for your records. Some (for
instance, pitch -control) are there to

make life-and listening-more pleasant for you. Our literature will tell you
all about them.
United Audio Products, Inc.,
535 Madison Ave., New York,
New York 10022. Dual
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your own cable tie/hangers and eliminate the

problems. Cut the lead-in to the approximate
lengths needed, square at one end, and at an
angle at the other
end. Then punch

now...

a hole at the

to drive allo adjust

squared end to

facilitate hanging,
and a slot (slight-

hex socket screws

ly shorter than

the twin -lead is

...IN PRECISION WORK
With the tools in this new, compact convertible screwdriver

set, you can turn all types of hex socket screws ... in all
types of locations ...faster, easier than with conventional
keys.

Handy midgets are ideal for such delicate, precision work
as assembly and servicing of instruments and controls. Remarkable
"piggyback" torque amplifier
handle adds grip, reach, and
power needed for other
applications, lets you
do more jobs with
fewer tools.

wide) directly below the hole. (See
photo for details.)
Wrap the fabricated cable tie/hanger around

the cables to be bundled together and pass
the angled end of the tie through the slot.
Pull tight and anchor the tie with a nail
or screw where desired. For low voltage,
use the twin -lead as is; for high voltage, tear
or cut out the conductors.
-Stan Mosher
ADD POWER LAMP/STROBE ACCESSORY
TO YOUR TURNTABLE

You can add a power indicator light and

strobe light accessory to your turntable for
making quick and frequent checks of turntable speed. If your turntable doesn't already
have a power indicator, mount a bayonet
socket (with built-in resistor for operating
neon lamps at 117 volts) on the front skirt of
the turntable's base. At one end of the length
of coaxial cable, solder a plain bayonet socket; at the other end a spare bayonet -type lamp

base. In both cases, the center conductor of
the coax goes to the "hot" contact, while the
coax braid goes to the shell or "common"
contact. Insulate any exposed metal with
heat -shrinkable tubing. Plug the coax into
the turntable -mounted lamp socket, and in-

PS -89 SET

8 midgets (hex size .028"
thru 1/8") plus hollow,
"piggyback" handle. Slim, trim,
seethru plastic case fits
pocket or tool box,

sert an NE51 or NE51H (if you want a

brighter light, choose sockets to accept the
brighter NE51H lamp). Then read turntable
speed with a conventional strobe disc.
-Henry R. Rosenblatt

doubles as bench
stand.

0

0oo
0

0

PIGTAILS FOR 3AG FUSES

It is often difficult to obtain pigtail -type fuses

0

REQUEST COMPLETE HAND TOOL CATALOG
which includes information on other Xcelite Compact Sets,

too-slot tip/ Phillips/Scrulox® screwdrivers, nutdrivers,
and combinations.

from local electronics parts dealers-they
just aren't as common as they used to be.
So, what do you do if you need to replace

this type of fuse in a hurry? You can solder
wires to the caps of
conventional fuses,

taking the chance
that this will not
"blow" the fuse as
a result of the applied heat. A second and safer alternative is to secure

Nationwide availability through local distributor

r-

pigtails to the fuse

XCELITE, INC., 54 Bank St., Orchard Park, N. Y. 14127

caps with snug -fitting rubber grommets. You
simply force 3/16" rubber grommets over the
fuse caps, wedging the wire pigtails between
the grommets and caps. This home-brew tech-

Send complete tool catalog, which includes information on
all Xcelite Compact Sets.
name
address

L

city

state & zip

J

nique will suffice temporarily until you can
stock up on regular pigtail -type fuses.
-Tod Wagner

In Canada contact Charles W. Pointon, Ltd.
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POWER SUPPLY

(Continued from page 134)

minal E of the PC board. Four #10 nylon cup washers serve as feet.

simplifies soldering

Current Limiting. The current limit can

be preset from 50 to 500 mA. Up to

about three-quarters of the current limit,
the power supply produces a constant voltage output. When the predetermined
critical current value is reached, the regulator automatically switches over from
constant voltage to constant current. For
instance, suppose your circuit takes 60
mA of current under normal conditions.
You would simply set your current limit
about double, say 120 mA.
As long as the circuit is working properly, you get constant voltage out of the

supply. Should a polarity reversal or a
fault occur, the supply will provide no
more than 120 mA.

New
TEMPMATIC
Temperature
Controlled Soldering Tool
Combines all the advantages of a pencil iron,
a fast heating soldering gun, and tip
temperature control. Exclusive removable
Powerhead contains Weller's temperature
control system. Protects components even in
the most delicate work situations. Tool weighs
7 oz. Use it for light or heavy duty soldering.
Model GT-7A has 700°F. 316 chisel point
Powerhead. Model GT-6B has 600°F. Vs"
conical point Powerhead.

SPORTS TIMER
(Continued from page 102)

The counters to the left of it will operate
much slower. The second to the left indi-

cates hundredths of a second and the
third indicates tenths of a second. The
counter to the left of the decimal point
indicates unit seconds, while the next
counter to the left is tens of seconds.

The latter is the modulo -6 counter that
only goes to 5. At the 60th second, all
counters to the right of the colon drop
to zero with the minutes counter advancing to the next count. The counters will
not stop, and you will see them proceed

to 9 minutes, 59.999 seconds and re-

The original
Dual Heat Guns
Fast heating. Long -life tips. Exclusive
trigger -controlled dual heat. High
soldering efficiency. Spotlight. 3
models from 100/140 watts to
240/325 watts.

111111"16161F -'77-___::::A
Dependable MARKSMAN Irons
They outperform other irons of their size and weight. Long reach stainless steel barrels. Replaceable tips. 5 models
from 25 watts to 175 watts.

peat.

To stop the counter at any time, insert
the wire jumper between the center contact of J1 and the similar contact on the
STOP jack J3. The various counters will
stop and the real time can be read on the
front -panel indicator lamps. Depressing

the RESET button will zero the count.
If the RESET button is depressed while
(Continued on page 149)

1970 Winter Edition

Weller 25 -watt Iron for intricate work
Industrial rated. Weighs 13/4 oz.
Delivers tip temperatures to
860°F. Cool, impact -resistant
handle. Model W -PS with ./16- tip.
WELLER ELECTRIC CORP., Easton, Pa.
WORLD LEADER IN SOLDERING TOOLS
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Now, subscribe to the most
popular electronics publication
in the field
at
exactly

HALF-

BURR POWER

IMPEDANCE. METER

.'-7FLA
ltt WITEK4

5U-Ar

PORTABLE it VOlt
SIMPLE CIRCUIT

IMPROVES RECHVER

EIECIRONIC PORT ROT

SELEouviiii
BUILD

LOWiCOS?
(0611111
READOUT

VET
ONEAMEIER

PRICE !

BUILD IT
YOURSELF
Clear -as -crystal diagrams

guide you each step of the
way through fun -to -build

projects you can put
together in just a few

AMATEUR, CB
& SWL
All the latest news and
developments including
candid equipment reports,
FCC regs, satellite
frequencies, DX contests,

hours-for pennies!

English -language foreign
broadcast schedules.

Fascinating items such as
a one -eyed intruder

PLUS tips on getting
tough QSL's from all over

detector...versatile binary
adder...60-watt ss
instrument amplifier...

the world...antenna
systems innovations...

powerful color organ and an
anti -gravity demonstrator.

and how to increase the
range of even the
simplest receiver.

1

POPULAR ELECTRONICS at
the special HALF-PRICE rate of: print name

Dept 0368, Portland Pl.,
Boulder, Colo. 80302.
146

POPULAR ELECTRONICS' regular sub-

scription rate is $6 a year!
But, as a reader of ELECTRONIC
the special HALF-PRICE rate of -

1 Aim months* 300

address

DI Bill me later
POPULAR ELECTRONICS,

feature stories keep you
on top of every vital
breakthrough. You'll follow
the latest advances in
aviation and marine
electronics, telemetry,
computers, radio
astronomy, nucleonics.
And you'll learn about the
challenging career
opportunities they create.

EXPERIMENTER'S HANDBOOK, you get

One year for just $3.00

Mail this coupon today to:

Brilliantly illustrated

In addition to complete
coverage of every major
hi-fi component and kit on
the market, you'll get plans
to improve your present
set-up...learn about every
type of speaker system,
the ins and outs of
amplifiers, and just what
hi-fi and stereo are
really all about.

Please enter my subscription to

El Payment enclosed

ELECTRONICS
FEATURES

HIGH FIDELITY
& STEREO

for only -"-

city
state

Use handy order card opposite this
page or mail coupon at left-today!
zip code
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(Continued from page 145)
the counting is taking place, the indicated

time value will drop to zero, but imme-

SAMS BOOKS

RESET button is released. This pushbutton has no effect on the three fixed

on SPACE SCIENCE

diately start up again as soon as the
indicator lamps. To shut the system
down, turn S1 to OFF.

Before assembling the cover on the

chassis, use contact -adhesive plastic to
give it a finished look.
Starting and Stopping. There are many
ways to start the clock, and all depend

on providing the START input jack with
a positive -going pulse. For races of all

types, you can use the photopickoff
shown in Fig. 10 at either the start or
finish line. Place a light source on one

side of the track, focused either by a lens
or a length of tubing in front of the lamp
so that the light beam strikes the photo Darlington transistor. A similar lens sys-

tem, or length of tubing can be placed

over the photo transistor to prevent trig-

gering by ambient light. The switch
shown in Fig. 10 is used to select either
the presence or absence of light as the
trigger.

The (+) jack is used to provide 3.6

volts to power any external trigger circuit.

Space Age Technology Series
Prepared under the guidance of
Training and Retraining, Inc.
Inertial Guidance Systems. by Robert L. Gates. Fully
describes the inertial guidance systems used in all

U.S. ballistic missiles as well as in space projects.

The basic theory and equipment techniques of these
systems are also being applied to aircraft operation.
Discusses coordinate systems and earth effects, Inertial sensors, the inertial -measurement unit, the
guidance computer, and system operation.176 pages.
$4.95
Order 20605
Controlled Guidance Systems. by Hal Hellman This
programmed text covers the fundamentals of guid-

ance systems, including ballistic trajectory, hyperbolic guidance, motion, translation, proportional
navigation, celestial navigation, and stellar -inertial
guidance. Explains principles, construction, and
operation of various systems. 224 pages.
Order 20573

$4.95

Synchros and Servos. by Robert J. Brlte & Carlo H.
Florenelli. A programmed text presenting the basic
principles of synchro and servo motors and generators and their applications. Includes maintenance
and troubleshooting methods. 192 pages.
Order 20533

Modifications.

The timing unit kit is

supplied with a 100 -kHz, 0.005% toler-

ance crystal. With this crystal, the last
digit on the right will not be accurate,

although it can be used as a relative

$4.95

Lasers and Masers. by Charles A. Pike. This programmed text describes in detail the basic operating principles of the laser and maser. Also covers
the early history and development of atomic structure which provides the framework for the development of laser and maser devices. 176 pages.
Order 20559
$4.95

time indicator. Replacing the 0.005%
crystal with one with an accuracy of
0.001% will produce the correct timing

sents the basics of this vital new field whichr
playing an increasingly important rote in space,

in the thousandths column.

supported by numerous illustrations. 304 pages.

If you want to read times up to one
hour, add another modulo -6 counter at
the left, driven by the "carry" of the
minutes counter M8. The clock will now
read to 59 minutes, 59.999 seconds. If you
want to read up to 10 hours, add both the
tens -of -minutes counter and another dec-

ade counter driven by the last "carry"
output. The clock will now read to 9
hours, 59 minutes, and 59.999 seconds.
This should be enough for almost any
race. To convert the clock to read only
hours, minutes, and seconds, as does a

conventional clock, requires a little
more logic and may be the subject of an-

other article.
1970 Winter Edition
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Microminiature Electronics. by Israel Kalish

military,

commercial,

Pre-

industrial electronic

and

equipment design. The text is programmed and
Order 20582

$5.75

SPECIAL OFFER/ All 5 Volumes at a savings, in
$24.95
beautiful slip case. Order 20724, only

Howard W. Sams & Co., Inc.
Order from any Sams Distributor or bookstore,
or mail to Howard W. Sams & Co., Inc., Dept. EE -9,
4300 West 62nd St., Indianapolis, Ind. 46268

Send me the following books:

D 20605

CI 20573

20533

D 20559

CI 20582

20724

$

enclosed

Name

Address
City

State

Zip
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ZENER DIODE

(Continued from page 88)

We also know there is only two volts
driving the current through the resistor.
IV

IIV

liV-9v

IN

= 2V

QV

0

GIANT 274 PAGE

1970

RADIO -TV
ELECTRONICS
CATALOG
Write to:

BURSTEIN. APPLEBEE CO.,
319 9 MERCIER ST.,
DEPT. EEH-WE,
KANSAS CITY, MO. 64111

Ohm's law tells us that R = E/I = 2/
0.0125 = 160 ohms. To handle our
"worse case" conditions, the resistor val-

ue must be halved. Such a large change

requires us to determine what would
happen if someone disconnects the receiver and the voltage is up to 13 volts.

Name
Address

City

L

State

Zip Code
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INJECTORALL
NEW Printed Circuit Kits
Make Experimenting Easy!

Fortunately, Ohm's law shows that a

1/4 -watt resistor will adequately handle

the current, and multiplying 9 volts by
13.8 mA tells us that our 250-milliwatt
zener is dissipating only 124.2 milliwatts.
Now we have a regulator circuit we can
build with confidence.

Tired of struggling with metal chassis? Fed up with
construction when you would rather experiment? Try
INJECTORALL's new PC -

500 kit. Contains everything you need to make

1---7-`"11-, 44
PRIxtts CIRCUIT

K

IIIIRIMENTEI IMBRYIST
AR NI MATERIAL NECESSARY TO MI
TON STUDENT

YOUR OWN PRIMED CIRCUIT ROAM

printed circuits. No

need to depend on commercially made boards.

two printed circuit
boards, 43/4" x 33/4"
resist ink pen

one 2 ounce bottle
MAKE VOIR OVM ARMIES
AMAMI* !MAIMS

of resist ink solvent

one 6 ounce bottle
of etchant
'As" drill bit

complete, step-bystep instructions

packed in acrylic
Iwo

Plent.
11.10

box which serves as
a developing tray
only $5.95

Available at all major
distributors or Write direct

INJECTORALL ELECTRONICS CORP.
Great Neck, New York 11024
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We have paid a price for our regulator,
however, in the form of 13.8 mA wastage

current through the zener diode. The

advantage is that the receiver will operate reliably no matter what happens.
Now you know what a zener diode is

and, more important, how it is used

effectively. Our hypothetical example revolved around a radio -receiver load. But
the load could just as easily have been a
hi-fi amplifier or test instrument. -SIELECTRONIC EXPERIMENTER'S HANDBOOK

MAGNETIC STIRRER
(Continued from page 131)

MAKE YOUR OWN PC BOARDS!
KEPRO KITS PROVIDE EVERYTHING

YOU NEED-MATERIAL, EQUIPMENT

and KNOW HOW!

Clean the top outside surface of the
chassis, and glue on a sheet of 174e -thick

Manual Resist Kits

cork that just covers the top. The ap-

pearance of the stirrer will be enhanced
by covering the cork surface with white
self-adhesive plastic sheet. White is used
so that the true color of the liquid being
stirred is visible. Allow the cork cement
to dry thoroughly before applying the
plastic or wrinkles will appear.

Photo Resist Kits

Photo Layout Kits
Silk Screen Kits

Nameplate & Panel Kits

Testing and Use. Apply power to the
circuit by rotating the speed -control potentiometer (R1) until switch S1 closes
and power -on indicator // lights. As R1
is rotated, the motor (and driving magnet) should spin faster and faster.

KEPRO . . World's Most Complete Line
of Etched Circuit Materials and Supplies.
.

Stocked by your favorite distributor
write for catalog:

Make sure when you wire the potentiometer, that the slowest motor speed
occurs just after Si turns on. Turn off

KEPRO CIRCUIT SYSTEMS, Inc.
3630 Scarlet Oak Blvd.
St. Louis, Mo. 63122

the power before the next step.

Fill a small beaker with water and
place it on the white upper surface of
the magnetic stirrer, directly above the
driver magnet. Drop in a steel paper clip

V
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or small bar magnet. It will instantly

THE TRUTH

tion the beaker until the paper clip or

about the

align itself with the driver magnet. Posi-

bar magnet is centered within the beaker. As R1 is rotated and power comes on,

the stirring magnet will start to rotate
(with the motor), and as R1 is rotated
up its range, the stirrer will rotate faster and produce a vortex in the water.
To avoid chemical interactions with
the liquid being stirred, especially with
corrosive or very active solutions, it is
best to use a stirring magnet having a
protective plastic coating. A magnet
with a teflon coating is available (see
Parts List).
A very handy gadget to have is a stirring -magnet retriever. This enables you

to extract the stirring magnet without
putting your fingers in the solution
(with possible disastrous results if the

solution happens to be corrosive or toxic). You can make a retriever by sealing

a small magnet within a long plastic
tube, or you can purchase one at low
cost (see Parts List).
1970 Winter Edition

complete line of

gkeretgricL
MICROPHONES

a

Capsule listings of over 85
microphones for recording,
communications, sound
ofro"reinforcement and radioTV broadcasting. Send
today for this helpful
product folder.
ELECTRO-VOICE, INC., Dept. 992EH
615 Cecil Street. Buchanan, Michigan 49101

Send my tree product folder on the complete line Of
Electro-Voice microphones.
Name

Address
City

State

Zip
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IR DETECTOR

(Continued from page 123 )

so that the Hotbox does not respond to

this normal temperature but will respond
to any higher temperature. Also remem-

ber that, although the Hotbox does not
respond very readily to visible light, it
does respond quite rapidly to the source

of such light if it is hot-such as the
filaments of incandescent or fluorescent

bulbs, sunlight, etc. Keep this in mind
Fill in coupon for a FREE One Year Subscrip-

tion to OLSON ELECTRONICS' Fantastic Value
Packed Catalog-Unheard of LOW, LOW PRICES

on Brand Name Speakers, Changers, Tubes,
Tools, Stereo Amps, Tuners, CB, and other Values. Credit plan available.

when installing the Hotbox as a fire
alarm.

Once the device is working properly,
aim it at a source of IR energy-incandescent or fluorescent lamp filaments,

lighted cigarette, hot soldering iron, etc.

NAME

The indicator lamp should come on as

ADDRESS

CITY

STATE

GIVE ZIP CODE
If you hove a friend interested in electronics send
his name and address for a FREE subscription also.

461

S. Forge Street

Akron, Ohio 44308
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McGEE RADIO Co.
WORLD'S BEST SELECTIONS

AND LOWEST PRICES

the "beam" of the IR detector crosses the
hot spot. You can determine the size of
the detector's beam by placing the detec-

tor on one side of a pane of glass and
moving a lit cigarette around the other

side of the glass, marking the glass with
a grease pencil where the detector goes
on and off. You can make the calibration
or measurement at various distances between the Hotbox and the glass pane.
For many applications, an external signal indication is desirable or necessary.
In this case, a 6 -volt d.c. relay coil can

be substituted for the indicator lamp,
with its contacts used to actuate a remote signalling system. A 6 -volt d.c. buz-

zer can also be substituted for the relay

SPEAKERS

for a local audible signal.
To use the detector as a burglar alarm,
get a conventional IR lamp ( heat lamp)

ALMOST EVERY SIZE FROM 11/2 TO 18 INCH

position it so that the Hotbox can see it
either directly or through a series of mirrors. Arrange the relay output so that,
as long as the Hotbox sees the IR source
the external signalling device will not be

WOOFERS-TWEETERS-CROSSOVERS

MANY HIGH FIDELITY KITS

McGEE'S 176 PAGE 1970 CATALOG
SENT FREE ON REQUEST

from a drug or department store and

actuated. If an intruder breaks the IR

McGee ships orders all over the U.S. When requesting
our catalog please give name, address and zip code.

beam, the alarm should go off. This is a
fail-safe system since, if the intruder

Our 40th year in Kansas City. Catalog offers everything for Hi -Fidelity audio P.A. systems. All kinds of

sees the IR source and turns it off, the
alarm will sound anyway.

microphones. Names such as Shure, Bogen, Electra Voice, University, Altec, Ampex, G.E. Tubes and Transistors. All kinds of parts. Everything for Educational
and Industrial electronics. Write for your catalog today.

If a high -power alarm system is to
be used, a power relay whose contacts

McGEE RADIO CO.-1901-PEH.

current relay that is driven directly by

McGee St., Kansas City, Mo. 64108

CIRCLE NO. 16 ON READER SERVICE CARD

can carry the required current can be activated by contacts on the relatively low the Hotbox.
ELECTRONIC EXPERIMENTER'S HANDBOOK

$1.25

1969-WINTER

FREQ-0 UT

ELECTRONIC EXPERIMENTER'S
HANDBOOK
148 pages of the most fascinating and chat
lenging construction projects for the elec
tronics hobbyists. All with complete schematics, illustrations, parts list, and easy to -follow instructions that guarantee you
perfect finished products.

(Continued from page 110)

photocell is small enough to be hidden
easily in decorative woodwork and may
be separated from the modulator by a
considerable distance as long as co -axial
line is used to connect the two.

Some applications may require a set

1969-SPRING
STEREO li141

DiRECTFet

1969 STEREO/HI-FI DIRECTORY $1.25
Giant 180 page buyer's guide listing more
than 1,600 individual Stereo/Hi-Fi components by 176 manufacturers. Nine indi

til some specific action is taken to reset
the relay. This can be done using extern-

it by replacing D5 with a wire jumper.
Then the relay will automatically latch
in once it has been actuated. A single pole, normally closed switch placed in
the lead between K1 and point C on the
PC board will serve as a reset switch.
There are some applications, such as

vidual sections complete with specs, photos,

prices-the works!

6 Vital Components
wledge.
or
Sheer
For Profit...For
Enjoyment!
Electronics

garage door openers, which require contacts that alternate states on successive
activations. This can be accomplished in
the Freq-Out by substituting an impulse
type
relay (such
PC11D) for K1. For applications where
a stepping relay is required, a Guardian
type IR-705-12P-6D is small and relative-

1969 TAPE RECORDER ANNUAL $1.35
Over 130 pages covering every aspect of
tape recording. Complete buyer's guide to
the brands and models on the market. En.

pert tips on equipment-making better
tapes-editing-copying-everything you

want and need to know about tape recording.

$1.35
1969
COMMUNICATIONS HANDBOOK
148 fact packed pages for the CB, SWL
or HAM. Equipment buyer's guide-photos

ly inexpensive.

-tables-charts-getting

Most intrusion -alarm applications require that the relay be closed under normal conditions because of the light beam
falling on the photocell. When the beam

on the PC board to K1 and wiring the
free ends to one of the normally open

contacts on the relay. In addition, a normally open single -pole pushbutton switch

should be wired across these contacts to
serve as a reset [see Fig. 7 (A) ].
A more versatile system is shown in
Fig. 7 (B). With this arrangement, using
a three -position switch, the relay may be
latched on in the presence of a light signal, latched on in the absence of light,
or operated in the normal mode. A common reset for both latching modes is also
provided.
Operation.

1970 Winter Edition

license-ev
$1.35

1969

ELECTRONICS INSTALLATION &
SERVICING HANDBOOK
Covers all 8 areas of consumer electronics

servicing-all the tricks of the trade in

one complete guide.The industry's "how-to"
book for installing and servicing consumer
electronics equipment.
IMO

ZIFF-DAVIS SIERVICE DIVISION Dept.W
595 Broadway, New York, N.Y. 10012
Please send me the annuals I've checked below:
1969 Electronic Experimenter's Handbook -Winter
fl 1969 Electronic Experimenter's Handbook -Spring
0 1969 Stereo/Hi-Fi Directory
1969 nape Recorder Annual
1969 Communications Handbook
ID 1969 'Electronics Installation & Servicing Handbook

My remittance includes an
I am enclosing $
additional 250 per copy for shipping and handling (Outside
U.S.A. all magazines are $2.00 per copy, postpaid.)
EEH-W70

print name
address

city

-

state

Once you have selected the

a

erything to make this the world's most complete guide to communications.

is interrupted, the relay opens and an
alarm is sounded. It is also desirable to
have the relay remain open after the

light beam has been restored. The FreqOut may be made to operate in this way
by breaking the connection from point C

challenging, fun -to -build electronics projects

ever! Be sure to order this one today!

of contacts which close when the demodulator is actuated and remain closed un-

al circuits, of course, but it is easier to do

$1.25

ELECTRONIC EXPERIMENTER'S
HANDBOOK
Another big package containing the most

zip

PAYMENT MUST BE ENCLOSED WITH ORDER sr so
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KEEP IN TOUCH! LISTEN TO NEWS
AS IT HAPPENS! POLICE -FIRE CALLS
ON YOUR BROADCAST RADIO WITH
TUNAVERTER, KING of CONVERTERS!
OUTSTANDING
PERFORMANCE
with
MORE FEATURES
plus

up the system is easy. Simply plug in
the demodulator, turn it on and shine
the light on the photocell. If you wish,
you can use mirrors to bend the light
beam and lenses to focus the beam. The

Freq-Out is designed to operate in the

near -infrared portion of the spectrum so
you can make the beam almost invisible

by filtering it through several layers of

X1.1.

,,,,,fil 42604 -,1
R. I unAvEgrint

EASY Installation

type of Freq-Out you want and have built

the modulator and demodulator, setting

9

red cellophane. The operation of the unit
will not be affected.
Although the circuits in the Freq-Out

and 100% American
ego,. time .6
'" :, made dependability!
The Perfect low cost solution for Noiseless Monitoring on
High- Low Police -Fire & Aircraft bands! Installs In second

ambient lighting, bright sunlight should

Crystal & Tunable by the flip of a switch!
TWO converters for the price of ONE!
Extra Sensitivity & Selectivity with unique 3 gang tuning
capacitor! It is signal peaker on crystal control!
Changeable Crystals for Versatility & Usability! Change
channels at will! Never obsolete! SQUELCH Built in
for NOISE FREE monitoring!

photocell. If necessary, a shield of cardboard or plastic should be used to protect
the photocell.
-1311-

I

Just plug in auto radio! Use auto antenna!

12 volt powered
Includes coax, mount

1 year guarantee
Slze--2./7"x31/2"x41/.."
Models for AM & FM Tunable & Crystal! (less crystal)
BAND
MODEL.
COVERS OUTPUT
Police, fire,
348S
33-48 me
1500 kc
Weather. etc. 1584
150-184 mc _
Aircraft
1828
118.128 inc ONLY
The Most VERSATILE converterfor
No crystal
each
needed for
(Write for price of Crystal models.)
tu
able use. ppd.
Coupling Loop S. Ext. Antenna for use with
n
home and Transistor Radios
$3.95 ppd.
Crystals-State Exact Listening Freq.
$5.10 ppd.
Order from:
AIR MAIL add $.85 ea.

are insensitive to normal variations in

not be allowed to fall directly on the

2 WEEK MONEY -BACK GUARANTEE!

$44.95

HERBERT SALCH & CO.
Woodsboro 11, Texas 78393

Marketing Division
of Tompkins
Radio Products

CIRCLE NO. 19 ON

the panel, copper side up, in the tray
and occasionally tip the tray back and

Drake RF Wattmeters

W-4 $49.50
1.8-54 MHz

WV -4 $73.50

20-200 MHz

Reads forward and reflected power directly In
watts (VSWR from nomogram). Two scales in
each direction. Size: 51/z" H x 33/4" W x 4" D.
Model Full Scale
Calibration Accuracy

(5% of reading + 2 watts)
t(5% of reading + 20 watts)
100 watts ± (5% of reading
1 watt )

200 watts
2000 watts
WV -4

PC BOARDS

(Continued from page 40)

1000 watts ; ±(5% of reading -I- 10 watts)

Write for FREE Brochure EE99

R. L. DRAKE COMPANY
540 Richard Street, Miamisburg, Ohio 45342
CIRCLE NO. 5 ON READER SERVICE CARD

forth so that the etchant keeps moving.
Use a plastic rod to tilt the tray, as most

etchants will discolor skin or clothes they
contact. Once etched (all the copper has
been removed from the unwanted areas),
wash the panel in running cold water for
a few minutes.
There are two ways to remove the dyed

resist. You can dip the board in the developer then wipe it clean using a towel
or other cloth ; or, you can use some fine
steel wool to remove the dyed resist. If
you use the former method, make sure
that you go over the copper pattern with
fine steel wool to prepare the surface for
soldering ( after the holes are drilled).
If you use the latter process, you can, if

desired, use steel wool to remove the
black dyed resist from a small area immediately surrounding the soldering

holes. In this way, when the board is
finished, the pattern will stand out in a
distinctive black.
After some use, the developer will develop a "skin". This means that it should
be disposed of and a new batch of developer used.
154
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ELECTRONICS
MARKET PLACE
FOR SALE
FREE CATALOG. Over 80 different solid state electronic
products. NEW Electronic Strobe Kit, $9.95 ppd. See

complete line of Bowman solid state products at your

local authorized dealer. BOWMAN ELECTRONICS, INC.,
155 E. 1st Ave., Roselle, N.J. 07203.
MECHANICAL, ELECTRONIC devices catalog 10rt. Great-

est Values -Lowest Prices. Fertik's, 5249 "D", Philadelphia, Pa. 19120.
AMAZING surplus electronics, optics catalog. 86 pages
stupendous bargains. Send 24. Meshna, Nahant, Mass.
01908.

The ideal way to save your valuable copies, keep them well

protected and make it easy for you to refer to any issue at any
time. This bold new design is both decorative and attractive
enough to enhance the decor of any room. Each case holds a
full year's copies.
Constructed of reinforced fiberboard, these tough and durable cases are covered in a rich textured, leather -like fabric.
The gold embossed back adds to its elegance and makes each
case a welcome addition to your bookshelf, end table, desk or for that matter, anywhere in your home or office.

In addition to Popular Electronics, cases are available for
any of your favorite magazines. They're only $3.75 each, 3
for $10.50, 6 for $20, in any combination of titles ordered.
To place your order, please use the coupon below. (Outside
U.S.A. add $1.00 per case ordered).

ELECTRICAL projects! Motors! Generators! Electroplaters! Batteries! "Modelec", Box 10025, Kansas City, Mo.
64111.

Ziff -Davis Pub. Co., Dept. SD, One Park Ave., N.Y., N.Y. 10016
Please send Magazine Cases for the
Enclosed is $

titles indicated below @ $3.75 each, 3 for $10.50, 6 for $20.
(Outside U.S.A. $4.25 each; 3 for $13.50; 6 for $26.00).

PLANS AND KITS

TITLE

QUANTITY

POPULAR ELECTRONICS

OSCILLOSCOPE improvement kits. High speed trigger sweep eliminates sync problems. Dual trace FET switch
displays two waveforms together. Solid -State Services,
P.O. Box 901, Cupertino, California 95014.

Check One: 0 All Black 0 Maroon Back Black Sides

SPACETRONICS SCIENCE CATALOG -Solar Flying Sau-

Print Name

cers -Lasers -Rockets -25C. Box 31043, San Francisco,
California 94131.
TINY ROCKETS from ordinary paper soda -straws blast
in smoke and flame nearly out of sight. Copyrighted Instructions $1.00. Microrockets, R.R. 2H, Hagerstown,
Indiana 47346.

SUB -CARRIER MUSIC ADAPTER for commercial -free
music. 6 -transistor circuit uses standard components.

EEH W

Address

PAYMENT MUST ACCOMPANY ORDER

Because you've got to SEE it to BELIEVE

it ... we will send you a FREE sample!

Plans and 3x4'/2" etched circuit board $4.50. Wallace
Enterprise, Inc., 83.15 98th Street, Woodhaven, N.Y.
11421.

41)

- the easy new

5

LERATE SWITCH

way to label

OLDIES -45 RPM -original hits. Over 4000 available.
Catalog 24. C & S Record Sales, Box 197, Wampsville,

your projects!

N.Y. 13163.

N, Just rub over the pre-printed words or symbols with a

GOVERNMENT SURPLUS

ballpoint pen and they

JEEPS Typically From $53.90 ... Trucks From $78.40 .
Airplanes, Typewriters, Boats, Clothing, Camping, Sporting, Photographic, Electronics Equipment. Wide Variety,
Condition. 100,000 Bid Bargains Direct From Government
Nationwide. Complete Sales Directory and Surplus Catalog $1.00 (Deductible First $10.00 Order). Surplus Service, Box 820-EEH, Holland, Michigan 49423.

transfer to any surface looks like finest printing!

.

GOVT SURPLUS electronics bargains -giant catalog 250.
B & F, Hathorne, Mass. 01937.

DO-IT-YOURSELF
PROFESSIONAL

ELECTRONIC

PROJECTS -$1.00

up.

Catalog 250. PARKS, Box 25665C, Seattle, Washington
98125.

SCIENCE AND CHEMISTRY
SOLID ROCKET FUEL developed by the U.S. Army for
amateurs, $2.50 a pound, 10 pounds for $12.00. Rocket

Booklet 500. Fast delivery. Cincy Rocket Club, 4780
Miami Road, Cincinnati, Ohio 45243.

1970 Winter Edition

4444 late ""i
DATAMARK

6V4

RECORDS

lip

State

City

Label control panels, meter
dials, letter on anything!

LOOK FOR

tette44/

DATAMARK

SETS ... only $1.25 each
- at leading electronic distributors

DATAMARK SETS AVAILABLE FOR:

Amateur Radio. CB
Audio, Hi-Fi, TV
Experimenter Home Intercom
Industrial Test Equipment
Switch & Dial Markings
Alphabets & Numerals in 1/8", '/" and 312"
- each set has black, white, and gold
SEND FOR FREE SAMPLE

THE DATAK CORPORATION

85 HIGHLAND AVENUE PASSAIC, N. J. 07055
CIRCLE NO. 3 ON READER SERVICE CARD
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SHOPPING MART

ELECTRONIC

Products available by mail. Money -back guarantee.
Order direct by Stock No. Send check or M.O.

EXPERIMENTER'S

Super 6" Space Conqueror

HANDBOOK

Superb Astronomical ReflectorUp to 576X. Capable of revealing faint stars of nearly 13th
magnitude, spilt double stars

WINTER 1970

separated by less than 1 sec. of
arc. Features aluminized & over coated 6" f/8 ground and polished pyrex parabolic mirror accurate to 14 wave. 48 F.L. 6X
achromatic finder scope. 4 eyepieces -48X Kellner. 1/2" 96X &

t/a" I92X Rarnsdens. Barlow to
double or trinle power-rack &
pinon focusing mount, 473/4" aluminum tube. Electric clock drive
w/manual slowinotton control. betting circles. Heavy-duty equatorial mount. Pedestal base. Compares to 8295-0350 models.
Stock No. 85.08600 .................... ....... $239.50 FOB

READER
SERVICE NO.

Stock No. 85.105GD 41/4" ASTRONOMICAL TELESCOPE..$94.50 F08
Stock No. 85.05000..3" ASTRONOMICAL TELESCOPE..$29.95 Ppd.

Simply match symbols of amazing new solid state building
blocks with those in easy -to follow diagrams. Presto-Instant
radios organs, alarms, etc. No
soldering, wiring, tools. Magnetic connectors hold see-thru

blocks cntaining
o
Proper

f1i.
portents in place.
Safe. Easy.
Unique new fun -way to learn
electronics. Requires ordinary
by transistor battery (not incl.)
Stock No. 71,17800
$33.50 Ppd.
Stock No. 71.17700...20 PROJECT KIT
$12.00 Ppd.
Stock NO. 71.17900..100 PROJECT KIT
$200.00 Ppd.
lit

2

Burstein-Applebee Co.

7

Cleveland Institute of Electronics
157, 158, THIRD COVER

3

Datak Corporation, The

4

Delta Products, Inc.

5

Drake Company, R. L.

154

6

Edmund Scientific Co.

156

Experiment with amazing new
plastic fiber optic light guides.
1001 uses for mfrs., experimenters. hobbyists. Use for
exciting flew projects and products. Guides transmit light
trsame as wire conducts elecicity. Use to illuminate remote areas, multiple locations
from single source, confine to
small areas, conduct snsing
and control systems. Inecl. 2

guides.ource.
connectors.

Stock No. 70,85500

lens,

dyes.

$10.00 Ppd.

Encapsulated Liquid Crystals
Amazing new develonment-alzpear like liquids but have orderly molecular structures similar
to solids. Solutions contained in
tiny (20-30 microns) capsules
coated onto sides of six 6" x
12" Mylar sheets with 6 cliff.
temp. ranges. Surface changes
color according to temp.-covers66°
to 120" F. (19,49*C).

Use for precise measurements.
find hot spots structural defects.
study radiation. test conductivity, etc. No mess. No contamination. Easy to handle. Use indefinitely. Instrum, color -temp. curves.
Stock No. 71.14300
$10.00 Ppd.
EXPERIMENTERS KIT. Same but 4" x 6" sheets.
Stock No. 60.75600
$4.00 Ppd.

Long -Wave Black Light Fixture

ttk Extremely
compartly
designed. long wave (3200.4000
angstroms) black light (ultraviolet) fixture. Has 6 -watt, 110V lamp with built-in filtereliminates harmful shorter wave
ultraviolet r. Use to Identify
minerals, fungi,s bacteria-check
for surface flaws, oil and gas
leakage-perfect for displays
with fluorescent paper, paints,
chalk, crayons. trace powder.
Incl. adjustable aluminum reflector.

switch.

II

150

155
5

EICO Electronic Instrument Co., Inc.

FOURTH COVER

8

Electro-Voice, Inc.

9

Heath Company

151

10

Injectorall Electronics Corp.

12

International Crystal Mfg. Co., Inc.

13

Kepro Circuit Systems, Inc.

15

Lafayette Radio Electronics

16

McGee Radio Co.

14

Multicore

69, 70, 71

f

150

)

9
151

35, 36

3
SECOND COVER

National Radio Institute

I

17

Olson Electronics Incorporated

18

RCA Electronic Components and Devices

2, 3
152
7

RCA Institutes, Inc.

137,

138,

139

REPLACEMENT BULB

EDMUND SCIENTIFIC CO.

gLEIDNICTORNP, N J :8.007

MAIL COUPON FOR FREE CATALOG
EDMUND SCIENTIFIC CO., 300
EDSCORP
Barrington.
N.J.BLDG.,
08007

I

Completely New 1970 Edition, 148 pages
Nearly 4000 Bargains.
Please rush Free Giant Catalog-GD
Name

Address

City

Clate

Zip

19

Salch, Herbert & Co.

154

20

Sams & Co., Inc., Howard W.

149

21

United Audio Products, Inc.

143

22

University Sound

141

23

Weller Electric Corporation

145

24

Xcelite, Inc.

144

CLASSIFIED ADVERTISING

155

J

ORDER ST STOCK NUNMER SING CHECK OR MONEY ORDER NIONFTRACK GUARANTEE

EDMUND SCIENTIFIC

00 EDSCORP BUILDING
I.U.

BARRINGTON. NEW JERSEY 00007
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0
C

152

con-

Order by Stock No.-Send Check or M.O.-Money-Back Guarantee

C

C

push-pull
necting
plug. Mount vert., boriz., or on corner.
10" L.. I ta" W..
11/4 "
Stock No. 70,36400
$12.50 Ppd.

156

103, 104

55

DuPont Plastic Light Guide Kit

Stock No, 60,1240D

PAGE NO.

Allied Radio

Instant Electronic Projects!

Build 36 electronic marvels In
minutes-that actually work!

ADVERTISER

I

Printed In U.S.A.

ELECTRONIC EXPERIMENTER'S HANDBOOK
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"You're a pretty
important guy
...when you know Electronics. And now you can learn enough to break into
this exciting field right at home in your spare time.
How would you like to be the kind

qualified people, you can earn the

kind of salary you've always dreamed

of guy other men come to for advice
and "know-how"?
The kind of guy businessmen and
scientists lean on-and listen to?
With a salary that can bring a guy
respect? And an impressive title like
tomer Engineer?
People admire a man like that. His

about. Once you have some experience, you can make up to $5, $6, $7
an hour. $200, $225, $250 a week.
$8,000, $10,000, $12,000 a year -doing work you'll really enjoy!
You might think you need college
to break into this great field. But you
don't. You don't even have to leave
home to go to technical school.

doesn't have to be timid in business
or social situations any more...he's

tronics can teach you all you need to
know in your spare time at home.

And you can be that man!
How? By cashing in on one of the

country specializing exclusively in
Electronics home training. The Institute's methods make learning Electronics easy, even for men who once
had trouble studying.
It's all spelled out in two informa-

Communications Officer, or Cus-

success shows in his bearing. He

The Cleveland Institute of Elec-

important !

CIE is the largest school in the

hottest growth fields of all time:
Electronics.

Today, whole industries are built
upon Electronics. It's Electronics

that makes computers and auto-

tive books that CIE will send you
FREE. To get them, just mail the

mated production lines and modern
aerospace developments possible.
And to keep all these electronic
miracles running-to see that problems don't occur, and to solve them
when they do -the world depends on

bound -in card. If card is missing, use
the coupon below or write Cleveland
Institute of Electronics, 1776 E. 17th
St., Cleveland, Ohio 44114.

It could be your first step toward
becoming a mighty important guy in
this world.
ENROLL UNDER NEW G.I. BILL

a new breed of professional: the

Electronics specialist.
But there just aren't enough trained
Electronics specialists to go around!
By 1975, the booming Electronics industry will need an estimated 4 million of these men.

All CIE courses are available under the

new G.I. Bill. If you served on active
duty since January 31, 1955, or are in
service now, check box on card for G.I.
Bill information.

With this kind of demand for

1
-.44 CI= Cleveland Institute of Electronics

G 1776 East 17th Street, Cleveland Ohio 44114

Please send me 2 FREE books describing opportunities in
Electronics a -id how to prepare for them.
Name

(Please print)

Age

Address
City

State

Lip

El Check here for G.I. Bill information.
Accredited Member National Home Study Council Tr-,
A Leader in Electronics Training...Since 1934

EH 7
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Dazzle your friends with lightworks.
111

Sound n' Color®
The now dimension to music pleasure.
EICO All Electronic Solid -State Audio -Color
Organs transform sound waves into moving
synchronized color images. Connect easily
to speaker leads of hi-fi or radio. From $29.95.

Translators
The electronics you need to create audio stimulated light displays to your own
imagination. Actuates: Light Display Units,
Strobe Lites, any lamp configuration (Xmas
trees, patio lights, etc.). From $24.95 kit,
$39.95 wired.

Strobe Lites
High -intensity bursts of white light from Xenon
tube flash in cadence with each beat of audio.
From $24.95 kit, $39.95 wired.

Build the Stereo Kits praised by experts.
All amplifier power ratings according to IHF standards. Cortina® designed and manufactured in U.S.A. and guaranteed by EICO.

.111111111111111111111111.
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70 -Watt AM/FM Stereo Receiver including
cabinet. Cortina 3770, $189.95 kit,
$279.95 wired.
70 -Watt FM Stereo Receiver including
cabinet. Cortina 3570, $169.95 kit,
$259.95 wired.

11 E.==IIIIIIMMIIIIMMIIMINNe

-

1

'1

A AAA
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150 -Watt Silicon Solid -State Stereo

Amplifier, including cabinet. For the audio
perfectionist. Cortina 3150, $149.95 kit,

RIM

imm

FM Stereo Tuner including cabinet.
Cortina 3200, $99.95 kit, $139.95 wired.

$225 wired.
70 -Watt Silicon Solid -State Stereo

Amplifier, including cabinet. Cortina 3070,
$99.95 kit, $139.95 wired.

Build for fun and use with

Eicocraff jiffy project kits.

EC -1100

FM WIRELESS MIKE $9.95

The newest excitement in kits.
100% solid-state and professional.
Expandable, interconnectable. Excellent
as introductions to electronics.
No technical experience needed.
Finest parts, pre -drilled etched printed
circuit boards, step-by-step instructions.
36 kits to select from, $2.50 to $9.95.
Just released: EC -2600 "Super Snoop"
$8.95; EC -2700 Police & Fire Converter

II

ERNE
AM Rem Me

(lo band) $7.95; EC -2800 Aircraft
Converter $7.95; EC -2900 Police & Fire
Converter (hi band) $7.95; EC -3100
2 -Station Intercom (with cases) $10.95;
EC -3200 "Do -It -Yourself" PC Etching
Kit $4.95; EC -2300 Audio Preamplifier
$8.95; EC -2400 Bullhorn $8.95;
EC -2500 Fuzzbox $8.95.
EC -1900 TREASURE FINDER $9.95

Shape up your own car/boat with EICO Engine Analyzer
For all 6V/12V systems; 4, 6, 8-cyl. engines.
Now you can keep your car or boat engine
in tip-top shape with this solid-state, portable,
self -powered universal engine analyzer.

Completely tests your total ignition/electrical
system. Complete with comprehensive Tune-up &
Trouble -shooting Manual. EICO 888, $49.95 kit,
$69.95 wired.

Be a technocrat with EICO®solid-state test equipment
Only EICO brings you laboratory precision and long life at lowest cost.

EICO 240 Solid -State
EICO 379 Solid -State
FET-TVOM
Sine/Square Wave Generator
$49.95 kit, $69.95 wired $54.95 kit, $74.95 wired

EICO 242 Solid -S ate
Deluxe FET-TVOM
$59.95 kit, $79.95 wired

EICO 150 Solid -State
Signal Tracer
$49.95 kit, $69.95 wired

EICO 330 Solid -State
RF Signal Generator
$59.95 kit, $79.95 wired

You save up to 50% with EICO Kits. Since 1945, Best Buys in Electronics. Over 3 Million EICO Instruments Now in Use.

Send me FREE catalog describing the

EHW

FREE 1969 CATALOG full EICO line of 200 best buys, and name
of nearest dealer.

EICO

Name

® EICO Electronic Instrument Co., Inc.
283 Malta Street, Brooklyn, N.Y. 11207
EICO Canada Ltd.

Address

20 Millwick Drive, Weston, Ontario

City
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