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When I tell
learnTVand a

ou that you can
io servicing at home,

v don’t have to believe me.
lieve 60,000 professionals!

Almost half of America’s
professional TV technicians
have had home training.
And among them, NRI is first
choice by more than 3 to 1!
I'm proud of a record like that.
Because it means we're doing the
job. .. helping thousands of ambitious
people start rewarding new careers in a
field that constantly needs new talent.
And we're doing it in a way that works,
with NRI's practical, power-on training!

Learn by Doing with Exclusive

25” Diagonal Color TV

Only NRI training gives you the
solid bench experience of constructing a
100% solid-state color TV from the ground
up. In our Master Course, your theory
lessons are reinforced with over 70
power-on experiments you perform as
you build your own TV. And you get even
more experience as you build and test
circuits in our Discovery Lab™ and assem-
ble your own professional working tools,
including a 5” triggered sweep oscilloscope,
TV pattern generator, transistorized volt-
ohm meter, and more. It all adds up to
extra experience and confidence.

.- ,__.;'
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In addition to NRI's exclusive TV,
you also get a designed-for-learning
4-channel audio center, complete with
enclosed speakers. Only NRI includes this
modern equipment as part of its course.
Other schools charge extra or even sell
audio training as a separate course.

Learn at Home,
At Your Own Pace

In the past 63 years, NRI has taught
over a million students in their own
homes. Specially designed bite-size lessons
concentrate on a single subject at a time to
cover it completely and clearly. Our own
engineer/instructors back you up with per-
sonal counseling and help when and if
you need it. You decide how fast you want
to progress, learn in your spare time with-
out quitting your present job or going to
night school.

The NRI way is the practical way,
the professional way because it works.
That's why two documented national sur-
veys * have shown NRI training to be the

*Summary of susvey results on request

overwhelming choice of the pros. And
that’s why NRI should be your choice, too.

Send for Free Catalog,

No Salesman Will Call

If you're interested in this kind of a
future for you and your family, send the
postage-paid card for a free catalog
describing each course and showing the
equipment you get. See the opportunities
available in TV and audio servicing, CB
servicing, aircraft or marine electronics,
communications, and other fields. See for
yourself why you can believe the pros
when they pick NRI 3 to 1! If card has been
removed, write to:

} |} John E Thompson, NRI President
‘ NRI Schools
E McGraw-Hill Center for
1"} Continuing Education
il

3939 Wisconsin Avenue
Washington, D.C. 20016

®Trademark McGraw-Hill
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New Produ

Miniature Micrcphones

Audio-Technica is offering miniature
microphones, made to be worn on the
clothing when the situation demands
faithful but unobtrusive sound pickup.
The new microphones, designated the
AT803S and AT805S, are electret con-
denpser models with omnidirectional pick-
up patterns. Accessories furnished with
each include windscreen, battery, pro-
tective carrying case, lavalier neck cord,
belt clip and tie clasp for fastening the
mic to a necktie or shirt lapel. The
AT803S is just 0.4 inches (-0.2 mm) in
diameter and 0.78 inches (19.8 mm)
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long. Specifications include a frequency
response of 50-20,000 Hz; —57 decibels
sensitivity; —151 decibels EIA sensitivity;
and 600-ohm impedance. The maximum
input sound level is 130 decibels, and
the signal-to-noise ratio is greater than
50 decibels. Suggested resale price is
$80. A bit larger, the AT805S is merely
0.59 inches (15 mm) in diameter and
two inches (52 mm) long. Specifications
include frequency response of 50:15,000
Hz; —57 decibels sensitivity; —151 deci-
beis EIA sensitivity; and 600-ohm impe-
dance. The maximum input sound level
is 130 decibels, and the signal-to-noise
ratio is greater than 50 decibels. Sug-
gested resale price is $50. Get all the
facts complete from Audio-Technica, 33
Shiawassee Avenue, Fairlawn, OH 44313
or ca!l (313) 644-8600.

Telephone Amplifier

Now even the most diligent business-
person or dedicated homemaker can
continue working, with both hands free,
when talking on the telephone—compli-
ments of Panasonic's new telephone
amplifiers, the Easaphones: Model KX-
T1030 is a deluxe telephone amplifier
featuring a built-in LED clock which may
be used to time a phone ca!l second by
second (or a three-minute egg) or, when
not in use, the LED clock displays hour

and minutes. Other outstanding features
of the Panasonic Easaphone include a
sensitive condensor microphone, 3-in.
speaker, piano-key type controls for on/
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off, timer and bold functions in addition
to a sliding volume control and LED indi-
cators for hold and power. The unit is
equipped with record out and external
DC adaptor packs and includes an AC
adaptor, and two AA size batteries for
use as a backup power supply to keep
the clock functioning in the event of a
power failure. Panasonic Easaphones are
available nationwide at Panasonic re-
tailers. Sells for $125.00. Get all the
info direct from Panasonic, One Pana-
sonic Way, Secaucus, NJ 07094.

3455 Conner St, Bronx, N.Y. 10475
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OK MACHINE & TOOL CORPORATION
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WIRE WRAPPING KIT WK -5

CONTAINS:

Battery Tool BW-630

Hobby Wrap Tool WSU-30 M

PC Edge Connector CON-1

DIP/IC Extractor Tool EX-1

DIP/IC Insertion Tool INS-1416
PC Card Guides & Brackets TRS-2
Mini-Shear with Safety Clip SP-152
14, 16, 24 and 40 DIP Sockets
Terminals WWT-1

Tri-Color Wire Dispenser WD-30-TRI
Hobby Board H-PCB-1

b, 574.95

=

ADD $1.00 FOR SHIPPING
(N. Y. CITY AND STATE RESIDENTS ADD TAX)

(212) 994-6600 / Telex 125091
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New
Products

Scientific Calculators

A family of three, new, hand-held sci-
entific calculators featuring a new dis-
play size, error messages, custom litera-
ture and a new packaging design was
introduced by the Hewlett-Packard Com-
pany. The HPQO31E, priced at $60.00 is
an advanced scientific calculator for the
professional to use as a basic tool. In
addition to the standard arithmetic, log-
arithmic and trigonometric functions, the
HP-31E also has fixed and scientific dis-
play modes, and rectangular/polar, de-
gree/radian, inch/millimeter, Farenheit/
Centigrade and Pound-mass/kilogram
conversion keys. The HP-31E also has
the HP RPN logic system with four ad-
. dressable storage registers. The HP-32E,
priced at $80.00, incorporates all of the
features and functions of the HP-31E
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with an engineering display mode and
the first use of hyperbolic functions and
their inverses in an HP hand-held calcu-
lator. It also features a U.S. Ga'lons/
Liters key, a decimal degree and hour/
hours, minutes, seconds key, and the
most advanced collection of statistical
functions ever offered on an HP calcu-
lator—including linear regression, corre-
lation coefficient, x and y estimates, nor-
mal and inverse normal distribution and
factorial. The HP-32E also features 15
addressable storage registers. The HP-
33k, priced at $100.00, has all of the
features of the HP-32E, except hyper-
bolics, metrics and certain statistical
functions, and offers 49 lines of fully
merged keystroke memory. Of particular
interest is the calculator's capacity for
three levels of subroutines. Get all the
facts direct from Inquiries Manager,
Hewlett-Packard Comnany, 1507 Page
Mi'l Road, Palo Alto, CA 94304.

Hear The World

Shortwave “DXing’’ is rapidly mush-
rooming in popularity amongst people
of all ages and in all walks of life. To fill
the need for an exceptionally stable and
sensitive receiver capable of top per-
formance, Yaesu Electronics Corporation
has introduced its mode! FRG-7000.
Table top in design, it offers stability,
sensitivity, selectivity and calibration ac-
curacy rarely found in consumer re-
ceivers. The FRG-7000 will allow you to
explore the far corners of the world from
the comforts of the living room, with
digital accuracy, using all modes of re-.

6

ception, single sideband, AM (broadcast)
as well as code (CW). It provides com-
plete and continuous coverage of all
frequencies from .25 kHz to 29.9 MHz.
Sells for $599. For full details on
technical specifications, write to Yaesu
Electronics Corporation, 15954 Downey
Avenue, P.O. Box 498, Paramount, CA
90723 or phone (213) 633-4007.
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Rotor for Super Antennas

Cornell-Dublier has introduced a new
heavy-duty rotor, the Tail Twister, to
handle antennas with up to 28 square
feet of wind load area. The rotor incor-
porates the highly successful HAM I
design with a new, thicker cast aluminum
bell housing. Wider reinforced webs of
the housing permit easy support of the
largest antenna. On this mode|, the upper
mast support is predrilled to have a bolt-
through installation for positive locking.
Also new is a three-ring ball bearing as-
sembly to provide increased side thrust
contro! and vertical load-carrying capaci-
ties. The motor is a new design with an
automatic coast-down prebrake action
and a metal pinion gear to guard against
stripping. The control box features a full
metered indication of the antenna direc-
tion with front panel control for calibra-
tion and brake. A separate on/off switch
is provided for instant antenna location
and brake operation. The Tail Twister
system is decsigned for tower mounting
as required for most “super’” communi-
cations antennas. Weighing slightly over
18 pounds, the unit is secured with six
5/16-in. bolts provided. The mast di-
ameter is a hefty 2 inches.
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Loop Antenna

A new receiving antenna for the 80
and 160 meter amateur bands, the
Broadcast and the VLF bands has been
introduced by Palomar Engineers. The
loop rotates 360° in azimuth and +90°
in elevation with calibrated scales for
$299.95. For further information, write
to Cornell-Dubilier Electric Co., 150 Ave-
nue L, Newark, NJ 07101 or call (201)
589-7500.

!

both. The elevation or “tilt’”’ of the loop
gives much deeper nulls than ordinary
direction finder loops. Loop nulls are
very sharp on local and ground wave
signals but are broad or nonexistent on
distant skywave signals. This allows local
interference to be eliminated while DX
stations can still be heard from all direc-
tions. The loop picks up much less noise
than the usual transmitting antenna.
This, along with its ability to null out
specific interfering signals, improves re-
ception considerably. A Loop Amplifier
seives as the mounting base for the
antenna. It contains a tuning capacitor
to resonate the loop and an amplifier to
boost the signal and preserve the high
“Q" of the loop. The Loop Antenna plugs
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into the amplifier. Plug-in loops are avail-
able for 160/80 meters (1600-5000 kHz),
broadcast band (550-1600 kHz) and VLF
(150-550 kHz). The Loop Amplifier is
$67.50 and the plug-in loops are $47.50
each. Add $2.00 shipping/handling. A
free descriptive brochure is available
from Palomar Engineers, P.O. Box 455,
Escondido, CA 92025.

Booster Amp Shapes Up

Highway hi-fi gets a new boost with
Sparkomatic’'s car stereo booster ampli-
fier which enables the user to ‘‘see’’ the
amplifier response shaped by the vari-
ous tone controls on the unit. As the new
AcoustaTrac GE-500’s controls are moved
to adjust for tone, an illuminated, flex-
ible rod changes its shape in conform-
ance with the control movement. The
GE-500 offers integrated circuitry for
maximum reliability, wide frequency re-
sponse, and 40 watts of RMS stereo
power. Other features include slide con-
trols that adjust five different frequency
bands, a front-to-rear fader control, a
power indicator light and an audio by-
pass- switch. The unit can be used with
all tape decks and radios and with all
speakers that have a power handling
capability of 15 watts or greater. Sells
for $79.95. Get all the facts direct from
Sparkomatic Corporation, Dept. EE, Mil-
ford, PA 18337 or call (717) 296-6444.
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Super Tool Set

The Vaco Super Tool Set contains 45
of the most popular professional tools
including handy, interchangeable screw-
driver, nutdriver and hexidriver blades
and handles, plus pliers, screwdrivers
and electrical tools. All these tools are
mounted on an attractive deluxe pallet
which can be hung near a workbench.
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Priced at $160.00. For more information,
write to Vaco Products Company, 1510
Skokie B!vd., Northbrook, IL 60062 or
phone (312) 564-3300.

Powered Breadboard
TTL logic system designers are finding
an attractive design shortcut available to
them, thanks to the Continental Special-
ties Mode! PB-203 Proto-Board, a high
capacity solderless breadboard that in-
cludes a built-in 1%-reguiated 5 VDC
power supply. The advantage to a TTL
hobby designer is the ability to design
directly in hardware, assuring proper
circuit operation, before hand wiring.
This helps prevent the confusion in
translating from gate schematics to ac-
tual IC packages, often providing valu-
able insight into ways of simplifying PC
layouts. The breadboard area on= the
Proto-Board 203 includes enough tie
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points to support 24 14-pin DIP ICs.
Four binding posts provide power and
signal connections on and off the board.
The built-in power supply is 19% regulated
at 5 *.25 Volts, rated at 1 A, and boasts
a low 10 millivolts combined ripple and
noise at 0.5 A out. And it's short-proof.
The 5%-pound package measures 93%-in.
long, just over 6%-in. wide and 3%-in. tall.
CSC’s low suggested resale price for the
PB-203 is just $80.00 (per unit). Further

ers and distributors, or direct from Con-
tinental Specialties Corporation, 70 Ful-
ton Terrace, New Haven, CT 06509.

Legal Linears

Telco Products new Ultra series of 450
MHz RF Power Amplifiers is specifically
designed for Amateur, Police, Emergency,
Business Band and Class “A’" (special
license) CB radio applications up to 50
watts. Four new Ultra line UHF Power
Amplifier models are American manu-
factured in full compliance with latest
FCC specifications. They are: Ultra |—
1-2W input 15W output. Ideal for use
with Low Power Hand-Held transceivers,
$259.00; Uitra [1—3-5W input 25W out-
put, $289.00; Ultra 111—3-5W input 50W
output, the legal limit for Class ‘A"
Citizen and Radio, $379.00; Ultra IV—
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3-5W input 100W output, the “Uitra”
powered amplifier for maximum output,
$499.99. Frequency range is from 400
to 512 MHz. Specify transmit frequency
wwith order. For additional ‘information,
contract Telco Products Corporation, 44
Sea Cliff Avenue, Glen Cove, New York

11542 or call (516) 759-0300.

20 MHz Triggered Scope
The Leader LBO-507, a 20 MHz trig-
gered scope is designed for broad use
in industry, hobby, laboratory and ser-
vice. The LBO-507 offers automatic
triggered circuitry to assure maximum
display stability with minima! adjust-

ments as well as a trigger sensitivity
range. It

over the entire operational
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provides convenience of pushbutton
switch selection for every functional de-
mand; 10 mV/cm vertical sensitivity
calibrated in 11 steps—in a 1-2-5 se-
quence up to 50 V/cm with variance
control; and a 17.5 nanosecond rise
time. Bandwidth is DC to 20 MHz. Sweep
speed for the LBO-507 is 0.5 uSec/cm,
18 steps in a 1-2-5 sequence up to 500
mS/cm with variable control. The LBO-
complete with low capacitance probe and
terminal adapter. Get the complete specs
507 is priced at less than $500 and is
direct from Leader by writing to Leader
Instruments Corp., 151 Dupont St
Plainview, NY 11803. [ ]

information is available from CSC deal-

ELECTRONICS THEORY HANDBOOK 1978

for the Experimenter!

INTERNATIONAL CRYSTALS and KITS

OF-1 OSCILLATOR
$32°

The OF-1 oscillatoris a
resistor/capacitor circuit
providing oscillation over a range of frequen-
cies by inserting the desired crystal

2 to 22 MHz, OF-1 LO, Cat. No. 035108. 18 to 60 MHz,
OF-1 Hi, Cat. No. 035109. Specify when ordering.

MXX-1 Transistor RF Mixer
3 to 20 MHz, Cat. No. 035105

20 to 170 MHz, Cat. No. 035106 $4.50 oa.
SAX-1 Transistor RF Amp

3 to 20 MHz, Cat. No. 035102

20 to 170 MHz Cat. No. 035103 $4.50 ea.

BAX-1 Broadband Am,

.
20 Hz to 150 MHz Cat. No. 035107 $4.75 oa.

International Crystal Mfg
Dklah

10 Morth Lee

.02% Calibration Tolerance
EXPERIMENTER

CRYSTALS
(HC 6/U Holder)

$425

Cat. No. Specifications |
031300 3 to 20 MHz — For use in OF-1L OSC
Specify when ordering.

20 to 60 MHz — For use in OF-1H OSC
Specify when ordering

031310
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Viking Base Station

A new 40-channel Viking CB base station,
the “Viking 430", is a desk-top unit with a
wood-grain vinyl-clad steel cabinet. It in-
corporates Johnson’s Yatest performance
technology including noise blanker and auto-
matic noise limiter circuits designed to do
an excellent job of cleaning up signals. The
built-in amplified speech compressor elimi-
nates the need for power-boosting micro-
phones and similar accessories. The Viking
430 also features PLL frequency synthesizer,
solid-state T/R switching, two-position range

wisiem

wiraes
e

CIRCLE 63 ON READER SERVICE COUPON

control, touch-indexed knobs, built-in public
address capability and can be operated from
AC household current or 12-volt negative
ground DC current. The unit comes with a
detachable hand-held microphone. Viking 430
is U.S.-made and carries Johnson's one-year
parts and labor warranty. Suggested retail
price is $229.95. Write to the E. F. Johnson
Company, 299 10th Avenue S.W., Waseca,
MN 56093 for more information.

SSB/AM Transceiver
The new SBE Sidebander V is a compact, 40-
channel SSB/AM mobile transceiver featur-
ing digital PLL circuitry for accurate fre-
quency generation of upper and lower side-
bands, as well as the 40 AM channels. The
Sidebander V has features such as a Channel
9 instant access switch for transfer to that
emergency channel, and a channel scanning
switch that scans all 40 channels and locks
on the first clear channel found. It also fea-
tures the exclusive SBE “Speech-Spander,”
automatic modulation level control, a rapid
turn channe! selector and large, bright LED
channel readout. Other features include an
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1. CB NEUW PRODUCTS |

1’\ \'1’ ; Electronics Theory Handbook looks at some of the newest CB rigs,
‘? © antennas and accessories for youto use in CB contacts this year!

SSB clarifier and switchable noise blanker
and noise limiter, PA provision. The Side-
bander V has a power output of 4 watts AM
and 12 watts SSB PEP. Sells for $459.95.
Further information is available by writing
to SBE, Inc., Dept. P, 220 Airport Blvd.,,
Watsonville, CA 95076.

One Hand CB
The new Royce CB 582 CB transceiver fea-
tures true one-handed operation and recep-
tion clarity. All essential controls are built
into the 58?’s compact, high-performance
microphone. The result is maximum con-
venience and performance. Because LED
digital channel readout and a unique LED
sequential S/RF meter are engineered into
the mike, driving safety is actually improved.
The 582's operator can spend more time
keeping his eyes on the road. Built-in
two-speed/up-down channel advance, ANL/PA
switch, TX (transmit) light, on-off/volume
control and fully variable squelch control
add up to true one-handed operation, maxi-
mum convenience and increased driving
safety. A powerful dynamic microphone ele-
ment and completely separate full-range
dynamic speaker are designed for maximum
reception clarity and talk power. In addition,
the new Royce CB 582 can be easily inte-
grated into a car's radio speaker system.
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When a CB signal is received, the 582 auto-
matically mutes a selected speaker for
clear CB reception and then returns the
radio to its normal program mode. The Royce
582 sells for $179.95. For more information,
write to Royce Electronics Corp.,, 1746
Levee Rd., N. Kansas City, MO 64116.

Radio/CB In-Dash
An in-dash pushbutton AM/FM/MPX radio
combined with a citizens band two-way
transceiver has been added to RCA’'s expand-
ing line of AutoSound products. Model
147405 is a 40-channel CB which features
phase-lock loop frequency synthesizer; LED
digital channel readout; deita tune switch;
built-in automatic noise limiter (ANL); illu-
minated S/RF meter, and detachable micro-
phone. A CB monitor switch lets CB trans-
missions break in on AM or FM radio. The

AM/FM/MPX radio portion includes five
quick-set push-buttons for any combination
of AM and FM stations; slidebar control for
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AM/FM selection: fader and balance controls;
built-in automatic frequency control (AFC);
FM stereo indicator light; and AM antenna
trimmer. This unit can be hooked-up as a
two-speaker or four-speaker system, and
features adjustable shafts and universal
trim plate for a finished in-dash installation.
Suggested list price for RCA model 14T405
combination CB/AM/FM/MPX in-dash push-
button radio is $259.95. For further infor-
mation, contact a local RCA AutoSound Dis-
tributor or RCA Distributor and Special Prod-
ucts Division, Deptford, NJ 08096.

Base Microphone
The Superex new power base station micro-
phone, the electret condenser M-611, has
an extra large “push-to-talk” paddle enabling
more efficient communication in critical ap-
plications. To the right of this paddle is an

d
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interlock control if continuous transmission
is desired. The mike is an omnidirectional
design with an FET pre-amp, and a transistor
output amplifier stage. The output gain is
controlled by a high quality linear potentio-
meter which is damped for smooth and pre-
cise adjustment. A self-contained C cell
(supplied) provides the power for the M-611.
An additional feature of the M-611 is that
the mike stem can be quickly removed via a
special connector and be inter-changed with
a variety of mike designs. Plug in modules
offered include a “Lapel Mike” and an
“Acoustic Tube Mike Headset.” This unique
system offers the user maximum application
flexibility. The M-611 is manufactured in
the U.S. by Superex and is suggested for
resale at $44.95. For additional information,
write to Superex Electronics Corp,, 151
Ludiow St., Yonkers, NY 10705. ]
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Ask Hank,
He Knows!

Lightning’s Too Fast
This may sound stupid, but can you
use the thunderbolt sound-activated flash
switch to take pictures of lightning when
thunder sounds?
—H.F., Gainsville, FL

No, because by the time you hear the
thunder, lightning is long gone. Sound
travels 1100 feet per second, approxi-
mately. Lightning one mile away creates
thunder that is heard about 5 seconds
later, which is much too late to take the
picture. Actually, what you need is a light
actuated switch—a circuit very much like
a photographic slave that will trip your
camera when a flash of light trips it. Now
that is a project worth designing.

Blinky Bow Tie

Hank, can the editors run a short story
on how to wire up a bow tie to blink neon
lamps? If they do, please have them give
complete parts list and where to buy.
Thanks. —H. A. Chatsworth, CA

Neon lamps are out and LEDs are in. 1
suggest you obtain the “LED Blinky Kit”
from Ramsey Electronics, Box 4072L,
Rochester, NY 14610. You can phone in
the order: (716) 271-6487. Two jumbo
LEDs are used in the kit and comes com-
plete less batteries and bow tie.

Sight and Sound Collector
Hank, if your readers are looking for a
parabolic reflector for a microphone, 1
suggest they write to Edmund Scientific
for their catalog which lists one 18-inches
in diameter. It's made of highly polished
aluminum with a focal point six inches
from the disk bottom. This reflector is
designed for gathering solar energy so
don’t point it at the sun.
—B. M. McMinnville, TN

Thanks for the info! Qur readers can
get a copy of Edmund’s catalog by writ-
ing to Edmund Scientific, 1776 Edscorp
Building, Barrington, NJ 08007. The cata-
log stock number for the parabolic re-
flector is 80,254 and sells for $14.95 post-
paid.

Curse that Noise!

I installed a coaxial capacitor in the line
between the battery terminal on the spark
coil and the car’s wiring as shown in the
January /February 1978 issue of ELEMEN-
TaRY ELECTRONICS and the results were
positive. So I tried it with the noisy heater
motor, and again, the results were positive.
Why can’t Detroit do this?

—W. M., Garland, TX

Beats me! If Detroit were to do their
job correctly, who would need auto acces-
sory stores, recalls and Ralph Nader.
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Got a questi or a probl with a project—ask
Hank! Please remember that Hank’s column Is
limited to answering specific electronic project
questions that you send to him. Personal replies
cannot be made. Sorry, he isn't offering a circuit
design service. Write to:

Hank Scott, Workshop Editor
ELECTRONICS THEORY HANDBOOK

380 Lexington Avenue
“  New York, NY 10017

Soups On TV
I would like to soup up my TV to be
more sensitive to distant stations as I am
in a fringe area. What would be the best
way to go about this? To put higher gain
transistors in the IF section or to try to
get higher gain in the video amplifier
section? I have tried boosters to no avail,
also other antennas. My TV is in good
shape, just not good enough for fringe
areas. My brother who lives next door gets
much better reception with an older TV
(1979) compared to my newer set (1973).
—M. A., Julian, CA

Don’t soup up the TV, soup up the TV
signal. Install your antenna as high as you
can; you may need a tower. Install a
MATV (Multiple Antenna TV) system
in your house with the signal booster as
close to the antenna as possible. Use coax
cables throughout, not 300-ohm ribbon
lead-in wire. Matching transformers at the
antenna and each TV set in the house is
important. Finally, you may need a rotator
if the TV signals come from different
points on the compass.

If you are concerned about the quality
or tune-up of your TV receiver, carry it
over to your brothers house and see if it
responds better to his TV antenna hook-up
than yours, Chances are it’s the antenna
system or signal strength at your brother’s
house that is better than your home.

Wire Maze Removed
Regards to author Fred Chapman and
his *Jack in the Box” project that ap-
peared in the May/June 1978 issue of
ELEMENTARY ELECTRONICS. He claimed
that the project saved 99-44/100% of his
rats nest wiring behind his hi-fi. It worked
for 1009 of mine. How come so simple a
project was so long in coming? (I'm not
complaining).
—V. J., Yucca Valley, CA

It’s the simple ones we all overlook!

Cycles Still vs. Hertzs
Hank, why must we use the term
“Hertz,” when we talk about cycles? Do
musicians use Hertz for cycles?
—G. A., Staten Island, NY

I'm all for honoring old man Hertz for
his contribution to physics, even to go so
far as to have his picture put in front of
every physics book, but that’s the bottom
line. A cycle is a cycle and not a Hertz—a
truly clumsy term Musicians are a lot
smarter, I hope, and will stay away. Ima-
gine if musicians were labeling our basic
parameters! It would be 60 Sonny and
Chers, .019% total harmonic Beatles, and
an 8-Sinatra voice coil. It's time to get
back to basics!

Pulled it In!

Hank, 1 pulled in Radio Panamericana
at 6,025 on the dial. Where are they lo-
cated? I couldn’t copy enough to do much
good. )

—A. P, Tampa, FL

You pulled in a tough one! Radio Pan-
americana originates in La Paz, Bolivia. I
hear that they transmit on 6,035 kHz so
you should resort to “logging” as men-
tioned in the “DX Central Column” in the
January/February 1978 issue of ELEMEN-
TarRY ELECTRONICS. Also, invest in a 100
kHz marker generator to increase ac-
curacy.

Penpal Wanted
Hank, would you tell your readers that
1 would like to be a penpal DXer with
some of them. I have started the hobby
of shortwave listening and would like a
friend to share it with. Thank you.
Eric Hughes
Route 2
Moore, SC 29369

You got it, Eric!

Racing With the Amp
I see a lot of raceways in buildings that
add wiring on the internal wall. Is this a
good practice?
—A.M., Silver Springs, MD

You bet it is! It may not look good in
your living room, but in the office, garage,
shop, and maybe the kitchen, it’s alright.
The raceway is a metal conduit that is
secured to the wall, It is an inexpensive
way to add outlets without breaking up
walls and floors. Raceways can also be
used to cheaply interconnect air condi-
tioners to the main fuse panel.

One Score and Four Years Ago
Hank, what happened to the good old
days? My old Dual turntable bit the dust
after 12 years of faithful service, and
while looking for a new one I must have
seen over 100 different models. How can
a guy chose?
—L.S., Elmwood Park, NJ

My dad had a 1927 Ford that lasted up
until World War 11, when he sold it be-
cause he couldn’t get gas. You know what
he bought after the war? That's right, a
Ford. Once you like a brand, and its
products are still very competitive and
high in quality, why gamble and change.

Meters Lie
On my hi-fi receiver, when tuning FM,
the signal strength is not at maximum
position when the tuning indicator is
centered. For maximum signal, the tuning
indicator is about 1/32-in. to the left of
zero. What should I do?
—W.D., Chatsworth, CA

You didn't say a thing about how the
unit sounds! Tune for minimum distortion,
I think you'll discover this occurs when the
tuning meter is centered. If the sound is
poor, then alignment is necessary. I know
this should not happen, but it is fairly
common.

(Continued on page104)
9




- EOMPUTER NEW PRODUCTS ..

Here in ELecTRONICS THEORY HANDBOOK you will find infor-
mation on the newest hobby computers and accessories.

High Density Memory Module—PCS, Inc.
offers a high density PCS 1814 CMOS
RAM Memory Module that features 8K
bytes of CMOS RAM and a 45Q nano-
second memory cycle that ensures mem-
ory will run at CPU speeds. This is a low
power module with built-in battery back-
up and charging circuitry which will re-
| 15 tain information for a minimum of seven
days. There’s also provision for an ex-
ternal battery for increased battery sup-
port if needed. A switch selectable write
protect is helpful for development and
debugging purposes. The unit is avail-
able in two versions. The basic module
has 4K bytes of RAM installed in sockets, with sockets provided for the additional
4K bytes. A switch selectable base starting address permits memory to be easily
interlaced with existing systems while another switch allows disabling of the upper
4K bytes of RAM so that other memory in the system can utilize that memory space.
Price of this basic module is $795. The second version ($995) has a full 8K bytes
of RAM installed. Multiple 1814 CMOS RAM Memory Modules can be used in the
same SuperPac 180 Series microcomputer system, facilitating sophisticated control
techniques in a cost-effective manner, according to PCS. Circle No. 49 on Coupon.

'-;e Y72 o -:s‘ii.'- ":-‘F":; 1

General Purpose I/O Board—This gen-
eral purpose /O board from Infinite,
Inc., designated the MFIO-1, is S-100
compatible and contains a major por-
tion of all circuitry required for a com-
plete microcomputer. Some of the fea-
tures: Memory or |/O mapped parallel
input port for keyboard; memory or 1/0
mapped serial 1/0 port with crystal con-
trolled switch selectable baud rates of
50 to 19200; jumper selectable RS232
or 20mA current loop; memory or /O
mapped cassette interface with switch .
selectable data rates of 300 (Kansas City Standard), 600, 1200 and 2400 baud;
128 bytes of RAM; slots for two each 2708 EPROMs. A 21 command, two chip
monitor program is available in PROM firmware as option 001. The total power
requirement is less than 1A. Available in three versions: assembled, $282; kit
$234; bare boards, $49. A set of two ROMs costs $65.95. Circle No. 73 on Coupon.

“Bit Streamer” 1/0 Board—Vector Graph-
ic’'s “Bit Streamer” |/O board combines
two parallel input and output ports, and
a serial 1/O port using an 8251 program-
mable universal synchronous/asynchron-
ous receiver-transmitter. Communications
with board circuitry is accomplished by
the CPU. One parallel port also can pe
used as a keyboard input port. The
USART is designed to interface easily to
an S-100 bus structure; and is capable of
being configured for a wide variety of
communication formats, Without introduc-
ing changes to the pre-jumpered options,
the board can be installed in a com-
puter and will operate as an RS232 serial
port using the initialization and 1/0 soft-
ware on the Vector Graphic option C
PROM. Prices: kit, $155; assembled, $195.
Circle No. 44 on Reader Service Coupon.

Data Cassettes for Hobby and Business
Use—A full line of data cassettes spe-
cifically designed for use in hobby com-
puters and small business computers
are available from AVDEX Corp. The
cassettes come in 1-, 3-, and 5-minute
lengths for more convenient use than
cassettes which have too much tape
to be handy for hobby and business
applications. According to the company,
the cassettes have high quality com-
puter shells, polyolefin siip sheets, ma-
chined guide rollers, stainless steel
pins, special oversize pressure pads
with Tyvec liners and oversize hubs for smoother, more uniform tape transport.
The cassettes are custom loaded with extra short leaders to prevent the leaders
from contacting recording heads, thereby providing instant start operation and
eliminating the possibility of lost data. Prices for the short-load cassettes are:
CDC-1, $4.95; CDC-3, $5.65; CDC-5, $6.35. Also available are three other cassettes
in C-20, C-40 and C-60 configurations ($4.50, $5 and $5.50 respectively) which
utilize the same computer shell components and are loaded with high quality, high
density calendered ferric oxide formulation. Circle 68 on Reader Service Coupon.

CDC-1 |

== L,-\\/Cj @Y :

100, CERTIZFIED DHQITAL DATA TAPE

AVDEX CORPORATION, BALOWIN, %Y 1330

cenreeo AVDEX CDC-3

s cenmo AVDEX C-DC’5

Paper Tape Transmitter—This Model 612\

stand-alone paper tape reader, from Add-

master Corp., provides greater capacity
than earlier models. The new features

include an ability to read 5 to 8-level tape
and to transmit 7 to 11 frames per char-
acter at 50 to 9600 baud. Other features:
starting and stopping on character at all

speeds; choice of manual control or X-on,
X-off; 90 to 260 volts; 50 to 60 Hz; even,

odd or no parity. Available options in-
clude RS 232, current loop or paralle!
outputs, choice of desk top or rack
mounting. Single unit prices: $625 to
$725. Circle No. 82 on Reader Coupon. B
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[] It seems that the day of the home
computer has at last arrived. Every-
where, we read about these new
machines that are changing our lives,
running things better than we ever
could ourselves. Everybody tells us that
the solid state computer is the newest
and most radically advanced thing to
come along since the sun. But, you
know, in spite of all these claims, the
personal computer is not all that new.
In fact, you've been using one all your
life; it's called a brain.

Many people, electronics hobbyists
in particular, have long suspected some
fundamental similarities between brains
and electronic computers. In this article
we're going to compare these two types
of information-processing systems.

Let’s begin on familiar ground. In
Figure 1 we have the various logic
gates; the important building blocks of
any electronic computer, big or small.
The NAND gate’s output state is a
function of its two inputs, and it re-
mains at a logical 1 so long as the
input state is not 11. An input of 11
sends the output to a logical 0. On the
other hand, the NOR gate's output is
usually a logical O except when the
input is 00, in which case the output
assumes a logic 1 value. Using combi-
nations of just these two gates we can
synthesize any desired logic function,
no matter how complex.

As you know, the 0 and 1 symbols
can denote voltages, with 1 usually rep-
resenting a high voltage and 0 a low
voltage. The ones and zeros may also
be interpreted in a philosophical sense
as True and False, respectively. Why
should we use numbers to represent
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qualities such as truth and falsity? It’s
mainly a convenience which allows
logic to be expressed in mathematical
form. If logic can be handled algebrai-
cally, then solution of logical problems
becomes routine, and can be handled
by machines—computers.

But a computer needs more than
decision-making apparatus (NAND and
NOR gates); it needs memory. We
store the computer’s instructions (pro-
gram) in memory, and also use memory
to retain the solutions generated by the
computing process. One basic form of
memory is the NAND latch (Figure
1c). When a little control gating is
added to this basic circuit, we can get
various flip-flops, which are probably

Other forms of storage include mag-
netic cores, magnetic tape, paper tape,
and the exotic magnetic bubble devices.
Regardless of the storage form, how-
ever, memory simply holds data until
it’s called up for processing or readout.

Neurons. Contrast the human infor-
mation-processing system to the elec-
tronic computer. Like a computer, the
human brain is a complex entity built
up from enormous numbers of simpler
fundamental units. These basic units are
called nerve cells or neurons. Several
classes of neurons exist; neverthless, all
share the same generic traits. Figure 2
shows one typical neuron. The tentacle-
like elements are called dendrites, and
they function as the input leads to the

the most familiar storage elements. cell. The single long filament leaving the
Figure 1. (a) (B} (c)
R OUTPUT
A—] OUTPUT C OUTPUT
B — D
S
NAND GATE NOR GATE NAND LATCH
AlB | QUTPUT C[D] OUTPUT RIS OUTPUT
a|0 | 0|0 | O |O|NOT ALLOWED
1|0 | 1[0 0] 1|0 0]
all | 0]l 0] Ol |
i1 0 1 0 1 [ [NO CHANGE

Some Basic logic circuits: a) A NAND gate gives a 1 output for any input except 11. b) the
NOR gate only gives a 1 output when both inputs are 0. The NAND latch (c) is a mem-
ory device which is the basis of the common flip-flop circuit.
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Figure 2.

CELL MEMBRANE
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CELL BODY
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A motor neuron, one of the basic building blocks of the biological information processing
system, is a single cell and functions as a multi-input majority gate. The inputs to the
dendrites and the cell body come from other neurons. These inputs, often numbering in
the hundreds, are averaged and the majority input determines the output along the
axon—sort of biological democracy. The axon then leads to another neuron.

cell is an axon, which is the cell's out-
put. Nerve signals travel along the thin
membrane that encloses the cell’s proto-
plasm. Adjacent cells communicate with
one another across synapses—gaps be-
tween axons and dendrites of different
cells.

Logically the neuron is more complex
than a NAND or NOR gate. It func-
tions as a majority gate, which may be
described as follows: Suppose, for ex-
ample, that we construct a gate with
five inputs and one output, and that the
output will be a logical 1 whenever a
majority (3, 4, or 5) of the inputs is
in the 1 state. If there are less than a
majority (Q, 1, or 2 that is) of logical 1
inputs, the output is a logical 0. Such
majority gates are not encountered too
frequently in electronics, one notable
exception, however, being Motorola’s

Figure3.  Excess POSITIVE
CHARGE OUTSIDE
PR

CELL
MEMBRANE
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/
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Nerve signals are waves of temporary polar-
ity reversal along the cell membane. in the
first drawing above (a) the nerve membrane
.is in a quiescent state, in (b) the polarity
1 reversal begins and progresses along the
membrane (¢ & d). The polarity returns to
normal (e) and this return travels behind the
reversal at an equal speed (about 100 mps).
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CMOS MC14530 dual S-input majority
gate. As a rule a neuron has more than
five inputs—typically, up into the hun-
dreds. Regardless of its complexity,
however, a majority gate can be ex-
pressed in equivalent form as a combi-
nation of NAND and NOR gates.

From the foregoing you can see that
computers can be logically equated to
neuron networks; nevertheless, certain
physical differences exist between bio-
logical and electronic systems. To be-
gin with, electronic signals are viewed
as differences in potential, which govern
the flow of free electrons. Signals in
nerve nets, however, consist of waves
of polarity reversal on the surface of
polarized neuronal membranes. In Fig-
ure 3 you can see that a nerve’s mem-
brane normally possesses excess posi-
tive charge on its outer surface, and
excess negative charge on the inner sur-
face. Excitation of the nerve brings
about a polarity reversal at some point
on the membrane, which then induces
polarity reversal at adjacent points on
the membrane, and the signal spreads.
The reversed-polarity condition at any
given point reverts to normal after sev-
eral miliseconds, while the wave of
polarity reversal propagates to new
points on the membrane. Charge distri-
bution on the membrane’s surface is
controlled by movements of sodium
and potassium ions, and the rate of ion
flow through the membrane limits the
speed at which nerve signals travel to
about 100 meters/second. Contrast this
with the speed of an electronic signal
traveling down a transmission line with
a polyethylene dielectric: about 2 X 108
meters/second. Biological systems are
thus inherently slower than electronic
ones.

Memory. Two physical character-
istics distinguish the human nervous
system from the electronic computer.
Communication between the functional
units in a computer- is established by
connecting wires. Interneural communi-

cation involves diffusion of certain
chemicals across synapses. Memory is
likewise a chemical phenomenon, in-
volving chemical changes in nerve cells
and associated structures. Regardless of
these physical differences, however, the
two systems possess a fundamental logi-
cal similarity, as we've seen. Is it now
possible to map the information flow in
the human system in the same way that
we are ‘accustomed to in electronics?

Yes, to a certain extent. First of all,
no one alive and in good health would
consent to have men in white lab coats
probing about inside his or her head. So
direct information about the living,
functioning nervous system is hard to
come by. But a lot of data can be ob-
tained concerning brain structure in an
indirect way, and this is the domain of
cognitive psychology. Research along
these lines can be frustrating; it’s very
much like trying to figure out what’s
inside a computer by seeing how the
machine responds to different sequences
of input signals. Nevertheless, psycho-
logical data, together with whatever
biologists can provide, has allowed
many deductions about the brain’s or-
ganizations. .

Let’s look at Figure 4, which is a
simplified human cognitive map. Mem-
ory elements are represented by squares,
while circles stand for control processes.
This is an arbitrary distinction because
both functions, memory and control,
are apparently performed by cells.
Keeping that fact in mind, let’s analyze
the major features of Figure 4, saving
the details for later. First, visual and
auditory information from the outside
world are converted by the eyes and
ears respectively into nervous impul-
ses. These signals are routed to buffer
memories, the sensory registers, which
act to preserve fleeting data long enough
for the rest of the system to process it.
By convention the visual and auditory
sensory registers are called, respectively,
the “icon” and the “echo.”

The block labelled LTM is long-
term memory, a presumably permanent
storehouse filled with all the important
facts accumulated during a lifetime. For
example, LTM contains enormous
quantities of information such as
1+1=2, V=IR, the rules of English
grammar, telephone numbers, and so
on. In contrast, STM or short-term
memory has a very limited capacity.
Furthermore, information fades away or
gets dislodged very easily from STM. It
is possible to consciously retain STM
information, however, by the process of
rehearsal, repeating things mentally to
one’s self. As the arrows of Figure 4
indicate, rehearsal takes information out
of STM and then re-enters it. At the
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Figure 4.

| A simplified model of the information processing system of humans and higher animals.
In addition to the “ECHO” and “ICON”’ sensory registers there are others for taste, smell
and touch. In the lower box, the LTM, is stored everything you know except for the
most recent inputs which are being processed as you read this page. These immediate
inputs are going into the short term memory and rehersal loop; some of what you have
read will be recorded in the LTM—there is, however, no guarantee your brain will be
able to recall it. Something may be in memory but the brain can’t always find it.

same time, rehearsal can facilitate entry
of information into LTM, as we’ll see
later. .

Recognition. The final circle repre-
sents two independent processes, chunk-
ing and pattern recognition. Because
these processes seem to have the same
inputs and output, they coincide on the
map. Chunking is an organizational
process whereby sensory register infor-
mation gets grouped by means of LTM
rules before entering STM. This chunk-
ing does two important things: 1) it
allows more information to be crammed
into STM, and 2) it makes the infor-
mation easier for LTM to assimilate.
Note that information cannot enter
LTM directly; instead, it must be
worked on in STM first. For this rea-
son, STM is commonly called working
memory by psychologists. Apparently,
STM is the site of what we experience
as consciousness. The last process, pat-
tern recognition, is the identification of
visual or auditory inputs, and is a very
important part of ¢onscious experience.

As we stated earlier, the map in
Figure 4 is far from complete. Missing
entirely are the autonomic processes,
such as breathing, which the brain con-
trols. Gone too are the ouputs which,
for example, would control muscular
action. It would also appear from Fig-
ure 4 that all inputs are processed
equally, yet we kow this is not true. As
you read these lines countless sounds,
sights, and pressure sensations are avail-
able to your senses, yet your attention
is fixed on the letters that you scan.
This phenomenon of selective attention
is extremely important, but a little too
complex to cover here.
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Keeping in mind the fact that our
cognitive map is greatly simplified, let’s
consider its features in more detail,
starting with the sensory registers. Ex-
periments with the icon have revealed
that visual information is stored for
less than a second before fading. More-
over, new visual stimuli erase the old
iconic information. If this did not hap-
pen, our apprehension of an image
would lag about a second behind its
appearance. By contrast, echoic storage
lasts longer than that of the icon (the
exact duration is subject to dispute,
however), and erasure per se doesn’t
seem to occur. The necessity of echoic
storage is readily seen when you con-
sider that language is a serial phenome-
non, made up of sounds which follow
each other in time. To make sense out
of language, what is and what was must
both be available. For example, a sin-
gle word like computer is made up of
many basic sounds called phonemes. All
must be available in order for the pat-
tern recognition process to identify the
word.

STM. Let’s consider STM. One piece
of evidence suggesting an STM that is
distinct from LTM is Milner’s Syn-
drome, a mental impairment caused by
damage to the hippocampal area of the
brain. Victims of this syndrome are
quite normal in most respects, but are
unable to permanently memorize new
information. For example, given a list
of words, they can retain the list in
memory for any desired length of time
by continually rehearsing. When in-
structed to stop rehearsing, they lose
the list in a matter of a minute or so.
One patient was able to read the same

magazine again and again without get-
ting bored. The patient’s doctor had to
introduce himself daily, even though he
had been -treating the man for years.
Yet, the patient could recall the events
in his life before the accident. Accord-
ing to our cognitive map, we can theor-
ize that the damage broke the link
between LTM and STM. The victim
could use STM and recall old items
from LTM, but he was unable to put.
new information into long-term storage.

Not only is STM storage temporary
but it also possesses only limited ca-
pacity—typically five to nine items. This
figure varies according to the nature of
the items being memorized, but the
average person’s short-term capacity is
about seven letters, numbers, or words.
This seven-item limit is commonly re-
ferred to as the memory span. Let’s
clarify the memory span concept now.
If a list of items is presented one at a
time to a subject, that person can re-
call the list in perfect order, after seeing
the items just once, if the list length is
less than or equal to about seven items.
Mistakes will appear with longer lists.
Of course, we can memorize more than
seven items, but to do so will require
several presentations of the list plus
some rehearsing. Since rehearsal both
refreshes STM and transfers informa-
tion to LTM, learning of lists longer
than the memory span evidently requires
storage space in LTM.

Suppose that the following list of
letters is presented to you. Could you
memorize it at one pass?

VTVMSCRFETUIT

You could if you treated the items
like this:

VTVM SCR FET UJT

This type of organization is called
chunking, which means ordering the list
into meaningful groups. Since meanings
are governed by the pattern of storage
in LTM, previously acquired LTM in-
formation is being used here to facili-
tate STM storage. The chunked list has
four items, well within the memory
span, and can be quickly memorized by
anyone familiar with electronics. But to
an uninitiated person the list contains
thirteen items; a few rehearsals would
be necessary to enable perfect recall.

Let’s try another experiment. Can
you memorize the following list quickly
and without a lot of rehearsing?

110001100101000011

If you can count in binary, it’s a

cinch. Look at the list in this way:
110 001 100 101 000 011
6 1 4 5 0 3

Below each triplet is its decimal
equivalent. If you can mentally do such
a conversion, you're left with only six
decimal digits to memorize. When the
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time comes for recall, simply change
the decimal numbers you've memorized
back to binary. With some practice,
you should be able to handle lists of
about twenty-one ones and zeros, much
to the amazement of your friends. Note
that you're using old LTM information
—the rules of binary-to-decimal and
decimal-to-binary conversion—to assist
in memorizing new material.

RAM. Leave 'STM now and consider
long-term storage. First of all, think of
all the different kinds of information
contained in LTM. Sights, sounds,
tastes, smells, and words are all stored
in some codified form. The information
can be reached quickly without first
searching through a lot of extraneous
material. In electronics we call such a
memory structure random-access. This
random-access characteristic is one of
LTM’s most important features, and
current theories hold that a close rela-
tionship exists between the structure of
LTM and the grammar of language.

Certainly one of the most important
characteristics of LTM is its relative
permanence of storage. However, we all
know that recall is often marred by for-

getting. Is this a memory fatlure? It
might be, but some say no. Consider
the experiences of the neurosurgeon
Wilder Penfield. While performing sur-
gery he electrically stimulated areas of
patients’ brains. Since the patients were
conscious during brain surgery (there
are no pain receptors in the brain),
they were able to report their sensa-
tions. Many reported long-since forgot-
ten, seemingly trivial incidents from the
past. These sensations were vivid, filled
with minute visual and auditory details.
In fact, they were often described as
being like movies. This type of evidence
is frequently cited in support of the no-
tion that everything stored remains
stored, and that forgetting is the in-
ability to find stored information. How-
ever; we don’t know that the patients’
sensations were true memories. They
might contain some factual information,
but the great bulk of detail could be
manufactured, just as in a dream. The
question of the permanence of LTM
storage remains open.

There is no question, however, about
the role of the chunking process in
LTM. Chunking is the most effective

method of guaranteeing long-term
storage. Tests on mnemonists, people
with exceptional powers of memory,
show conclusively that structuring in-
formation in some imaginative way is
the key to successful memorization. For
instance, given a list of words to mem-
orize, the mnemonist might weave them
together into a fanciful story. Even if
the process sounds silly, it works re-
markably well.

So far we’ve only scratched the sur-
face of the topic of human information-
processing, and in an article of this size
we can’t do much more than that. Many
questions remain unresolved. For in-
stance, are STM and LTM two physi-
cally separate blocks of memory in the
brain, as they would be in a calculator
or computer? Probably not. For more
fascinating unanswered questions try
Human Memory by Roberta Klatzky
($6.95, W. H. Freeman and Co., 660
Market St.,, San Francisco, Calif.,
94104). Much work remains to be
done in this field, and if you like com-
puters, you may just become hooked
on cognitive psychology—the psychology
of comprehension. ]

oolid State Multivibrators

[] When the conversation turns from
the Mets to multivibrators, you may
hear all manner of strange words
bandied about. Flip-flop, one-shot,
astable, and bistable roll off the tongue
of the all-knowing. And don’t be too
surprised if you hear the words free-
running, single-step, and monostable—
to name just a few-—at your next electri-
fied cocktail party. What do all these
terms mean? Are there really so many
different kinds of multivibrators? And,

for that matter, of what use is a multi-
vibrator for the experimenter?

The main job of a multivibrator is to
generate square waves and pulses.
Period. That’s all!

A square wave is often used as a test
signal for audio amplifiers to reveal
frequency-response problems. In other
applications, multivibrators generate
short time constant pulses—only a few
microseconds in duration. These mini
pulses synchronize, or steady, the pic-

ture on our TV screens.

Longer pulses—those which are sev-
eral seconds in duration—control the
exposure time of photographic enlarg-
ers. Slow multivibrators can also drive
the flashing warning lights seen by mo-
torists as they approach roadside haz-
ards. And, in the radio amateur's shack,
faster multivibrators running at ‘audio
rates train the ham’'s eye and ear as he
works with his code practice oscillator.
Or, the same MV, as the multivibrator
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is also called, doubles duty as an audio
signal source. The list could go on and
on.

The uses of multivibrators grow daily,
limited only by the ingenuity of those
who understand their working prin-
ciples.

The imposing list of names in the first
paragraph creates the impression that
there must be almost a dozen different
types of multivibrators. Fortunately,
this is not so! There are only three basic
types. The long list of names merely
shows the existence of more than one
name for the same type of multivi-
brator.

The Circuit With an Alias. The three
