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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-
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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
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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)
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- 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.

' 11




Figure 2.
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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
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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
basic types of multivibrators are the

bubbling forth a stream of square waves
like its enthusiastic free-running cousin.
Instead, it sits there, grumpily doing
absolutely nothing. .

And, it will continue to sit there
unless kicked in the right place by an
externally generated pulse, called a trig-
ger pulse.

Under this urging, it reluctantly
makes one and only one pulse, and then
lapses back into its former sullen con-
dition. Until, of course, it’s kicked by
another trigger. It derives its name—
one shot—from the fact that it gives
only one pulse in response to a trigger.
See Fig. 2.

Flip Out Forget-me-not. The third
type of multivibrator, the flip-flop, is a

gives no output pulse unless urged by a
trigger pulse. But its response to a trig-
ger is quite different. It starts out to
produce a pulse, but forgets to end it,
unless told to do so by another trigger
pulse. Strangely enough, this forgetful-
ness can be turned into a memory. The
flip-flop is the heart of the register
system of large computers. See Fig. 3.

How can this be? Because, as Fig. 4
shows, the flip-flop can remember for-
ever (or, at least, until the power is
turned off) that a trigger pulse has been
applied to it. Using this single basic
capability, the registers of giant com-
puters can be constructed.

Some Basic Building Blocks. Circuit
diagrams for these three basic multi-

free-running multivibrator, the one-  forgetful fellow. It. like the one-shot.  vibrators are surprisingly similar.
shot multivibrator, and the flip-flop.
" With these three basic circuit types s
under your belt, you can whip up any .
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They’re all built from the same basic
building blocks. These building blocks
are shown in Fig. 5.

The free-running multivibrator com-
bines these basic building blocks. The
component values shown in Fig. 6
will make a free-running multivibrator
which runs at 440 Hz. Musicologists
know that frequency as A above middle
C on the piano. j

To double that frequency, cut the
values of both coupling capacitors in
half; to triple it, cut them to one third
the value shown, and so on. To hear
the square wave, place an ordinary
2,000-ohm headset across either 1,500-
ohm collector load resistor. To see the
square wave, connect an oscilloscope to
the point marked “output.”

The one-shot multivibrator is very
similar. It is built from pieces stolen
from the free-running multivibrator as
shown in Fig. 7 by replacing one of the
coupling capacitors with a coupling re-
sistor, and one of the “on” amplifiers
with an “off” amplifier.

The values shown produce a pulse
two seconds long. To double the pulse
length, double the capacitor’s value; to
triple it, triple the capacitor’s valug,
and so on. To hear the pulse, place
an ordinary 2,000-ohm headset across
either 1,500-ohm resistor.

Momentarily touch the point marked
“trigger in” to the the power supply. A
click will be heard in the headphones
as the one-shot begins its solitary pulse.
Two seconds later, a second click will
be heard as the one-shot ends its pulse.
(The actual time may be longer, be-
cause large-value capacitors sometimes
have twice the capacity on their case.)

To see the pulse, connect a volt-
meter to the point marked “output.” It
will indicate —9 volts. Trigger the one-
shot as above, by touching “trigger in”
to the power supply. The voltmeter’s
needle will drop to zero volts, remain

there for two seconds, and then pop up
to 9 volts again.

To change the one-shot schematic to
a flip-flop schematic; both pulse ampli-
fiers must be of the biased-off type, and
both coupling elements must be re-
sistors. See Fig. 8. To see the action of
this circuit, connect a voltmeter to out-
put #1 or output #2——whichever of
the two causes the voltmeter to register
—9 volts. Leaving the voltmeter con-
nected, short the output to ground. The
voltmeter reading will drop to zero, of
course, because there is a dead short
right across its terminals. But, the sur-
prising thing is that the reading will
stay at zero after the short is removed.

‘Next, short the other output to
ground. The voltmeter reading will rise
to —9 volts, and stay there after the
short is removed, showing that the flip-
flop can remember an occurrence (like
shorting one output) even after the
occurrence is ended.

Kicked by a Trigger Pulse. Of course,
shorting an output to stimulate the flip-
flop into action is not the same as run-
ning it from a trigger. Triggering cir-
cuitry can be added to the basic flip-
flop as shown in Fig. 9. Now, leaving
the voltmeter connected to one output
as above, you can trigger the flip-flop
by momentarily connecting the point
marked “trigger in” to ground. Each
time a trigger is supplied, the output
that was at zero volts will jump to —9
volts. A second trigger will cause the
same output to revert to zero volts,

Since it takes two triggers to make
one complete output pulse from a flip-
flop, feeding 500 pulses per second to
the trigger input will cause only 250
pulses per second to come from the
output. If these pulses are, in turn, fed
to another flip-flop, its output will pro-
vide only 125 pulses per second. This
ability of flip-flops to act as a frequency
divider finds very wide usage in applica-

tions ranging from computers to TV
and electronic organs.

So much, then, for the three basic
types of multivibrators. What about
that long list of names we bandied
about in the first paragraph? Where do
they come in?

We can parcel out all those names
among the three basic types. For ex-
ample, the free-running multivibrator
is known in formal electron-ese as an

astable multivibrator. The prefix “a-” "

tells us that it lacks a stable condition,
and hence runs endlessly as long as
power is supplied. The one-shot MV
also answers to the name monostable
multivibrator, “mono” stable being the -
state in which it grumpily sits while
awaiting a trigger.

And, the flip-flop is also a bistable
multivibrator because it has two, or
“bi-” stable states, and will sit happily
forever with a given output either
“high” (=9 volts in the above example)
or “low” (zero volts).

Other Names, Yet. Other names for
the flip-flop include toggle, from its ac-
tion in response to two successive trig-
gers; binary, from its ability to rest in
either of two states, and Eccles-Jordan,
after the two men who described the
circuit many years ago.

The names one-step and univibrator,
as well as single-step, single-cycle, and
monovibrator, are all much less com-
mon names for the one-shot. Similarly,
the free-runing multivibrator is rather
infrequently referred to as an unstable
multivibrator or an Abraham-Bloch
circuit.

So, in spite of the abundance of
names, there are only three basic types
of multivibrators. Call the MV what
you will, but the application of these
three types reach through to almost
every project the electronics hobbyist
is likely to conjure up on his work-
bench. ]|

The Battle of AM

[] The audio and broadcasting indus-
tries are currently on the brink of
a revolution. Within a few months,
the Federal Communications Commis-
sion (FCC) will almost certainly give
the go-ahead for AM broadcast stations
to begin operations in full stereo, plac-
ing them on better competitive footing
with FM broadcasters and opening a
new spectrum of possibilities for both
audiophiles and DXers. The technology
for AM stereo already exists—in fact,
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test broadcasts have already been con-
ducted in the United States!

The concept of AM stereo is not a
new idea. In 1958 the FCC was peti-
tioned to allow AM stereo broadcast-
ing, but refused to do so in an order
released on October 2, 1961. The FCC
cited technical problems for its refusal
to allow AM stereo. Undaunted, several
firms continued work on AM stereo
systems, and one system was actually
used for regular broadcasts by station

Stereno

XETRA, 690 kHz, in Tijuana, Mexico,
during 1970! The technical difficulties
that caused the 1961 rejection of AM
stereo were gradually resolved, leading
the FCC to formally propose the estab-
lishment of AM stereo on July 6, 1977,
in docket 21313. Insiders in the broad-

. casting industry agree that AM stereo

is inevitable—only the decision as to
which method will be used to transmit
and receive AM stereo is left for the
FCC 1o decide,
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The Motorola idea is to use dual summing networks and balanced modulators in order
to separately modulate two carriers at the same frequency but at different phases. The
carrier frequency oscillator is used to set the transmitter frequency. Output from the
balanced modulators is combined with that of the carrier frequency oscillator's in a
summing network and is then fed to a RF power amplifier. A system on the Motorola prin-
ciple must use phase detection and balanced modulators, but avoids the use of matrices.

Why AM Stereo? It’s difficult to be-
lieve that FM broadcasting was once an
economic disaster area when one ob-

‘serves the huge market for FM receiv-

ers and tuners that exists today. But in
the 1950’s FM was at an extreme com-
petitive disadvantage to AM. Stereo

broadcasts for FM were authorized in

April, 1961 and one of the reasons
given by the FCC for FM stereo was
that it could help FM broadcasters com-
pete more effectively with their AM
brethern. But, in subsequent years, the
entire audio industry has shifted to
stereo, and even quadraphonic sound,
while AM radio has remained a mono-
phonic medium. Many in the broad-
casting industry now feel that FM is a
more economically successful medium
than AM due to the stereo advantage.
It is widely felt that only the introduc-
tion of AM stereo can restore com-
petitive balance between the two.
The widespread support for AM
stereo is demonstrated by the composi-
tion of The National AM Stereophonic
Radio Committee, one of the prime
movers behind the drive for AM stereo.
Included in the Committee’s member-
ship are the Institute of Electrical and
Electronics Engineers, the Electronics
Industries Association, the National As-
sociation of Broadcasters, and the Na-
tional Radio Broadcasters Association.
The Committee arranged for on-the-air
tests of three stereo AM systems during
August, 1977 and submitted the results
to the FCC in reply to Docket 21313.
Individual broadcasters are also anxious
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to begin AM stereo service.

“When the FCC approves a system,
WBT is planning to broadcast in AM
stereo on a full-time basis,” says Rich-
ard Mertz, technical operations man-
ager for station WBT in Charlotte,
North Carolina. WBT was one of the
stations that conducted AM stereo tests
in August, 1977.

How AM Stereo Works. There are
four basic systems for AM stereo com-
peting for the FCC’s approval. All four,
like FM stereo, make use of two sepa-
rate channels commonly referred to as
the left and right channels. Beyond
that, however, the four systems differ
significantly from each other. The vari-
ous methods are not compatible with
the others; only one will be selected
by the FCC for use.

The oldest system for AM stereo is
known as the Kahn system, developed
by Kahn Communications, Inc. Kahn
was one of those who petitioned the
FCC for AM stereo back in 1958. Al-
though the petition was denied, Kahn
continued work on their system, even-
tually leading to full-time use of it over
station XETRA in Mexico, as men-
tioned earlier. While located in and
licensed to operate in Mexico, XETRA
puts a potent signal into the San Diego,
California area and programs almost
entirely in English for the San Diego
market. Mexican broadcasting regula-
tions are somewhat more flexible than
those in the United States, and in 1970
permission was granted for XETRA to
use the Kahn system for its regular

broadcasts.

A regular AM signal consists of a
carrier frequency and two identical
sidebands on either side of the carrier
frequency. Thus, for XETRA’s 690
kHz frequency, its:carrier was on 690
with two 3 kHz wide sidebands on 687-
690 kHz and from 690-693 kHz. In
simplified form, the Kahn system put
one stereo channel on the lower fre-
quency sideband and the other stereo
channel on the upper frequency side-
band. This system made it possible to
receive AM stereo broadcasts by using
two ordinary AM receivers. One re-
ceiver was tuned to XETRA’s upper
sideband while a second receiver was
tuned to the lower sideband. All other
stereo AM systems require receivers
designed specifically for stereo recep-
tion. Proponents -of the Kahn system
have stressed this availability of AM
stereo using conventional equipment in
their proposals to the FCC.

The XETRA experiment was eventu-
ally discontinued. The FCC allowed
Kahn to conduct tests of its system over
station WFBR, Baltimore, Maryland
during 1975. Yet despite Kahn’s head
start, most observers feel that it is highly
unlikely that the Kahn system will be
adopted by the FCC. More recent sys-
tems offer the potential for better fidel-
ity and stereo quality than the Kahn
system. Perhaps significantly, the Na-
tional AM Stereophonic Radio Com-
mittee omitted the Kahn system from
the series of AM stereo tests it con-
ducted in 1977.

The AM stereo system that the FCC
eventually selects will almost certainly
be either the Magnavox, Motorola, or
Belar System. The Magnovox and Belar
systems use a combination of amplitude
and phase/frequency modulation while
the Motorola system uses phase differ-
ences between two signals to transmit
both stereo channels on the same carrier
wave. Stereo signals transmitted by all
three methods can be received in mono
on monophonic receivers without modi-
fication, while stereo reception will re-
quire receivers designed for stereo AM.

The Magnavox system uses a matrix
circuit to convert the two channels into
two new signals, one the sum of the
frequencies of the left and right chan-
nels with the other the difference in
frequency between left and right. The
difference (L—R) frequency is AM
modulated in the conventional manner
while the sum (L+R) frequency is fed
to a phase modulator. The phase modu-
lator varies the phase, or time interval,
between changes in the amplitude of
the carrier current wave. The output
of the phase modulator is fed to the
AM - transmitter and transmitted with
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the output of the AM modulator. An

added feature of the Magnavox system
is a tone generator which feeds a sub-
audible 5 Hz tone into the phase modu-
lator. When received on a receiver de-
signed for the Magnavox system, it
lights a stereo indicator lamp similar to
_ those found on FM stereo tuners. This
is the only system with such a stereo
identification provision and it is a
strong point in favor of it. A receiver
for the Magnavox system uses both AM
and phase modulated detectors to re-
cover the stereo transmissions. .

The Belar system was originally de-
veloped by RCA, although RCA is no
longer actively involved in the develop-
ment of AM stereo systems. Like the
Magnavox system, the Belar method
uses a matrix circuit to produce sum
and difference signals from the two
channel inputs. The sum signal is am-
plitude modulated in a conventional
manner while the difference frequency
is applied to a frequency modulator.
The output of the frequency modulator
is fed to a conventional AM transmitter
along with the output of the amplitude
modulator. The combined AM/FM sig-
nal is then transmitted as an AM signal
in the usual manner. A Belar system
receiver uses separate AM and FM
detectors and a matrix circuit to repro-
duce the two channels. X

The stereo AM system developed by
Motorola uses summing networks and
balanced modulators to separately
modulate two carriers at the same fre-
quency but in different phases. The
transmitter frequency is determined by
a carrier frequency oscillator. The out-
put of the balanced modulators is com-
bined with the carrier frequency oscil-
lator output in a summing network
circuit and then fed into a RF power
amplifier. A Motorola system receiver
uses phase detection and balanced
modulators to recover the two stereo
channels. An advantage of this system
is that it avoids the use of matrix cir-
cuits. .

The Tests. The National AM Stereo-
phonic Radio Committee has estab-
lished a receiving site and laboratory in
Bethesda, Maryland for the purpose of

evaluating tests of the three AM stereo

systems. The first tests were conducted
over WGMS, 570 kHz, in Bethesda,
Md., from August 7 to 10, 1977. The
tests were conducted from midnight to
5:00 a.m., local time. The next series
ran from August 11 through 15 over
WTOP, 1500 kHz, in Washington, D.C.
The potentially most significant tests
were conducted over WBT, 1110 kHz,
in Charlotte. N.C., on August 21. The
tests were run from midnight to 5:00
a.m. WBT'is a 50-kilowatt clear-channel
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The Belar System begins like the Magnavox in that matrix circuitry produces sum and dif-
ference signals from the two channel inputs. The sum signal is conventially amplitude
modulated while the difference frequency is applied to a frequency modulator. Both the
outputs from the AM modulator and Frequency modulator are fed, in combination, to an
AM transmitter. The combined AM/FM signal is then transmitted as an AM signal, in the
usual way. Separate AM and FM detectors and matrix circuit must be used in Belar receiver.
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outlet whose nighttime coverage is from
Cuba to the Canadian Maritimes and
provided an ideal test for the effects of
skywave propagation on AM stereo sig-
nals. It is widely believed that the sys-
tem that performs best as far as sky-

wave propagation is concerned will be’

the one accepted by the FCC.

If you’'d like to delve deeper into the
highs and lows of AM stereo you could
send for the AM Stereo Report from
the Electronic Industries Association.
The 500-plus page, spiral-bound book
is available for $20.00 from: AM Stereo
Report, Electronic Industries Associa-

tion, 2001 Eye St., N.W., Washington,
D.C. 20006.

Effects of AM Stereo. The introduc-
tion of AM stereo will have several

effects on broadcasters, equipment
manufacturers, and DXers. Broadcast-
‘ers will likely have to upgrade their

studio to transmitter link equipment, as
most such links are today handled by
telephone lines having virtually no re-
sponse over 5 kHz. Considering that
most AM tuners today cannot repro-
duce frequencies above S kHz, such a
limitation poses no problem for mono-
phonic transmission. Yet AM stereo

LEFT CHANNEL SUMMING BALANCED
T  NETWORK MODUL ATOR
SUMMING NETWORK ADDS OUTPUT
CARRIER OF THE BALANCED MODULATORS
FREQUENCY TO CARRIER FREQUENCY; RF
OSCILLATOR AMPLIFIER AMPLIFIES SIGNAL
AND FEEDS TO ANTENNA SYSTEM
RIGHT CHANNEL _ | suMMING BALANCED
NETWORK MODUL ATOR

Stereo’s two channels, using the Magnavox system, are first converted by matrix circuit-
ry into two new signals; one the sum of the left and right channel frequencies and the
other being the difference between those frequencies. The difference (L—R) frequency is
AM modulated while the sum frequency (L+R) is phase modulated. A nice touch is a tone
generator which adds a subaudible, 5 Hz tone to the phase modulation. A receiver may be
designed with a stereo indicator lamp which will light up whenever the tone is received.

-
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receivers are envisioned as having re-
sponse equal to*that of stereo FM tun-
ers, on the order of 15 kHz. The intro-
duction of AM stereo will finally force
AM broadcasters to pay attention to the
range of audio frequencies they trans-
mit. Likewise, equipment manufacturers
will devote more attention to the AM
section of AM/FM receivers. Current
design practice seems to regard the AM

section almost as a necessary evil.
DXers will find themselves hunting
for distant stations broadcasting in
stereo, and the improved AM receivers
will be a boon for BCB DXers. Other
special equipment, such as directional
BCB loop antennas, will likely become
available. Yet the improved audio range
of AM stereo stations will cause more
co-channel interference and may make

digging out weak foreign stations on
the “split” frequencies between the even
10 kHz frequencies a difficult task.
And even those who only tune the
shortwave bands may not be left out—
international shortwave broadcasts are
AM, after all! Wouldn't you like to
spend a cold winter evening listening
to South Seas music from Radio Ta-
hiti—in stereo? ‘n

How Transmitters Work

[] One if by land, and two if by sea...”
says the famous poem by Longfellow
commemorating the midnight ride
- of Paul Revere in April of 1775. Revere’s
fellow patriot, who hung the two (if by
sea) lanterns in the steeple of the Old
North Church of Boston 200 years ago,
was engaged in communicating by mod-
ulation, just as surely as today’s CBer
who presses the PTT switch on his micro-
phone. For modulation simply means
variation, or change—and it’s modula-
tion, whether you’re changing the num-
ber of lanterns hanging in a church
steeple, or using electronic circuitry to
change the radio wave emitted by an
antenna in accordance with your voice.

All communication is by modulation.
For centuries, the American Indians
sent messages by “modulating” a smoke
stream with a wet blanket, and primitive
tribes have long communicated by mod-
ulating the beat of their jungle drums.
Later, semaphore flags were used to
send messages by modulating their po-
sition. Even these words you are read-
ing can be considered modulation of
the surface of a piece ‘of paper with
spots of ink.

But almost all of today’s long-dis-
tance instantaneous communication is
carried out by modulating radio waves.
In fact, this means of communicating
is now so commonplace that even the
Man the Street unknowingly refers to
modulation when he speaks of “AM”
and “FM”. These familiar abbrevia-
tions stand for Amplitude Modulation
and Frequency Modulation, respective-

ONE_COMPLETE Ty MP‘-'TUDE

CcYcL

Fig. T—Unmodulated carrier (RF) wave.

ly, and refer to the two common meth-
ods of changing a radio wave to make
it broadcast words or music from one
place to another.

Introducing the Carrier. A radio
wave broadcast from the antenna of a
transmitter is, in the absence modula-
tion by speech or music, an unchanging,
constant sine wave, as shown in Fig. 1.
It is as constant and as unchanging as
the steeple of the Old North Church,
and conveys no more information than
a steeple. It simply gives you some-
thing to monitor for the possible later
appearance of a signal. |

Just as the steeple was a support or
carrier on which to hang the informa-
tion-giving lanterns, so the radio wave
becomes the carrier upon which the
speech or music is “hung”. In fact, the
unmodulated wave is usually referred
to as the carrier.

The carrier may be shown as a sim-
ple sine wave, as in Fig. 1.

| MILLIONTH
OF A SECOND

7 CYCLES IN ONE
MILLIONTH OF A SECOND
=7 MILLION CYCLES
PER SECOND (=7 MHz)

I23456{

10 MILLIONTHS
OF A SECOND

7 CYCLES IN TEN
MILLIONTHS OF A
SECOND = 700,000
CYCLES PER

SECOND (=700 KHz)

IOO'h SEC

7 CYCLES (OFF THE PAGE)
IN &m SEC = 700 Hz
(NOT DRAWN TO SCALE)

Fig. 2—Three different frequency waves.
700 Hz (bottom) is partial, not drawn
to same scale as the lwo higher fre-
quencies.

The height, or amplitude of the wave,
indicates the strength of the signal,
while the time it takes the wave to
complete a certain number of cycles de-
termines the spot on the radio dial
where the signal will be received. For
example, as shown in Fig. 2a if it takes
only a millionth of a second for the
carrier to complete seven cycles, then
it will complete 7,000,000 cycles in one
second, and the signal will appear on a
receiver’'s dial at the 7,000,000-cycle-
per-second (7-megahertz) point, which
is on the edge of the 40-meter ham
band. Such a carrier has a frequency
of seven MHz.

On the other hand, a carrier taking
longer to complete the same number of
cycles—say, seven cycles in 10 millionths
of a second (Fig. 2b)—would com-
plete only 700,000 cycles in one sec-
“ond, and would be found on the dial at
700 kHz (700 thousand Hertz), which
is in the standard broadcast band.

As can be seen from the above num-
bers, carrier frequencies are normally
very high—much higher than the speech
or music (audio) frequencies which we
will cause the carrier to carry. For ex-
ample, when a flutist plays the note F
above middle C, he produces vibrations
in the air which can be visualized as
in Fig. 2c. Here, the time for 7 vibra-
tions is only one fiftieth of a second,
which is a frequency of only 350 cy-
cles per second (350 Hertz).

But a constant (unchanging) carrier
wave conveys no information. Some-
thing about the wave must be varied

ORIGINAL
AMPLITUDE
NEW

AMPLITUDE

Fig. 3—Simplified amplitude modulation
of the RF carrier wave.
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ORIGINAL RADIO
FREQUENCY (7 MHZ)

pet— =

NEW RF (3.5 MHZ)

Fig. 4—Simplified frequency modulation of
- the RF carrier wave.

ORIGINAL
RADIO
FREQUENCY *_NEW RF

T 7 v 70 | N O ]
98 765432
FREQ— MHZ DiAL

Fig. 5—If the frequency modulation were

a simple change from one RF carrier
frequency to another, an AM receiver
could receive it if retuned.

RECEIVER

(modulated) to convey information to
the listener. What can be changed, so
that the listener can recognize that a
signal has been sent to him?

AM and FM. Looking again at Fig.
1, you can see that a carrier has two
obvious characteristics—its height, or
amplitude, and its frequency. Changing
either of these can cause a receiver to
recognize that a message has been sent.
If the amplitude is changed, we call it
amplitude modulation, or AM. If the
frequency is changed, we call it fre-
quency modulation, or FM.

A very simple type of AM is shown
in Fig. 3. Here the amplitude of the
«carrier wave has been changed sudden-
ly to half its former value.

This change in amplitude is a sim-
ple form of AM, and can convey simple /
messages. If Paul Revere had been a
CBer, he could just as easily have pre-
arranged a code signal which said *. . .
one drop in carrier amplitude if by
land; two drops in carrier amplitude if
by sea . . .” and served the American
cause just as well (though Longfellow’s
poetry might have suffered).

The other obvious characteristic of

the carrier wave of Fig. 1 is its fre-
quency. We can also modulate this
characteristic, as shown in Fig. 4. Here,
instead of a sudden change in ampli-
tude, there is a sudden change in fre-
quency, from 7 MHz to 3.5 MHz. This
is a very simple form of FM, and can
also be used to convey simple messages.
Since the drop in frequency represents
a shift in the carrier’s location on the
dial, as shown in Fig. 5, two receivers,
one tuned to 7 MHz and the other to
3.5 MHz, could detect this shift in fre-
quency, and the listener could interpret

- it as a signal, according to a pre-ar-

ranged code.

What's PM? While the Man in the
Street has made AM and FM household
phrases, these modulation methods are
only two of the three ways a radio fre-
quency carrier wave may be modu-
lated. The third method, Phase Modula-
tion, or PM, although virtually un-
known to most people, is nonetheless
extremely important in such fields as
data transmission and color television.

Phase modulation can be visualized
as in Fig. 6. Here, neither the ampli-

- tude nor the frequency is varied, but

the carrier is made to pause for a mo-
ment, and then to continue as a sine
wave slightly delayed from the original.
This delay is called a phase shift. Phase
shift is usually measured in degrees. A
phase shift equal to the time needed for
an entire cycle is 360°. In the sketch, a
sudden phase shift of about 70° (less
than a quarter cycle) is indicated. By
suitable receiver circuitry (found in
every color TV receiver), this sudden
change in phase can be interpreted as a
signal. In color TV, it might represent
a shift in hue from green to yellow.
Amplitude Modulation—A Closer
Look. The sudden drop in amplitude
shown in Fig. 3 is a good way to show
the general scheme of AM, but it fails
to tell us very much about how AM is
used, every day, in our AM receivers
and CB rigs. Here there are (hopefully)
no sudden shifts in carrier amplitude,
but instead, there is a remarkable re-
creation of speech and music from a
distant transmitter. How is this done?
To explain, let us assume that our
flutist stands before a microphone in a
broadcasting studio, ready to play his
350-Hz F-above-middle-C. Let’s also

A ATA A

AUDIO SIGNAL
FROM
MICROPHONE

ORIGINAL
PHASE NEW

RF carrier wave.

V VIV VYV

Fig. 6—Simplified |.sase modulation of the

700KHz RF
CARRIER
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TO PLAY
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/
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MODULATED RF
CARRIER

l

'V

Fig. 7—The audio signal (sound) modulates
the RF carrier wave.
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FLUTE PLAYING
SOFTLY

NGNS

LESS INTENSE'
MODULATION

Fig. 8—Smaller audio signal modulates the
RF carrier wave less.

Fig. 9—Louder audio signal (sound) modu-
lates the RF carrier wave to maximum.

FLUTE PLAYING
LouUDLY

1
K V J i \«

V \

CARRIER GOES
TO ZERO FOR AN

INSTANT: 100 %
MODULATION

assume that the broadcasting station is
assigned a carrier frequency of 700
kHz., Figure 7 shows how the carrier
wave’ will appear just before the flutist
plays, and just after he begins.

As you can see, the 350-Hz audio
tone from the flute causes the ampli-
tude of the carrier to rise or fall in ac-
cordance with the rise or fall of the
flute wave. Note that both the top and
bottom of the carrier wave are affected
by the flute waveform. It is as though
the carrier had been squeezed into a
snug-fitting envelope, forcing it to con-
form to the waveform of the flute
sound. The shape thus formed by the
tips of the modulated carrier wave is
often called the envelope.

The envelope of an amplitude-mod-
ulated carrier is therefore a good replica
of the audio waveform coming from the
studio microphone. Every shading,
every change, in the sound striking the
microphone will be faithfully traced
out by the tips of the carrier wave. For

example, if the flutist were to play more
softly, the result will be as in Figure 8.
If he plays more loudly, Figure 9 is
the result. You will note that in Fig. 9
the amplitude modulation is so intense
that, at one point, the carrier’s ampli-
tude goes to zero for an instant. This is
called 100% modulation, and repre-
sents the loudest sound AM can handle.
If the flutist plays even more loudly,
the result is as shown in Fig. 10. As the
figure shows, the envelope is no longer
a faithful replica of the original audio
waveform, so the listener will receive a
distorted sound. This condition is called
overmodulation, and is undesirable.

Hardware for AM Systems. One of
the most-straightforward methods of
producing AM is the method invented
by the Canadian Reginald Fessenden,
in 1905. In his system, a radio fre-
quency generator produced the carrier
wave, which was fed to the antenna
through a carbon (variable-resistance)
microphone. See Fig. 11.

Since a carbon microphone varies its
resistance in accordance with the speech
or music, the microphone in this primi-
tive system acted as a valve to allow
more or less of the RF carrier wave to
pass to the antenna. In this way the
carrier wave broadcast by the antenna
was amplitude modulated by the sound
waves striking the microphone.

More Up-to-date Modulation
Methods. Although nobody puts car-
bon microphones in series with antennas
any more, the more modern modulation
methods, such as those found in AM
broadcast transmitters or CB transmit-
ters are still rather similar to the primi-
tive carbon-mike method. The typical
modern AM system (Fig. 12), still em-
ploys an oscillator (which ‘is crystal-
controlled, to ensure that the carrier
frequency is constant, and thus is found
at a known spot on the dial), and a
power amplifier to strengthen the car-
rier before feeding it to the antenna.
The amount of “strengthening” is con-

FLUTE -
LOUDER YET

—/W/

audio signal causes overmodulation.

ANT
‘—-\ s

} Lok =5 'MODULATED RF WAVE
e -
.. RaDIO e /
| | | FREQUENCY _ Lo /
||| ||| || |I'f || | ||'r | CARRIER i - N -
I‘ I '|i || GENERATOR N AUDIO WAVE
1
. CARRIER RF CARRIER CARBON MIKE
VANISHES FOR (VARIABLE RESISTANCE)
A WHILE l m
OVERMODUL -
ATION i' n
Fig. 10—Further increase in amplitude of r " | “

Fig. 11—The first radlotelephone broadcast transmltter, invented by Canadian

Reginald Fessenden, who broadcast voice

Christmas Eve, 1905. It worked, but was very noisy.

f ||' .NM .

and music to a few ships at sea on
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Fig. 12—Typical amplitude-modulated RF (radio frequency) transmitter.

Fig. 13—Block diagram of receiver for am-

RF
CARRIER
AMP

“ o
ENVELOPE Ayg:,ff_[q

DETECTOR

plitude-modulated radio frequency (RF)
signals.

trolled by the audio signal, and the
music to a distant point.

Receiving the Signal. At that dis-
tant point, we all know that the carrier
power delivered to the antenna is in this
way amplitude-modulated and the radi-

ated carrier will convey the speech or

wave may be intercepted by a suitable
antenna and applied to a receiver. A
simple receiver is shown in block dia-
gram form in Fig. 13. Here, the weak
signal from the antenna is first ampli-

17 VAC DIODE
INPUT RECTIFIER
~ N — o
|2l
FILTER VDC OUTPUT
CAPACITOR T
-—o0
60 HZ POWER
TRANSFORMER

Fig. 15—DC power supply from AC house
current has circuit similar to that of the
simple AM receiver.

AM RF

WAVE INPUT
‘ DIODE
DETECTOR
> o)
l CAPACITOR _/\/_
AUDIO
OUTPUT
O
RF (RADIO-
FREQUENCY)
TRANSFORMER

Fig. 14—Simple receiver of amplitude-mod-
ulated (AM) RF signals.

fied in a carrier-wave amplifier, (an
RF (radio frequency) amplifier, and
applied to a detector which can extract
the original audio signal from the am-
plitude-modulated RF carrier. This au-

dio wave is further amplified and then
fed to a loudspeaker, which re-creates
the original speech or music.

The Detector—Heart of the Re-
ceiver. By looking at Fig. 13, you
can see the detector is the heart of the
AM receiver which extracts the original
signal from the amplitude-modulated
carrier. The circuit that does this job is
suprisingly simple. It resembles very
closely the circuit of a typical power
supply. In an AC power supply, when
117-volts AC is applied at the input
plug, a DC voltage appears at the out-
put. If, because of a brown-out or for
some other reason, the 117 volts at the
input drops to, say, 105 volts, the DC
output will drop correspondingly. In a
power supply,’ this output drop is un-
desirable—we want the DC output to
remain constant even though the input
AC varies. Notice that the drop in volt-
age of the 60-Hz power line input from

117 volts to 105 volts is actually am-
plitude modulation, of the 60-Hz input
sine wave, and the drop in the output
DC has “detected” the AM that occur-
red at the input! This is shown in Fig.
16.

So a simple AM detector may be
thought of as a power supply arranged
to change its output very quickly in ac-
cordance with the amplitude changes in
the AC (carrier) at its input. And, since
these fluctuations in amplitude of car-
rier represent the original audio signals,
the “power supply” (detector) output
will be the same as the original audio.
It's interesting to note the power sup-

v

OV gy

ﬂ % 105v
1
=2 9v

TR

Fig. 16—Changing amplitude of voltage in-
put to power supply provides changed
(modulated) output.

ply’s undesirable trait, unsteadiness in
output when the input is unsteady, is
the useful operating characteristic of
the same circuit when used as a de-
tector! ]

Antennas

N [ 1f you happen to be a two-way radio
enthusiast and are interested in ‘“getting
out” in the CB slang sense of the
phrase, then you have come to the right
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place, for here you will find everything
you need to know in order to squeeze
every last inch of range out of your
two-way radio. |

Here are six things to think about
while trying to boost your CB’s range.
Antenna Height. First, for maximum
range your antenna should be as high
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IMPEDANCE MATCHING ANALOGY .
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Impedance matching can be represented by
the transmission of energy from one rolling
ball to another stationary one. If both have
equal mass the first will stop and the second
take off at equal speed (in a frictionless sys-
tem). If the second ball is more massive, as
illustrated in the three bottom drawings, the
first ball will bounce back just as RF will
bounce back if an antenna is improperly
matched to the transmitter and line.

as legally possible. It is said that you

can talk about one-third farther than |,

the line-of-sight distance between the tip
of your antenna and the tip of the other
fellow’s antenna, and the higher the
antennas, the greater the line-of-sight
distance. This effect comes from the
fact that although light travels in a
straight path, radio waves tend to fol-
low the shape of the earth’s surface
somewhat. Therefore, although some-
one’s antenna may be below the horizon
s0 you can’t see it, your radio signals
may still reach him if he isn’t too far
below. i

The question, then, is what is the
legal maximum height? For omnidirec-
tional antennas (those which radiate
equally in all horizontal directions), the
height limit for the tip is 60 feet. The
limit for directional antennas is 20 feet.

But it is possible to do a lot within
these limits if you want to increase your
range badly enough. For example, put
your antenna on top of a nearby hill
instead of right next to your house. But
of course, you will need a lot of line for
this trick.

Another thing you can do is put your
antenna on top of a tall building. If the
building is more than 40 feet high, you

26

are allowed 20 feet above the top of it.
Obviously, mounting your antenna on
top of a good-sized building can put it
well above what a neighbor could
achieve working from the ground up.

Standing Wave Ratio. Second, there
is the matter of SWR or standing wave
ratio. A good way to visualize this is
through a physical analogy. Imagine a
ball bearing rolling along. Since it is
moving, it possesses some energy of
motion (kinetic energy). Suppose this
ball bearing were to collide with an-
other ball bearing which had equal mass
and was stationary. Upon collision, the
rolling bearing’s kinetic energy will be
totally transferred to the formerly sta-
tionary bearing. The transfer of kinetic
energy will be 100 percent, but only
because the bearings are of the same
mass. It reminds one of head-on col-
lisions between billiard balls.

In electronics, impedance (like resist-
ance) plays the role that mass played
in the ball bearing analogy. Ideally you
want 100 percent energy transfer from
the transmitter to the antenna, but this
can happen only if the impedance of
the transmitter and that. of the antenna
match. Otherwise, some of the energy
is reflected back from the antenna to
the transmitter.

What you have then is waves travel-
ing from your transmitter to your an-
tenna and from your antenna to your
transmitter, both at the same time. The

together with what they will do to your
radiated power:

Percent

SWR Reflected Power Radiated Power
1:1 0% 4.00 watts
1.5:1 4% 3.84 watts
2:1 11% 3.56 watts
2.5:1 18% 3.28 watts
31 25% 3.00 watts
co:1 100% - 0.00 watts

~ be extended a little.

(n

TRANSMITTED WAVE

REFLECTED WAVE

STANDING WAVE
(NO APPARENT MOTION)

These diagrams show how the transmitted
wave and the reflected wave interact to
form a standing wave that decreases the
efficiency of your transmission.

two sets of waves interact to form
standing waves, which decrease the effi-
ciency from maximum and could dam-
age your radio to boot.

The presence of such waves can be
detected by an instrument which meas-
ures standing wave ratio. This quantity
is a number which you want to be as
low as possible.

Here are some sample SWR readings

3:1 generally is considered to be the
highest SWR a CB radio can live with.
And really, that is too high, too. 1.5:1
or less is more like it.

So buy yourself an SWR meter
(they’re inexpensive) and check your

radio from time to time. If the SWR is-

too high, getting it down to size usually
is just a matter of changing the length
of the antenna, provided it is not a
fiberglass one.

The procedure for checking a mobile
antenna’s SWR goes like this: Check
the SWR on the highest channel, and
then check it on the lowest channel.
Ideally, these two numbers will be the
same and as low as possible. If the
SWR on the highest channel is higher,
this indicates the antenna is a bit too
long and must be shortened. If the
SWR on the lowest channel is higher,
then the antenna is too short and must
When the two
SWR’s are identical, then the SWR on
the middie channel should be as low as
it is going to get, hopefully near 1:1.

Changing the SWR of a base anten-
na is another story. There is no con-
venient little screw to allow you to ma-
nipulate the length. If a base antenna’s
SWR is too high, there is probably
something wrong with it or the line
leading to it, like bad or wet connec-
tions or broken wires. Use your own in-
genuity to figure out just what is messed
up.

Antenna Gain. Third, there is the fact
that all antennas are not created equal.
There are those which radiate the legal
4 watts and that’s it, and there are those
which radiate 4 watts but seem as
though they have more effective radi-
ated power (ERP). By mathematically
relating thé real power output with the
ERP we can derive the antenna gain
which is normally measured in dBs or
decibels.

An easy way to visualize this is to

‘try the following simple experiment:

Look at a low-power electric lightbulb,
say 10 watts. Your eyes are perceiving
10 watts of light power. Now, hold up
a mirror next to the bulb so that you
now see two bulbs side by side. Your
eyes perceive 20 watts of light power.
If you put up a second mirror to see
three images you will see 30 watts even
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though the bulb is still only putting out '

10 watts. The ratio of ERP to power
is three to one and the ERP muitiplica-
tion factor is three.

All antenna gain measurements work
in much the same way but instead of a
10-watt bulb we use a “standard dipole”
antenna. The power received from a
test antenna is compared to the power
received from the “standard dipole”
and the ERP multiplication factor and
gain is determined by applying the
mathematical equation that is explained
elsewhere in this article.

This equation, if reduced to a more
readily useable graph form, looks like
figure 1. The graph can be used to find
an antenna’s multiplication factor (and
hence ERP) whenever its dB gain is
known. If you know the dB gain, just
go up to that number on the dB gain
axis, then go straight across until you
hit the curve, and then drop down to
the multiplication factor axis and read
off the antenna’s multiplication factor.
That number times 4 will get ERP.

ERP and Range. So now you know
just what your ERP is. What does this
mean in a practical sense? If your ERP
is, say, three times the basic 4 watts,
does this mean you can talk three times
as far?

No, it doesn’t. You will be able to
talk farther, but not three times as far.
To find out exactly how much farther,
consider the following:

Suppose that at some distance R
some radio signal comes in just as
strohg as some other radio signal at
some other distance r. For the two sig-
nals to come in at the same strength,
their intensities (power per unit area)
must be the same, but the ERP must
be greater for the signal to travel dis-
tance R. By turning this all around
mathematically it is possible to discover
how much farther a signal will reach
(in terms of r) if you know the ERP.
Again the mathematics are shown else-
where in this article and can be reduced
to the graph form as shown in Figure 2.

On the graph, the range of an an-
tenna whose ERP is only 4 watts is
taken as 1. The range of other antennas
will then be so many times this distance.

For example, the original question
was, if an antenna’s ERP is 12 watts,

‘how much farther should you be able

to talk than with just the basic 4 watts?
The answer is readily attained using the
graph. Go up the ERP axis until you
find 12, then go straight to the right
until you hit the curve, and then drop
down to the range axis and read off the
relative range. In the case of 12 watts
you get 1.73, which means you can talk
1.73 times as far as with an antenna,
with no dB gain.
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Beams. But there is just so much dB
gain which can be built into an omni-
directional antenna, no matter how
clever the designer is. If you want more
than five or so dB gain, then you have
to move on to a directional antenna, a
beam.

A beam gets its super dB gain from
taking the idea behind omnidirectional
antennas with gain and taking it one
step further. An omnidirectional anten-
na with no gain takes your 4 watts and
sprays it all over the place, a lot of it
skyward. The skyward part is of no use
to anyone, so if it could be eliminated,
there would be more to spray out paral-
lel to the ground where it is needed—
there would be a gain in useful power,
a dB gain.

But even if all your power were
sprayed out parallel to the ground, a lot
of it still would be wasted. Since gen-

erally you are interested in being heard
in only one horizontal direction at a
time, why waste a lot of power in all
the other horizontal, non-skyward di-
rections, too? Why, indeed. So a beam
more or less eliminates all wasted ener-
gy and radiates in one and only one
direction at a time.

It is a neat trick and is accomplished
like this: The simplest beam antenna is
composed of three parts or elements..
The radio signal is fed into the driver
element, which radiates in the usual
way. But the reflector element tends to
bounce back any waves radiated to-
wards it. This tends to strengthen the
signal in the other direction. On the
other side of the driver is a director
element. It tends to reradiate any en-
ergy which is passing by it, narrowing
the radiated energy into a stronger,
more concentrated beam. More than

ANTENNA PROPAGATION PATTERN
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These three drawings are simplified illustrations of antenna propagation patterns. The
top diagram is of a unity gain whip antenna—RF propagates equally in almost every
direction. The middle antenna is a whip with some gain such as a %/s wave VHF antenna
or an antenna with an effective ground plane. 1t will transmit more of its radiation
horizontally rather than waste it-trying to reach birds. There are thousands of different
types of heam antennas but they all try to achieve the results shown in the third drawing—
to put the RF out in one direction with as little wasted energy as possible. These antennas
also receive directionally. At short ranges they transmit and receive in all directions.

VERY
SHORT
RANGE
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This graph can be used to determine the dB gain if you know the multiplication factor
or the multiplication factor if you know the gain. For example; a 12 dB gain will equal
a multiplication factor of 15.5. This is much more convenient than the formula.

-be determined if you know your effective
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By using this graph your probable range can

radiated power (ERP). For example: If your
set has a range of 5 miles with no gain
(ERP 4 watts for CB), increasing the ERP to
35 watts will up your range to 15 miles
(Range factor of 3, times 5 miles).

\ 4
POWER VS RANGE

r

P
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If you don’t mind doing a little math
you can derive your dB gain and the
range that gain should give you by
using the following equations.

dB Gain. This factor ‘can be deter-
mined by using the antenna multipli-
cation factor and a logarithm table or
the log button on your calculator, and
applying the following formula, where
ERP = Effective Radiated Power and
P = Power:

dB gain = 10 log jg—P

or

dB gain—10 log (multiplication factor)

-

Power is measured in milliwatts per unit of area—usually milliwatts per square meter—
and by using some basic geometry you can see that if R is twice r then it would take
four times as much energy to send an equal signal the longer distance.

Range. In the diagram below two
transmitters put out signals that are
received at equal strength at distances
R and r respectively. That is, the power
per unit area is the same at each point
of reception. From these geometrical
relationships we can derive the follow-
ing formula.

In this equation R represents the
larger range provided by an antenna
with a dB gain, and r represents the
range of an antenna with no dB gain.
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one director will increase this effect, so
there are beams with more than three
elements. .

The only problem is that if someone
is trying to talk to you from a direction
other than the one in which your beam
is pointed, you may never even notice
him. Therefore, a beam is seldom used
all by itself. An omnidirectional anten-
na is usually used with the beam as a
stand-by antenna. You listen for callers
on the stand-by antenna and then point
the beam at them to talk.

Power Mikes. And finally, there are
power mikes. When a microphone is
keyed, a carrier wave is sent out. It is
a steady kind of radio wave, having the
same amplitude always. (On a wave
diagram, the amplitude is represented
by the height of the wave.)

When a microphone is keyed and
then someone talks into it, the voice
signal causes changes to take place in
the amplitude of the carrier wave.
These changes are called modulation.
Given two signals of equal strength, the
one with the better modulation will be
clearer, louder, and more easily under-
stood.

There are various ways to increase
your modulation. You can hold the”
microphone very close to your lips and
talk loudly into it, and this will give
good modulation. Or you can buy a
power mike and then not worry about
where the mike is or how loudly you
speak—the power mike will take care
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of it.

If you do want to buy a power mike,
there are some things to remember.
First, not all power mikes fit all radios.

Second, it takes some skill to install a
power mike. And third, if your radio
has a mike gain knob on it, you already
have a power mike.

/

Now, I don’t want to offend you or
make you feel unwelcome, but why
don’t you take your radio and get
out?! n

Linderstanding Superhets

N

¥
[] Born out of necessity during World
War I, the superheterodyne receiver
circuit toppled all existing conventional
receiver types on electronics’ popularity
chart. And, to this day, none of the “con-
ventional” radios of that era have been
able to recapture electronics’ limelight.
Stranger yet, every branch of electron-
ics is still being swept along the path of
Progress by a circuit that should have
gone the way of the flivver and the flap-
per. From military and industrial to com-
mercial and consumer—everybody who's
ever seen a radio, and certainly a televi-
sion set, has found himself staring face
to face with a superheterodyne receiver.
The fact is, you'd be hard-pressed to find
any up-to-date radio—even the integrated-
circuit-and-ceramic-transformer variety—
that doesn’t somehow utilize the super-
het circuit.

After the First World War, the “All-
American Five,” at it was dubbed, took
its place in living rooms and parlors from
coast to coast. And it continues to be
built today as its inventor generally
conceived of it, way back when the cir-
cuit was made to track and help locate
enemy aircraft spitting fire over French
skies.

Narrow Squeeze. The superhetero-
dyne found itself ruling the receiver
roost largely because it had a redeem-
ing quality no other receiver of that
vintage era could boast. Called selec-
tivity, this hitherto unheard-of quality
endowed the superhet with the ability to
select the particular station a listener
wanted to hear (and later see), and re-
ject all others. Indeed, it was a revolu-
tionary step forward in receiver design.
But selectivity was hardly a quality
needed back in grandfather’s day. Why?

First, grandpop used to listen to sig-
nals sent by spark-gap transmitters. The
primitive spark signals generated by
those common-as-apple-pie transmitters
were extraordinarily broad. It was like
listening to the lightning crashes you
can pick up as you tune across the dial
of an AM radio during a thunderstorm.
More important, though, there were
fewer signals on the air. So selectivity
wasn’t too important.

The year 1922 saw the meteoric rise
of radio for entertainment and com-
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munication. As hundreds of stations
took to the air it became apparent that
the primitive receiving gear capable
only of broad-bandwidth reception
couldn’t even begin to handle the im-
pending traffic jam beginning to build
on the airwaves. And the problems of
receiving only one station, without an
electronic cacaphony drowning it out,
takes us back even further into electron-
ics’ primeval time.

Cat’'s Whiskers and TRF. Digging
through to the bottom of the twenti-
eth century, we uncover two electronic
fossils: the cat's whisker crystal receiver,
and the tuned radio frequency (TRF) re-
ceiver. These were popular predeces-

sors of the superhet circuit.

The crystal set had the least selectiv-
ity of either circuit, and what it did
have was obtained mostly from one
measly tuning circuit. Consisting of a
coil and a homemade variable capacitor,
these crude tuning devices could barely
pick out a desired radio signal and,
hopefully, reject all RF intruders try-
ing to elbow their way into the listen-
er's headphone on either side of the
signal. The cat’s whisker consisted of a
strand of fine wire for gently probing,
or tickling, the crystal’s natural galena
surface in order to locate its most sen-
sitive point. Though the cat’s whisker
detector could extract audio signals

£

HEADPHONE
CAT'S

WHISKER

TUNING

TUNING
CIRCUITz

colL TUNING
\ CAPACITOR cRYSTAL
T0 DIODE
ANTENNA TO GROUND
Fig. 1. Schematic representation
of crystal radio shows how cat’s
whisker gently contacted diode Fig. 2. Our schematic shows
surface in order to achieve relatively advanced tuned radio
demodulation of RF signal. frequency receiver. First TRFs
Earliest semiconductor diodes had individually adjusted tuning
made were miniature crystal capacitors; ganged units were
diode/ cat’s whisker affairs still to be invented. By adjusting
encased in glass package. battery voltage twist ground,
tuning circuit, radio gain’s varied.
ANTENNA st RF AMP 2nd RF AMP

FARADAY

SHIELD TO DETECTOR
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from the amplitude-modulated radio
frequency signal, the galena detector
creasing the listener’s chances of pick-
ing up stations other than the desired
one.

Matters improved with the TRF re-
ceiver. It aimed for, and hit, sharper
reception dead center, by adding more
tuned circuits. This feat wasn't practical
with crystal sets, because this circuit’s
inherent losses ran too high to gain any
benefit from any additional coils.

The invention of the triode vacuum
tube gave engineers the perfect am-
plifying device. Circuit losses could now
be overcome with ease; the TRF took
over where the cat’s whisker left off,
dooming the crystal set to mantelpiece
and museum.

Three or four amplified radio-fre-
quency stages were customarily added
prior to the TRF’s detector, all the while
adding to selectivity’s cause. However,
all wasn’t perfect in TRFville.

The amount of noise introduced by
the tubes limited the number of TRF
stages. So the Silver-Masked Tenor’s
strains could still be heard with those
of the Clicquot Club Eskimos—but not
by his choice, or that of the listener.

Pitching the Low Curve. The public
soon learned that these newfangled
TREF receivers weren’t exactly the living
end. The TRFs, as a rule, failed to per-
form satisfactorily as frequencies inch-
ed higher into kilohertz land. Seems
that as the frequency of the signal went
up, the TRF's tuned circuit efficiency
for that frequency dropped almost pro-
portionately.

To demonstrate this, look at our ex-
ample. The bell-shaped curve represents
response of a tuned circuit selecting
some low-frequency station. The circuit
delivers good selectivity, and interfer-
ence on a slightly higher frequency is
rejected.

But examine what happens when a
similar tuned circuit is operated on a
higher frequency. Although the curve’s
proportions remain the same, it’s actual-
ly responding to a much greater span of
frequencies. Now it’s possible for rwo
closely spaced stations to enter the re-
sponse curve and ultimately be heard in
the speaker.

Since tuned circuits grow more selec-
tive as frequency is lowered, wouldn’t
it be to our technical advantage to re-
ceive only low-frequency signals? This
idea probably occurred to Major Edwin
Armstrong, because his invention, the
superheterodyne circuit, does just that.

Superselectivity. By stepping signals
down to a lower frequency than they
were originally, the new circuit could
deliver neat-as-a-pin selectivity on al-
most any band. The fact is, this develop-
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ment helped open the high-frequency
bands, and by the 1930s virtually every
receiver adopted the Major's super-
heterodyne idea.

The word “superheterodyne™ 1s. by it-
self, revealing. It begins with super.
for supersonic, referring to a new sig-
nal created within the radio. The gen-
erated signal is neither in the audio
nor higher radio-frequency range, but
in between. Hetero means combining,
the dyne is force. The newly-created
ten-dollar term, superheterodyne, neatly
sums up this circuit’s action.

Major Blocks. You can get a good
picture of the superhet in its natural
habitat if you look at our biock dia-
gram. Though our schematic shows a
tubed receiver, all equivalent stages tend
to do the same job regardless of wheth-
er the receiver is transistor or tube.
Now that you know what the superhet
does and how it looks, let’s take a peek
at how it works.

For sake of illustration, assume a
signal of 1010 kHz in the standard BC
band enters the antenna, and from
there is sent down the line to the mixer.
But what, you ask, is mixed?

Our frequency mish-mash consists of
the different frequencies made up of
the desired station on 1010 kHz, and a
second signal generated internally by
the local oscillator. This oscillator perks
at a frequency of 1465 kHz, for rcasons
which you’ll understand in a moment.

True to its name, our mixer com-
bines both signals from antenna and
oscillator. And from these two frequen-
cies, it delivers yet another frequency
that is the difference between them—
namely 455 kilohertz. So far, our su-
perhet circuit changed, or reduced the
desired signal to a frequency having an

intermediate value. Beating two fre-
quencies together in order to produce a
third signal is known by members of the
Frequency Fraternity as mixing, hetero-
dyning, or beating. And some engineers

prefer to call the lowly mixer a con-
verter; this term often appears in sche-
matics. But whatever name you throw
its way, the result is the intermediate
frequency.

There’s something else you should
know about the intermediate, or IF, fre-
quency. It always remains the same no
matter what station you tune to. If you
sweep the dial across the broadcast
band in one continuous motion, the IF
frequency remains constant. How’s this
accomplished?

It's done by tuning the incoming sig-
nal simultaneously with the local oscil-
lator. That's something akin to the me-
chanical rabbit which paces greyhounds
at a race track. In the superhet a ganged
tuning capacitor performs this dynamic-
duo feat.

Take a close look at the tuning ca-
pacitor, and you’ll see physically small-
er plates assigned to the local oscillator.
Since these plates are smaller than the
antenna stage capacitor plates, the’ ef-
fect is to lower the capacity, and raise
the frequency of the oscillator stage.
That's how the oscillator stage consis-
tently produces a signal which is 455
kHz above the incoming frequency.
But why bother, you ask?

More Muscle, Too. When we convert
each incoming station's frequency to
the same IF, we gain another ad-
vantage besides better selectivity. A fix-
ed-tuned amplifier always operates at
higher efficiency than one which needs
to muscle a multitude of frequencies.
There are fewer technical bugaboos in

\ UNDESIRED
SIGNAL

DESIRED ,'
SIGNAL \
]
]

UNDESIRED " \

SIGNAL \
}\ \

! |
DESIRED | \;\INTERFERENCE
B SIGNAL\'\ ‘
/

UNITS OF BANDWIDTH OF TUNED CIRCUIT UNITS OF BANDWIDTH OF TUNED CIRCUIT

Fig. 3. Tuned-circuit bandwidth varies proportionally with frequency. Tuned circuit
A, working at low frequency, rejects unwanted signal. Tuned circuit B, working at
high frequency, can’t completely reject undesired signal; interference results.
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a one-frequency amplifier, so our tubes
or transistors can operate more effec-
tively at this lower frequency. And, last
but not least, circuit layout and wiring
are less critical. All of this is well and
good, but how do we actually extract our
Top-Forty tunes, news, and weather
from our super-duper-het?

Sound Sniffing. The detector stage
recovers original audio voltage from
the station’s signal. Since we're crank-
ing the RF voltages through a superhet
circuit, the RF signal did a quick dis-
appearing act, only to appear as an IF
frequency of 455 kHz. Though the orig-
inal carrier (1010 kHz) is converted
downward in frequency to 455 kHz, any
audio voltage variations impressed upon
the carrier remain the same. So if a
musical note of 1000 Hz was sounded
back in the radio studio, the note still
remains that value in both RF and IF
circuits, despite the mixing process.

Like a ladle skimming heavy cream
off the top of a jug of fresh milk, the
detector rectifies either the positive- or
negative-going portion of the carrier,
skimming off the audio signals from the
carrier. Though audio modulation ap-
pears during both positive and negative
swings of an amplitude-modulated car-
rier, only one half of the available sig-
nal is used. If both positive and negative
portions of the RF signal were detected
simultaneously, the audio signals would
cancel each other at the output!

Now let’s look at the stages of an
ordinary solid-state superhet circuit that
might be found in a common table ra-
dio or transistor portable.

Simplified Schematic. Our diagram
is pretty typical of transistorized super-
heterodyne circuits. Of course, there
may be variations on this circuit’s
theme, like the addition of an RF ampli-
fier ahead of the mixer to improve sensi-
tivity. The number of IF stages also
varies with receiver quality, and spe-
cialized items such as filters may appear
in ham and SWL rigs.

If you can follow our basic block
diagram you’ll have the key to virtually
any solid-state superhet. In order to
further simplify matters, many resistors
and capacitors not essential to our tour
through solid-state superhet country
have been omitted.

Leading the pack on our superhet
speedway is the antenna tuning circuit.
Loopstick antenna L1 grabs the RF sig-
nal out of the ether, and also serves in
partnership with the tuning capacitor in
the tuning circuit. You sharpies will also
notice that the antenna tuning capacitor
is mechanically joined to the oscillator
tuning capacitor. (This is represented
schematically by a dotted line.) Re-
member now, we want to develop the
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Fig. 4. Virtually all superhets sold commercially are five-tub rigs; most are also, in
terms of design, electrically and mechanically equivalent.

IF frequency. This ganged, antenna/
oscillator capacitor ensures the neces-
sary tracking of the local oscillator with
the radio-frequency signal.

The oscillator frequency is developed
by the oscillator portion of our variable
capacitor, and coil L2. In our superhet’s
schematic, the oscillator signal is ca-
pacitively coupled from the oscillator
transistor base and sent on its way to
the mixer stage. The mixer, therefore,
“sees” both oscillator and incoming sta-
tion frequencies. The electrons from os-
cillator and antenna circuit get it all to-
gether in the mixer's base, producing

our intermediate frequency.

If you could look at the mixer’s out-
put, you'd see more than just the IF
signal. In fact, the mixer's load contains
a jumble of frequency byproducts. As
signals combine in this circuit, they add,
subtract, and recombine in many ways.
It’s as if you had to separate the wheat
from the chaff with a pair of tweezers!

Only the desired signal emerges from
the mixer stage because intermediate-
frequency transformer IF1 picks the
proper signal to the exclusion of all the
others. Now our freshly-created signal
pasess through a stage of IF amplifica-

HH

AAA,
V

VA

Fig. 5. Our schematic of a transistorized superheterodyne receiver is similar
to the tubed superhet shown in Fig. 4. Biggest differences between the two are
semiconductor diodes found in audio detector, AVC loop, and power rectifier stages.

ELECTRONICS THEORY HANDBOOK 1978

\



Ny

AGC FILTER
_ R AGC VOLTAGE
LOOPSTICK *Le ¢
ANT T DIODE
MIXER = AMPLIFIER DETECTOR
ANTENNA L! IF2 4
TUNING [ $ VOLUME
é | CONTROL
7 i

( |

|

] AUDIO

" 1 = VOLTAGE7 = =

| = =

i Le < [ AUDIO AUDIO

| DRIVER OUTPUT

| £

v .
OSCILLATOR II =2l
TUNING s L

{—_. + i_ + + =

Fig. 6. Most superhets don’t have separate local oscillator, mixer function; this

schematic is more typical of BCB set. Communications-type receiver needs added

usefulness of separate stages—it’s easier to suppress images.

tion, and receiver selectivity is further
whipped into shape by the second inter-
mediate-frequency transformer, 1F2.

As we've already described, the detec-
tion process takes place at the diode, re-
gaining the radio station’s original audio
signal. This audio voltage is fed from
the volume control to both audio stages
where they're further amplified and sent
to the loudspeaker.

The detector diode doesn’t merely ex-
tract soul sounds from the ether; it also
delivers a second voltage output. Called
AGC (Automatic Gain Control), this
voltage controls our mixer’s amplifica-
tion, preventing the speaker from blast-
ing when you suddenly tune your radio
to a strong station. In our simplified
schematic, the AGC voltage is a posi-

DESIRED STATION
8000 kHz

IMAGE STATION

8910 kHz

IF SIGNALS
455 kHz
DESIRED
STATION

+
455kHz
I MAGE
kHz STATION

Fig. 7. Mixer is superhet’s weakest link as
signal handler. Too strong input signal can
develop image frequency. Too much

local oscillator signal pumped into mixer
has same gffecl.

tive-going voltage which increases pro-
portionately with rising signal strength.
But before AGC can control receiver
gain, it’s filtered for pure DC in a re-
sistor and capacitor network.

The result is a DC signal which can be
used to control the gain of the mixer
transistor. Thus, if a strong RF signal
tries to muscle its way through this
stage, the mixer is subjected to a higher
bias voltage on its base terminal, which
tends to put the brakes on our mixer’s
gain,

Pitfalls, Yet. Let’s not lionize the king
of receivers, though, for sometimes its
growl turns to a puny purr. The biggest
problem, and the most annoying, is a
form of interference peculiar to the
superhet known as an image. Produced
by a mathematical mixup, images are all
of those undesired signals finding easy
routes to travel through your receiver.
Take a look at our image explanation;
you'll see the receiver is tuned to a de-
sired signal of 8000 kHz.

The local oscillator generates a fre-
quency of 8455 kHz, which places it
exactly in our IF signal ball park. But
note that a second station—a pop fly on
8910 kHz—also happens to be 455 kHz
away from the local oscillator. For each
oscillator frequency there are now two
station frequencies giving identical IF
frequencies. It’s up to your receiver to
strike out the image station. Otherwise,
the RF ball game will turn into a rout!

You might expect the receiver’'s an-
tenna tuning circuit to completely re-
ject the image signal. After all, it’s sup-
posed to be tuned to generate a very
high IF frequency, positioning any
images developed by the mixer well out-
side the tuning range of the antenna
circuit. Looking at our example of a
double superhet, you'll see one IF am-
plifier perking at 5000 kHz and another
working on 455 kHz. Now if we receive
an incoming signal on 8000 kHz, the
local oscillator, now called a high-fre-
quency oscillator, generates a frequency
at 13,000 kHz, so the first IF signal
works out to 5000 kHz. Your receiver
would have to pick up a signal falling
on 18,000 kHz to produce any image.
Naturally, the image frequency in this
instance is significantly removed from
the antenna circuit, so the image is
greatly attenuated.

While high IF frequencies work well
against image interference, they also re-
vive Nagging Problem Number One:
the higher the frequency of a tuned
circuit, the poorer its selectivity. Since
this situation also applies to IF stages, a
second conversion is required, bringing
the first IF signal down to 455 kHz,
where we can sharpen our receiver’s
selectivity curve. That's how the double-
conversion receiver solves both image
and selectivity hassles. Any ham or SWL
rig worthy of an on/off switch is sure
to have this feature. But don’t think of
dual conversion as a receiver cure-all.

Dual conversion is not usually found
in entertainment receivers—radio broad-
cast and TV for example, because it’s
too sharp! High selectivity could easily
slice away sidebands in an FM stereo
program and kill its multiplexed chan-

8000 kHz
18000 kHz (IMAGE)

\/

Fig. 8. Any superhet worthy of
warming an amateur shack
works around image problem
with dual conversion. Combina-
tion of IFs puts image out of
range of either stage.
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nel, or rob a TV image of its fine pic-
ture detail.
But, for all its faults, the basic super-

het circuit we've been talking about
must be doing something right. Every
years several million superhets are sold

in the U.S. Not bad for a circuit that
might have gone the way of the hip flask,
eh? ]

Big Money in Electronics

[ You've seen the ads many times, and
you will see them again in this very
publication. “Step into the digital
age,” they coax. “Don’t envy the man
with skills in electronics . . . become
one!” “Prepare now for a rewarding
career in electronics,” they beckon. And
you are sorely tempted to at long last
take that big step and sign up for a
course that will free you from your pres-
ent drab, low-paying job with no future.
Boy! Won't it be sweet one day to tell
you boss what he can do with his . . .
(you complete the sentence).

If you aren’t yet fully convinced that
a correspondence course in electronics
is your escape hatch to a better future,
you might be thinking: “What the heck,
even if 1 don’t go all the way, Pll at
least get myself a new color TV set and
enough training to keep it in good
shape.” If that’s the best argument you
can muster, back off and re-think your
plans. If you are willing to settle for a
TV set “if things don't work out,” you’ll
save money in the long run by just buy-
ing a set from your nearest dealer and
letting professional servicemen take care
of it; you can buy a lot of service with
the money you will save by not wasting

it on a correspondence course that is the
wrong one for you. However, if you
pick the right course, for the right rea-
sons, you may truly be on the way to
the kind of career the school ads offer.

You won’t find any pat answers to
questions like “Which school is best?”
in this article because there are no such
answers to give. Every prospective stu-
dent has different personal needs to sat-
isfy, so each must decide for himself
what training will best meet those needs
at lowest possible cost. However, we can
point you in the right direction by un-
derscoring some of the things you
should evaluate as you pore over the
fascinating promotional brochures that
the various correspondence schools are
eager to send to you.

Bucket of Parts. The lure of kit
building is undeniable, and the schools
see to it that you are made aware of
the mouth-watering kits you will build,
including a yours-to-keep color TV set.
Practical hands-on kit assembly and
electronic experimentation is indeed an
important part of a good training pro-
gram, but you must be aware that kit-
building cannot be a substitute for basic
book learning. The schools can make

learn by doing!
o £ 20 AT
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the learning of theory as easy as pos-
sible by use of carefully prepared texts,
but you will still have to work to grasp
and remember the fundamentals that
you must acquire to becomer a profes-
sional in any electronics field.

The building of a color TV set can
be a very worthwhile part of your train-
ing if you are aiming for a career in TV
repair or some related field. For certain
other career objectives such set building
would be a waste of time and money,
and in fact you would not get the set
with such study programs. You should
also know that your school probably
won’t ship the TV set, if it is included
in the course, until you have progressed
far enough to have paid at least 75 per-
cent of the cost of the program—in
which case you are by then obligated
by contract to pay the full course fee
whether or not you complete the course.
So there’s no way you can go “‘just far
enough™ to grab a TV set and then pull
out—except at a stiff price.

If you read the promotional literature
of competing schools carefully, you will
detect the in-fighting that has developed
around the TV bit. While one school
emphasizes that you will get a “com-

Some of the ads for electronics correspondence schools are shown above. As you can see, many of them feature big-size
color TV kits, as well as various other pieces of electronic equipment—~from simple to sophisticated—for your training use.
Some of the schools feature tear-out cards in their ads to make it easier for you to get various catalogs, course offerings,
and other information right away. Which school is right for you? It's easy to find out!
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plete” TV, rather than a stripped down
version used only for teaching, another
school proclaims that it doesn’t stoop
to using “hobby” type TV Kkits, but in-
stead uses a TV set specially designed
to aid in the teaching process. So there
you have it—the same situation argued
from two points of view to draw dia-
metrically opposite conclusions. If you
want the most for your tuition money,
do your best to find out—in advance of
signing the contract—just how thorough-
ly the TV set building is integrated with
the teaching of both electronic theory
and TV troubleshooting. If all you do
is put together a kit without direct cor-
relation with textbook learning, you gain
precious little practical experience from
all the work except the ability to plug
things together and solder A to B in
follow-the-directions cookbook style.
You don’t need a course in electronics
to do that; just buy a kit and soldering
iron.

We should qualify these comments
about kit-building when dealing with
test instruments. Here again you hope
to learn some theory through the kit
assembly process; but even if you don't,
you are at least putting together instru-
ments that you will be able to use in
practical manner to test and trouble-
shoot electronic equipment.

Finally, don’t be swayed too much by
the numbers game sometimes used to
suggest that “our” course offers more
fascinating ‘‘experiments”
some other school’s course. You will un-
doubtedly perform 200 or some other
number of experiments if the school in
question says so, but not all of the ex-
periments will involve the use of sophis-
ticated electronic equipment. Some of
the experiments will require the use of
very simple pieces of equipment—a mag-
net and some iron filings, for example.
This does not mean that the simple
experiments have no purpose; in fact,
you may be learning very important
electronic principles through such ex-
perimentation. All we are doing here is
to warn you not to get too starry-eyed
about the presumed truckload of equip-
ment you must need to do so many
experiments.

Also note that some schools offer the
use of very expensive, specialized equip-
ment needed for some types of course
work. You can use the equipment at the
school’s laboratories, or have it shipped
to your home for a week or two, but
you must return it within the specified
time and pay all shipping and insurance
charges. If you can get the same type
of equipment on loan locally, you
should be free to do'so.

How Much Will Your Training Cost?
The usual magazine advertising used by

+
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electronic  correspondence  schools
doesn’t even begin to reveal, much less
describe, the many different types of
courses that are available. So don’t be
surprised that you can pay anywhere
from about $100 for a “basic” elec-
tronics course to as much as $1700 for
a course that leads to an engineering
degree as well as a diploma. A course
that involves the building of a color TV
set can run anywhere from about $700
to $1800.

These approximate quotes are for
cash payment of the full tuition at the
time of enrollment. If you opt for time
payments, know exactly how much extra
you will pay in interest—in both actual
dollars and the true annual interest rate
(which enables you to realistically com-
pare the time payment offerings of dif-
ferent schools even if the total course
fees are substantially different). You
will probably be required to keep up
regular monthly payments even if you
fall behind in your studies. So don’t
count on slowing down your study pro-
gram just to avoid putting off a monthly
payment when you happen to be finan-
cially strapped.

If you pay cash on the barrelhead,
you avoid the additional charges. On

than does -

LEADING ELECTRONICS
CORRESPONDENCE SCHOOLS

Cleveland Institute of Electronics,
Inc. (CIE)

1776 East 17th Street

Cleveland, OH 44114

Grantham School of Engineering
2000 Stoner Avenue
Los Angeles, CA 90025

National Technical Schools (NTS)
4000 South Figueroa Street
Los Angeles, CA 90037

NRI Schools

McGraw-Hill Continuing Education
Center

3939 Wisconsin Avenue

Washington, DC 20016

International Correspondence
Schools (ICS)
Scranton, PA 18515

Technical Home Study Schools
Electronics Technical Institute Div.
1500 Cardinal Drive

Little Falls, NJ 07424

A letter or postcard to these schools
will bring you a quick reply, and all the
appropriate information about their pro-
grams of instruction.

S

i

the other hand, you will lose out on
savings bank interest you could be earn-
ing on part of the money. Thus, if you
have the money to pay cash, figure out
how much more you would actually pay
using the time payment plan as com-
pared to the cash payment; plus lost
interest.

If you are a veteran eligible for bene-
fits under the GI bill, be sure to file the
necessary applications on time or you
could lose out on some payments. After
expiration of ten days following your
enrollment in a school program (pro-
vided by a school recognized by the
Veterans Administration, of course),
submit a written affirmation of your en-
rollment with the VA. Don’t assume
that the school will do this for you.
The VA will not authorize payment for
any lessons you might have completed
before the filing of the affirmation. The
VA pays 90 percent of the cost of tui-
tion. You (not the school) are paid
quarterly, and the size of each VA
check is calculated by multiplying the
number of completed lessons by the cost
per lesson. This means that you must
have the money to pay the school on
time, even though you will get 90 per-
cent of it back from VA months later.

Termination and Refunds. The best
laid plans can go awry, so know in ad-
vance what it will .cost you to drop out
of your training program at any point
along the way.

You are given a brief initial time
period in which to examine the first
package of course material and send it
back without suffering a monetary
penalty. Usually this examination period
is ten days, but it could be as short as
five days, so check it out. After that the
amount you are obligated to pay de-
pends on how much course material
has been sent to you. A typical con-
dition involves the payment of $50 or
10 percent of the total tuition charge
(whichever is the smaller amount) as a
“registration fee,” if you drop out after
the initial free examination period but
before any assignment has been graded
by the school. If less than a quarter of
the program is completed, you pay the
registration fee plus 25 percent of the
total tuition. If you’ve completed more
than 25 percent but less than 50 per-
cent of the program, you pay the regis-
tration fee plus 50 percent of the tui-
tion. If you have completed more than
half of the program when you decide
to quit, you are obligated to pay the full
tuition. Also bear in mind that you
would be obligated to return any unused
equipment. and pay for the insurance
and shipping charges.

Be sure to check out the actual con-
tract conditions specified by the school

f
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you choose. Also bear in mind that even
when a school uses a refund plan much
like this one for most of the offered
courses, the refund may be substantially
less if you happen to enroll in one of
certain “introductory” courses having
relatively low tuition fees.

Some schools will give a full refund
even after you have completed one of
the courses designed to prepare you for
an FCC First Class license. If you fail
to pass the government examination,
after graduation from the school, you
may be entitled to a full refund. But
watch the conditions because they are
not the same for every school. The time
in which you can take advantage of the
refund opportunity may be as short as
90 days or as long as six months. One
school insists that you try again, after
undergoing additional no-charge train-
ing specified by the school, at a location
also specified by the school. If you still
can’t pass the FCC exam, you get the
refund.

No Job Guarantees. Aside from the
just-mentioned warranty concerning the
acquisition of an FCC license, offered
by some schools but not all, there is no
guarantee that you will automatically
get a well-paying and exciting new job.
No one could possibly guarantee any-
thing like that. The only reasonable
assurance you can expect is that your
school will prepare you to compete
effectively for the jobs that may be
available in any given location at a
given time, or prepare you to go out
and establish your own business with
adequate technical preparation (you
would still have to acquire management
and other business skills if you work
for yourself).

Although we will be living in an
“electronic age” for a very long time, it
does not follow that job opportunities
will be equally good in all areas of elec-
tronic technnology. So you should do
_some thoughtful crystal-balling to de-

termine where your best opportunities

might lie about the time you complete
a correspondence course. For example,
even if you figure that there already are
plenty of TV servicemen around, it does
not follow that there are enough really
competent servicemen in all localities;
if you excel in this type of work, you
will probably find work. And think also
about the new technologies that are
opening up. There are expectations, for
example, that within a few years mil-
lions of people will be buying movies on
discs much like phonograph records to
play them through their TV sets. Some-
one will have to service all that equip-
ment. Computers are finding new ap-
plications constantly. Many libraries
now check out books and keep track of
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book inventories with computers. And
Supermarkets are fast moving to use of
computerized food checkout systems.
So perhaps your best opportunities lie
in electronic fields far different from the
one you might now imagine. Reading
course description contained in the
brochures distributed by correspondence
schools can be a real eye-opener.
Better Than a Pen Pal. You’'ll need
a friend now and then as you work your
way through your chosen electronics
course. You may already have discov-
ered that one of the most frustrating
ways to spend your time is to attempt
carrying on an intelligent conversation
with someone else’s computer. So even
if the school of your choice uses com-
puters to check out the answers on your
examination papers, be sure that there
are real, living and breathing human
being you can turn to for advice when
you get bogged down on some technical
problem. You may be asked to send
your questions to the school by letter;
however, at least one school has a
toll-free telephone number you can call
from anywhere in the U.S. when you
want a quick answer to a problem.
One school offers “Saturday Help
Sessions” at eight or more locations in
the U.S. which could be very useful if
you live near enough to take advantage
of them. Or you may be offered “after
graduation” classroom training at no
extra cost. One school allows you to at-
tend such classes as often as you wish
over a period of one full month. You of
course must pay your own transporta-
tion and living costs if you must travel
to another town for the extra training.
In order to attract more students, one
school offers to pay you ten bucks for
every “friend” you can talk into taking
a correspondence course in the same
school. It’s pointed out that if you and
a friend take a course at the same time,
you can bounce ideas back and forth to
clear up technical points and increase
the fun of learning. There's much to be
said for this work-with-a-friend idea,
even if the friend insists on taking a
course offered by another school. In
fact, there might even be some advan-
tages to the different-school approach
because if school A doesn’t make a par-
ticular concept crystal clear, school B
might do better—and vice versa.
Throughout your training you will be
filling out periodic examination papers
to test your learning progress. You will
do this at home where you can refer to
your study materials. For this reason, a
future employer isn’t likely to be too
impressed by the grades you get on the
tests, and will want some additional
proof that you really do know your
stuff. So if your school provides an op-

’

portunity to take a supervised final
examination after completion of the
course, by all means take advantage
of it if at all possible. Not only do
you have something more meaningful to
show a prospective employer but, even
more importantly, you will have a
clearer measure of your personal
achievement.

Do You Have the Drive? Many stu-
dents drop out of correspondence train-
ing programs for many different rea-
sons. But one of the main causes has to
be the failure of some students to ob-
jectively evaluate their own personali-
ties and drive. You should be enthusias-
tic and inspired by real hopes of a
better life; but you should not kid
yourself, because it will cost you both
time and money.

Will you be able to settle down and
work on a regular daily basis for many
months to achieve your ends without
having someone else pressure you con-
stantly? If the lure of the beer parlor or
movie theatre is greater than the lure
of a new profession, save your money.
If you just aren’t sure how you would
hold up, look around for a school that
will allow you to transfer to a regular
classroom program if you find that you
are weak on self-discipline. Check out
where the classes are held, and how
much extra you would have to pay.

On the other hand, you may be a
completely different sort of individual.
Maybe you didn’'t make out too well in
your former schooling because <class-
room work made you restless. It could
be that if you can choose your own
working hours, and concentrate on the
kind of subject that really turns you on,
you may turn out to be a far better
student than you ever dreamed possible.
You might have been completely bored
and confounded by Byron and Keats
in your English class, yet be a whiz at
analyzing the invisible migrations of
electrons through complex circuits.

Some individuals learn quickly.
Others only seem to learn quickly be-
cause their learning is superficial. But
it’s the slow learner, even one who none-
theless learns thoroughly, who can be
really handicapped in a conventional
classroom. Given adequate time, he
may in fact become more competent
in a given job than a fast learner.

This is why you should not only con-
sider the “average” times schools say
students require to complete various
courses, but also how much extra time
you are given if you can’t breeze
through bcause of difficulties with the
course, or because wholly unrelated per-

sonal problems force you to suspend.

study temporarily. Just keep at it, and
you’ll do great, you’ll find. (]
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- Understanding Electronics

Amps, Dhms and Volts

[] One of the most thought-provoking
discoveries of modern physics is the
fact that matter and energy are inter-
changeable. Centuries of scientific head-
scratching about the nature of matter,
the mystery of fire, and the once-terrify-
_ing crack of lightning have all come to
focus on the smallest particle that is the
building block of any given substance:
the atom. An atom is necessarily matter
and yet this atom of matter can undergo
nuclear fission and release quantities of
energy that are beyond the imagination.
In the atom lies the secret of all phe-
nomena. One theory of the universe,
hypothesized by Georges Lemaitre, even
regards the present universe as resulting
from the radioactive disintegration of
one primeval atom!

By the beginning of the 19th century,
the atomic theory of matter—which ac-
tually originated in Sth century Greece
when the atom was named—was firmly
established. It was due primarily to the
efforts of 17th century scientists who—
actually working in the tradition of
medieval alchemy—sought the prime
constituent of all matter. Mainly
through the work of John Dalton, whose
investigations as to how various ele-
ments combine to form chemical com-
pounds, it came to be regarded that an
atom was the indivisible and indestruc-
tible unit of matter.

This viable and working view of the
indestructible atom served science until
1897 when the atom itself was found to
be destructible! To anyone concerned

MAGNETIC FIELD >
DEFLECTION

ELECTRIC FIELD
DEFLECTION

Fig. 1. Electron beam, like that in a TV
picture tube (CRT), can be deflected
magnetically or by an electric field. Force
needed “measured” the electron.

with electricity or electronics, the year
1897 is a memorable one: it was the
year J. J. Thomson, the English physi-
cist, identified and experimentally re-
vealed the existence of the first sub-
atomic particle—the electron!

The First “Electronic’” Experiment.
We blithely speak of electricity as the
flow of electrons yet, often, we are little
aware of the great body of research that
went into elucidating this fundamental
of basic electricity. In fact, before the
discovery of the electron, convention
held that the flow of electric current was
in the direction that a positive charge
moved. This convention of positive cur-
rent, being the flow of positive charges
and opposite to the direction of electron
flow, is still found to be useful in circuit
analysis and is used even today.

Thomson’s experiment established
that a particle much lighter than the
lightest atom did indeed exist. The elec-
tron, as it was named, was the first
subatamic particle to be defined.

The experiment was conducted utiliz-
ing a rudimentary version of a cathode
ray tube—the modern version of which
is in almost every home today in the
form of the television picture tube. Be-
fore Thomson’s experiment, it was dis-
covered that when electric current was
passed through a gas in a discharge
tube, a beam of unknown nature trav-
eled through the tube from the negative
to positive terminal (opposite to the
direction conventionally held as the
direction of the flow of current).

This “cathode ray” beam also trav-
eled in a straight line and was deflected
by electric or magnetic forces applied
perpendicular to the beam. What
Thompson did was to use these facts to
determine for one of the mysterious
particles comprising the beam of cath-
ode rays the relationship of its mass, m,
to its electric charge, e. By deflecting the
beam with a known electric force (Fig.
1) and then measuring what magnetic
force applied in the opposite direction
would bring the beam back to its origi-
nal undeflected position, he could de-
termine the relationship of e to m. He
established a definite value for e/m and
thereby “discovered” the electron which,
as we now know, is 1,837 times smaller
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in mass than the lightest atom, the hy-
drogen atom. It also carries the smallest
charge that occurs in nature; every elec-
tric charge is actually an integral mul-
tiple of the charge of the electron.
From Minus to Plus. With the dis-
covery of the electron, it was still over a
dozen years into the 20th century be-
fore a graphic conception of the atom
evolved. Since the atom is electrically
neutral and electrons are negatively
charged, the existence of positively
charged particles was a necessity, and
the existence of a proton was postu-
lated. Eventually the nuclear model of
the atom was evolved. Each atom was
conceived to resemble a solar system
in miniature. The nucleus—positively
charged—is surrounded by a number of
electrons revolving around it; the
charges balance and the atom is electri-
cally neutral (Fig. 2). Further research
in the 20th century has gone on to
reveal more elementary particles than
you can shake a stick at: neutrons, posi-
trons, neutrinos, mesons, and more. The
number continues to grow and yet the
ultimate nature of matter remains a
riddle. But, in a discussion of basic
electricity, only the electron and proton
need concern us. '
Electrons in Orbit. An atom of mat-
ter has a number of electrons orbiting
around its nucleus. A hydrogen atom,
for example, has a single electron; car-
bon on the other hand has 6. These
electrons are arranged in rings or shells
around the central nucleus—each ring

Fig. 2. Charge of each electron balances
that of a proton. Other particles affect
atomic mass but can be ignored in study
of electronics.
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T . _‘_‘_
Fig. 3. The number of electrons to each
ring are limited—2 in first; 8 in second;
18 for the third; and a total of 32
in fourth orbital ring. METAL ROD
INSULATOR

Fig. 4. Electroscope is a simple device

to indicate electrical charges that are too
weak to be measured with standard
neters.

having a definite maximum capacity of
electrons which it can retain. For ex-
ample, in the copper atom shown in
Fig. 3 the maximum number of elec-
trons that can exist in the first ring (the
ring nearest the nucleus) is two. The
next ring can have a maximum of eight,
the third ring a maximum of 18, and
the fourth ring a maximum of 32. How-
ever, the outer ring or shell of electrons
for any atom cannot exceed eight elec-
trons. However, heavier atoms may
have more than four rings.

The Outer Orbit. The ring of electrons
furthest from the atom’s nucleus is
known as the valence ring and the elec-
trons orbiting in this rings are known
as valence electrons. These valence elec-
trons, being further from the nucleus,
are not held as tightly in their orbits as
electrons in the inner rings and can
therefore be fairly easily dislodged by
an external force such as heat, light,
friction, and electrical potential. The
fewer electrons in the valence ring of an
atom, the less these electrons are bound
to the central nucleus. As an example,
the copper atom has only one electron
in its valence ring. Consequently, it can
be easily removed by the application of
only the slightest amount of external
energy. Ordinary room temperature is
sufficient to dislodge large numbers of
electrons from copper atoms; these elec-
trons circulate about as free electrons.
It is because of these large numbers of
free electrons that copper'is such a good
electrical conductor. There could be no
electrical or electronics industry as we
know it today if it were not for the fact
that electrons can fairly easily escape,
or be stripped from the valence ring of
certain elements.

Electronic Charges. If an electron is
stripped from an atom, the atom will
assume a positive charge because the
number of positively charged protons in
its nucleus now exceeds the number of
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negatively charged orbiting electrons.
If, on the other hand, the atom should
gain an electron, it will become nega-
tively charged as the number of elec-
trons now exceeds the protons in its
nucleus. The atom with the deficiency
of electrons is known as a positive ion,
while an atom with a surplus of elec-
trons is known as a negative ion.

_ Presence of an electrical charge on a
body can be illustrated by use of an
electroscope (Fig. 4). Two leaves of
aluminum or gold foil hang from a
metal rod inside a glass case so they’re
free from air disturbances. When the
metal rod is touched by a charged body,
the leaves acquire static electricity of
the same polarity and, since like charges
repel, they stand apart. The greater the
charge, the further apart the leaves
spread.

Electron Flow. When an electrical
conductor is placed between these two
oppositely charged bodies, free electrons
are attracted by the positive body—free
electrons will move -through the wire.
This movement of free electrons will
continue only until the excess of elec-
trons is equally divided between the two
bodies. Under these copditions, the
charges on both bodies will be equal
and the electron flow will end.

Tn Fig. 5 are a battery, lamp, and
connecting leads between the battery
and lamp. In this instance, the battery
serves as an electric charge pump—free
electrons continually developed at its

" negative terminal by chemical action

flow through the connecting leads and
lamp back to the positive terminal of
the battery by the attraction of op-
positely charged bodies. The battery,
connecting leads, and lamp form an

electrical circuit which must be com-
plete before the free electrons can flow

from the battery’s negative terminal to
its positive terminal via the lamp. Thus,
the battery serves as a source of poten-

tial difference or voltage by continually
supplying a surplus of electrons at its
negative terminal. Summing up, we can
say a flow of electric current consists of
the movement of electrons between two
oppositely charged bodies. .

We cannot progress very far into the
study of electricity without first becom-
ing familiar with the basic properties of
electrical circuits. Just as we define dis-
tance in feet and inches, so do we define
electrical properties in specific terms
and units.

Potential. Earlier, we saw that an
electric charge difference has to exist
between the ends of an electrical con-
ductor in order to cause a flow of free
electrons through the conductor. This
flow of electrons constitutes the electric

current, The electric charge difference,

or potential difference, exerts a force on
the flow of free electrons, forcing them
through the conductor. This electric
force or pressure is referred to as elec-
tromotive force, abbreviated EMF.

The greater the charge or potential
difference, the greater will be the move-
ment of free electrons (current)
through the conductor as there will be
more “push and pull” on the free elec-
trons. The symbol used to designate
electrical potential is the letter E which
stands for electromotive force. The
quantity of EMF is measured by a unit
called the volt. Hence, the common
name most often used in place of EMF
is voltage.

Current Intensity. We have learned
that an electric current consists of a
flow of charge carriers (generally free
electrons) between two points of differ-
ent electrical potential. The rate of flow
of these chages determines the intensity
or strength of this current flow. Current

strength is expressed in units known as °

amperes. One ampere of current flows in
a circuit when 6,240,000,000,000,000-
000 electrons flow out of a negative
terminal, through a conductor, and
back ints a positive terminal in one
second. The symbol for the ampere is
the letter I which stands for intensity.

Resistance. The flaw of electric cur-
rent through a conductor is caused by
the movement of free electrons present
in the atoms of the conductor. A bit

3
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Fig. 5. Electron flow in any circuit is from
negative to positive. |
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of thought then indicates that the great-
er the number of free electrons presenti
in the atoms of a particular conductor,
the greater will be its electrical conduc-
tivity. Gold, silver, and copper rank as
excellent electrical conductors, as their
atoms readily release free electrons. On
the other hand, the atoms of such ele-
ments as sulphur have almost no free
electrons available and they are thus
very poor electrical conductors. Such
materials are known as electrical insu-
lators. Between these extremes lie ele-
ments such as carbon whose atoms have
a moderate number of free electrons
available and thus are moderately good
electrical conductors.

Even the best electrical conductors
offer some opposition to the passage of
free electrons. This opposition is called
resistance. You might consider electrical
resistance similar to mechanical friction.
As in the case of mechanical friction,
electrical resistance generates heat.
When current flows through a resis-
tance, heat is generated; the greater the
current flow, the greater the heat. Also,
for a given current flow, the greater the
resistance, the greater the heat pro-
duced.

Electrical resistance can be both
beneficial and undesirable. Toasters,
electric irons, etc. all make use of the
heat generated by current flowing
through wire coils. Resistance is also
often intentionally added to an electri-
cal circuit to limit the flow of current.
This type of resistance is generally
lumped together in a single unit known
as a resistor.

There are also instances where resis-
tance is undesirable. Excessive resistance
in the connecting leads of an electrical
circuit can cause both heating and elec-
trical loss. The heating, if sufficient, can
cause a fire hazard, particularly in house
wiring, and the circuit losses are a waste
of electrical power.

Electrical resistance is expressed by
a unit known as the ohm, indicated by
the letter R. An electrical conductor
has a resistance of one ohm when an
applied EMF of one volt causes a cur-
rent of one ampere to flow through it.

Resistance Factors. There are other
factors beside the composition of the
material that determine its resistance.
For example, temperature has an effect
on the resistance of a conductor. As
the temperature of copper increases, for
example, its resistance increases. The
increase in temperature causes the elec-
trons in the outer ring of the atom to
resist release to the free electron state.
This increase in resistance is known as a
positive temperature coefficient. Not all
conductors show this increase in resis-
tance with an increase in temperature;
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their resistance decreases with an in-
crease in temperature. Such materials
are said to have a negative temperature
coefficient. Certain metallic alloys have
been developed which exhibit a zero
temperature coefficient: their resistance
does not change with changes in tem-
perature.

As you might suspect, the length of a

conductor has an effect upon its resis-
tance. Doubling the length of a conduc-
tor will double its resistance. By the
same token, halving the length of a con-
ductor will cut its resistance in half.
Just remember that the resistance of a
conductor is directly proportional to its
length.
. The cross-sectional area of a conduc-
tor also determines its resistance. As
you double the cross-section of a con-
ductor, you halve its resistance; halving
its cross-section doubles its resistance.
Here again, the “why” of this is pretty
easy to see: there are more current car-
rying electrons available in a large cross-
section conductor than in a small cross-
section conductor of the same length.
Therefore, the resistance of a conductor
is inversely proportional to its cross-
sectional area.

Circuit Relationship. Now that we
have a basic understanding of voltage,
current, and resistance, let’s take a look
at just how they interact under circuit
conditions.

Fig. 6A shows a battery, ammeter
(a device to indicate current strength),
and resistor connected in series. Notice
that the ammeter indicates that 4 am-
peres are flowing in the circuit.

Fig. 6B shows the identical setup with
the exception that the battery voltage
has now been doubled. The ammeter
now shows that twice the original cur-
rent, or 8 amperes, is now flowing in
the circuit. Therefore, we can see that
doubling the voltage applied to the cir-
cuit will double the current flowing in
the circuit.

In Fig. 6C the same circuit appears
again; this time, however, the battery
voltage is one half its original value.
The ammeter shows that one half of the
original current, or 2 amperes, is now
flowing in the circuit. This shows us
that halving the voltage applied to the
circuit will halve the current flowing
through the circuit.

All this boils down to the fact that,
assuming the same circuit resistance in
all cases, the current flowing in a circuit
will be directly proportional to the ap-
plied voltage—increasing as the voltage
is increased, and decreasing as the ap-
plied voltage is decreased.

In Fig. 7A we again see the circuit
consisting of the battery, ammeter, and
resistance. Notice that the ammeter in-

Fig. 6. In A, B, and C, the value of the
resistor remains constant while the supply
voltage is altered with a resulting

current change.
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Fig. 7. Battery voltage A, B, and C is held
constant while resistor is halved and
doubled in value. Resulting current
changes are basis for Ohm'’s law.

dicates that 4 amperes
through the circuit.

In Fig. 7B we see that the value of
resistance has been cut in half and as a
result, the ammeter indicates that twice
the original current, or 8 amperes, is
now flowing in the circuit. This leads us
to the correct assumption that for a
given supply voltage, halving the circuit
resistance will double the current flow-
ing in the circuit.

Fig. 7C again shows our basic cir-
cuit, but with the resistance now
doubled from its original value. The
ammeter indicates that the current in
the circuit is now one half of its origi-
nal value.

Summing things up: for a given sup-
ply voltage, the current flowing in a
circuit will be inversely proportional to
the resistance in the circuit.

are flowing

Ohm’s Law. From what you have seen
so far, you are probably getting the idea
that you can determine the current flow-
ing in a circuit if you know the voltage
and resistance present in the circuit, and
the voltage if you know the current and
resistance, or the resistance if the volt-
age and current ‘are known.

All this is quite correct, and is formal-
ly stated by Ohm’s law as follows:
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E
[ =—
R
Where: E = voltage
I = current
R = resistance

Now, let’s take a look at how this for- .

mula is used:
To find voltage:

E (voltage) = I (current) X R (resistance)
To find current: .
E (voltage)
I (current) =
R (resistance)

To find resistance:

E (voltage)
R (resistance) = ————
I (current)

A handy way to remember Ohm’s
law is by means of the triangle shown
in Fig. 8. Simply cover the quantity
(voltage, current, or resistance) that
you want to determine, and read the
correct relationship of the remaining
two quantities. For example, if you
want to know the correct current (I),

-

put your finger over I and read —.
. R

Covering E or R will yield I X R or %,

respectively.

Ohm’s Law to Determine Voltage.
Let’s delve a bit more deeply into Ohm’s
law by applying it to a few cases where
we want to determine the unknown volt-
age in an electrical circuit. Take a look
at Fig. 9, which shows a simple series
circuit consisting of a battery and re-
sistor. The value of this resistor is given
as 200 ohms, and 0.5 ampere of current

r- £
I

Fig. 8. Shaded portion of triangle
indicates unknown quantity in the
formula. Visible factors appear in their
proper mathematical relation. just fill in
the known values and go on with
multiplication or division.

———AMAA———

200 OHMS
L
+ | VOLTAGE UNKNOWN
0.5 AMPERE
L

Fig. 9. Unknown quantity, voltage, found
easily by applying Ohm’s law.
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l— 400 OHMS —’

L)

UNKNOWN
VOLTAGE
A 0.3 AMPERE

«

Fig. 10. Although problem looks different
the basic circuit is same as that for Fig. 9.

AAANAS
5 OHMS
+

~——20VvDC

.I UNKNOWN CURRENT
—_

Fig. 12. Basic circuit is same as that in
Fig. 11. Although three factors are given,
current is unknown quantity. .

15 AMP FUSE

r=1

ELECTRIC | |

:'—_— HEATER —» < |
(20 OHMS) :

120 >

Fig. 11. Formula needed here is different
since current is unknown. just fook for
triangle in Fig. 8 that has I shaded.

l UNKNOWN RESISTANCE
+

= 20vDC

‘[ 0.5 AMPERE
_—

Fig. 13. Most Ohm’s law problems are
simple series circuits or can be reduced
to simple series circuits.

is flowing through the circuit. We want
to find the value of battery voltage.
This is easily done by applying Ohm’s
law for voltage as follows:

E=1IXR

Let’s go through this again, this time
using a practical illustration. Fig. 10
shows a string of light bulbs, the total
resistance of which is 400 ohms. You
find that the bulbs draw 0.3 amperes
when lighted. Let’s say you would like
to operate this string of bulbs from the
standard 120-volt house current, but
you don’t know the voltage rating of the
individual bulbs. By using Ohm’s law
for voltage, you can easily determine
the voltage to light the bulbs as follows:
(unknown voltage) = 0.3 (amperes) x
400 (bulb resistance) = 120 volts.

Ohm’s Law to Determine Current.
Now, let’s take a look at a few examples
of how to determine the value of un-
known current-in a circuit in which
both the voltage and resistance are
known.

Fig. 11 shows a series circuit with a
battery and resistor. The battery voltage
is 20 volts DC and the value of resis-
tance is 5 ohms. How much current is
flowing through the circuit?

E
Ohm’s law for current: | = ——
R

I (unknown current) =

20 (battery voltage)
5 (resistance in ohms)

I = 4 amperes

Again to get a bit more practical, let’s
take a look at Fig. 12. Here we see an

\
|

electric heater element connected to the
120-volt house line. We know that this
particular heater element has a resis-
tance of 20 ohms. The house current
line is fused with a 15-ampere fuse. We
want to know whether the heater will
draw sufficient current to blow the fuse.
Here’s how to find this out by use of
Ohm’s law for current.

I (unknown current) =

e

120 (line voltage)

20 (Heater resistance in ohms)
I = 6 amperes

We find from the above use of Ohm’s
law for current that the heater draws 6
amperes, so it can be safely used on the
line fused with the 15-ampere fuse. In
fact, a 10-ampere fused line can also
do the job.

Ohm’'s Law to Determine. Resis-
tance. Ohm’s law for resistance enables
us to determine the unknown value of
resistance in a circuit. Fig. 13 again
shows a simple series circuit with the
battery voltage given as 20 volts and the
current flowing through the circuit as
0.5 ampere. The unknown resistance
value in this circuit is found as follows:

E
Ohm’s law for resistance: R = ———
' I

20 (battery
voltage)
R (unknown resistance) = ———
0.5 (current
in amperes)
R = 40 ohms

Fig. 14 is a practical example of how
to determine unknown resistance. Here, |
we want to operate a 6-volt light bulb
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DROPPING
RESISTANCE
UNKNOWN

6-VOLT
BULB

VOLT
oLTS 0.2 AMPERE

Fig. 14. This Ohm’s law problem is
somewhat more complex,

MY
E
i AV~

50 100

Fig. 15. Resistance in series is added.

As far as voltage applied and current flow
is concerned the individual resistors

are only one.

2 OHMS

4 OHMS

Fig. 16. Resistors in parallel are added
algebraically—the result will aways be a
value less than that of the lowest in
the circuit. :

from the 120-volt house line. What
value of series dropping resistor do we
need to drop the 120-volt house current
down to 6 volts? The bulb draws 0.2
ampere.

We must first determine the voltage
which must be dropped across the series
dropping resistor. This is done by sub-
tracting the line voltage (120) from the
bulb’s voltage (6). This gives us a value
of 114 volts which we use in conjunc-
tion with Ohm’s law for resistance as
follows: )

114 (voltage

dropped by
resistor)

R (unknown resistance) = ————
0.2 (bulb
current in
amperes)

R = 570 ohms

Resistance in Series. Many practical
electrical and electronic circuits use two
or more resistances connected in series.
The point to remember in this case is
that the total resistance is the sum of the
individual resistances. This is expressed
by the formula:

R (total resistance) =
R1 + R2 + R3 + etc.

where R1, R2, R3, etc. are the individ-
ual resistances. Thus, in Fig. 15 the total
of the individual resistances is R (total)
=404+ 6+ 10 + 5 = 61 ohms.

Resistances may also be connected in
parallel in a circuit as in Fig. 16. In
this case the current flowing in the cir-
cuit will divide between the resistances,
the greater current flowing through the
lowest resistance. Also, the total resis-
tance in the circuit will always be less
than the smallest resistance since the
total current is greater than the current
in any of the individual resistors. The
formula for determining the combined’
resistance of the two resistors is:

R1 X R2
R (total) = ————
R1 4+ R2

Thus, in Fig. 16 the effective resistance
of R1 and R2 is:
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2 X4 8
= — or 1.33 ohms.
2+ 4 6

R (total) =

In a circuit containing more than
two parallel resistors as in Fig. 17 the
easiest way to determine the total circuit
resistance is as follows: first, assume
that a 6-yolt battery is connected across
the resistor network. Pick a value that
will make your computations simple.
Then determine the current flowing
through each of the resistors using
Ohm’s law:

E 6

I = — = — = 3 amperes
R1 2
E 6

I = — = — =2 amperes
R2 3
E 6

I=— =-—=1ampere
R3 6

Next, add the individual currents flow-
ing through the circuit:

2 amperes + 3 amperes 4 1 ampere
I = 6 amperes

Inserting this 6 amperes in Ohm’s law,
the total circuit resistance .is found to
be:

6
R=-—=1o0ohm
6

The combined equation for determin-

ing the total resistance of n number of
resistances would be:

1 1 1 1 1
—_—=t—+—+ ... —
R Rl R2 R3 Rn

Quite often an electronic circuit will
contain a combination of series and
parallel resistances as in Fig. 18. To
solve this type of problem, first deter-
mine the combined resistance of R2 and
R3: :

6 X 12 72
= — = 4 ohms
6+ 12 18

This total value of R2 and R3 may be
considered a single resistance which is
in series with R1, and forms a simple
series circuit. This simple series circuit
is solved as follows:

R (total)

R (total) = 6 + 4 or a total of 10 ohms.

Power. The amount of work done by
electricity is termed the watt and one
watt is equal to one volt multiplied by
one ampere. This may be expressed as:
P = E x I where E = voltage in volts,
I = the current in amperes. Also:

E2

P= and P = IR

R

As an example, assume that a toaster
draws 5 amperes at an applied voltage
of 115 volts. Its wattage would then be:

P =115x 5 or 575 watts.

SAAA"A
RU
6 OHMS
R2 R3
6 OHMS S, 12 OHMS

(P.——m—.o

Fig. 17. Ohm’s law can be used to

determine the equivalent resistance of
“two or more resistors in parallel. Total

current—then solve for ohms.

o
R

6 OHMS

Fig. 18. Series-parallel circuit is not really
difficult. Add R2 and R3 algebraically.
Add effective resistance to R1 for total
resistance.
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Magnetism and the Electron. The
atom and a concept of its structure
were a necessary preface to our discus-
sion of basic electricity. By the same
token, both are necessary to under-
standing basic magnetism.

As we've mentioned, electrons are in
continual motion about the nucleus. The
orbit is, in fact, a small loop of current
and has a magnetic field that’s associ-
ated with a current loop. In addition,
experimental and theoretical investiga-
tion seems to indicate that the electron
itself has a spin. Each electron, having
its own axis, is a spinning sphere of
electric charge. Electron spin, like the
quantum and wave theories of light, is
not so much a literal interpretation of a
phenomenon as a useful concept that
holds water when applied to the phe-
nomenon of magnetism.

When the electron spins, the charge
that is in motion produces a magnetic
field. And, to briefly state the electronic
explanation of magnetism, it seems that
the magnetic properties of matter can
be attributed to the orbital and spinning
motion of the electrons comprising the
atoms of the matter.

Millennia of Magnetism. Some of the
basic principles and effects of mag-
netism have been known for centuries.
The Greeks are credited as the ones
who first discovered magnetism. They
noted that a certain type of rock had
the ability of attracting iron. Later, the
Chinese noted that an elongated piece
. of this rock had the useful property of
always pointing in a north-south direc-
tion when suspended by a string. This
was the beginning of our compass.

This strange stone which intrigued
people over the centuries is actually a
form of iron ore known as magnetite.
Not all magnetite shows magnetic prop-
erties. Another name for the magnetic
variety of magnetite is lodestone—the
term lodestone being derived from two
separate words, lode and stone. The term
“lode” stands for guide, hence lodestone
means ‘‘guide stone.”

All magnets, whether natural or man-
made, possess magnetic poles, which
are commonly known as the magnet’s
north and south poles. As is the case of
the electrical charges (which we stud-
ied earlier) between unlike magnetic
poles and repulsion between like poles,
it has been found that this magnetic at-
traction and repulsion force varies in-
versely as the square ‘of the distance
from the magnetic poles.

The Magnetic Field. We all know
how a magnet exerts a force of attrac-
tion on a piece of magnetic material
such as iron or steel. Also, when the
north poles of two magnets are brought
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close together, they will try to repel
each other, while there will be attrac-
tion between the north and south poles
of two magnets. Although it is not clear-
ly understood just what this force of
magnetic attraction and repulsion is, it
is convenient to visualize magnetic lines
of force which extend outward from
one magnetic pole to the other as illus-
trated in Fig. 19.

Fig. 19. Lines of force around bar magnet
can be made visible by sprinkling iron
filings onto white paper over magnet.

Permeability. Magnetic lines of force
can pass through various materials with
varying ease. Iron and steel, for exam-
ple, offer little resistance to magnetic
lines of force. It is because of this that
these materials are so readily attracted
by magnets. On the other hand, mate-
rials such as wood, aluminum and brass
do not concentrate or encourage the
passage of magnetic lines of force, and
as a consequence are not attracted by
magnets.

The amount of attraction a material
offers to magnetic lines of force is
known as its permeability. Iron and
steel, for example, possess high perme-
ability since they offer little resistance
to magnetic lines of force. Nonmag-
netic materials have low permeability.
For practical purposes, we can say
that reluctance is to magnetic lines of
force what resistance is to an electrical
current.

Electromagnetism. Any electrical
conductor through which flows an elec-
trical current will generate a magnetic
field about it which is perpendicular to
its axis as shown in Fig. 20. The direc-
tion of this field is dependent upon the
direction of current flow, and the mag-
netic field strength proportional to the
current strength. If this current-carrying
conductor is wound into a coil, forming
a solenoid, the magnetic field will be in-
creased by each individual turn that is
added. If an iron core is inserted in this
current-carrying coil, the generated
field will be increased still further. This
is because the lines of force are con-
centrated within the iron core which has
considerably less reluctance than the
surrounding air,

The magnetic power of a multi-turn
current-carrying coil through which a
core is inserted is proportional to the
current flowing through the coil as well
as the number of turns in the coil. The
current through the coil is termed am-
pere turns. As an example, if a coil
consisting of 200 turns is carrying 2
amperes, its ampere turns equal:

Ampere turns = 200 turns x
2 amperes or 400 ampere turns

Similarly a coil of 100 turns through
which a current of four amperes flows
also has 400 ampere turns.

Electromagnetic Induction. We saw
earlier how a current-carrying conduc-
tor will generatec a magnetic field which
is perpendicular to the conductor’s axis.
Conversely, a current will be induced in
a conductor when the conductor is pass-
ed through a magnetic field. The
strength of this induced current is pro-
portional to both the speed at which it
passes through the field and the strength
of the field. One of the basic laws per-
taining to electromagnetic induction is
Lenz’s law which states: “The magnetic
action of an induced current is of such
a direction as to resist the motion by
which it is produced.”

Fig. 21 illustrates two coils, A and
B, which are placed in close proximity
to each other. Coil A is connected in
series with a switch and battery so that
a current may be sent through it when
the switch is closed, and coil B is con-
nected with a current-indicating DC
meter. When the switch is closed, cur-
rent will flow through coil A, causing a
magnetic field to be built up around it.
In the brief instant that the field is
building up to maximum, it will “cut”
the turns of coil B, inducing a current
in it, as indicated by a momentary flick
of the indicating meter. When the switch
is opened, breaking the current flow
through coil A, the field around coil A
will collapse, and in so doing will again
induce a current in coil B. This time,
however, the flow of current will be in
the opposite direction. The meter will
now flick in the direction opposite to
when the switch was closed. The im-
portant thing to remember is that the
conductor must be in motion with re-
spect to the magnetic field or vice versa
in order to induce a current flow. You
can perform this simple experiment us-
ing two coils made of bell wire wrapped
around large nails, a few dry cells in
series, and a DC zero-center scale me-
ter.

Self Induction. As mentioned a short
while ago, a magnetic field is built up
around a coil at the application of cur-
rent through the coil. As this field is
building up, its moving lines of flux will
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cut the turns of the coil inducing a
counter-electromotive force or counter-
EMF which opposes the current flowing
into the coil.

The amount of counter-EMF gen-
erated depends upon the rate of change
in amplitude of the applied current as
well as the inductance of the coil. This
value of inductance is dependent upon
the number of turns in the coil; a coil
with many turns will have greater in-
ductance than a coil with few turns.
Also, if an iron core is inserted into the
coil, the inductance of the coil will in-
crease sharply. The unit of inductance
is known as the henry.

The Transformer. One of the most im-
" portant and widely used applications of
magnetic induction is the transformer.
Fig. 22 shows the basic construction
of a typical transformer. While two
separate windings are shown here, some
transformers can have as many as five
or six windings. .
A transformer consists of two or
more separate windings, electrically in-
sulated from each other. One winding,
known as the primary winding, is fed
from a source of alternating current.
The alternating currents flowing
through the primary induce a current in
the secondary winding by virtue of mag-
netic induction. The transformer core is
constructed from a relatively high per-
meability material such as iron which
readily conducts magnetic flux between
the primary winding and secondary
winding. ‘
The alternating current flowing in
the primary of the transformer produces
a variation in the magnetic flux circu-
lation in the transformer core which
tends to oppose the current flowing in
the primary winding by virtue of self-
induction. The counter-EMF is just
about equal to the voltage applied to
the primary winding when no load is
connected to the transformer’s second-
ary winding. This accounts for the fact
that very little current flows through
the primary winding when no load is
connected to the secondary. The negli-
gible current that does flow under this
no-load condition is known as the trans-
former magnetizing current. As the cur-
rent drawn from the secondary winding
increases, the primary current will in-
crease proportionately due to the re-
duction in the counter-EMF developed
in the primary winding of the trans-
former. :
In any transformer the ratio of the
primary to secondary voltage is equal
to the ratio of the number of turns in
the primary and secondary windings.
This is expressed mathematically as fol-
lows:
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Ep _”Np

Es  Ns

where Ep = primary supply voltage
Es = voltage developed acros
secondary o
Np = number of primary turns
Ns = number of secondary turns

The above formula assumes that there
are no losses in the transformer. Ac-
tually, all transformers possess some
losses which must be taken into account.

Transformer Losses. No transformer
can be 100 percent efficient due to
losses in the magnetic flux coupling the
primary and secondary windings, eddy
current losses in the transformer core,
and copper losses due to the resistance
of the windings.

Loss of magnetic flux leakage occurs
when not all the flux generated by cur-
rent flowing in the primary reaches the
secondary winding. The proper choice
of core material and physical core de-
sign can reduce flux leakage to a negli-
gible value.

Practical transformers have a certain
amount of power loss which is due to
power being absorbed in the resistance
of the primary and secondary windings.
This power loss, known as the copper
loss, appears as heating of the primary
and secondary windings.

There are several forms of core loss—
hysteresis and eddy current losses. Hys-
teresis losses are the result of the energy
required to continually realign the mag-
netic domain of the core material. Eddy
current loss results from circulating cur-
rents induced in the transformer core
by current flowing in the primary wind-
ing. These eddy currents cause heating
of the core.

Eddy current loss can be greatly re-
duced by forming the core from a stack
of individual sheets, known as lamina-

tions, rather than from a single solid
piece of steel. Since eddy current losses
are proportional to the square of core .
thickness, it is easy to see that the indi-
vidual thin laminations will have much
less eddy current loss as compared with
a single thick core.

Another factor which effects eddy
current loss is the operating frequency
for which the transformer is designed
to operate. As the operating frequency
is increased, the eddy current losses in-
crease. It is for this reason that trans-
formers designed to operate at radio
frequencies often have air cores and
are void of ferrous metals.

Theory and Practice. We've come a
long way from our initial discussion of
the atom and its importance for an
understanding of electricity and mag-
netism. And there’s still a long way to
travel to understand all about the sub-
atomic nucleus and its satellities and
how they are being harnessed in an
ever-expanding electronics technology.
But, we move ahead by mixing theory
with practice—so, put your new knowl-
edge to work in a project or two! ®

CURRENT
DIRECTION
4
|
DIRECTION OF
MAGNE TIC FLUX CURRENT
DIRECTION

i

Fig. 20. Direction of flux lines is changed
by direction of the current. Heavy current
is needed to make flux lines visible with
sprinkled filings.
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Fig. 21. Two-core transformer is ineffi-
cient since an air gap at either end does
not have permeability of a ferrous metal
and some flux lines do not go through
core of secondary winding (B)—their
effe.ct is lost.

PRIMARY

Fig. 22. Toroidal core is highly efficient
but is very difficult to manufacture.
Familiar C- and E-shape core has less
waste and windings are slipped over the
core. Efficiency is good—about 90 percent
for most designs.
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~ Prefixes and Exponents

[J Anyone who's dipped his little toe
into electronics is certain to have run
across such terms as*microFarad, milli-
Henry, and milliAmpere—not to men-
tion megaHertz megOhm, and kilo-
Hertz. The prefixes here, micro-, milli-,
mega-, and kilo-, are an important part
of the electronic vocabulary. It follows,
then, that anyone who wants to be pro-
ficient in electronics will have to de-
velop skill in understanding and using
them.

These prefixes are used to change the
value of an electronic unit of measure.
For example, if you see a resistor with
the familiar brown/black/green color
code, you could call it a 1,000,000-ohm
resistor. The thing is, it’s usually less
awkward to call it a 1-megohm resistor.
Putting the prefix meg- or mega- before
the Ohm inflates the value of the unit,
Ohm, by 1,000,000 times.

Similarly, one kiloVolt is recogniza-
ble as 1,000 Volts, and one kiloHertz as
1,000 Hertz, and so on. These prefixes
are usually so automatic with electron-
ics aficionados that they will invariably
refer to a millionaire as a guy who has
one megabuck!

The Debit Side. At the other end of
the scale, the milli- and micro- prefixes
are useful for shrinking units. A Farad,
for example, is too big a unit to use in
everyday electronics. In dealing with
the real-life capacitors (the kind you
solder into circuits), we normally use a
basic unit of one-millionth of a Farad
—a microFarad. The prefix micro- cuts
up a unit into a million tiny slices, en-
abling us to use one such slice as a con-
venient-sized unit. A microAmpere,
similarly, is a millionth of an Ampere;
a microVolt, one millionth of a Volt.

If you need larger slices, the milli-
prefix is available, which provides a
unit only one-thousandth the size of the
basic unit. A milliAmpere, for example,
is a thousandth of an Ampere; that is, it
takes 1000 mA (milliAmperes) to
equal 1 Ampere.

To handle these tiny slices of units,
it’s wise to spend a few minutes learn-
ing scientific notation, which is designed
to make it easy to handle very large and
very small numbers. Once you've mas-
tered -this technique, you can manipu-
late all the various-sized units of elec-
tronics as easily as you can add two
and two!

Take, for example, the familiar kilo-

. Hertz (known at one time as the
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ELECTRONIC PREFIXES AND THEIR MEANINGS

Prefix Pronunciation Symbol Exponent Example
tera- TEHR-uh T 1012 Frequency of infrared light is
approx. 1 teraHertz
giga- GIG-uh G 109 Frequency of TV channel 82 is
approx. 1 gigaHertz
mega- MEG-uh M 106 Frequency of a typical medium
wave broadcast station is
1 megaHertz
kilo- KILL-oh k 103 Top note on a piano is approx.
4 kiloHertz
hecto- HEK-toh “h 102 {(not often used in electronics)
deka- DEK-uh da 101 (not often used in electronics)
deci- DESS-ih d 101 A decibel is 1/10th bel
centi- SENT-ih 102 Wavelength of TV channel 82 is
approx. 30 centimeters
milli- MILL-ee m 103 » Collector current of a typical
: small transistor is approx.
1 milliAmpere
micro- MY-kroh i 106 Base current of a typical small
" transistor is approx. 20 micro-
Amperes
nano- NAN-oh n 109 Time for a radio wave to travel
1 foot is approx. 1 nanosecond
pico- PY-koh p 10712 Collector-to-base capacity of a
good high-frequency transistor is
approx. 1 picoFarad
femto- FEM-toh f 10-15 Resistance of 6 microinches of
0000 gauge wire is approx.
1 femtOhm
atto- AT-toh a 10-18 6 electrons per second is 1 atto-
Ampere
kilocycle). A broadcasting station oper- Similarly, a 6.8 megohm resistor,

ating at 840 kHz (kiloHertz) in the
broadcasting band is radiating 840,000
cycles of RF energy every second. To
change from 840 kHz to 840,000 Hz,
you can think of the “kilo-” as being
replaced by “x 10007, thus:

840 kilo Hertz
840 X 1000 Hertz
840,000 Hertz

But you can also write “1000” as
“10 x 10 x 10”. And you can write
“10 x 10 x 10” as “103”. (Ten to the
third power, or ten cubed.) As we de-
velop these ideas further, you will see
how you can greatly simplify your fu-
ture work in electronics by thinking of
the prefix “kilo-” as being replaceable
by “x 103", thus:

840 kiloHertz = 840 X 103 Herlz

measured on an ohmmeter, will indi-
cate 6,800,000 ohms. In this case, the
prefix “meg-" can be replaced by “x
1,000,000":

6.8 meg Ohms
6.8 X 1,000,000 Ohms
6,800,000 Ohms

But you can write **1,000,000” as ““10
x 10 x 10 x 10 x 10 x 10” (six of 'em;
count ’em), which is 10%. Thus, you
should learn to mentally replace “meg-”
with x 105, so that 6.8 megOhms be-
comes a 6.8 x 10® Ohms. The 6 is call-
ed an exponent, and shows how many
10s are multiplied together.

The Minus Crowd. What about the
“milli-” and “micro-" prefixes? “Milli-”,
we've said, is one-thousandth; in a way,
it is the opposite of the “kilo-" prefix.

e
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Make a mental note, then, that milli-
can be replaced with “10-3” (read as
“ten to the minus three power”), which
is1/10x1/10x 1/10 = 1/1000. Sim-
ilarly, the ‘“micro-" prefix can be con-:
sidered as the opposite of “meg-", and
replaced by 10-6.

The beauty of this approach appears
when you are faced with a practical
problem, such as, “if 1.2 milliAmperes
flows through 3.3 megOhms, what volt-
age appears across the resistor?” From
our knowledge of Ohm’s law, we know
that E = IR; that is, to get Volts (E)
we multiply current (I) times resistance
(R). Without the aid of scientific nota-
tion, the problem is to multiply 0.0012
Amperes by 3,300,000 Ohms, which is
rather awkward to carry out. The same
problem, however, is very easy in scien-
tific notation, as can be seen below:

1.2 % 103
3.3 X 108
3.96 X 108

The answer is 3.96 x 103 Volts, or
3.96 kiloVolts. We obtained the answer
by multiplying 1.2 x 3.3 to get 3.96,
and adding the -3 exponent to the 6
exponent to get 3 for the exponent of
the answer. The advantage of scientific
notation is that the largeness and small-
ness of the numbers involved is indi-
cated by numbers like 10% and 10-3,
and the largeness or smallness of the
answer is found by adding the 6 and
the -3.

What about a division problem? For
the sake of a good illustrative example,
consider the unlikely problem of finding
the current when 4.8 megaVolts is ap-
plied across 2 kilOhms. The problem
is written as:

= =
R

_ 4.8 megaVolts _ 4.8 X 10° Volts
2 kilOhms ~ 2.0 X 103 Ohms

48 +-2=24

2.4 X 103 Amperes = 2.4 kiloAmperes

In division, then finding the size of
the answer becomes a subtraction prob-
lem, in which the exponent representing
the size of the divisor (“bottom” num-
ber) is subtracted from the exponent
representing the size of the dividend
(“top” number).

A more practical division problem
answers the question, “What current
flows when S Volts is applied across
2.5 kilOhms?”

E _ 5 Volts
R~ 2.5 kilOhms
5.0 Xx10°_ 5.0 X 100
T 25x%x 108 25

] =
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= 2.0 X 107 Amperes
== 2.0 milliAmperes

Note that it’s perfectly legal to use
109 (ten to the zero power) to indicate
a unit that has no prefix—in other
words, one of anything.

For the Solving. Here are a few
more problems:

1. The inductive reactance of a coil is
given by
XL = 2=fL.

What is the reactance of a coil whose
inductance L = 22 milliHenries, when
an alternating current of frequency f =
1.5 megaHertz is applied to it?

XL=2 X = X (1.5X106) X (22X1073)
= 207.24 X 10 Ohms
= 207.24 kilOhms

2. An oscillator is connected to a wave-
length-measuring apparatus, and the
wavelength of its oscillations is deter-
mined to be 2.1 meters. What is the
frequency of the oscillator?

speed of light
F =
wavelength
3.0 X 103 meters per second
wavelength

3.0 X 108
_— = 3
=1 x100 = 1.4286 x 108 Hertz

We wish this answer had come out
with a *10%”, instead of a “10%”, be-
cause we can convert 10% Hertz directly
to megaHertz. However, we can change
the answer to 105, by shifting the deci-
mal point of the 1.4286. Remember
this rule: To lower the exponent, shift
the decimal point to the right. (Of
course, the opposite rule is also true.)
Since we wish to lower the exponent by
2, we must shift the decimal point to
the right by two places:

142.86 X 108 Hertz = 142.86 megaHertz

3. A 3.3 microfarad capacitor is being

charged from a 20-volt battery through

a 6.8-kilOhm resistor. It charges to half

the battery voltage in a time given by
T = 0.69RC

For the particular values given in the
problem, what is the time taken to
charge to half the battery voltage?

T = 0.69 X (6.8 X 103) x (3.3 X 108)
= 15.4 milliseconds

4. A 365-pF variable capacitor and a
2-uH coil are found collecting dust in
your junk box. You decide you might

4

like to incorporate them into a radio but
you need to know the resonant frequency
of this inductive/capacative circuit. You
apply the formula:

1

f— —————
2xVLC

Since C = 365-pF or 365 X 1012
farads and L = 2-uH or 2 X 1078
henrys we can use these numbers, the
formula and our new knowledge of ex-
ponents to determine the frequency.

— 1
22V (2 X 107%) X (365 X 10712)

—5,894,627.6 Hertz
= 5,894 kiloHertz
— 5.894 megaHertz

Tera to Atto. Since scientific notation

‘is so potent, you'll probably be inter-

ested in the meaning of all the prefixes
used in the scientific community, not
just the four (micro-, milli-, kilo-, and
mega-) —that we’ve discussed so far. Very
common in electronics is the micro-
microFarad, which is 10-¢ x 10-8 Farad,
or 10-12 Farad. This is more commonly
known as the picoFarad. Similarly, a
thousandth of a microAmpere is 10-3 x
10-8 Ampere, or 10-® Ampere. This is
known as a nanoAmpere. At the other
extreme, 1000 megaHertz is called a
gigaHertz, See the table of all these
prefixes for a rundown of their mean-
ings and pronunciations.

The jargon of electronics which has
grown up around their prefixes is just
as important as the prefixes themselves.
Here are some examples of “jargon-
ized” prefixes as they might appear in
speech:

Puff—a picoFarad (from the abbrevi-
ation, PF).

Mickey-mike—a' micro-microFarad
(which is the same as a puff).

Meg—a megohm. Also, less often, a
megaHertz.

Mill —a milliAmpere.

Megger—a device
megOhms.

dB (pronounced ‘“dee-bee”)—a deci-
vel, which is one-tenth of a Bel.

Mike—a microFarad. Also, to meas-
ure with a micrometer.

So, if you understand the prefixes:
and know their corresponding expo-
nents, you’ll have command of another
set of important tools to help you do
practical work in electronics. In addi-
tion, you'll be ready for the inevitable
wise guy who'll ask if you can tell him
the reactance of a 100-puff capacitor at
200 gigaHertz. After calculating the
answer in gigaseconds, reply in femt-
Ohms! u

for measuring
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Linderstanding Resistance

[C] Whether you're working at home
on the final stages of a pet project or on
the job servicing an electronic system,
nothing is quite as frustrating as dis-
covering that the resistance value you
need isn’t available. And, your usual
source of supply either is closed or
doesn’t stock the particular value. Or
maybe you want a resistance within a
tolerance of 1%, and just don’t feel
justified in paying the extra cost.

Whatever the problem, the experi-
enced guy doesn’t lose his cool. because
he knows he can come up with any re-
sistor value he needs by connecting
available resistors in series and/or paral-
lel. This combination can either be left
in the circuit or replaced at some later
time with a single resistor.

Making Resistors. Making resistors
by series-ing several resistors to reach a
desired value poses no problem as the
resistances are additive; i.e., if you con-
nect a S1-ohm resistor in series with a
68-ohm resistor the final resistance of
the combination is 119 ohms.

However, when you parallel resistors,
the resultant resistance is no longer so
easy to calculate. If you connect a 51-

ohm resistor in parallel with a 68-ohm
resistor the net resjstance value is about
29 ohms. About the only thing you
know is that the equivalent resistance
of a parallel combination will be less
than the value of the smallest resistor
in the combination. You can’t determine
the equivalent resistance of a parallel
combination with simple mathematics.
The formula isn’t complex. but it does
take time to write down and solve. The
easiest, fastest modern method for de-
termining the values of parallel resistor
combinations for the serviceman is by
using an equivalent resistance nomo-
graph.

What’'s A Nomograph? Everyone’s
familiar with the old old Chinese prov-
erb about one picture worth a thousand
words. A nomograph is simply a graphic
picture of a simple approach to solving
a mathematical calculation. And tech-
nicians in all fields are using nomo-
graphs in ever-increasing numbecrs. A
nomograph can be constructed to solve
almost any problem, and though the ac-
tual construction may require a master's
degree in math, anyone can usc the final
end product to solve problems which

might normally require a college degree
and bushels of valuable time.

This is one of the most appealing
features of most nomographs, ie., that
you don’t need theoretical knowledge
of the subject to use a nomograph to
solve problems in that field. All that’s
necessary is to lay a straightedge. or
draw a line, between two known values
on given scales, and read the answer
where the line intersects a third scale.

Making A Nomograph. The nomo-
graph printed in these pages is an equiv-
alent resistance nomograph that can be
cut out for use in your work. With it
you can determine the resistance of any
two resistors connected in parallel in
much less time than you could normally
write down the mathematics required to
solve the problem.

The R! and R2 scales are equal in
length, and positions at an angle of
120° with respect to one another. The
Rt scale is a little more than one half
the length of the other two scales, and
bisects the angle between them. The
scale lengths and angular positioning
are usually by courtesy of some slaving
mathematician somewhere, but, if you

R1 R2
Rl + R2

Using the nomograph is as easy as
1,2,3! Let’s see how it’s done with a

10-ohm and 5-ohm resistor pair. First,
put a pencil dot on the left scale at 10.
Second, place a pencil dot on the right
scale at 5. Third, and last, place a
straightedge on the two dots. Where I
the straightedge intersects the middle
scale read off the value of the
combined parallel resistance. It works
the same way with 1k and 500-ohm
resistors, 10k and 5k, 100k and 50k, etc.
Try it yourself! It’s fun.

oTIITTTﬂIIIIII[lIlllllIl\]llllllrﬂ]—llll“llllilﬂ'l

R2 IN OHMS
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have the time and patience, you can
construct some nomographs by trial and
error. The graduations on all scales of
our nomograph are of the same length
and can be assigned any value that you
desire as long as the same size and val-
ues are used on all scales. For example,
if one major division on the R1 scale is
valued 100 ohms, then one major divi-
sion on the R2 scale and one major di-
vision on the Rt scale must also be val-
ued 100 ohms. With this in mind, let’s
find out how to use the equivalent re-
sistance nomograph to solve parallel re-
sistance problems.

Using A Nomograph. The equivalent
resistance nomograph can be used in
either of two ways. In one application
you have two resistors connected in
parallel and want to know what value
single resistor will be needed to replace
the parallel combination. This situation
often arises in breadboarding new cir-
cuits. To solve this problem you simply
locate one resistance value on the Rl
scale, and the other resistance value on
the R2 scale. Then lay a ruler, or draw
a straight line between the points locat-
ed on the R1 and R2 scales. The equiv-
alent resistance will be where the
straightedge crosses the Rt scale.

In another application you know the
value of one resistor and want to know
what value of resistance must be con-
nected in parallel with it to obtain a
desired vatue. This problem may arise
because your stock of resistors is de-
pleted, or because the required resistor
is not a standard value. Non-standard
values of resistance cost - more, of
course, and at times two resistors in
parallel will enable you to get the de-
sired resistance at a much lower cost.
To arrive at the value of the resistor
that you need to parallel with one of
known value to reach the odd-ball re-
sistance you want, find the mark on ei-
ther the R1 or the R2 scale for the
known resistance value. Next locate the
resistance of the desired resistor value
on the Rt scale. Then lay a straightedge
between the two points, and read the
value of the required parallel resistor
on the remaining scale.

Typical Problems. A typical problem
will serve as an example that should
bring everything into sharp focus now.
Let’s suppose that we have two resistors,
100,000 ohms: and 47,000 ohms, con-
nected in parallel in a project that’s
breadboarded and now ready for final-
izing. With this parallel combination in

the circuit our little jewel works fine,
but the combination is bulky, unsightly,
and expensive for quantity production.
So obviously it’s desirable to replace the
bulky parallel resistor combination with
a single fixed resistor.

Using the Equivalent Resistance No-
mograph, locate the 100,000-ohm value
on either the R1 or R2 scale (we used
the R1 scale). We could have chosen
any point on the scale as 100,000 ohms,
but for better resolution the maximum
point is the best choice. Next locate
47,000 ohms on the R2 scale, remem-
bering that each major division is equal
to 10,000 ohms because of the location
of our assignment of the 100,000-ohm
point on RI1.

Now lay a straightedge across the
nomograph so that it intersects the 100,-
000 and 47,000-ohm points on R1 and
R2. Where the straightedge crosses the
Rt scale, a line can be drawn on the
nomograph, or, if you prefer, you will
read the resultant resistance value, 32,-
000 ohms, on the Rt scale. In compari-
son, the correct answer, using slide rule
and/or pencil and paper, of 31,950
ohms certainly will take much longer
to calculate than if you use the Equiva-
lent Resistance Nomograph. . |

" Frequency Fundamentals

] It was 4:00 a.M. and the thermom-
eter read 15 degrees below zero. The
squad car had to deliver the package
without delay! Thanks to the flashing
red light and the 2-kHz note screaming
from the siren, the three miles from the
bus terminal to police headquarters
were covered in only 22 minutes. The
chief rushed out to get the package.
He likes his coffee hot.

So the siren gave out a 2-kHz note.
Is that anything like say, the 60-Hz
current which lights a table lamp or,
maybe, the 27.155-MHz carrier a CBer
sends out from his S-watt rig? The an-
swer is yes—and no! No, because the
siren note is actually a disturbance of
the air which surrounds the whirling
siren. The 60-Hz current which lights
the lamp is actually a disturbance of
electrons in the lamp cord. And the CB
carrier is actually a disturbance in the
electro-magnetic field which surrounds
the transmitting antenna. But the an-
swer is also yes because, in spite of their
apparent differences, the siren note, the
60-Hz current, and the 27.155-HMz
signal all have something in common—
the characteristic way each of these
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“disturbances” go through their vibra-
tions.

Bouncing Air. If analyzed scientifi-
cally, each type of disturbance is seen
to be a repetition of identical actions.
When the siren gives out a constant
howl, tiny air particles are forced to
collide and spread apart—in steady
rhyhm. If the howl is a 2-kHz note,
the colliding and spreading takes place
2000 times a second. Although the in-
dividual air particles move hardly any
distance at all in their back and forth
motion, the rhythmic collisions of these
particles radiate from the siren in all
directions, from particle to particle.
This radiation is, of course, “sound”
and travels through air at a speed of
about 1100 feet per second.

Bouncing Electrons. Alternating
current flows back and forth through
a wire because electrons, in varying
quantities, are made to push one an-
other first in one direction and then the
other—in steady rhythm. If this AC is
60-Hz current, such back and forth mo-
tion takes place 60 times a second. The
individual electrons don’t move very

far along the wire in either direction"

but their “bumping” travels through the
wire at a speed of almost 186,000 miles
per second. Naturally, this bumping ac-
tion is made to change directions in
step with the electrons that cause it.

Bouncing Fields. Basically, a radio
signal is a disturbance in which the
electric and magnetic fields surrounding
a transmitting antenna are distorted,
first in one direction and then the other
—in steady rhythm. If this signal is a
27.155-MHz CB carrier, these fields are
forced to change direction 27,155,000
times a second. This rhythmic, field-
reversing action radiates from the an-
tenna at the speed of light, 186,000
miles per second.

Feel the Vibrations. Now—it's the
changing nature of these three types of
disturbances that we are really inter-
ested in! Aside from what is actually
and physically happening, all three seem
to follow the same pattern of change
while going through their vibrations.
True, the 27.155 MHz signal does its
vibrating much, much faster than the
other two but its vibration pattern is
much the same.

Instead of using a lot of words to de-
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scribe  how each disturbance goes
through its vibrations, let’s use a help-
ful mathematical tool—the graph. The
aricient Chinese said that a picture is
worth a thousand words and that’s
exactly what a graph is and it’s worth.
More important, a graph provides us
with a lasting picture, a permanent rec-
ord, of how these vibrations change
their speed and direction.

Our graph is set up in the usual man-
ner. First there are the two reference
lines, the ‘“vertical axis” and the “hori-
zontal axis.” In our graph, the horizon-
tal axis is made to show the passage of
time. How the vertical axis is used de-
pends on which type of disturbance we
are portraying. For the 2-kHz siren
note, the vertical axis is made to mea-

sure how far each air particle moves’

during its back-and-forth motion. For
the 60-Hz AC current, the vertical axis
measures how many electrons are in
mass movement along the wire during
their forward-and-reverse motion. As
for the 27.155-MHz signal, this axis
tells how much and in what direction
the electric and magnetic fields are be-
ing distorted.

So much for the preliminaries. Next
comes the most important item. It
doesn’t matter which disturbance we are
graphing—for each instant of time that
is represented on the horizontal axis,
there is a point above or below the axis
which measures how far the vibration is
displaced from its resting position. If all
these individual points (and there are an
unlimited number of them) are ‘“plot-
ted” on the graph, a continuous curve
will appear. The amazing thing about
this curve is that its shape looks pretty
much the same for the 2-kHz note, the
60-Hz current and the CB carrier.

Study the special shape of this curve.
While examining the curve (and this
must be done from left to right, never
from right to left!), notice that it rises
abruptly, gradually tapers off, levels out
for an instant, starts to fall, picks up
downward speed, and falls below the
horizontal axis only to repeat the pro-
cess in upside-down fashion. The 2-kHz
note will make 2000 of these waves in
just one second while the 60-Hz current
goes through only 60 of them. But the
CB carrier will turn out 27,155,000 of
these double swings during each second.

'You Had Better Believe. This curve
we have been discussing is something
very special! It is fundamental to many
diffetent areas of science and engineer-
ing. It is the famous sine curve. The
current leaving a simple AC generator
varies according to a sine curve. So does
the output of a vacuum-tube or tran-
sistor oscillator in an AM radio. Even
the pendulum on a grandfather’s clock

S0

N
swings back and forth in accordance
with a sine-curve pattern.

But it must be understood and under-
stood well! The sine curve is only a
graph which shows the changing char-
acter of sound waves, alternating cur-
rents, and radio transmissions, etc. To
be sure, a sine curve is a picture but it
is not a picture of sound waves, currents
and radio signals as they really look (if,
in some way, we could actually see
them).

Ironically (and students of electron-
ics must not be misled because of this),
there are sine-curve relationships in
other fields of science where the physi-
cal occurence actually looks like a sine
curve. If a pebble is drooped into a calm
pond, for example, ever-enlarging cir-
cles (ripples) will be seen leaving the
splash. However, if these ripples are
viewed from the side, at water level, a
train of honest-to-goodness sine curves
will be observed as they leave the splash
area. As another example of real-life
sine curves, if two persons suspend a
rope between each other and one of
them whips it up and down, a beautiful
sine wave will run along the rope.
Nevertheless, sine curves don’t travel
through electrical circuits, they don’t
travel through air as sound waves, and
they don’t radiate from trapsmitting an-
tennas! Radio signals, AC currents and
sounds vibrate in unison with sine
curves but they don’t look like them!
However, a check of their graphs indi-
cate they do!

Discovering Frequency. At this
point, the true meaning of “frequency”
should become clear. It doesn’t matter
if we are talking about sound waves,
AC current, or radio carriers. Fre-
quency is the number of times these
various disturbances repeat their vibra-
tions during one second. From a graphi-
cal standpoint, frequency is the number
of times each complete cycle of sine
curve is repeated during one second.
Either way you look at it, frequency
can be classified by its number of “cy-
cles per second.” As everyone should
now know, however, this once common

designation for frequency has been re-
placed by, simply, “hertz” (Hz) in
honor of that great German scientist of
the Nineteenth Century, Heinrich Hertz.

To Sum Up. The 2000-Hz sound
energy from the police-car siren, the 60-
Hz AC from the wall outlet, and the
27,155,000-Hz carrier from the CB rig
are three different scientific phenomena.
But they have the common property of
being able to be described by sine
curves and, because of this, all can be
measured by a common yardstick—fre-
quency.

But hold on! Are these three so-called
disturbances really so different from
each other? (After all, electronics
wouldn’t be electronics without sound
and radio signals!) They are different,
but not as much as you would think.
With the aid of a “transducer,” one
type can be transformed into another!
Thus, a microphone will change 2-kHz
sound waves into 2-kHz alternating cur-
rent in a wire. A loudspeakerwill change
the AC back into sound waves. A re-
ceiving antenna will change 27.155-
MHz electromagnetic energy into
27.155-MHz alternating current (AC)
in a wire (the antenna feedline, that is).
A transmitting antenna will make the
opposite change.

That’s it. If the interrelation between
sound, electrical, and electromagnetic
frequencies now makes sense to you,
you’ve learned a tremendously impor-
tant bit of electronics theory. And don’t
forget the almighty sine curve. The sine
curve can be used to explain theory in
many fields of science, not just elec-
tronics. Nevertheless, keep clear in your
mind just how the sine curve fits into
electronics—what it is and what it isn’t.
Maybe you don’t care whether your
coffee is hot but you better stay hot on
the sine curve. [}

A

Whether you're trying to
graphically picture ripples on
a sylvan pond, or the unmodu-
lated carrier of a Citizens
Band RF voltage, the familiar
sine wave is all you need to
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Coils and Capacitors

] The lowly resistor is the solid citizen
of electronics. It can be relied upon to
behave with the same, predictable per-
formance, whether confronted with AC
or DC. Unruffled by excursions into the
higher frequencies, it continues to live
by the guiding rule—Ohm’s law—and
declares that, no matter what, the cur-
rent (I) it permits to flow shall depend
solely on the applied voltage (E) di-
vided by its own resistance (R).

However, the resistor’s component
cousins—the inductor and the capacitor
—are by no means so stolid in the face
of changing frequencies. The inductor,
for example, grouchily shuts off more
and more of the current flow as the
applied frequency gets higher and high-
er, while the capacitor reacts to higher
frequencies in just the opposite manner
—it happily allows more and more cur-
rent to flow as the frequency rises.

Fortunately, the reactionary behavior
of these components is just as predict-
able as is the single-mindedness of their
resistive cousin. If we study the strange
conduct of these apparently erratic citi-
zens, we not only discover the rules
which govern their odd behavior, but
also perceive that ultimately, they too,
are faithful to Ohm’s law—in their
fashion—just as are all electronic com-
ponents and circuits.

Reactionaries in the Lab. To begin
our study, let’s set up the lab experiment
shown in Fig. 1.

Here, we have an audio oscillator set
to produce an output of 60 Hz, and a
power amplifier to amplify that signal
to the 100-volt level. The power ampli-
fier drives a load consisting of a large
(25-watt) 390-ohm resistor connected
in series with an ordinary 12-volt

(0.25-amp) flashlight bulb. An AC
meter reads the output voltage from the
power amplifier.

Turning on the equipment, we set
the audio oscillator to 60 Hz, and
gradually turn up the amplifier gain
till 100 volts appears at the output.
(Note: The ordinary hi-fi amplifier
won’'t do this—you will need a public
address amplifier with a high-voltage
(70-volt, or 500-ohm) auxiliary output
if you actually want to carry out this
experiment.) At this point, the bulb will
light to its normal brightness, indicating
that the 100 volts is pushing about 0.25
ampere through the combined resistor/
light-bulb circuit. Using Ohm’s law, we

“ can easily check this:

I1=E/R
= 100 volts/ (390 ohms + 6
ohms) )
= 0.252 amperes
Note that the light bulb’s resistance,
R, is
R=E/I
= 114 volts/¥4 ampere
= 6 ohms

Please also note that it’s the 390-ohm
resistor, not the bulb, which is the chief
authority in establishing the current.
The lamp current will change very little,
whether the bulb is 6 ohms, 12 ohms,
or zero ohms.

Next, let us vary the frequency of the
audio oscillator; first, down to 30 Hz,
and then, up to 120 Hz. We notice that
the bulb stays at the same brightness,
indicating that the 390-ohm resistor is
behaving in its normal, stolid fashion—
that is, it is steadfastly ignoring fre-
quency changes, and permitting its cur-

_ rent flow to be determined solely by

Ohm’s law. Even if the frequency were

zero (which is another way of saying
DC), the bulb’s brightness would re-
main the same, if we applied 100 volts
to it.

Enter the First Reactionary. Now,
let’s go to our parts supply bin, pick up
a 1-henry inductor, and make a few
preliminary measurements on it. Using
an inductance bridge, we discover that
its real value is 1.05 henry. We next
connect it to an ordinary ohmmeter as
shown in Fig. 2, which informs us that
the inductor has a resistance of 45
ohms.

Now, let us replace the 390-ohm re-
sistor of Fig. 1 with this 1-henry in-
ductor as shown ifi Fig. 3, and predict
what will happen when we turn on the
equipment. Since the ohmmeter said
“45 ohms” we can predict that the cur-
rent will be

I=E/R
= 100 volts/45 ohms + 6 ohms
= 1.96 amperes!

With this large current—nearly 8 times
normal—the light bulb should burn out
almost instantly! However, when we
apply 100 volts of 60 Hz to the in-
ductor-plus-bulb, we are surprised to
see that the bulb lights to normal bright-
ness! This means that the inductor is
behaving like a 390-ohm resistor, and
is establishing a ¥4 -ampere flow of cur-
rent—not the nearly-2 amperes calcu-
lated from the above ohmmeter mea-
surement.

To compound the mystery, let us now
vary the frequency of the oscillator:
first, up to 120 Hz—and the bulb gets
dimmer!—and then gingerly, down, just
a little, to 50 Hz—and the bulb gets un-
comfortably brighter. Here, in the lab,

POWER

AUDIO
OSCILLATOR

AN

AMPLIFIER

39040,25W
v ATATAY
.5V
AC 0.25A
VOLTS

transformer tap.

Fig. 1. Practical laboratory setup to demonstrate Ohm's law.
Power amplifier must have a 70-volt output or a 500-ohm output

Fig. 2. Measuring the DC resistance of a
one-henry inductor (choke coil) shows it
has 45 ohms of resistance.

ELECTRONICS THEORY HANDBOOK 1978

5




B

196

%AMPERES
/'f\/, @ 60
I 00V

Fig. 3. Substituting the one-henry inductor
in place of the 390-ohm resistor of Fig. 1
lowers the opposition of the circuit to
AC, hence more current flows.
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Fig. 4. A 6.8 uF capacitor substituted in
the test circuit for the inductor. If the
capacitor acted as an open (as it would
for DC) no current would flow.

Fig. 5. Test circuit load is now
combination of inductor (1.05 henry) and
resistor (150 ohms). As the text explains,
their combined reactance is computed by
adding them at right angles!
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is the actual behavior forecast by theory
—the inductor grouchily shuts down the
current flow for high frequencies, caus-
ing the bulb to go dim at 120 Hz, but
it is willing to let low frequencies
through, thus allowing the bulb to get
brighter for 50-Hz input.

A Little Compassion for the Reac-
tionary. To understand this “reaction-

ary” behavior, we must understand how -

an inductor “feels” about an alternating
current. An inductor is, after all, an
electromagnet. If a steady direct cur-
rent flows through it, it fills the space
in its vicinity with a magnetic field. If
we attempt to cut down the inductor’s
current, it reacts, quite understandably,
by collapsing its magnetic field. But this
collapsing field moves across the induc-
tor winding in just the same way that
a dynamo or generator field moves
through the generator windings to make
an output voltage. The inductor, then,
reacts to any attempt to change its cur-
rent by acting as its own generator,
generating a new voltage of the correct
polarity fo try to keep its own current
from changing. So, in its own way, the
inductor is a solid, but conservative
citizen—a citizen who tries to maintain
the status quo.

Furthermore, the faster we try to
change its current, the harder the in-
ductor works to keep the current from
changing. Therefore, the inductor sees
a high frequency as an attempt at
rapid changes—a threat to the status
quo—so it works very hard to generate
an opposing voltage (a ‘counter-EMF’
or ‘counter-electro-motive-force’) to
keep its current from changing. This
internally-generated voltage opposes the
applied voltage more and more as the
frequency rises; hence the actual cur-
rent which flows drops lower and lower
as the frequency rises. This means that
the apparent resistance of the inductor
rises with frequency. But this apparent
resistance is not called resistance—since
it is the inductor’s reaction to the fre-
quency applied to it, it is called induc-
tive reactance.

A Resistance by Any Other Name.
But whether you call it “apparent re-
sistance” or “inductive reactance”, it is
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still measured in ohms, and can be used
as a part of the familiar Ohm’s law
formula. Where a simple resistive cir-
cuit answers to the expression

I=E/R

A similar circuit with resistor re-

placed by an inductor (coil) is describ-
ed by the formula:

I=E/X,
where X is the symbol for reactance.
But, since the amount of reactance (X)
changes according to frequency, we
must have a way to calculate its value
at the frequency we are using. The
following simple formula does that for
usjy

Inductive Reactance = 2 X 7 X

frequency X inductance or, in the fa-
miliar algebraic shorthand,

XL = 27rfL

where L is the inductance in henrys,
and the subscript L following the X
indicates we are talking about inductive
reactance. Therefore, the current in an
inductive circuit is:
1= E/XL,
=E/27fL
For Example. Let’s take the 1.05-
henry inductor and calculate its reac-
tance at 60 Hz:

X = 24fL,
=2 X 7 X 60

= 395.8 ohms.

X 1.05

which, as you can see, is very close to
the 390 ohms of the resistive circuit of
Fig. 1. This explains why the bulb lit to
about the same brightness for the in-
ductor as for the resistor.

When we cranked the audio oscilla-
tor up to 120 Hz, the inductive reac-
tance became

X = 24fL,
=2 X 7 X 120 X 1.05
= 791.7 ohms. 0
The new current becomes, ignoring, for
the moment, the 6-ohm bulb:
I1=E/X
= 100 volts/791.7 ohms,
= 0.125 ampere. )

which is about half the rated current of
the bulb, Hence, it would be dim at this

frequency. You can easily calculate
that at 50 Hz, the X becomes 329.9
ohms and the current rises to the ex-
cessive value of .303 amperes; any
further lowering of frequency could
burn out the bulb!

Reactionary No.. 2: The Capacitor.
Returning to thq/parts-supply bin, we
now take a large, oil-filled (—Don’t try
this  with an electrolytic!) capacitor,
and, measuring it on a capacitance
bridge, find that its true value is 6.8
mfd. An ohmmeter placed across the
capacitor’s terminals registers an up-
ward ‘kick’ of the needle as the ohm-
meter’s internal battery charges the
capacitor, but the ohmmeter then settles
down to indicate that, as far as ir is
concerned, the capacitor is—as it should
be—an open circuit

We now replace the 390-ohm resistor
of Fig. 1 with the 6.8 uF capacitor, as
shown in Fig. 4.

Again set the oscillator to 60 Hz, and
turn on the equipment. Since the capa-
citor is really an open circuit—according
to the ohmmeter—one might expect no
current flow at all. We are surprised,
then, when the light bulb blithely ig-
nores our oil-filled open circuit, and
proceeds to glow as serenely and con-
fidently as it did for the inductor and
resistor! When we drop the frequency
to 30 Hz, the bulb goes dim—when we
gingerly raise the frequency to 70 Hz,
the bulb gets brighter. This is just the
opposite of the inductive effect, where
the bulb got dimmer for higher fre-
quencies.

Capacitive Reactance. We are ob-
viously dealing with another type of
reactance, this time arising from the
presence of the capacitor in the cir-
cuit, and known as capacitive reactance.
Its behavior in the face of changing
frequency is exactly the opposite of that
shown by inductive reactance. A capa-
citor’s apparent resistance goes down as
frequency goes up, and goes up as
frequency goes down. This inverse re-
lationship is seen in the expression for
capacitive reactance, which is

Xe= 1
2=fC
where X is capacitive reactance, and C
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current is each other. Since inductive reactance
/4 I=E/X, is a kind of “north-bound resistance”,
/ =100 volts/ 334.4 ohms, operating at right angles to the “east-
/ = 0.299 ampere, bound resistance” of an ordinary re-
,/ while at 30 Hz the current is: sistor, we combine the two by adding at
/ E/X = 100 volts/780.2 ohms, right angles, just as the two right-angle
7 396 MILES = 0.128 ampere. distances were added in the above
/ NORTH . . . mileage problem. The effective resis-
/ So,.m et w;ya.both mdulfto,rs g tance of the 396-ohm reactance and
/ C%;]pz.lCltOI‘S are obedient to Ohm’s law. the 150-ohm resistor is therefore:
) T eir reactances—Xy and XC, respec- (150 X 150) + (396 X 398),
/ tl\te.ly—can replace the .R in the fa- 2 432.4 ohms.
/ miliar Ohm’s law expression, I = 'IE{‘ What do we call this combination? It is
JIARY Gtz obviously neither resistance nor reac-
150 MILES enabling us to calculate current flow for  tance, but a combination of both. Since
EAST ac cnr.cmts which include inductors or it represents a general way that a circuit
capacitors. . can impede the flow of electrons, it is
Fig. 6. Adding traveling distances in . _Adding Apples and Oranges. But,  called impedance, and is represented
different directions yields resultant which ,What of circuits ,thh Com{)me an by the symbol Z. The general formula
is the diagonal (the shortest distance inductor and a resistor? Or an inductor for impedance is, therefore: -
between the two points), also a right tri- and a capacitor? Can we simply add Z=+/R2 4 X2
angle. Back to the Pythagorean theorem! the two ‘ohms’ together? Do resistance Another Candidate for Ohm's Law.

is the capacity in farads, (not micre-
farads.)

Mathematically speaking, by placing
f (frequency) in the denominator (bot-
tom) of the fraction, we are saying that
as f gets larger, the answer (X ) gets
smaller, which is exactly what we ob-
served in the lab experiment above.

Just as in the inductive case, we can
plug X right into the Ohm’s law for-
mula and have a way to calculate cur-
rent or voltage for a capacitive circuit:

E

X

More Examples. As examples of how
the above formulas can be used, let’s
calculate reactances and currents of our
6.8-uF capacitor at various frequen-
cies at 60 hz, 1 )

X & 2#fC

(Note that 6.8 microfarads must be ex-
pressed as 6.8 X 10-% farads, since the
formula is always written for C in
farads. Alternately, you could write
6.8 microfarads as 0.000 006 8 farads,
but that’s a little more awkward to
handle.)

At 30 Hz, a lower frequency, the
capacmve reactance mcreases

S X 7% 30 Hz (6.8X10°%)
farads,
= 780.2 ohms
and at a hnger frequency, say 70 Hz,

the capacitive reactance becomes less:
X&IxX7xT0 Hz (68X

10—¢) farads,
=334.4 ohms.

The current, in any case, can be
found by Ohm’s law. At 70 Hz, the

and reactance add like apples and ap-
ples?

Unfortunately, this is not the case.
Consider, for example, the circuit of
Fig. 5. Here, our 1.05-Henry inductor
and a 150-ohm resistor are connected
in series across the 100-volt, 60-Hz
source. What is the current flow?

Obviously, we need an Ohm’s-law-
like expression—something like:

I = E, divided by the apparent
“resistance” of R and L, combined.

We know from- our previous work
that a 1.05-henry inductor has an X
inductive reactance of about 396 ohms.
We wish that we could simply add the
396 ohms of reactance to the 150 ohms
of resistance to get 546 ohms—but reac-
tance and resistance simply don’t add
that way. Instead, they add at right
angles! And how, you ask, does one
add at right angles?

A Journey at Right Angles. To un-
derstand how resistance and reactance
can add at right angles, consider an-
other type of problem: If I travel 150
miles due east, and then 396 miles
north, how far am I from my starting
point? See Fig. 6.

You obviously cannot get the answer
to this problem by adding 396 to 150,
because you're certainly not 546 miles
from home. But notice that the figure
is a right triangle—a shape which that
old Greek, Pythagoras, solved long ago.
He said that if you square 150, and
square 396, add the squares, and then
take the square root, you will get the
length of the longest side:

4/ (150 xX150) + (396 X 396),
179,316,
432.3 miles.

This, then, is a way of adding two
quantities that act at right angles to

-~ '
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Impedance is measured in ohms, just
as are reactance and resistance. If we
know the impedance and voltage in a
circuit, we can find the current by
plugging Z into the familiar Ohm’s
Law expression:

I1=E/Z,

=E / v R2 + XE

Using this expression we can calcu-

late the current in the example of Fig.5:

I1=E/Z,
= 10 volts/423.4 ohms,
= 0.326 ampere.

Southbound Capacitors. The knowl-
edge that inductive reactance adds at
right angles to resistance leads immedi-
ately to the question, “What about ca-
pacitive reactance? Does it also act as
a ‘northbound’ resistance?”

As you might except, two circuit
elements as different as inductance and
capacitance could never agree on the
‘direction’ of their reactances. If induc-
tive reactance is ‘northbound’, the ca-
pacitor obstinately declares that its reac-
tance is ‘southbound’, acting in direct
opposition to the inductive direction, as
shown in Figs. 7 and 8.

However, this makes no difference in
the equation for impedance, which is
still given by i

Z=+RE+ X3
where X is, in this case, X, capacitive
reactance.

As an example, let’s calculate the
impedance of the circuit of Fig 9.

Z=\/RE+ X%
=1/ (150)2 4+ (200)2
62,500 = 250 ohms
As a further calculation, let us de-

termine the current which will flow if
50 volts is applied to the terminals at
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the circuit in Fig. 10:
I=E/Z,
= 50/250
= 0.2 ampere.

All Together, Now. The final ques-
tion is this: If a circuit includes resis-
tance, inductance and capacitance, all
at once, what is its total impedance?

An example of such a series circuit
is shown in Fig. 10.

Here, 100 volts at 70 Hz is applied
across a series circuit of 150 ohms re-
sistance, 1.05 henry inductance (X =
462 ohms), and 6.8 uF capacitance
(X =334 ohms).

As a first step in determining the
total impedance, we can draw the ‘direc-
tions’ of the resistance and the two
reactances, as shown in Fig. 11.

The first thing that strikes us about
this figure is that the figure is that the
effect of the ‘northbound’ (inductive)
462 ohms is partially cancélled by the
‘southbound’ (capacitive) 334 ohms.
The net reactance of this circuit is:

X=X-X,

=462 ohms —334 ohms,
= 128 ohms.

This combining of X and X by
simple subtraction reduces the problem
to a simpler one, resembling a problem
we've already solved. This is graphi-
cally shown in Fig. 12.

Applying the formula for impedance

Z=\XZTR?,
=/ (128)2 + (150)2,
= 197.2 ohms. *

The current flow is:
I=E7/Z
= 100 volts/197.2 ohms,
= 0.51 ampere.

North vs. South. In the above prob-
lem, we saw that the ‘northbound’ in-
ductive reactance (462 ohms) was very
nearly cancelled by the ‘southbound’
capacitive reactance (334 ohms). It’s
pretty obvious that by changing some
values, or by changing the frequency,
we could make X exactly equal to X,
and they would cancel each other com-
pletely, leaving the- circuit with no net
reactance whatsoever—just 150 ohms of
simple resistance. This condition, where
XL = Xc exactly, is called resonance.
When a capacitance and inductance are
in series there will be one frequency
for which their net reactance will be
zero. A parallel capacitance and induc-
tance present a high impedance to a
current. By using these circuits you can
make filters that will pass or block cer-
tain frequencies. But that’s another
story altogether. ]
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Circuits which include capacitance and inductance as well as resistance are only
slightly more complicated than circuits with just pure resistance. Once the AC
frequency is known the reactance of inductors and capacitors is figured, added
(subtracted) and inserted into the formula for impedance (see text).

6.8uf Fig. 7. The reactance of
(334Q) the capacitor at this fre-
l;_ quency (70 Hz) is 334 |

POWER
AMP

ohms. This may be com- |
bined with the pure resis-
tance, 150 ohms, by using
the formula discussed in
the text of this article.

1508

150 N
Fig. 8. This drawing shows how the two (EAST)
reactances are added, as also shown in 3
Fig. 6 and, described in the text. &%
\
N a0
) SOUTH
Fig. 9. Schematic showing reactance of A
capacitor. The two reactances add \\
according to the formula, to yield a \
combined reactance (at the particular \\IF

frequency used) of 250 ohms.

LR AN | L
I
FROM R=150 X¢=2000 Fig. 10. Combining capacitive
reactance and inductive re-
AMP actance is also handled. Re-
actance of each at 70 Hz is
=t computed, they are added to-

Fig. 11. The relative “di-
rections” of capacitive
and inductive reactances
along with that of the
pure resistance. Z (the di-
agonal) is the resultant of
the 150-ohms resistance
plus the difference be-
tween the two reactances.

()
4620 334Q
(X0 ™ [™Mixe)
)7
Z
//
S ad—
1500

gether, and the difference is
put into the formula with the
pure resistance value.

-
I50Q 1.05 Hy
X[ = 6.8uf

462q XC = 3344

—
100 VOLTS
70Hz

(e,

Fig. 12. Combining the reactances leaves
a difference of 128 ohms and provides a
directional diagram similar to that of Fig.
6. Such directional drawings are called
“vector”’ diagrams.

12840
(4620-334 Q)
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- The Cause and Cures of 1VI

R o 3

[[] Remember the time when radio
interference  consisted solely  of
“static”
trical storms? And how the invention of
near-magical FM radio. appeared to
have solved all interference problems
for good? During those halcyon days,
few if any visionaries were around who
could foresee the complex interference
problems that would accompany the
fantastic proliferation of such diverse
communications systems as television,
CB radio, AM/FM broadcasting, ham
radio, radiotelephone and satellite com-
munications, to mention only a few.

FCC Book. Interference problems re-
lating to television usage have become
especially bothersome. So much so, in
fact, that the Federal Communications
Commission has issued a special book-
let to aid John Q. Public in his frantic
efforts to identify and resolve the
peskier kinds of interference problems.
You can purchase the booklet, titled
How to Identify and Resolve Radio-TV
Interference Problems by sending $1.50
to the Consumer Information Center,
Department 051F, Pueblo, Colorado
81009.. It contains much the same in-
formation we have abstracted for this
article, plus an appendix listing the
names and addresses of companies that
can provide additional guidance if you
have especially sticky TVI problems.
Use the following information first, and
send your buck fifty to “Uncle Charlie”
if you need additional assistance.

Most interference problems can be
traced to one of four basic conditions:
(1) characteristics of your TV or radio
receiver, its antenna systems design and
manner of installation, (2) environ-
mental features including obstructing
terrain features and the presence of a
nearby radio transmitter, (3) charac-

caused . by wandering elec- -

teristics of Citizens Band (CB) radio
or other transmitters operating in your
area, (4) practices of radio transmitter
operators, especially the illegal use of
overpowerful transmitters and/or asso-
ciated accessory amplifiers.

Remedial action involves first the
identification of the cause of interfer-
ence, next the application of “Home
Remedies” that anyone can 'try, and
thirdly resort to more involved proce-
dures that imay require the assistance
of a professional radio-TV repairman if
your expertise in electronics is too lim-
ited. Primary emphasis is on the cor-
rection of television interference.

TV! ldentification begins with com-
parison of your TV image with the
photographs in this article. Note that
very similar interference patterns can
be caused by wholly different factors.

For example, parallel dark lines
across the screen, sometimes accom-
panied by high pitch tones, may result
from misadjustment of the horizontal
control. So first check the horizontal
control knob at the rear of the TV set.
Or the horizontal hold problem may be

caused by a bad tube or other defec-
tive component in the internal hori-
zontal control circuitry of the set.

‘Radio transmitter interference (from
CB, Amateur, Police or other trans-
mitters) produces similar patterns, but
only on VHF channels. You may also
notice that the interference pattern
changes or moves as the operator of the
radio transmitter talks; this can be an
important clue to differentiating radio
interference from horizontal hold prob-
lems.

Electrical interference and poor TV
signal problems can also be confused.
Dancing bright spots on the TV screen
usually indicate the presence of nearby
spark-producing equipment, including
such common items as hair dryers, elec-
tric shavers, mixers, blenders, power
saws and vehicle ignition systems. You
may hear a sizzling or buzzing sound
along with the sound of the TV pro-
gram.

If the picture looks washed out, and
the sound is not affected (usually) the
problem may be caused by a weak TV
signal rather than by electrical inter-

A " Coaxial Cable

b( o

Twin Lead Cable

Terminals on
back of
TV or Radio

 SE—"

2 0

Two types of antenna cable and their connectors—Coaxial cable at the top and
300-ohm twin lead at the bottom. Be sure that all connections are tight.

FCC District Offices
Alaska, Anchorage

Area Code 907 265-5201
California, Los Angeles
Area Code 213 426-4451
California, San Diego
Area Code 714 293-5460
California, San Francisco
Area Code 415 556-7700
Colorado, Denver

Area Code 303 837-4054
District of Columbia
Area Code 202 632-8834
Florida, Miami

Area Code 305 530-5541

Florida, Tampa

Area Code 813 228-2872
Georgia, Atlanta

Area Code 404 881-3084
Georgia, Savannah

Area Code 912 232-4321
Hawaii, Honolulu

Area Code 808 546-5640
Nllinois, Chicago

Area Code 312 353-0195
Louisiana, New Orleans
Area Code 504 589-2094
Maryland, Baltimore
Area Code 301 962-2728

Massachusetts, Boston
Area Code 617 223-6609
Michigan, Detroit

Area Code 313 226-6078
Minnesota, St. Paul
Area Code 612 725-7810
Missouri, Kansas City
Area Code 816 374-6155

New York, Buffalo

Area Code 716 842-3216
New York, New York
Area Code 212 620-3437

Oregon, Portland
Area Code 503 221-3098

Pennsylvania, Philadelphia

Area Code 215 597-4411

Puerto Rico, San Juan
Area Code 809 753-4567
Texas, Beaumont

Area Code 713 838-0271
Texas, Dallas

Area Code 214 749-1719
Texas, Houston

Area Code 713 226-5624
Virginia, Norfolk

Area Code 804 461-6472
Washington, Seattle
Area Code 206 442-7653
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ference. The TV receiver may be too
far from the TV transmitter, large
buildings or hills may be blocking the
TV signal, or your antenna may be de-
fective, improperly oriented, or may
have broken or disconnected lead-in
wires. Corrective methods include in-
stallation of a more powerful antenna,
putting it on a higher mast, using a
directional antenna, addition of a signal
amplifier, or simply repairing the lead-
in wire.

Herringbone patterns on the screen
can be caused by FM interference or by
a fine tuning problem. If the pattern
changes with the sound of the TV pro-
gram, you probably have a tuning prob-
lem; so start by readjusting the fine
tuning control.

FM interference caused by a nearby
FM broadcast station normally affects
only TV channel 6, although one ad-
ditional channel in the channel 2 to 13
range may also be affected. Sometimes
both the picture and sound are affected,
and the interference pattern may
change with the sound of the FM
broadcast station program, but not with
the sound of your TV program.

Ghosting and co-channel interference
problems are also look-alikes to the
uninitiated, but easily differentiated by
informed TV watchers. Co-channel in-
terference occurs when your set dis-
plays two different TV signals simul-
taneously. You thus have two different
programs superimposed. This type of
interference can be caused by atmos-
pheric disturbances, about which you
can do nothing except wait for them to
clear; fortunately such problems are
usually very temporary. If the problem
persists, look for a solution by switch-
ing to use of a highly directional an-
tenna.

Ghosting is readily recognized be-
cause the same TV program is super-
imposed on itself. This problem can be
caused by reflection of the TV signal by
such things as large buildings, or by use
of defective TV antenna or lead-in
wire. Try rotating your TV antenna to
a new position, and/or install shielded
lead-in wire. If these measures fail, con-
sider replacing the antenna.

Home Remedies. Home remedies for
TVI involve corrective procedures that
any home handyman should be able to
do for himself, even if he has limited
knowledge about TV troubleshooting.

If you have diagnosed your problem
as one caused by radio transmitter in-
terference, begin by installing a high-
pass filter. Purchase a filter that matches
the type of antenna lead-in wire in use.
A round coaxial cable requires a filter
having 75 ohms impedance while a flat
twin-lead wire calls for a filter of 300
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Keep this
section as
short as
possible

p* High Pass
be Filter

TV Set

51T

ety

A high-pass filter helps eliminate radio transmitter interference. Connect the filter
to the set with a short length of cable of the same type as used for the lead-in.

Connect antenna lead-in to input filter.

Connect to
cold-water pipe
(ground)

A ground wire may be advantageous.

ohms impedance. Install the filter as
near the TV set antenna terminals as
possible. Disconnect the antenna wire
from the TV set terminals and attach to
the input terminals of the filter. In a
twin-lead (flat cable) system, connect a
short (1" to 2”) jumper wire to the TV
set terminals and to the filter output.
For a coaxial system, buy a ready-to-
use jumper cable having the proper
fittings.

If your system already has an an-
tenna amplifier, you should install a
filter ahead of the amplifier and a sec-
ond filter at the TV receiver input ter-
minals. If the amplier is close to the
receiver, install a filter only before the
amplifier.

A booster amplifier may be mounted
near the back of the TV set, or may
be out-of-doors, on the TV antenna
mast. Somewhere in your antenna sys-
tem there also may be a distribution
amplifier that sends signals to two or

more TV sets. In such case add a high
pass filter before the distribution ampli-
fier as well as before any booster am-
plifiers that may be used.

Add a ground wire from the filters
to a cold water pipe or ground rod if
the instructions that come with the fil-
ters so specify. Use bell wire that is
readily available from any hardware
store. If the filters do not entirely solve
the radio transmission problem, have a
TV repairman install another high-pass
filter inside the TV set, at the tuner.

Auto Interference. Vehicle ignition
system interference, caused by autos,
lawn mowers, snowmobiles and other
gasoline operated engines, is recognized
by the “dancing dots” in the TV pic-
ture and by the “popping” noises that
speed up as the offending engine is ac-
celerated. If your own engine is the
troublemaker, install a commercially-
available kit to the vehicle to reduce
ignition noise. If the engines are owned

/2‘/%/

ngh Pass Filter

Booster amplifier
mounted on mast

High Pass
Filter
High Pass Filter
- = . .
I\ |s|r|buhon
TV Booster amplmer TV
Amplifier
To other
TV sets

Several high-pass filters may be needed to eliminate strong radio transmitter inter-
ference. Put one on line ahead of each TV set and one ahead of any booster or
distribution amplifiers that you may be using in your TV antenna system.
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by other pcople, the best solution may
be to relocate the antenna (moving it
away from or higher up from the
source of noise) and by installing a
shielded lead-in antenna wire.
Electrical Interference. Interference
from electrical devices calls for locating
the specific deyice causing the problem.
If you have a portable, battery-operated
radio, use it as a detection instrument.
Move from room to room and note
where the radio interference ceases. If
a portable radio is not available, or if
your radio is not affected by whatever
is causing TV interference, remove one
fuse at a time from your fuse box, or
punch circuit breakers off, until you
find the house wiring circuit to which
the offending appliance is connected.
This helps zero in on the troublemaker.
If you are unable to find the cause of
interference in your own home, seek the
cooperation of your neighbors to track

down a possible source of interference
in one of their homes. If this fails, ask
your power company to check the
power lines in your area.

Electrical modifications to the inter-
fering appliances should be attempted
only by qualified personnel. It may be
best to simply “live with” tools (electric
drills and saws, for example) that cause
only short duration interference. Refer
to the check list of typical interference-
causing devices to speed your search
for an offending appliance.

FM Interference. FM interference
calls for the installation of an inexpen-
sive FM band rejection filter of the
appropriate type as determincd by the
nature of the antenna lead-in cable (75-
ohm coaxial or 300-ohm twin lead
cable). Follow installation directions
that come with the filter and that are
virtually identical to directions concern-
ing the installation of high-pass filters
already discussed.

Incidentally, if you have a cable TV
system you can install an FM band re-
jection filter or high-pass filter at the
antenna terminals of your TV sct. How-
ever, do not attempt any modifications
to the cable system if the problem per-
sists; contact the cable company repair
service for assistance.

More Complex Cures. When home
remedies fail you have no choice but
to take more elaborate steps which may
require the assistance of a professional
TV repairman. If a high-pass filter does
not solve a radio transmitter interfer-
ence problem, proceed as follows.

First contact the operator of the
radio. transmitter that is identified as
the source of interference and scek his
cooperation to determine if the trans-

mitter is operating properly. Is the
transmitter properly grounded by means
of a good radio frequency (RF)
ground? (A single piece of wire to a
ground rod may be an open circuit to
RF.) Are harmonics and/or spurious
emissions present? Is the transmitter
cabinet radiating energy? Connecting
the chassis to good earth ground with
large diameter wire or copper strap
should eliminate radiation of energy

1uh choke /\

2-20pf ceramic trimmer

Interference on channel 2, from har-
monics produced by some CB sets, can
often be eliminated by this: filter across
the set’'s antenna terminals.

| —— ——
e

NORMAL PICTURE HORIZONTAL CONTROL PROBLEM
When your TV set is picking up interference from CB, Amateur, Public Service or
other radio transmitters it will normally affect only VHF channels. The center photo
is interference, but if your screen looks like the one on the right, adjust the
horizontal hold or call a qualified service representative.

NORMAL PICTURE

ELECTRICAL INTERFERENCE
Household tools, appliances and auto ignition systems can cause this type of
pattern on a TV screen, often accompanied by a hissing or buzzing sound. Don't
mistakeé this for a weak signal. If your set looks like the one on the right you
might try a better antenna or a signal booster. Check all connectors.

NORMAL PICTURE
Co-channel interference is interference by another TV channel on the same fre-
quency. Two different pictures are on the screen. A directional antenna that points
at the desired station is the cure here. Ghosting, on the other hand, is receiving
the same signal at two different times and getting a double image.

CO-CHANNEL INTERFERENCE GHOSTING

FM INTERFERENCE

FINE TUNING PROBLEM
A nearby FM broadcast staton can often cause the kind of picture shown here,
particularly on channel 6. Tune in the suspected station and see if the picture
wiggles along with the FM station’s audio. The right-hand photo is of a fine tuning
problem—here the picture will wiggle along with the TV’s audio signal.

NORMAL PICTURE
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from the cabinet. Next install a low-
pass filter on the transmitter antenna
circuit. If a change occurs in the TV
interference pattern, it's an indication
of harmonics and/or spurious emis-
s'ons from, the transmitter. If no change
« ccurs, look for trouble in your TV re-
ception system.

Begin your check of the TV recep-
tion system by conducting a visual in-
spection of the TV antenna, lead-in
wire, and lightning arrestors. Repair or
replace badly corroded components,
clean and tighten loose connections.

Line amplifiers are highly susceptible
to radio frequency (RF) energy. Re-
move any antenna line amplifier from
the circuit. If the interference disap-
pears, reconnect the amplifier but pro-
tect it by (1) grounding, (2) enclosing
it in a ‘metallic rf-proof housing and
groynding the housing, or (3) installing
a high-pass filter at the input to the
amplifier. If one filter improves the con-
dition, ‘but does not eliminate all inter-
ference, install a second filter in series
with the first.

To check the TV receiver system,
add- an AC power line RF filter to de-
termine if the RF from the transmitter
is entering the TV set through the
power cord. Buy the RF filter ready-
made, or make your own according to
the schematic shown in this article. If
this filter has no effect, and the antenna
is disconnected, the set itself is obvi-
ously responding to RF energy. Cau-
tion! Very dangerous voltages exist in-
side a TV set, that could cause electro-
cution even when the set is off. The
most likely internal circuit to be af-

fected by RF energy is the tuner. Dis- -

connect the antenna input lead inside
the set where it is attached to the tuner;
if the interference is eliminated, install
a high-pass filter at the tuner. If the
interference persists after addition of
the filter, each stage of the TV set will
have to be checked for RF sensitivity.

Second Harmonics. CB second-har-
monic interference to channel 2 may
exist even when the transmitter meets
FCC specifications for harmonic radia-
tion. In such case, a tuned filter placed
across the antenna terminals of the TV
set should help. The filter may be an
inductor and capacitor in series, and
tuned for minimum interference.

A second method of coping with CB
intereference is to place an open cir-
cuit, quarter-wave, tuned stub across the
antenna terminals. Make the stub from
the same kind of wire as is used at the
antenna input terminals. The initial stub
length should be 37 inches for RG-59/

» U coax cable, and 48 inches for 300-
ohm twin lead. One end of the cable is
attached to the antenna terminals, along
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AC Power Wiring Filtering
110 VAC

.001 I .00

~
Add two .001 mid
1Kv disc ceramics
as shown

Usually
Adequate Approach

_| I__ Add two .001 mid

®\ 1Kv disc ceramics
' .001 l as shown
Add two 50mH
RF Chokes
001 as shown

10 AC Transformer

To prevent a power line from feeding
unwanted RF into a TV, insert either
of these filters into the power line, or

use a commercially made filter.

with the regular antenna cable. A T-
connector is required with coaxial cable
(see diagram). The other end of the
stub cable remains unconnected, but is
gradually cut shorter, in ¥8-in. to Y4-in.
increments, until the TV interference is
eliminated.

If the harmonics fall on other TV
channels (for example, 5, 6, or 9) the
length of the stub may be shortened
according to the following formula in
which V is the velocity factor of the
line (for 300-ohm twin lead V=0.82;

From
Antenna

(open circuit)

From Antenna

TV Set
Coaxial .
Cable

’

Terminal

T Connector

Coaxial
Stub

CB interference can be minimized by add-
ing a stub trap to the terminals. Note the
“T” connector used with coax cable.
The text explains how to determine L.

. .
ower Cord JuEEEESsnnnEnny
-

Black-Hot Switch
White-Neutral = ﬁc pm

Green-Ground

1 F
-
LoanEm

lflllfr
L]

m
BEmi Case of Devicelmill

C=.001 mfd.. disc ceramic

Electrical interference caused by tools
and other appliances may require modi-
fication of the device rather than the
TV set. Spark damping capacitors must
be put inside the appliance.

for RG-59/U, V=0.66) and f is the
frequency in megahertz:
Length in inches =
2952V
f

Amateur radio interference to chan-
nel 2 can be caused by the 6 meter
band (50-54 MHz) because this fre-
quency range is adjacent to channel 2
(54-60 MHz). Addition of an open
circuit, quarter-wave, tuned stub at the
TV antenna terminals should be effec-
tive. If the antenna lead-in wire is RG-
59/U coax cable, make the stub 42
inches long. If 300-ohm twin lead is
used, the length should be 53 inches.
Again, clip off Ys-in. to Y4-in. incre-
ments from the free end of the stub
until interference is eliminated. If this
procedure reduces, but does not wholly
eliminate, the interference, add a sec-
ond stub to the input terminals of the
tuner. The theoretical final length of
the stub can be calculated using the
equation given in the preceding section
dealing with CB interference.

Electrical interference problems may
call for modifications in the circuitry of
the offending appliances. However, you
should check local electrical codes to
determine if the device’ may be modi-
filed, and whether a licensed electrician
must modify the device.

Caution! All bypassing of devices

T

.001 mfd., disc ceramic

Replace worn or pitted breaker points
on troublesome controls. Add a small
value disc capacitor across the switch.
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C =.001 mfd; disc ceramic

White-Neutral

Light

Dimmer switches can be particularly
troublesome. Use disc capacitors to by-
pass the switches and across AC.

with capacitors should be done with
extreme care to be sure that the AC
line is not shorted. Dangerous voltages
exist, and can cause electrocution if
mishandled! Also, avoid any power wir-
ing which can cause the full AC line
voltage to appear on the case of the
device, and use a tester to be sure that
the case of the appliance is properly
grounded after making any alterations.

Electric drills and saws are best left
alone unless interference from them is
of long duration. Arcing between the
brushes and commutator is controlled
by bypassing each side of the line to
ground with a capacitor, as well as by-
passing each side to the other (see
drawing). Also bypass the switch. All
such bypassing should be made inside
the case of the tool.

Electric blankets, fish tank heaters,
and other thermostatically controlled
appliances that have worn or pitted
contacts can cause interference. Elimi-
nate the problem by bypassing the con-
tacts with a 0.001 mfd capacitor or by
replacing the worn or pitted contacts.
Defective devices such as doorbell trans-
formers should be replaced. Dimmer
switches that utilize SCR or triac can
produce tremendous intereference that
is very hard to eliminate because of the
approximate square wave output that is
produced by the switching at the SCR
or triac. However, capacitor-bypassing,
as shown, may be helpful. When by-

Amplifier this ‘‘loop’’ may act
like an antenna
at some frequency
Right

Record Player

Amplifier

Earth Ground

The correct way to ground several audio
components is to feed ground wires to
a common point which is then con-
nected to earth ground by one wire.
Avoid ground loops that can act like
antennas to pick up interference.

passing AC circuits, use ceramic capa-
citors.

The elimination of FM interference
may require the use of several proced-
ures, so leave any modifications in place
when you proceed to the next step. First
see if an FM band rejection filter has
been installed on the TV set antenna
terminals, and add one as described in

300 Line

Cerarﬁic trimmer
1.5-28pF

tioned on the cable

Shorted

An FM interference trap can be added to a TV antenna cable, tuned, then reposi-
to provide minimum

interference. See text for

details.
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the “Home Remedies” section if it is
missing. Next try a tuned stub trap
which is constructed as shown in the
diagram. Place the trap on and parallel
to the lead-in and tune for minimum
interference; then slide the trap long
the line to further reduce interference.
Finally, tape the trap to the lead-in
where it is found most effective.

An open circuit, quarter-wave type
stub may also be used. Make it from
the same type of cable used for the
antenna lead-in. The initial length of
the stub should be 24" for RG-59/U
coaxial cable and 29" for 300-ohm twin-
lead wire. If “F” type tee connectors
are not available for the coax cable, use
a BNC type connector. If connecting
the stub to the antenna terminals is not
completely effective, add a second stub
of the same length directly to the input
terminals of the tuner, inside the TV
set.

Audio Interference. Audio Interfer-
ence to such devices as tape recorders,
record players, electronic organs, tele-
phones and hi-fi amplifiers is caused
when the equipment responds to trans-,
missions of a radio transmitter. Usually,
the transmitter is nearby—but not al-
ways. For example, the author, in
southern Connecticut, once received
clear broadcasts from a Canadian radio
station with a tape recorder that was
completely disconnected from all other
audio equipment. Audio interference
(also called audio rectification) may
also affect the sound portion of TV and
AM/FM radio. ‘

This type of interference is recog-
nized two ways: (1) you hear the voice
transmissions of the radio transmitter
and/or (2) the volume level of the
audio device you are using may de-
crease.

The correction of audio interference
usually requires internal modification of
the affected equipment, but there aree
steps you can take before calling in a
professional repairman. For audio de-
vices other than a telephone, replace
unshielded wire between the amplifier
and speakers with shielded wire. Next
ground the affected equipment to a
metallic cold water pipe or ground rod
using bell wire. DO NOT under any
circumstances ground “AC-DC” type
devices. If the equipment has no clearly
marked grounding terminal, consult a
qualified serviceman before adding a
ground connection.

If these treatments don’t bring about
a cure you will have to resort to some
of the internal modifications described
in the FCC booklet mentioned at the
beginning of this article.

Local Television Interference (TVI)
Committees are available to assist in the.
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resolving of interference problems. Con-
tact the nearest FCC district office or
either of the two following organiza-

tions for information about the TVI
committee in your area: International
CB Radio Operators Association

(CBA), P.O. Box 1020, Roanoke, VA
24005; of the American Radio Relay
League, Newington, CT 06111. u

Line-of Si

{1 The TV, FM, or Action Band DXer
is constantly concerned with the line-
of-sight (LOS) limitations imposed by
the curvature of the earth and the
combined antenna heights of the re-
ceiver and transmitter.

The figures presented here represent
only the actual line-of-sight distances.
This is because we can generally ignore
refraction effects in this discussion. It’s
possible to do this because the wave-
lengths we encounter are very short
when compared to the size of the earth.
Also, the angle of incidence with the
horizon is practically zero. There will
be some diffraction due to man-made
obstacles and terrain variations. This
usually works in favor of increasing
propagation distance, but typically ac-
count for less than a 10% increase in
overall range. The antenna heights cal-
culated here will guarantee reception of
a clean signal which is caught “on the
ﬂy.”

Since the triangle within the figure

ht Antenna Theory

shown is a right triangle, the relation-
ship cos 6 = r/(r+h) must be true. The
radius of the earth (20,873,998 ft.) is
r and the antenna height is h. Each
degree measured along the surface of
the earth is 69 statute miles therefore,
the line-of-sight along the surface of
the earth (as opposed to through the
air) is given by 69 x arc cos 4. This
information is presented in both tabular
and graphic form.

This information can be used to de-
termine what stations are within range
of your antenna, or how high your
antenna should be to receive a particu-
lar station. You will need to know an-
tenna heights and geographical features
in your area. Antenna information can
be found in Spot Radio Guide which
can be found in the business and
commerce section of larger libraries, or
by contacting the station involved. The
best way to determine geographical fea-

tures is to look them up on a topo-
graphical map either from an atlas at
the library, or from some other source
such as an Aeronautical Sectional
Chart. The Sectional Chart sells for
about $2.00, and can give you both
antenna heights and topographical in-
formation if you know the location of
the antenna. If you cannot obtain this
information, you can make an edu-
cated guess as to the antenna height
(800-1000 ft. for TV, 500 ft. for larger
FM stations and 150 ft. for firehouse
or police station antennas).

How to Work The Tables. Case I; (sta-
tion and receiver at same elevation):

How high must an antenna in eastern
New Mexico be to clearly receive a
west Texas TV station (antenna 1200
ft.) which is 50 miles to the east.

LOS due to receiver = Distance—LOS
due to transmitter; = 50 m.—42.39
(from table); = 7.61 mi '

LOS (AIR)

LOS
(SURFACE)

EARTH'S
SURFACE

CENTER OF
L—""THE EARTH

This figure illustrates the geometry on
which the charts and diagrams are based.
Note that r is measured from the center of
the earth and H is the height of the antenna.

IN
MILES

LINE -OF-SIGHT

OBSTACLES

TRANSMITTING
ANTENNA

There are four possible ways obstacles may
be positioned between a receiving and a
transmitting antenna. Note that A and C are
below line-of-sight between the antennas.

RECEIVING
ANTENNA

Line-Of-Sight Tables
Antenna LOS Antenna LOS
(ht./ft.) (mi.) (ht./ft.) (mi.)
10 3.87 1200 42.39
20 5.47 1300 44.12
30 6.70 1400 45.79
40 7.74 1500 47.40
50 8.65 1600 48.95
60 9.48 1700 , 50.46
70 10.24 1800 51.92
80 10.94 1900 53.34
90 11.61 2000 54.72
100 12.24 3000 67.03
110 12.83 4000 77.40
120 13.41 5000 86.54
130 13.95 6000 94.80
140 14.48 7000 102.39
150 14.99 8000 109.46
200 17.31 9000 116.11
300 21.20 10000 122.39
400 24.47 11000 128.36
500 27.36 12000 134.07
600 29.98 12500 136.84
700 32.38 15000 149.83
800 34.61 20000 172.99
900 36.71 30000 211.83
1000 38.70 35000 228.77
1100 40.59

The table and charts show the mathematical

relationship of an antenna to a flat-surfaced
earth. Obstructions and depressions are not
accounted for in these charts, nor is any
refraction, although this would be insignifi-

cant at most radio frequencies.

LO0S

40

30

100 200 300 400 500 600 700 800 900
LoS ANTENNA HEIGHT IN FEET
IN
MILES
140
120
100
80
60
40

20

1 2 3456 7 8 910 it 1213
ANTENNA HEIGHT IN THOUSANDS
OF FEET
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Going back into the tables, we see.that

t

he required antenna height is between

30 and 40 ft. tall. We can pick off
about 38 ft. from the graph.

Case II; (station and receiver at dif-

ferent elevations):

How high must an antenna in San
Bernadino, California (elev 1000 ft.)

be to receive an FM station near Los
Angeles, California (combined antenna
and mountain = 4000 ft.) which is 75

miles away?
Since the antenna has a 3000 ft

height advantage over the receiver, we
will enter the charts at 3000 ft.

LOS due to receiver = Distance —

LOS due to transmitter

LOS due to transmitter = 75 mi —67.03
= 7.97 mi

Again, from the graph, we see that
the antenna should be about 43 ft. tall.
If the receiver has the elevation ad-
vantage over the transmitter, subtract
this advantage from the antenna’s re-
quired height.

Special Problems. Difficulties involv-

ing “looking over” an obstacle between
you and the transmitter may not always
be practically overcome, but the calcu-
lations for this problem are as follows.

If the obstacle is within the LOS
of the transmitter, compare the height
of the antenna to the height of the
obstacle as follows:

Height of Height of

transmitter obstacle
LOS of Distance to

transmitter obstacle

If the right hand side is greater than
the left hand side, the obstacle is below
‘the line-of-sight of the transmitter, and
it is no factor.

If the left hand side is greater than
the right hand side, the receiver anten-
na’s required height must be increased
by the following factor:

If the obstacle is beyond the LOS of
the transmitter, calculate the required
height of a hypothetical antenna lo-

cated at the obstacle. If this hypothetical

Extra ht =
Distance
(Transmitter to Receiver)
' Distance

(Transmitter to Obstacle)
X Ht of Obstacle

antenna is heigher than the obstacle,
then the obstacle is completely below
the line-of-sight between the transmit-
ter and receiver, and can be ignored.

If the obstacle is higher than the
hypothetical antenna, subtract the height
of the hypothetical antenna from the
obstacle (since this portion of the ob-
stacle is not a factor) and proceed
using the previous formula.

The DX'er must still depend on
Tropospheric bending or E-skip for
those now and again catches,® but
knowledge of how to use these tables
will help to improve his day to day
reception. ]

\obile MO Cures CB llis

] Vehicular electrical systems have

long been
sources

major
inter-

recognized as

of radio frequency

ference (RFI). In recent years, the use
of citizen band radios has undergone
dynamic growth and is still expanding
at a phenomenal rate. The vast number
of CB radios, coupled with their low

transmitting powers,

their extremely

high receiver sensitivities, and their
proximity to interference sources, all
combine to create a widespread and
very severe RFI suppression problem.

Vehicles manufactured in the United

States are suppressed at the factory to
provide satisfactory reception on their
installed AM and FM receivers, and to
conform with suppression standards for
external broadcast receivers. But for a
CB radio additional and much more
efficient suppression is required; even
for CB radios that contain built-in noise
limiters or noise blankers.

'Fundamentals. The noise (RFI) you

hear in your CB receiver is produced

in

two ways. Radiated interference

comes from sources that act as minia-
ture broadcasting stations and broad-
cast their interference. Most radiated
noise originates in the engine compart-

ment.

Conducted interference, unlike

radiated interference, is not transmitted
through the air but rather travels along
the wiring of the vehicle.

Three approaches may be used to sup-
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press CB radio frequency interference.
Limit the interference by turning the
squelch up on your CB set. However,
by “squelching out,” you limit your
range to only the stronger signals
and “tune-out” all weaker signals.
You can reduce the strength of the in-
terference at its source. Finally, you can
try to confine the interference to its
source.

0.005 mfd. 1,000
VOLT CERAMIC

DISC CAPACITOR SOLDER

DISTRIBUTION

BATTERY

TERMINAL
COAXIAL TO
CAPACITOR IGNITION
SWITCH

Those annoying popping sounds, which
can be traced to the ignition system, can
be readily cured. Install a coaxial capacitor
at the coil’s battery terminal and a .005-uF,
1,000 VDC, disc capacitor to distributor.

Preliminary Procedures. Before at-
tempting to identify a particular source
of noise, it is best to suppress some
minor sources of noise and thus make
it easier to identify the major sources.
Make sure the antenna, transceiver, bat-
tery and hood are properly grounded.
Then check to see that all connections
are clean and tight. Be certain all sup-
pression devices installed by your ve-
hicle’s manufacturer are still in place
and are in good condition. Broken com-
ponents will not help to suppress radio
interference, but can even make it
worse.

If your engine has not been tuned
recently, have it done. Include new
spark plugs, breaker points, and con-
denser. In order to guarantee optimum
radio performance, your engine must
be in top operating condition.

You might consider having resistor
spark plugs, resistor suppression igni-
tion cable, and ignition suppression re-
sistors installed if they are not already.
All of these devices serve to check igni-
tion noise and thereby reduce interfer- -
ence.

Connect your CB radio directly to the
battery if not already done. Tapping
into the accessory-ignition switch or an-
other of your vehicle’s electrical sys-
tems can cause interference.

After completing the preliminary pro-
cedures, you will probably find that the
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noise in your CB receiver has been
somewhat reduced but not eliminated.
A step-by-step search will be necessary
to locate and identify the remaining
sources of interference, since this inter-
ference may be due to a single source
or a combination of effects. Every type
of noise that you hear on your receiver
will give you a clue to the culprit’s
identity by a characteristic sound.
Alternator and Generator? Most mod-
ern vehicles employ an alternator that
generates alternating current, while
older cars are equipped with a direct
current generator to keep the battery
charged. Both will produce a high
pitched whine or whistle which varies
with engine speed. It will be louder
immediately after starting your engine
or after turning on your headlights.
The whine will not stop instantly when
the ignition is shut off at a fast idle, but
will rather decrease gradually.
Ignition System? The interference
caused by the ignition system is pro-
duced by the distributor (at the points)
and by the spark plugs, each time a
plug fires. This interference makes a

popping sound in the CB receiver that
increases with engine speed. The noise
will stop instantly when the ignition is
shut off at a fast idle.

Starting with 1975 models, all do-
mestic and most import cars feature
electronic ignitions as standard equip-
ment. Electronic ignitions tend to pro-
duce more ignition noise because the
major components of the system are
generally widely seperated, causing the
wiring for the ignition system to be
interconnected with the other engine
compartment wiring.

Voltage Regulator? The voltage regu-
lator causes a rasping sound that occurs
at an irregular rate. This irregular rate
is because of changes in the generated
voltage; caused by things such as an
increase in engine speed or turning on
the air conditioner. The rasping sound
will usually be heard in conjunction
with the alternator and generator whine.
The interference produced by the volt-
age regulator will not stop instantly

“when the ignition is shut off at a fast

idle.

Voltage Limiter? The interference

produced by the voltage limiter is a loud
erratic scraping sound that occurs when
the ignition is switched to “start” but
the engine remains off. It is caused by
the movement of fuel and temperature
gauges and will lessen after the gauges
settle down.

Electrical Accessories? Electrical ac-
cessories such as electric windshield
wipers, heater and air conditioner blow-
ers, electric window openers, and turn
signals can cause interference to CB
reception, most often in the form of
various-pitched whines. To determine
the offending accessory, turn each ac-
cessory on one at a time and listen for
increased interference.

Instruments and Gauges? Instruments
and gauges tend to produce hissing,
cracking, or clicking sounds at irregular
intervals. The noise they produce usu-
allyworsens on rough roads. To iden-
tify this source of interference; park the
car and leave the engine running, hit
the dash to simulate road conditions,
and listen for a sudden change in hiss-
ing, cracking, or clicking.

Wheels? A:less common source of CB

The Disease

The Symptom

The Cure

Alternator or Generator
High Whine or Whistle

Pitch of the whining or whistle

is louder after starting vehicle
and decreases gradually after the
ignition is finally shut off.

1. Install a coaxial capacitor or a commercial noise filter.
varies with engine speed. The noise 2. Check the alternator for dirty slip rings or for worn brushes.
3. Check generator for worn commutator or worn brushes.

Erratic Scraping

ignition system Popping increases with engine 1. Get a major tuneup; replace worn plugs, points and condensor.
Popping sound speed, but the noise stops at once 2. Resistance ignition cable should be installed (or may have been
after the engine is switched off. factory-installed) from the distributor to plugs and ignition coil.
3. See that ignition coil and bracket are making a good connection.
4. Make certain that your CB antenna is properly, electrically grounded.
5. Install a noise filter (coax capacitor) near coil battery terminal.
6. Install a .005-uF, 1000 VDC, ceramic disc capacitor to distributor,
Voltage regulator Heard in conjunction with the 1. Install coaxial capacitors at the terminals of the regulator.
Irregular Rasping alternator or generator noise. The
rasping will not stop instantly
when the ignition is switched off.
Voltage limiter This noise occurs when the ignition 1. Install a coaxial or pigtail capacitor at the terminal. (or)

is switched to start, but the 2. Install a hask choke in series with the battery terminal of limiter.
engine is still left off.

Electrical Accessories
Various Whinings

Operate each of the vehicle's

b—

. Install coaxial capacitors or commercial filters at terminals.
accessories one at a time. As you 2. Avoid putting your CB on the same circuit as vehicle's accessories.
do this, listen for a whining sound.

Instruments/Gauges
Hissing, Clicking

Park the vehicle and, with engine 1. Install a coaxial capacitor in series with each accessory.
running, bang the dash and fisten
for any occurrence of noise/static.

\

Wheels
Irregular Popping

On a dry day, coast at highway

b—

. Install static-collector rings against the tip of front axle.
speed with engine off. Apply brakes 2. Check the vehicle springs for wear and repack the wheel bearings.
very lightly. Popping should stop.

Tires®
Regular Popping

Use same coasting test as for
wheels The popping will continue
even if you apply brakes as before.

1. Inject anti-static powder through the valves of each tire.
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CAPACITOR

VOLTAGE

TO
BATTERY

An erratic scraping noise may point to
your vehicle’s noise limiter. Try installing
a hash filter in series with the limiter and
battery; also install either a pigtail or

a coaxial capacitor at the terminal.

radio interference is the front wheel
axle. As the wheels rotate, a static
charge is built up between the axle and
the wheel bearing. This produces an
irregular popping and rushing noise
in the CB receiver. It occurs most often
in dry weather at high vehicle speeds.

To identify this source of interfer-
ence, accelerate to highway speed, then
coast in neutral with your engine off.
Apply the brakes gently. If the popping
and rushing noise disappears you have
wheel static.

Tires? In the case of tires, a static
charge, similar to the noise generated
by the wheels, can be generated by the
inner tube and tire. This static produces
a more regular popping noise in the CB
receiver.

Once you have identified and located
the interference, there are many meth-
ods to help remedy the problem.

Alternator and Generator! The high
pitched whine or whistle caused by the
alternator can be eliminated by simply
installing a noise filter or coaxial capa-
citor at the alternator output terminal.
Care should be taken to make sure the
filter or capacitor is rated to handle the
maximum alternator output, and that
the device is connected to the output
terminal, and not the alternator field
terminal. Cleaning the alternator slip
rings and replacing worn brushes also
helps to reduce alternator interference.

As is the case for the alternator, the
high pitched whine or whistle caused
by the generator can also be limited by
installing a coaxial capacitor or noise
filter. The generator will already have
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a factory installed capacitor attached to
the armature terminal. If this capacitor
is not already a coaxial capacitor, it
should be replaced by one. The capaci-
tor or filter is installed by connecting it
to the generator output or armature
terminal. Once again care should be
taken to insure that the capacitor or
filter can handle the maximum genera-
tor current, and the devices are con-
nected to the output terminal and not
the generator field terminal. In addi-
ion, check the generator for worn
brushes and commutator.

Ignition System! While most late
model vehicles are factory equipped
with resistance ignition cables and a
minimum of radio noise suppressors,
this usually will only reduce interference
sufficiently for satisfactory auto radio
reception. To further reduce the amount
of interference and thereby increase the
operating range of your CB, you should
get a major tune-up and replace worn
spark plugs, points, and condensor.
Then make sure resistance ignition
cable is installed from the plugs to the
distributor and from the distributor to
the ignition coil. (This is very im-
portant if your vehicle is an older
model). Also make sure the ignition
coil and its mounting bracket are mak-
ing a good connection with the engine
block and install an ignition type filter
or coaxial capacitor as close to the
coil battery terminal as possible. Make
sure the antenna is properly grounded.
Try mounting a 0.005 mfd. 1,000 volt
ceramic disc capacitor at the coil dis-
tributor terminal.

To supplement these steps in limiting
ignition noise, you might consider the
use of one or more of the following:
resistor spark plugs; ignition noise sup-
pressors; and ignition system shielding
kits.

Voltage Regulator/Limiter! The rasp-
ing sound caused by the voltage regu-
lator can be reduced by connecting a

FIELD
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OUTPUT WIRE

COAXIAL
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ARMATURE
TERMINAL

ARMATURE

WIRE
A generator’s high whine can often be
silenced by installing a coaxial capacitor
at the armature terminal of the generator.

OUTPUT
WIRE

FIELD WIRE
COAXIAL
CAPACITOR

QUTPUT
TERMINAL
An alternator can often be stopped from
whining by the installation of a coaxial
capacitor at the alternator’s output wire.
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coaxial capacitor or noise filter as close
as possible to the “armature” and bat-
tery” terminals. Some voltage regula-
tors, particularly in late model vehicles,
are solid state and thus have no con-
tacts. Others have single or double con-
tacts. In the case of a single contact,
attach a coaxial capacitor or noise filter
to the “ignition” terminal. For a double,
contact, a second capacitor or filter
should be attached to the “battery” ter-
minal. Make sure the capacitor or filter
is rated to handle the maximum gen-
erator or alternator current.

The radio interference from the volt-
age limiter, in the form of a scraping
sound, can be suppressed by connecting
a capacitor at the “battery” terminal
of the voltage limiter, or by attaching
a radio-type pigtail capacitor directly
across from the voltage limiter termi-
nals. If the interference still persists
after taking these measures, install a
hash choke (a small wire coil) in series
with the voltage limiter battrey terminal.

Accessories, Instruments! Once the
accessory that is causing the interfer-
ence is identified, its interference can
be silenced by installing capacitors or
noise filters at the accessory’s terminals.
The size of the capacitor or filter will
be ditcated by the accessory’s maximum
output. However, out of all the elec-
trical accessories, it is really only worth
suppressing the noise from the wipers
and blowers since they get continuous
use when turned on.

A similar source of interference can
be attributed to the audible and visible
safety and warning devices that have
been installed in late model vehicles.
Interference from these sources can be
controlled by isolating the primary
power circuits to your CB equipment,
and avoiding circuit sharing with the
buzzer and flasher systems.

The best approach to suppressing the
cracking, hissing, and clicking interfer-




ence produced by offending instruments
and gauges is to connect a 0.5 mfd.
coaxial capacitor in series with each
gauge terminal. '

Wheels and Tires! Wheel static, which
produces an irregular popping and rush:
ing noise, can be cured by using a pair
of static-collector rings. To install these
devices, simply remove each front hub-
cap and each axle dust-cover. Then,
press the small end of the static-collec-
tor ring against the tip of the axle and
replace the dustcover and hub-cap.

Additional measures to reduce the
interference caused by the wheels in-

' clude having your vehicle’s springs

checked for wear and having the wheel
bearings repacked.

Eliminating the popping noises gen-
erated by the inner tube and tire is
accomplished by injecting anti-static
powder into each of the inner tubes
through the tube valves. Kits for this
contain the special tool and packets of
powder necessary.

Last, Not Least! One final noise sup-
pression measure warrants mentioning,
and that is bonding. Bonding is a pro-
cedure whereby the interference gen-
erated by the ignition and charging sys-
tems are kept-from traveling throughout
the vehicle by assuring a common

ground. This is accomplished by con-
necting the metal parts of your vehicle
together (usually by means of a braid-
ed ground strap) to form a shield.

All of the following are strategic
bonding locations: Corners of the en-
gine to the frame, air cleaner to the
engine block, coil and distributor to
the engine and firewall, exhaust pipe
to the engine and frame, tail pipe to
the frame, both bumpers to the frame,
both sides of the trunk lid, both sides
of the hood, battery ground to the
frame, steering column and gauge and
other lines where they pass through the
firewall. ]

Twio-

[ Chances are, you've been hearing
all sorts of predictions about the future
of personal communications. But, right
now, there is already a personal radio
service that offers even more conven-
ience than a telephone! The service is
VHF amateur radio, and we’ll center
this discussion on the two-meter ama-
teur band. You can carry a portable
two-meter rig with you anywhere and,
unlike operations on the citizens band,
your efforts won’t be cramped by over-
whelming interference or sunspot pre-
dictions. The two-meter amateur band
covers 144 to 148MHz, well into the
VHF range and above most interefrence
problems.

To operate a two-meter transceiver in
the United States, you’ll need a Techni-
cian class or higher amateur radio li-
cense. Earning an amateur radio license
is a good deal more difficult than ob-
taining a CB license, but it's well worth
the extra time and effort. For a Techni-
cian class license, you'll need to pass a
five word per minute Morse code test
and a written exam covering laws,
operating procedures and electronics
theory. Unlike some CB operating prac-
tices; call sign identification and other
-legalities are taken quite seriously in
the amateur radio service. Most hams
pride themselves on good operating
procedures and respect for regulations.

The American Radio Relay League
can supply you with information about
publications designed to help you earn
a ham license. You can write to the
ARRL at 225 Main Street, Newington,
CT 06111, or look for their publications
at local book stores or ham radio stores.

Before the current popularity of FM
communications, ‘the two-meter band
was populated by a relatively few num-
ber of stations, operating with AM
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mode equipment. As surplus commer-
cial FM equipment designed for the
high business band (148-174 MHz) be-
came available, enterprising hams con-
verted these transceivers to operate on
the two-meter band. Before long, two-
meter FM activity was starting to
spread. Surplus equipment was often
large and quite hard to convert to multi-
channel operation, so the introduction
of moderately priced commercial solid-
state two-meter transceivers soon fol-
lowed.

Two-Meter FM lives! Two-meter FM

activity is buzzing 24 hours a day, all
across the U.S. For many reasons, two-
meters is probably the most convenient
amateur band to operate, and it’s ideally
suited to local communications. A Y-
wave antenna is only 17 long; a -
wave antenna is only 40" long. Trans-
ceivers are efficient and compact as
most are about the size of a mobile CB
transceiver, but have power outputs of
from two to twenty-five watts.

FM communication is very quiet. If
you've noticed how much quieter an
FM broadcast radio is than an AM
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radio, you have a feel for how much
quieter it is in the two-meter FM band
than on CB. There are no heterodynes
and amplitude modulated noise, such as
static and ignition crackling, is greatly
reduced. Most two-meter FM trans-
ceivers have neither a noise limiter or
blanker!

Repeaters boost range. Another out-
growth of the similarity between two-
meter FM operation and business band
radio is repeater operation (termed
duplex). The repeater may be thought
of as a sort of satellite station located
at a high point. The repeater’s sensitive
receiver picks up a transmitted signal
and retransmits it through a transmitter
(usually at least 100 watts) having an
antenna atop a high building, tower or
hill and, in this way, increases the re-
liable range of low-power stations. Even
with a low-power hand-held transceiver,
reliable range through the repeater may
be fifty to sixty miles. Without the re-
peater (simplex operation), reliable
range of a hand-held may be only two
or three miles.

When working through a repeater, a
two-meter transceiver must transmit and
receive on different frequencies, for
when a repeater is receiving on one
frequency, it is transmitting the received
signal on a secondfrequency (usually
600 kHz higher). Most repeaters oper-
ate on somewhat standardized repeater
frequencies, called “common pairs.”
Examples of these are 146.34 (repeater
input) /146.94 (repeater  output),
146.16/146.76, and 146.28/146.88.
You'll commonly hear these pairs called
34/94, 16/76 and 28/88. Repeater
directories that detail what repeater fre-
quencies are used in each region are
available from many ham radio stores.

Most repeaters are owned and main-
tained by local amateur radio clubs.
Club dues pay the expenses of the re-
peater, but you don’t have to be a
member of a club to operate a repeater,
though some clubs do frown on the
practice.

Sometimes, in an effort to deter non-
members from operating, but mostly to
reduce occasional interference from dis-
tant stations using other repeater, a club
will design their repeater to “turn-on”

only when a proper encoding signal is
received. These are called “closed re-
peaters.” Unlike the more common
“carrier access” or ‘“open repeater’
which turns on when any carrier is
received, closed repeaters will retrans-
mit your signal only if it contains the
proper audio encoding signal. The en-
coding signal is usually a continuous
sub-audible tone (commonly called
“PL” or “private line”) or a short
audible tone burst at the beginning of
each transmission. PL is most common.
Accessory units are available to add
these encoding features to most trans-
ceivers. Once installed, the encoder
must be tuned to the PL or burst fre-
quency used by your local repeater.
This frequency can be learned by con-
sulting a repeater directory or your
local club.

A Portable Telephone. As a service
to their members, some clubs offer a
repeater feature known as autopatch.
Autopatch allows you to patch into a
phone line (rented by the club) and use
your rig to make short, local phone
calls. By punching up the correct num-
bers on a touch-tone pad, you can gain
access to the patch. From there, you
need only punch up the phone number
you're calling. In most all cases, auto-
patch is a service for members only.
The access codes are changed frequent-
ly to maintain the member only opera-
tion. A few, very few, clubs do have
open autopatch. In such repeaters, key-
ing the * and # opens the patch.

Many transceivers are now available
with optional factory installed tone
pads, and similar tone pads are avail-
able as add-on accessories. Several com-
panies have packaged their tone pad in
a microphone case for easy installation

Equipment Available. Two meter FM
transceivers range in price from about
$150 to close to $1000. Most are either
portable units with built-in batteries or
mobile style units (which require an
optional power supply for home use).

The lowest priced transceivers are
crystal controlled, most requiring two
crystals per channel (one receive and
one transmit). Except for portable units
using a small number of channels, crys-
tal-controlled transceivers may actually

be no bargain. Synthesized transceivers
which do not require optional crystals
generally start at about $300. The pur-
chase of twenty-two sets of crystals for
a lower cost transceiver may cost over
$190. Add this to the cost of the basic
transceiver and it's easy to see that the
cost of a synthesized rig has been met

or exceeded.
From about $350 to $500 you’ll find

a wide selection of synthesized trans-
ceivers. Many offer full-band (144-148
MHz) coverage, though the vast ma-
jority of FM operation takes place be-
tween 146 and 148 MHz.

The Wilson WE-800 is the only port-
able synthesized rig now on the market.
At $399, this transceiver combines all
of the advantages of a mobile style
synthesized unit with the size and con-
venience of a portable. The twelve-watt
position of the WE-800 is useful when
external power is available, while the
one-watt position allows a full day of
operation on external batteries.

The Midland 13-510 is another syn-
thesized transceiver with full-band
coverage. This mobile-style rig features
a one-watt position for local repeater
operation and a twenty-five watt posi-
tion for simplex operation. The 13-510
also provides another popular feature,
plus or minus 600 kHz transmit offset.
Though most repeaters have their input
frequencies 600 kHz below their output,
the situation is sometimes reversed.

Two of the crystal-controlled portable
transceivers available, the Drake TR-
33C and the Heathkit (hand held) HW-
2021, use only one crystal per channel.
These units offer selectable transmitter
offset or simplex operation, with the
need to purchase only one crystal per
channel.

Our brief sampling of transceivers is
just that. Many more are available. For
more information on equipment, con-
tact the companies listed.

Once you have your Ham radio li-

~ cense a whole new world of fun and

excitement will open up to you. Like
many others, you will probably find
two-meter operation to be one of the
most enjoyable forms of communica-
tion. Hope to be secing you soon—on
your local repeater! n

Amcomm, 730 West McNab Road, Fort
Lauderdale, Florida 33309

Clegg Communications Corp., 208 Cen-
terville Rd., Lancaster, PA 17603

Genave, 4141 Kingman Drive, Indianapo-
lis, Indiana 46226

fcom West, Suite 3, 13256 Northrup
Way, Bellevue, WA 98005

Manufacturers of Two-Meter
Transceivers and Accessories

Midiand international, Box 1903, Kansas
City, Missouri 64141 )

Regency Electronics Inc., 7707 Records
St., Indianapolis, IN 46226

R. L. Drake & Co., 540 Richard St.,
Miamisburg, Ohio 45342

Standard Communications, PO Box
92151, Los Angeles, CA 90009

Wilson Electronics, 4288 S. Polaris, Las
Vegas, Nevada 89103
Yaesu Electronics Corp., 15954 Downey
- Ave., Paramount, CA 90723

Antenna Manufacturers

Antenna Specialists, 12435 Euclid Ave-
nue, Cleveland, OH 95037
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Inside Your Power Suppiy

[] The catalog of a leading electron-
ics supplier contained this glowing de-
scription: A superhet shortwave receiver
covering the standard broadcast band
through 20 Meters. Its cabinet was lux-
urious walnut, its audio output push-
pull into a high-quality speaker. The set
boasted low current drain and the latest
circuitry. The price?—a mere $49.75.

The catalog was Allied Radio’s and
the date was 1932, The radio was a
console meant for the living room, and
it no doubt pulled in the A&P Gypsies
with reasonable fidelity. The thing is, it
required batteries for power.

Here’s the battery complement for
the handsome, but hungry, Knight 8
vintage receiver: three 45-volt “B” bat-
teries for tube plates; one 2-volt “A™
cell for lighting filaments; one 22.5-volt
“C” battery for biasing tube grids. This
mountain of Evereadys cost $9.00, a
rather steep tab even in the good old
days. And they could have pooped out
right in the middle of a Herbert Hoover
speech.

Super Supplies. That danger is gone,
thanks to power supplies. Now a re-
ceiver takes raw electricity from the
utility company and converts it to fila-
ment, plate, or bias voltages. It does the
same for transistorized circuits. Or it
perhaps participates in the growing
trend to 3-way operation, where you use
the same device at-home, in a car, or
carry it as a portable. The supply not
only powers the equipment in the home,
it also recharges the portable batteries.
Cost is low because AC power is priced
about 3¢ per kilowatt hour—which
means you can operate a plugged-in
table radio for about 100 hours on a
penny.

Though power supplies operate cir-
cuits of vastly different voltage and cur-
rent requirements, the basic principles
are the same. In most instances a supply
accepts house current—usually 117 volts
AC alternating at 60 Hz (cycles)—and
performs the following steps.

® Transforming Voltage. The power
company provides 117 volts for home
outlets, but it's hardly the value that
many electronic devices demand. The
plates of receiving tubes require about
100 to 250 volts for operation, while
transmitting tubes may need a “B+"
several hundred volts higher. Transis-
tors, on the other hand, usually function
at less than 30 volts. So the first task of
the supply is to transform voltage to the
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desired value. In many CB sets, for ex- .
ample, there’s plate-voltage requirement
of 250 and filament-voltage requirement
of 12.6 VAC. The power transformer
delivers these levels.

® Changing AC to DC. Furnishing
correct voltage is not enough. Those
voltages must often be DC—and the
power company provides alternating
current. So the second function of a
supply is to rectify, or convert AC to
DC. If a rectifier malfunctions in your
radio you’ll soon learn its function. The
symptom is annoying hum in the speak-
er (caused by 60-Hz alternations in the
audio). In a TV set, suffering rectifiers
can put a thick, dark, “hum” bar across
the screen.

® Filtering. Though rectifiers change
AC to DC the product is far from suit-
able because it contains objectionable
ripple. This will be attacked by the fil-
ter, which smooths the pulsations to
pure DC.

The final step of the supply depends
on the designer. He can add a bleeder,
choose a regulator, or insert a divider
at the output. We’ll look at these extras,
but first consider how the supply’s basic
parts operate.

The Transformer. In Fig. 1| is a typi-
cal power transformer that’s been pro-
duced by the millions with only slight
variations. As we’ll see, the transformer
acts to create a voltage change between
its primary and various secondary wind-
ings. The trick’s based on the turns-
ratio between the various windings. If
turns in the secondary number twice
those of the primary, then output volt-
age doubles; if turns in the secondary
are a fraction of those in the primary,

then a stepdown in voltage occurs.

Thus, in Fig. 1, the rectifier filament,
which operates at 5 volts, has few turns
compared to the primary; the high-volt-
age winding at 500 volts, however, has
about five times as many turns as the
primary. The colors showrr for the wind-
ings, incidentally, are standard and ob-
served by many transformer manufac-
turers.

The centertap connection of a wind-
ing splits the voltage in half, In our
example, the high-voltage secondary is
capable of 500 volts across the full
winding (red to red), but only 250 volts
between the centertap (red/yellow) and
either end. The most important job for
a centertap occurs in a full-wave supply,
as we'll see in a moment. Note that a
protective fuse and a power switch are
located in one primary lead of the
transformer.

Rectification. The two filament volt-
ages from our transformer (5.0 for the
rectifier and 6.3 for other tubes)
will need no further processing. AC can
be applied directly for filament heating
(or for lighting pilot lamps on the front
panel). High voltage, however, must be
converted to DC before powering tube
plates or transister collectors and drains.

A circuit for changing AC and DC
is a half-wave rectifier, shown in Fig. 2.
It’s based on a diode’s ability to conduct
current in only one direction. The recti-
fier cathode boils off electrons (nega-
tive) which are attracted to the plate
when the plate is driven positive by in-
coming AC.

When the next half-cycle of the AC
appears, the plate is driven negative, so
electrons are repelled at this time. The

SECONDARIES
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Fig. 1. Schematic of typical
HIGH power transformer, showing
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N7 vaC of windings.
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net result is shown in the output: a series
of positive voltage pulses appearing at
the load. (The dotted line shows where
the negative side occurred.)

In practical circuits the half-wave
rectifier is usually reserved for light-
duty power supplies. It’s inefficient be-
cause it fails to make use of AC voltage
half the time (during the negative
pulses). Secondly, those wide spaces be-
tween pulses are difficult to filter be-
cause of low ripple frequency. In a half-
wave rectifier, the pulsations occur at
60 Hz, the same frequency as the ap-
plied line voltage. But don’t underrate
the half-wave supply because it’s been
used in just about every 4- or S-tube
table radio now playing. After all, its
power requirements are low and the
circuit is inexpensive to manufacture.

Full-Wave Supplies. Transmitters
and higher-power equipment overcome
the half-wave’s shortcomings with’ the
full-wave system. It’s nothing more than
a pair of diodes that are driven alter-
nately so they consume every bit of AC
input voltage. The key to full-wave
operation is the centertap on the trans-
former’s secondary winding. As applied
AC appears across the complete wind-
ing, it makes the top end negative (as
shown in Fig. 3) and the bottom end
positive.

The centertap at this time establishes
the zero voltage point because it's at the
common, or grounded, side of the eir-
cuit. During the time the lower diode
(No. 2) has a positive plate, it does the
conducting. Next, the applied AC volt-
age reverses and makes the top diode
plate (No. 1) positive so this tube now
conducts.

This load-sharing combination of two
diodes and a centertapped power trans-
fomer not only improves efficiency, but
doubles the ripple frequency. An input
of 60 Hz emerges as 120 Hz in a full-
wave arrangement because every half-
cycle appears in the output. This re-
duces the pulsating effect (cycles are
closer together) and the DC becomes
easier to filter.

If you purchase a transformer, watch
out for one pitfall. It may be rated, say,
250 volts CT” and appear to be suit-
able for a rig with a 250-volt plate sup-
ply. In a full-wave supply, however, the
transformer voltage output would be
only 125, since a centertap reduces the
voltage of a winding by one half. This
can be avoided by specifying a trans-
former that has 250 volts each side of
centertap or, stated another way, “500
volts CT.”

Solid-State Rectifiers. Tube rectifiers
are still widely found in electronic
equipment, but they're destined for the
Smithsonian  Institution.  Solid-state
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equivalents are superior because they
don't need filaments or heaters to ac-
complish the same rectifying action.
They’re several hundred times smaller
and much cooler in operation. Instead
of a huge 5U4 vacuum-tube rectifier in
your TV set you're now more apt to
find a pair of tiny silicon diodes.

Circuits using these semiconductors,
though, are similar to those of vacuum
tubes. As shown in Fig. 4, diodes can
be used in equivalent half- and full-
wave arrangements.

Unlike tubes, though, solid-state
diodes rectify AC and DC by a semi-
conductor effect at the diode junction
(a region between the anode and cath-
ode). The action, in simplified fashion,
occurs when “current carriers” in the
material flow toward and away from
the junction under the influence of ap-
plied AC. When few carriers appear at
the junction, little current gets through
the diode; conversely, when many car-
riers are in the area, they reduce the
junction’s opposition to current flow.
Depending on the way the diode is con-
nected in the circuit, it can recover
either the positive or negative half of
the AC.

Bridge Rectifiers. Another common
arrangement is the full-wave bridge
(Fig. 5). Though it uses four diodes, it
offsets this disadvantage by an ability to
produce the same output as a regular
full-wave supply without a centertapped

transformer. It accomplishes the feat by
operating one pair of diodes during each
half cycle. And as one diode pulls cur-
rent out of the load, its partner pushes
current into it.

The net effect is a total voltage across
the load which is about equal to the ap-
plied AC. We've shown how it occurs
for diodes 1 and 2 in the diagram (Fig.
5) but a comparable action occurs in
the other diodes when the AC switches
polarity.

Filtering. The next major section of
the supply is the filter, which smooths
out the ripple. Its two major compon-
ents are often a capacitor and a choke
which eliminate pulsations by dumping
a small amount’ of current from the
peak of each ripple into the ‘“valleys”
between them. The result, as shown in
Fig. 6, is pure DC fit for a tube or
transistor.

In operation, pulsating DC arrives at
the filter choke, a coil of wire wound on
a soft iron core. As the name implies,
the choke attempts to oppose any
change in current flow. The rippling
part of the wave, therefore, encounters
high reactance in the choke and fails to
get through. This is aided by the filter
capacitor which is charged by ripple
voltage.

As the ripple falls (between pulses),
the capacitor discharges part of its
stored current into the *“valley.” Thus
the combined effect of choke and ca-

ANODE~ _-CATHODE

" +
+
DIODE b
AC
(A) HALF WAVE (B)FULL WAVE

Fig. 4. Solid-state selenium or
germanium diodes in similar
half- and full-wave rectifier
circuits are better than tubes
since they don’t need filaments
or heaters for rectifying action.
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pacitor results in smooth DC which can
have ripple as low as a few percent of
the total voltage.

You won't find the choke in some
power supplies because it’s an expensive
item. Many designers eliminate it (es-
pecially in mass-produced equipment)
by using a resistor instead, as shown in
Fig. 7. The resistor does the job of
filtering, but with one penalty: it reduces
the amount of available voltage at the
output. Yet, the loss can be tolerated
in many circuits and filter resistors are
common.

Another use for resistors in a supply
is to serve as a bleeder, also shown in
Fig. 7. In this function, it protects parts
in the supply from possible damage diie
to sudden voltage surges when the sup-
ply is first turned on. Also, a bleeder
helps stabilize voltage output when the
load changes (as in a keyed ham trans-
mitter) by always drawing some small
degree of load current. Bleeders, too,
are found in dangerous high-voltage cir-
cuits where they bleed-off the stored
charge of filter capacitors that could
deliver a lethal shock to a repairman
(even after the equipment has been
turned off.)

Note that a tap can be added to the
bleeder to provide a second output volt-
age from the supply. Now the bleeder
becomes a voltage divider. As such, it
can supply the designer with multiple
output voltages for operating various
devices in a circuit. )

Voltage Regulation. A ham who’s
received a “pink ticket” from the FCC
for chirpy signals, a color TV that’s
gone fuzzy, a shortwave receiver that
won’t stay on frequency—all may suffer.
from a problem in voltage regulation.
Line-voltage fluctuations or other elec-
trical swings can cause poor, unstable

operation. So the engineers have come
up with methods for “stiffening” a
power supply.

If, say, line voltage changes from
105 to 130, they design the circuit to
operate at 100 volts. Whatever voltage
arrives over the line is reduced to 100,
and the surplus is dumped (usually in
the form of heat). To perform this
task, the regulator establishes a refer-
ence point, then regulates around it.

A common example is the zener di-
ode found in the power supply of many
CB transceivers. Since these rigs can
operate from a car’s battery or genera-
tor, supply voltage can swing from 11
to 15 volts. This could happen if you're
standing for a traffic light, then pull
away, causing a shift between car bat-
tery and generator. If the CB set is on
at this time, receiver tuning could be
thrown off because of large changes in
local oscillator voltage.

A zener diode can compensate for the
shift, as shown in Fig. 8. At first glance
it appears as an ordinary diode con-
nected backward. Since the cathode
(upper) terminal is connected to the
positive side of the supply, there’s a
“reverse bias” condition. A zener diode,
however, *“breaks down” (or *“avalanch-
es”) whenever its rated (zener) voltage
is exceeded. In our example, the zener
is a 9.1-volt unit, so the diode conducts
current as the supply voltage shifts from
11 to 15 VDC.

Yet we see 9.1 volts indicated at the
output. Secret of the zener’s abilitv to
hold at 9.1 is that it detours part of the
supply current as the voltage increases.
Since a resistor is in series with that
current flow, a voltage drop (as shown}
appears across the resistor. Thus, any
increase in supply voltage is dissipated
across the resistor and effectively sub-

FILTER
RESISTOR

T—w. —o 250VDC
(84)

BLEEDER L

I Fﬁmsron &—o 00vDC

D —
VOLTAGE
DIVIDER

Fig. 7. Choke can be replaced by filter
resistor. Also shown is bleeder resistor
that serves both as output regulator as
well as voltage divider.
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Fig. 8. For more efficient regulation than
produced by bleeder resistor, zener
diode shunted across DC output will
hold voltage to specified limit.

charge of capacitor eliminates
ripple and fills in valleys for
smooth DC.

T - "
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Fig. 6. Curves depicts how +
reactance of choke and dis- o

SMOOTH DC

FILLED IN OUTPUT ——~ =

CAPACITOR %
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tracted from the output. This automatic
and continuous action occurs for any
voltage above 9.1—the zener’s nominal
rating—so the output is said to be
regulated..

Fusing Power Supplies. You can
protect your power supply by install-
ing a fuse or circuit breaker on the pri-
mary or secondary side of the trans-
former. A fused primary gives good
overall protection but does not have
the sensitivity needed for some circuits.
By installing a fuse between the trans-
former’s secondary center tap and
ground you can improve fusing sensi-
tivity. In solid state circuits the value
of the fuse is all-important due to the
low voltages involved, but since fuses
do not react fast enough to save a
transistor or IC chip you might have
to resort to semiconductor protection
such as using a zener diode.

More and Merrier. This barely
brushes the subject of power supplies,
since the variations are nearly endless.
More than 20,000 volts for the picture
tube of a color TV are derived from a
special “flyback™ transformer. It cap-

tures voltage from rapidly moving mag-.

netic fields in the set’s horizontal scan-
ning section. An oscilloscope power
supply contains strings of adjustable
voltage dividers to move the pattern of
light on the screen in any direction.
There are also high-current supplies
with massive rectifiers for battery
charging and super-smooth lab supplies
for circuit design. But behind most of
them are the simple principles which
transform, rectify, filter, and regulate a
voltage so it can do the job at hand. m
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The Uses of Negative Air lons

[] Do negative air ions exist? Are
they beneficial or harmful to hu-
man beings and other living or-
ganisms? Are most of us suffering less
than perfect health because we are de-
prived of adequate amounts of negative
air ions? Is it desirable to install negative
air ion generators in homes, offices and
even in our automobiles? About the
only generalization you can safely make
concerning these and other questions
relating to negative air ions is that it is
very difficult to be positive about nega-
‘tive ions.

For decades, most scientists appear to
have dismissed negative air ions as ¢he
stuff of which medical myths are cre-
ated. Back in the early 1960s, the Food
and Drug Administration confiscated
hundreds of commercial negative ion
generators that were being sold as near-
magical cure-alls for countless human
ailments including asthma, hay fever,
allergies, lung cancer, high blood pres-
sure, impaired sexual activity and even
suicidal tendencies. To this very day
the FDA prohibits generator marketers
from making health or therapeutic
claims for their equipment. For this
reason, all negative air ion generators,
including those described in this article,
are sold purely for “experimental” uses.

Biological Effects. On the other hand,
there are scientists who claim that there
is sufficient experimental evidence con-
cerning the biological effects of air ions
on both plants and animals to justify
further research in this aréa. Later in
this article we shall discuss some of this
research and indicate where you can
obtain additional information. But first
let’s find out what air ions are and how
they are generated in nature.

Atmospheric electrical effects are cre-
ated several different ways. There's a
“dynamo” effect wherein air moves
across the magnetic field of the earth
to create an electric field. This is more
important in relation to lower regions
of the ionosphere than with respect to
air near the earth’s surface where other
generating effects are more prominent.
In the lower atmosphere, electrical gen-
eration and the separation of positive
and negative charges depend on the
relative motion of air and other particu-
late matter in the air, including dust,
smoke, snow, ice and water. There's
also a ‘“turbulence generator” factor
such as the vertical movement of air
masses caused by heating of the earth’s
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surface by the sun. This turbulence can
aid significantly in the separation of
electrical charges.

Storms can be powerful charge-sepa-
rating phenomena, as a lightning bolt
adequately demonstrates. But even a
gentle rainstorm can produce electrical
effects, and it’'s known that when large
water drops in a waterfall break up in
air, the resulting droplets become posi-
tively charged while the surrounding air
becomes negatively charged. It has even
been suggested that the feelings of ela-
tion and well-being that people seem to
experience near waterfalls may in part
be due to the biologic effects of in-
creased negative ion concentrations in
the air. Of course, proving such a
presumed cause-and-effect relationship
would be extremely difficult.

lI Winds. So-called “ill winds” that
appear to have strong, adverse effects
on people occur in many parts of the
world. For example, in the Middle East
a meteorological phenomenon known as
the sharav is blamed for widespread ill
effects including irritation syndromes
such as migraine, nausea, vomiting, am-
blyopia, irritability, hyperperistalsis,
edema, and inflammation of the respi-
ratory tract. It's claimed that the af-
fected people become ill from 12 to 36

hours before there are detectable
changes in wind speed, temperature, hu-
midity or solar radiation; the only
change appears to be a measurable in-
crease in the ratio of positive to nega-
tive ions in the air. Some consider this
as evidence that an overabundance of
positive air ions can have adverse ef-
fects on plants and animals. Sharav-like
atmospheric conditions occur in many
parts of the world, but have different
name. There’s the foehn of Switzerland,
Germany and Austria; the Argentine
zonda; and the chinook of our own
Rocky Mountain states.

Some investigators of air ion phe-
nomena are firmly convinced that man’s
activities do much to alter positive and
negative ion ratios in the wrong direc-
tion because negative ions are constantly
being destroyed by air pollutants in our
homes, offices, factories and especially
in closed, air-conditioned cars. How-
ever, it is one thing to speculate about
possible adverse effects on people, and
quite another to prove that people are
suffering the effects of negative air ion
depletion.

Displaced Electrons. As already
noted, air ions can be produced in na-
ture by the shearing action of water
droplets, the flow of air masses over

The old wives’ tales about “ill winds” may not be so far from the truth. Observations
tend to indicate that psychological depression may be effected by the presence of positive
jons that frequently accompany some wind storms. Some say this is fact—some fiction.
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land and by air turbulence; but ions are
also produced by radioactivity and cos-
mic rays and any other form of energy
that can knock electrons off air mole-
cules. When an electron is displaced,
the molecule of course becomes posi-
tively charged. The freed electron is
normally captured quickly by another
air molecule which thus becomes nega-
tively charged. Water molecules in the
air then tend to aggregate around the
charged ions—usually from one to eight
water molecules per charged gas mole-
cule—to produce variations in ionic
compositions. However, the unit charge
is said to be, uniformly, about 1.6 x
10-1% coulombs with a mobility of up to
two centimeters per second, per volt,

per centimeter.
Negative air ions can be generated

experimentally in a number of ways.
One means is through high-voltage (but
low current!) electric arcs. A Van Je
Graaff generator could fill the bill.

Two different Van de Graaf genera-
tors are currently available from Ed-
mund Scientific Company (for more.
information circle number 69 on the
reader’s service coupon or write di-
rectly to Edmund Scientific at 91 Eds-
corp Building, Barrington, NJ 08007).
The deluxe unit runs at 200,000-volts
and is priced at $79.95—catalog number
70264. They also offer a cheaper ver-
sion which runs at 75,000-volts and
must be handcranked; the price being
$30.00 and catalog numbered 70070.

You can try varying means of direct-
ing the negative ions produced by these
devices. One simple method might be
to arrange a paper cone at the output
of the device with the spark drawn in
such a way that the air within the cone
becomes negatively ionized. You could
also try installing a room fan behind
the generator so as to direct a stream
of negative ion-enriched air to the ex-
periment site.

Of course, both Van de Graaff gener-
ators may be used for many other
things. There are all sorts of electrical
experiments (detailed in accompanying
instruction manuals) which the experi-
menter may perform after having used
the generators as simple ion producers.

lon Detectors. Homebrew ion detec-
tors are easy to construct. A conven-
tional electroscope serves well and if
you cannot borrow one from a school
physics lab, make your own. Fit a 250-
ml flask, empty food bottle or even a
glass milk bottle with a cork holding a
length of hollow curtain rod. The ball
at the upper end of the rod serves as an
ion collector. Fasten a brad, horizon-
tally, to the lower end of the rod to sup-
port a folded strip of metal foil mea-
suring about % by 4 inches. Ordinary

v
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ION BEAM

1ON
COLLECTOR

CAPACITOR GROUND
The presence of ions may be demonstrated
with a simple detector made from a neon
lamp, a capacitor, a coin and a length of
wire, The ions cause the lamp to blink at
a rate determined ,by the value of the
capacitor.

kitchen aluminum foil is too stiff, but
you can obtain suitably limp foil by
taking apart a tubular type capacitor.
A metal ball or metallized plastic ball
added to the curtain rod can increase
ion capture somewhat, but is not really
necessary.

When the electroscope is placed into
a stream of ions, the foil leaves spread
apart to indicate the accumulation of
an electric charge. The charge can be
dissipated by touching the collector ball

-with a fingertip, as is evidenced by the

collapse of the spread foil leaves.
But how can you know whether the

charge is negative or positive? Rub a
hard rubber comb or other hard rubber
article with wool to generate a negative
charge on the rubber. Touch the rubber
to the electroscope ball. If the leaves re
main apart or spread even more, you
obviously have a like (negative) charge
in the electroscope. If the foil leaves
droop, it indicates that the electroscope
is positively charged.

Another type of ion detector is made
by wrapping the leads of a disc capaci-
tor to the leads of an NE-2 neon lamp.
Crimp a small alligator clip to one pair
of terminals to hold a coin (quarter) or
any small piece of scrap sheet metal.
Connect a length of wire to the other
pair of capacitor/lamp leads and run
to any earth ground. Place the collector
plate (coin) in an ion stream and the
neon lamp will blink softly if ions are
present. The glow is faint, so view the
lamp in a dark room. Start with a 0.001
mf4 capacitor; however, the rate of
blinking can be varied by using higher
or lower capacitor values.

A third way to demonstrate the pres-
ence of ions is to position the two
probes of a vacuum tube voltmeter
(VTVM) in the ion stream, keeping the
tips a millimeter or so apart. The air
gap results in an infinite resistance read-
ing, when the instrument is used as an

Negative ions are said by some people to cause positive effects by making people and
plants happy. As the text explains falling water and other natural energy systems gen-
erate negative ions—perhaps this explains the popularity of waterfalls for honeymoon
couples, or the elation some people feel before and during a rainstorm.
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ohmmeter, if no air ions are present.
When the ion generator is turned on,
the air gap resistance will drop notice-
ably, probably to about 200 megohms.

Room for Research. Clearly, the
broad area of ions offers very interesting
and challenging opportunities for origi-
nal research. Anyone entering into such
research projects must become familiar
with the research work done by profes-
sional scientists over the past decades,
and in particular with the work of Dr.
Albert Paul Krueger, Professor Emeri-
tus of Bacteriology and Lecturer in
Medicine at the Department of Bio-
medical and Environmental Health Sci-
ences at the University of California in
Berkeley. Special thanks go to Dr.
Krueger for his generous assistance in
in the acquisition of background infor-
mation for this-article.

Dr. Krueger and his associates have
published countless reports in various
scientific publications concerning nega-
tive air ion research during the past two
decades. An excellent review of the
subject and a summary of Dr. Krue-
ger’s views can be found in a lengthy
article published in the September 24,
1976 issue of Science. The article in-
cludes a valuable 46-item bibliography.
The following general comments con-
cerning air ion research have been
drawn from Dr. Krueger's publications
and lecture material.

Serotonin (also known as 5-hydroxy-
tryptamine or 5-Ht) is a powerful neu-
rohormone that can induce profound
neurovascular, endocrine and metabolic
effects in the body. The neurohormone
is concerned with the transmission of
nervous impulses relating to such pat-
terns of life as sleep and to subjective
evaluations of how we feel and our
moodiness.

Tests on Animals. Almost twenty
years ago Dr. Krueger's team found, by
direct measurement, that negative air
ions reduce the amount of serotonin
normally present in the trachea of mice
and rabbits, and that there was a con-
siderable increase of a chemical called
5-hydroxyindoleacetic acid in the urine

of animals exposed to negative ions;
that’s significant because the acid is an
inactive end product of the oxidation of
serotonin and an increase in concentra-
tion indicates that negative ions tend to
reduce serotonin in animal tissues.

To obtain more direct evidence of
this observation, the researchers per-
formed other extensive tests in vitro
that are too complex to detail here. But
two fundamental conclusions emergsd
from the experiments that included
spectrofluorometric analysis of over
12,000 brain and 36,000 blood samples
from controls and ion-treated mice: (1)
high concentrations of negative air ions
decrease serotonin concertrations while
(2) high concentrations of positive ions
have exactly the opposite effect of in-
creasing serotonin concentrations. Re-
lated studies by other scientists led to
another conclusion: negative ions re-
duce the amount of serotonin in the
mid-brain to produce a tranquilizing
effect similar to that produced by the
well-known drug reserpine.

Dr. Krueger and his associates have
also investigated the role played by air
ions in determining the course of influ-
enza infection in mice. The most sig-
nificant findings: high concentrations of
positive ions (or ion-depleted air) in-
creased the cumulative mortality rate
due to influenza; on the other hand,
high concentrations of negative ions de-
creased the cumulative mortality rate.

Considerable work has been done by
Dr. Krueger and others concerning the
effects of air ions on the growth of
microorganisms. It appears that nega-
tive air ions are more effective than
are positive ions in retarding bacterial
growth, although both types of ions
tend to be lethal to bacterial cells. On
the other hand, air ions of either charge
produce “statistically significant in-
creases” in the growth rates of plants
as measured by stem length, integral
elongation, fresh weight and dry weight.
Dr. Krueger advises that air ion effects
on plant growth are readily demon-
strated with barley or .oat seedlings.

Controls. Controlled Conditions are

Vital to meaningful research in this
area. In fact, much published informa-
tion must be used with caution because
some research€rs neglected to observe
important experimental safeguards. Dr.
Kruger points to the following examples
in particular: (1) failure to use pollu-
tant-free air led to ion loss through
combination with aerosols, particulates
and other pollutants, (2) conditions of
exposure (temperature, humidity, shield-
ing from stray electrical fields) were
not controlled, (3) subjects were not
held at ground potential, (4) concen-
trations of air ions delivered to subjects
were not monitored, (5) considerable
amounts of ozone produced by corona-
discharge type ion generators produced
effects that were wrongly attributed to
air ions.

Anyone who is attracted to this field
of research should make every effort to
work under controlled conditions, exer-
cising the best possible scientific disci-
pline. In light of the wild and unsub-
stantiated claims that have been made
about the supposed benefits of negative
air jons by hucksters of medical
“miracle machines,” you must antici-
pate and accept considerable skepticism
on the part of other scientists. Probably,
much valuable research has been by-
passed because of the bad name given
negative air ions by the money-
grubbers.

On the other hand, it certanly ap-
pears within the realm of possibility
that air ions can affect our behavior
and general health since much body
chemistry, and in particular the ner-
vous system, operates by means of
complex electro-chemical processes. The
studies of Dr. Krueger and others seem
to have moved that possibility at least
a little closer to probability. But much
more needs to be learned about negative
air ions before any hard conclusions can
be drawn. Some of those vital discov-
eries could just as easily result from the
work of independent investigators, even
science studnts, as from the sophisti-
cated probings done by professional
scientists. ]

Op-Amps-Houw to

{] Few linear (non-digital) ICs have
achieved the wide popularity of the op
amp in hobbyists projects of every de-
scription. Combined with few other
circuit components, the op amp circuit
vastly outperforms the multiple tran-
sistor circuit of yesteryear. Because you
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will encounter the op amp time and
time again in many circuit applications
and may desire to work up your own
op amp circuits, it is essential to become
familiar with the device.

This will introduce you to the basics
of op amp circuits and applications.

se Them

Four simple rules of operation are logi-
cally applied. to trace and deduce the
operation of the basic linear op amp
circuits. Test circuits are included for
“hands on” familiarity. Only a few
mathematical relationships are listed to
effect a comparison of the several cir-
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cuits.

Some Basics. As shown in Fig. 1la,
the op amp has two input terminals and
one output terminal. A plus sign at one
input identifies the non-inverting or “fol-
lower” input. When this input goes posi-
tive (with respect to the other) the out-
put voltage Vour also goes positive,
thus “following” the polarity of the in-
put. The minus sign at the other input
identifies the inverting input. When this
input goes positive (with respect to the
other), Vourt goes negative, thus “in-
verting” the polarity of the input. In
technical terms, the input stage of the
op amp is a balanced “differential input”
amplifier and is one which responds to
the difference between the voltages.

Output voltage Vourt equals VIN
times AVOL (AvOL equals the open-loop
voltage gain as listed on spec sheets).
Input impedance (AC resistance) Zi
and output impedance Zoi are shown in
Fig. 1b. These are the primary charac-
teristics of the op amp. If a perfect op
am could be constructed, AvoL and Zi
would be infinitely large and Zoi would
be zero. Actually, for a general purpose
741 op amp, AvoL equals 200,000, Zi
equals 2 megohms, and Zoi equals 75
ohms.

Important Concept. In lincar appli-
cations such as an AC or DC amplifier,
the op amp is operated closed-loop with
negative feedback. To do this, the loop
is “closed” by connecting a feedback
circuit from the output terminal to the
inverting input; this results in negative
feedback. That porton of the output
voltage fed back to the input tends to
negate, or oppose, the applied input sig-
nal voltage. As will be shown later, the
resulting closed-loop gain, Avcl, is very
much smaller than the open-loop gain.
Also, the closed-loop gain now depends
on the particular feedback circuit itself
and not on the actual value of the open-
loop gain. This makes it possible to
build amplifiers with precise closed-loop
gains. Among other beneficial effects,
negative feedback imparts high linearity
and stability to the amplifier.

Rules Of Operation. A few basic
facts of op amp operation will be stated
as rules and applied to the operation of
several circuits. The implications and
meanings of these rules will become
clear as you apply them to the circuits.

1. The difference in voltage between
the + and — input terminals is always
small and can be assumed to be zero.

(This fact is a direct reuslt of very
high AvoL.)

2. The current entering the + and —
input terminals is small and can be
assumed to be zero. (This rule is a direct
result of a very high Zi.)

3. If the + input terminal is at
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Fig. 1A

INVERTING
INPUT

NON-INVERTING VORTESVIR. Avo.

INPUT
CIRCUIT SYMBOL

Think of an op amp as a high gain amplifier ¢apable of boosting a minute signal many
thousand times. With a little trick called inverse, or negative, feedback, you hook a
resistor between the input and output which, in effect partially shorts out the gain.

Fig. 1B
o—— Zoi
Zi
VIN VouTt
O_—
+ VINAVOL

CIRCUIT MODEL

ground voltage or zero, the — input
terminal can be assumed to be virtually
at ground voltage or zero. (This rule is:
also a direct result of high AvoL.)

4. When an op amp is connected in
a negative feedback configuration, a
voltage change at the + input must re-
sult in an equal voltage change at the —
input terminal. (This is a description of
rule 1 in operation.)

Setting Up. Breadboard the op amp
circuit shown in Fig. 2. You can use
perforated board and flea clips to as-
semble the circuit. Better still, use a
breadboarding kit such as the Vector
38X solderless breadboard kit or simi-
lar. Use only the 741 or the HEP 6052P
op amp for IC1. These are short-circuit
proof and are internally frequency com-
pensated to prevent oscillations. Switch
S1 may be simulated by a clip lead.

Install disc capacitor C1 as close as

possible to the IC. Use either a common
tie point for all ground connections or
a heavy ground bus. Keep the input
lead wires well separated from the out-
put lead wires. The prototype bread-
board uses a 50 uA DC meter (Radio
Shack 22-051) connected in series with
a 100,000-ohm, 1% resistor for meter
M1. Alternately, you can use your VOM
(1000 ohms/volt or better) to measure
output voltage. Use two fresh nine-volt
transistor batteries for B2 and B3 and

- 1%2 volts (an AA cell) for Bl.

® Unity Gain Follower. Simplest of
the op amp circuits, the unity-gain fol-
lower shown in Fig. 2 has a direct con-
nection from output to the inverting
input. This provides one-hundred per-
cent negative feedback. With switch S1
at position A, the + input is grounded
and meter M1 indicates zero. By rule 3,
the — input is at virtual ground. There-

Fig. 2 V+
O A 1.
34 pe L ! 1t yo-vi
2 p——— =
747 - B2 )
HEP 6052P 7 oV
741 VOuT
6
B 4
o ViN_|
3 L Ta
B) Al 51 IC! !
1.5V OuF
Unity-gain voltage follower.
Fig. 3 -—f
AN~
Rf 3000
Ir Rr VOUT =VIN AvCL
1500 2 _
3 e AVCL‘]+—Rf
ZERO =
=  CURRENT| 741 $ el S
B ZIN= Z i AvoL
+L—<\S1 VIN_3| + Avel
A Zio AvCL
15V ZERO o 0= ——— —
CURRENT AvoL

Non-inverting voltage amplifier.
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Fig. 4
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Inverting voltage amplifier.

\
VouT=IINRf
VouTt ZIN=0
+

Current! to voltage converter.

fore, Vour is also at virtual ground.
With S1 set to position B, the meter
now indicates the voltage of battery Bl,
near 1.5 volts. By rule 4, the 1.5 volt
increase at the + input must be accom-
panied by a 1.5 volt increase at the —
input. Hence, VouT must rise to 1.5
volts.

The resulting closed-loop gain, or
AvCL, is unity (one unit out for one
unit in). However, the high AvoL inside
the IC itself is still present, enforcing
close compliance with the several rules.
As noted on Fig. 2, actual input and
output resistances ZIN and Zo are much
improved due to feedback. The resultant
input resistance now equals Zi times
AvoL or 400,000 megohms for the 741
op amp! The resultant output resistance
now equals Zoi divided by Avor, or
.0035 ohms! Consequently, the unity
gain follower can duplicate the input

voltage at its output without loading
down the input voltage source due to
the high input resistance and with high
accuracy due to the low output resis-
tance. Actually, input and output resis-
tances are degraded somewhat by sec-
ondary factors. Nevertheless, this unity
gain follower offers the highest input
resistance and lowest output resistance
of the several basic circuits.

e Non-Inverting Voltage Amplifier.
Stable op amp voltage amplification is
obtained by feeding back only a portion
of the output voltage. Alter your bread-
board circuit to include feedback voltage
divider resistors Rf and Rr as shown in
Fig. 3. With Rf equal to 2Rr, only one-
third of the output voltage is fed back
to the inverting input.

With S1 at position A, the + input is
at ground voltage and the meter indi-
cates zero. By rule 3, the — input is at

V+ R2
RI

1 MEG TO 3MEG

10K TO 50K

JN'i
Rf

Vout

R3
10K TO 20K V-

ELECTRONICS THEORY HANDBOOK 1978

virtual ground or zero. With zero volt-
age across Rr, current Ir is zero. In view
of rule 2, If always equals Ir and is zero
in this case. With zero current in Rf, the
— input and the output voltage must be
equal and zero in this instance.

With S1 at position B, the + input is
raised to 1.5 volts and the meter indi-
cates 4.5 volts., By rule 4, the — input
must rise to 1.5 volts matching that at
the + input. The op amp does this by
forcing a current into the feedback volt-
age divider as shown. With 1.5 volts
across Rr, current Ir equals 1.5 volts
divided by 1500 ohms, or 1 mA. Also,
the voltage across Rf equals 1 mA
times 3000 ohms or 3 volts. Thus, Vourt
equals 1.5 plus 3 or 4.5 volts.

Closed-loop voltage gain AvcL equals
1 + (Rf/Rr) or 3 in this case. Com-
pared with the unity gain circuit, actual
output resistance Zo is three times
greater and input resistance ZIN is one-
third that of the unity gain circuit. This
reflects the effect of feeding back 1/3
of the output voltage. To obtain a
closed-loop gain of ten, resistor Rf must
equal 9Rr, and so forth.

@ Inverting Voltage Amplifier. Alter
the breadboard circuit to that of Fig. 4
including reversal of the meter. With S1
at position A, the meter indicates zero.
The proof of this result is identical to
that of the non-inverting voltage ampli-
fier with switch at position A. With S1
at position B, the meter indicates 3
volts (actually, minus 3 volts since the
meter is now reversed).

In this case, the — input does not rise
to 1.5 volts. By rule 3, with 4+ input
grounded, the — input must remain at
virtual ground. Therefore, and quite im-
portantly, the voltage across Rr equals
the input voltage, or 1.5 volts. Current
Ir equals 1.5 volts divided by 1500
ohms, or 1 mA, flowing in the direction
shown. Since If equals Ir, the voltage
across Rf equals 1 mA times 3000
ohms, or 3 volts. With the — input at
virtual ground, the output voltage must
be minus 3 volts as indicated on the
reversed meter.

The closed loop voltage agin, AvcL,
is simply Rf/Rr, or 2 in this case. Quite
unlike the previous cases, actual input
resistance ZIN equals Rr, the input re-
sistor. Compared with the unity gain
non-inverting amplifier, actual output
resistance Zo is greater by a factor of
(1 4+ AvcL) or three times as much,
still acceptably small at this (and even
much higher) gain.

By connecting additional input re-
sistors to the — input and upon apply-
ing several input voltages, the amplifier
will sum the several input voltages at
the output. For this reason, the ampli-
fier is often termed a summing amplifier
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and the — input is termed the summing
node or input.

o Current to Voltage Converter. A
variation of the inverting amplifier, the
current to voltage converter shown in
Fig. 5, omits input resistor Rr. Because
the — input must remain at virtual
ground for linear operation, this circuit
cannot accept an input voltage. Instead,
it accepts an input current and is used
to measure very small currents. If IIN
were 1 uA, the output voltage would be
1 uA times 1 megohm, or 1 volt. By
making Rf very large, the circuit can
measure extremely small currents. The
input resistance of this circuit is zero.
The output voltage, Vourt, equals 1IN
times Rf.

If you breadboard this circuit, you
may observe a small output voltage at
zero input current. This output “offset”
voltage is caused by the flow of a small
bias current from output to input
through the large feedback resistor, Rf.
Unless special op amps having very low

bias currents are used, it is necessary to
include a nulling circuit to reset.

e Input Bias and Offset. Although
rule 2 assumed zero input currents, an
op amp does require a small input cur-
rent Ib to bias the input stage into linear
operation. For the 741, 1o may range
up to .5 uA. The difference between
the input bias currents at the two inputs
is the input offset bias current Iio. This
current is usually much smaller than
1b. Both Ib and Ilio cause an objection-
able output offset voltage when Rf is
very large. To restore the output volt-
age to zero, add the nulling circuit
potentiometer R1 and resistor R2 as
shown in Fig. 5. With S1 open, adjust
the control until meter indicates zero.

If Rr is small, and upon closing S1,
you may observe that the meter again
loses its zero. This is caused by the in-
put offset voltage Vio resulting from
slight mismatches of the input transis-
tors. Input offset voltage Vio is defined
as that input voltage required to restore

Vourt to zero. It is measured under
open-loop conditions with very low
value resistors at the input. For the 741,
Vio may range up to 6 millivolts. Con-
veniently, the 741 includes terminals
allowing compensation for input offset
voltage. Add potentiometer R3 and ad-
just the control with S1 closed, until
the meter indicates zero. If both circuits
are included, -adjust the controls several
times in succession.

Conclusion. Having become ac-
quainted with the basic operation of the
op amp, and with some knowledge of
the six primary op amp specifications,
you will now be able to experiment with
op amp circuits with some degree of
confidence rather than apprehension.
With some appreciation of how and
why the circuit functions as it does,
how the performance of the several cir-
cuits compare with each other, and how
negative feedback plays its part, you
will find that op amp literature and cir-
cuits are more easily understood. m

Computer Questions

[ It's been less than a year since we
heard the first rumors that both
Heathkit and Radio Shack were
working on personal computers for the
electronic hobbyist, yet in the few short
months since the rumors were proved
correct personal computing has become
the hottest thing going for the electronic
hobbyist and experimenter.

It has also become the most confus-
ing, with each manufacturer and dis-
tributor inventing new terminology to
prove, or imply, his computer, system,
or accessory is the best. Even trained
computer and data-handling experts
with advanced degrees in computer sci-
ence are often at a loss to explain what
in heck many computer dealers are talk-
ing about. Personal computing has
become a Tower Of Babel; and as yet
there is no Rosetta Stone the average
hobbyist can use to unscramble com-
puterese—a foreign language even more
complex than French.

In fact, because ELEMENTARY ELEC-
TRONICS is one of only a few national
consumer publications providing exten-
sive coverage of personal computing on
the experimenter and hobbyist level we
are literally drowning in a sea of read-
er mail, and can no longer answer each
individual letter about personal com-
puting equipment.

Instead, we have compiled the most
frequently asked questions and hope the
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answers meet your particular needs and
interests.

For some, the answers will appear
simplistic; but keep in mind we are try-
ing to avoid computerese. Our primary
purpose is to provide you, our reader,
with concrete information you can put
to work. We are not going to try to
impress you with anyone’s expertise.

We know computer equipment repre-
sents a substantial investment so we aim
to present our information in the most
useful manner—and that means straight
English. \

Question—Since some computer kits are
priced almost the same as complete
computers having built in BASIC and

Complete computer systems for the home can be bought off the shelf from various com-
panies. Shown here is the Radio Shack TRS-80 micro computer system. It features an
ASCII keyboard-equipped computer that can be mated to numerous peripherals.
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Another popular home computer is the He

S MR o e

athkit H8. This unit can be purchased as-

sembled or in kit form. Building a kit is a great way to gain an in-depth understand-
ing of how the computer is put together. The computer has an octal keyboard.

a keyboard, what is the advantage in
building a kir?

Answer—The complete computers such
as the Apple, OSI, and Radio Shack
generally need a TV monitor for out-
put display, or the computer’s output
signal is fed through an RF Modu-
lator to an ordinary TV set which
serves as the display. At present, the
complete computers have no periph-
erals. for providing “hard copy” (a
printout). The computer kits, on the
other hand, permit almost unlimited
expansion, though it does get costly
when you add in the cost of a com-
plete terminal: either TTY (tele-
type), CRT, or Selectric typewriter.

Q—I don’t care for the print quality of
a TTY terminal, nor do my teachers,
who don’t accept my homework
printed all in capital letters. Can I
connect a Selectri¢ typewriter termi-
nal to my SWTP 8600 computer?

A—It depends. Most of the rebuilt Se-
lectric terminals you find advertised
in computer magazines are for the
IBM correspondence and EBDC
codes, and they won’t work with a
personal computer. Some surplus out-
fits, however, build in an ASCII con-
verter with an RS-232 output. If you
can find one of these ASCII/RS-232
Selectrics (about $900) you simply
connect it to a personal computer’s
serial RS-232 1/0. (Just plug it in.)

Q-1 would like to get my child started
in computing. Which of the begin-
ner’s kits in the 3100 range do you
suggest?

get into the design end, and has
shown previous interest and ability
in electronics, and really wants to
play and experiment with the elec-
trons, the Heathkit 6800 trainer is
probably the only kit of practical
value. (On a college level it’s a whole
different game.)

Q—Which of the computer kit CPUs

do you recommend for a beginner:
8080, 6800, 6502, or whatever?

A—Tough question. The 8080 and its

relative, the Z-80, often use the S-100
bus, for which there are many acces-
sories. Unfortunately, the 1/0s (in-
puts/outputs) are under software
control and it can get somewhat ex-
pensive if you need ports for several
peripherals. The 6800 1/0Os are mem-
ory-mapped and it’s cheap and easy
to add peripherals. For example, the
SWTP 6800 computer can handle up
to ten peripherals and you simply
purchase an inexpensive I/0 card
whenever you add another printer,
terminal, recorder, etc. Also, the
6800 system allows a good intermix
of serial and parallel I/O ports. You
can do the same with the other CPUs
but at much higher cost. Unfortu-
nately, there are more “gadgets” for
the S-100 bus than for any other
bus or system, so you’ll have to plan
ahead.

Some personal computers using the
6502 are extremely powerful, but at
the time this article was prepared
there was little in the way of 1/0
equipment or even ports for periph-
erals.

5/2” would return “2” instead of
“2.5”. Integer BASICS can be power-
ful in terms of graphics, etc., but
they are useless for any school work
involving even simple arithmetic.
One exception to our rule of “No
integer BASICs” is the Apple II com-
puter, whose 4K resident integer
BASIC is used to load Apple’s nota-
bly good 16K BASIC.

Q—How much memory would I need
for a computer kit?

A—12K will handle most BASIC inter-
preters running on an 8 bit system
(8080, 6800, Z-80, etc.), though
Apple requires 16K for their BASIC.
The Heathkit LSI-11 system is a 16
bit system so you get the same re-
sults with half the memory: we
would suggest at least 8K on the
“Big Heath.” Few computer Kkits
come with enough memory to han-
dle BASIC, or even an editor/assem-
bler, so be sure to add in the cost
of extra memory to the basic kit
price.

Q—What is meant by an “ASR Termi-
nal”?

A—ASR means Automatic Send/Re-
ceive and refers to a paper tape read-
er and punch accessory mounted as
part of a teletype terminmal. A used
ASR TTY-—the model 33—sells for
about $900. Without the reader and
punch you can get one for about
$500 to $600; so if you have no need
for paper tape you can save a bundle
by getting a TTY without ASR. Just
the printer part of the TTY, known
as an RO33 for Read Only, sells for
under $300, less than the cost of
most “computer printer peripherals.”

Q—What is meant by “Hardware,”
“Software,” and “Firmware”?

A—Hardware is any equipment; com-
puter, printer, even an individual in-
tegrated circuit. Software means a
program, or instructions for the com-
puter. Firmware is some form of pro-
gram or instruction-set already in the
computer, usually called a resident
monitor, that makes it easy for the
user to enter, or write programs.
Firmware is ready as soon as power
is applied.

Q—What is a “Monitor”?
A—See Firmware in the previous ques-
tion.

A—There is no such animal. Firstly, if
your child is ready to enter High
School, or already there, the school

Q-—What is meant by an integer BASIC?
A—It means it cannot handle decimals.

Q—What is meant by “Boot” and “Boot
strap”?

probably has an introductory course
in either Data Processing or Com-
puter Math. If your child wants to
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For example, the statement “PRINT
2/4” would return an answer of “00”
instead of “0.5”. Similarly, “PRINT

A—You have probably heard of the ex-
pression “Picking yourself up by your
bootstraps.”; meaning, getting your-
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self started by moving yourself. Same
thing with computers. A computer
can only sit there and do nothing
until programmed; but you can’t just
shove a program into the computer;
something must tell the computer
what’s going on when you start to
enter your program. A boostrap pro-
gram is a very small program that
sets up the computer to load a larger,
complex program. To boot a pro-
gram means to use a program (gen-
erally in a resident monitor or oper-
ating system) to program a larger
program, or to set up something like
a disk operating system,

Q—An accessory 1/0O I'm planning on
adding to my home computer has a
feature called “handshaking.” Exact-
ly what is a computer’s handshake?
A—Handshaking is electronic confirma-
tion that some piece of computer
equipment is ready to execute oper-
ations. For example, before a com-
puter transmits to a mass storage de-
vice such as a recorder it might send
out an electronic signal to find out if
the recorder is ready. On receipt of
the signal the recorder, if ready, will
transmit a signal back to the com-
puter that it is ready. The computer
will then transmit the start signal,
followed by the data transmission. If
the computer does not get its “hand-
shake” from the recorder it doesn’t
transmit data. Handshaking can also
work the other way: The recorder
might send out its handshake signal,
and automatically feed data to the
computer only if a handshake is re-
ceived from the computer.
Modems also generally use hand-
shaking (see next question).

Q—A group from school would like to
set up a computer we could use from
each home. Is this possible?

A—Yes. You will need an answer mo-
dem at the computer, and each of
you will need a terminal with an

mon problem. Some day there might
come about a common recording or
encoding standard.

Q—What is an “acoustic coupler”?
A—An acoustic coupler is a modem that

originate modem. Some means must
be provided, if there is no one to
attend the computer, to automatically
answer the phone at the computer,
connect the modem, and then “hang
up” when the terminal signs off. This
is easily accomplished through a mo-
dems handshaking signal. (We hope
to have a construction project on
such a device in an upcoming issue.)
Answer modems, and combination
originate/answer modems, manufac-
tured by Omnitec—perhaps the most
respected name in modems—are avail-
able from some surplus dealers from
time to time. You have to keep look-
ing because answer modems don’t
come cheap—even used.

Q—Is there some reason paper tape

(teletype) recordings made on my own
computer cannot be fed into my
school’'s computer, or the time-share
system available through my school?

A—Yes. Even though computers might

use the same CPU there are minute
variations in the encoded signals. It
is more common than not that re-
cordings from one type of computer
cannot be fed to another, even when
using the same type of recording sys-
tem. For example, one of the most
popular personal computers uses four
nulls and a control signal at the end
of each line of a BASIC program,;
this encoding precludes its accept-
ance by other personal computers.
Similarly, it cannot accept recordings
from a'time-share system. It’s a com-

is connected to the telephone circuit
by placing a telephone’s handset in
the modem’s sound-absorbing cradle
—which contains a speaker and mi-
crophone to couple sounds from the
modem to the phone and vice-versa.
This contrasts with a ‘“hard wired”
modem that is wired directly to the
telephone line(s).

Q—What would cause intermittent re-

cordings from my computer? I'm us-
ing a Kansas City interface and a
Panasonic cassette recorder. Some-
times I load a program and find
there’s errors, even on the safety
dump.

A—If you can get good recordings oc-

casionally it's a sure sign both the
interface and recorder are okay.
Most likely you are using a really
cheap tape, and dropouts—which nor-
mally go unnoticed with sound re-
cordings—are dropping bits out of
your dumps. Even at 300 baud you
need decent tape such as TDK-AD,
Maxwell UD, and AVDEX, all of
which are excellent to at least 4800
baud. When recording baud rates
above 4800 a special data cassette is
recommended.

Q—What is the difference between audio

and data cassettes, and why are data
cassettes at least twice the cost of
audio cassettes?

A—The primary difference between an

audio and data cassette is the pres-
sure pad. The one on the data cas-

Q—What’s a modem?

A—A modem—a term derived from B s
modulator/demodulator—is a device o s T #ow o
that connects both computers and o R 6 2 LR i
terminals through telephone or other ¢ * e ;;g: g

remote-wired circuits. A modem con-
verts the electrical impulses from
terminals and computers into audio
tones which can be easily handled
by voice-grade telephone circuits,
Some modems, used on private lines,
work at extremely high speeds; the
common voice-grade modems oper-
ate at TTY speed (110 words per
minute) or 300 words per minute.
Modems used at terminals are called
originate modems. Those used at the
computer are answer modems. Each
responds to different audio tones: the
originate modem transmits low tones
and receives high tones from the
computer. The answer modems trans-
high tones and receives low tones.
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The Apple il computer features color graphics and high resolution graphics in addition
to the normal alpha-numeric features of most computers. This ability to create three-
dimensional forms makes it popular with many experimenters and computer artists.
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sette is oversize, generally made of a
special low-friction material, and
often costs more than the tape itself.
In addition, the tape (supposedly)
has a more uniform coating, is less
prone to oxide flaking, and most im-
portant, is certified for a specific
minimal baud rate. It is claimed the
shell and internal construction is bet-
ter but we haven’t noticed construc-
tion having any effect when it comes
to personal computers.

One advantage of the personal
computing data cassettes such as
those from AVDEX is they have
short tape loads; you don’t pay for
30 minutes worth of tape when you
need about thirty seconds worth.
(Data cassettes often come in several
“short” lengths.)

Q—What is meant by ‘“serial” and
“parallel”?

A~In serial, each bit of the seven bits
(or eight with parity) making up an
ASCII character, or binary informa-
tion, is transmitted to or from a com-
puter in sequence, one bit after the
other. Special timing and encoding
tells the computer which bits make
up a character. In parallel form all
bits are simultaneously transimtted,
so no timing or special encoding is
required. TTY uses a serial format.
An inexpensive tape reader such as
the Oliver uses the parallel format,
thereby allowing you to feed the tape

as fast as you can pull it through the
reader. All you must be certain of is
that the computer’s I/O matches the
terminal or peripheral: serial for
serial and parallel for paraliel. You
cannot mix the two, such as feeding
a serial TTY through a parallel 1/0
port. (Note. Though a TTY feeds
and receives in serial unless specially
modified, a TTY punched tape is re-
corded parallel-the TTY makes the
“conversion”.)

Q—How much memory can be installed
in a personal computer?

A—The maximum amount of memory
is determined by the particular CPU
and the size of the power supfly.
Some Kkits provide for something like
16K, 20K, or 24K in the main cabi-
net, with an extra cabinet and power
supply needed for additional mem-
ory. Other Kkits have a heavy-duty
power supply, usually a cooling fan,
and can accommodate up to 48K of
memory. New memory ICs draw
relatively little current and you can
now get 8K of memory in less space
than you needed for 4K, and the 8K
takes less current. As a general rule,
6K to 8K of available memory—in
addition to the memory needed for
your higher language such as BASIC
—is more than enough for 99% of
the average personal computer’s pro-
grams. You need a lot more memory

\
—upwards of 20K—when you start
getting into filing systems, or FOR-
TRAN. But if you’re into files and/
or FORTRAN you really need a disc
system.

Q—What is a “Header”?

A—A header can be several things, but
it generally refers to a code, often a
single letter, placed in front of a
program when several programs are
recorded on the same tape. The com-
puter can be programmed to search
for the header and load only the
program that follows the specified
header. Basically, it's a simplified
filing system for cassette storage.
Some BASICs make provisions for
headers, or more commonly, “files”;
others don’t, and the BASIC loads
everything coming off the tape.

e Well, that about wraps up those ques-
tions most frequently asked by our
readers. We would like to answer your
letters individually but it has become
physically impossible to do so. But we
will keep track of your letters and
comments and from time to time cover
those questions most frequently asked.
Meanwhile, each issue of e/e will keep
you up to date on the latest in personal
computing hardware, some software,
and most especially, those oddball gad-
gets with particular appeal and value
to the hobbyist and experimenter. So
keep those letters and cards coming. W

Computing LLIith Kansas City

[ You’ve just spent a couple of hours
loading your personal computer
with a long, complex program such
as Lupar Lander, Wumpus, or Ham-
murabi, or maybe a school project; you
have spent perhaps another hour de-
bugging the program to get the so-called
“universal BASIC” into your computer.
Your fingers are sore from typing on
the terminal, and all that effort can be
wiped out by a sudden powerline inter-
ruption. Similarly, if you turn the pow-
er off after a computer session, the
program is cleared and that requires
another long session of typing and de-
bugging the next time you need to run
the program.

The plain truth is, after you've typed
out a small twenty line program for the
fourth time you have probably had it
up to here with personal computers.
Imagine what it's like reloading a hun-
dred, two hundred, or 500-plus step
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program!

Fact is, anyone who wants to use a
personal computer for more than a toy
must have some means of recording
and reloading programs. The problem
with recording, however, is that the
marketplace is jam-packed with per-
sonal computer recording equipment.
Few of these are compatible with each
other, or different hobby computers.
The prices for the hobby-quality re-
corders range from budget to astro-
nomical, with price not necessarily re-
flecting either reliability or ease of use.

Since your selection of personal com-
puter recording equipment can make or
break your bank account, as well as
your interest in hobby computers, we're
going to describe a few of the mod-
erately priced equipment that provide
a good balance between price, perform-
ance, and, most important, convenience.
Keep in mind we will be covering only

hobby-grade personal computing acces-
sories. Please don’t write in that we
overlooked an IBM Selectric terminal
with computer interface, or surplus
magnetic tape or disc devices from a
discarded commercial system. We will
be talking only about equipment spe-
cifically made for what is essentially
the entry-level to hobby or personal
computing.

A warning before we get started:
Take notice that virtually all of the
personal computing recording equip-
ment we've used have come with in-
structions setting a new low for clarity.
They barely suffice for getting power
into the equipment; they are worse
than useless if you run into problems,
so be certain you can get assistance
from someone who knows or has used
the equipment you're planning to pur-
chase. If youre a college level tech-
nology student or a flaming technical
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genius you can probably go it alone.
(Don’t forget, when it comes to com-
puters proper grammar is not a sub-
stitute for the ability to express an idea
or instruction clearly. Do not be fool-
ed by slick, well edited instructions:
they are probably beyond intelligent
comprehension. Get some skilled back-
up before you tackle a recording sys-
tem.)

Paper Tape. The basic recording me-
dium is paper tape, the type with up to
eight holes representing each character
and parity—called 8-level ASCII (see
ELEMENTARY ELECTRONICS Sept.-Oct.
1977). It can be punched and read
under computer control by an ASR
33 teletype or similar equipment being
used as a computer terminal. The chief
advantage of paper tape is that, unlike
magnetic storage systems which are
subject to accidental erasure by strong

magnetic fields, paper tape is virtually |

destruction-proof. Short of setting fire
to the tape, the recording will last for
years and years. Should the tape be
damaged it can be easily repaired by a
Mylar patch similar to a movie film
splice, which is applied by an editing/
splicing device also similar to a movie
film editor.

You can even use the editor/splicer
to remove sections of the recorded pro-
grams, or splice in new additions.

Many of the personal computer BA-
SIC interpreters (compilers) are avail-
able on TTY paper tape, as are core-
sident assembler/editors and some
game programs. Naturally, it might not
be worth several hundred dollars for a
tape reader you might only use a few
times, so you can consider a manual
tape reader that sells for less than $80.
You simply pull the tape through the
reader by hand, or jury-rig some form
of winder. (Check your local computer
store for an Oliver tape reader.)

If you're thinking of swapping pro-
grams with friends or using them on a
school or time-share computer system,
paper tape is the easiest way to get a
reliable, essentially universal format.

‘To make tapes you'll need a punch.
A combination punch and reader used
to run many hundreds of dollars; now
you can build one yourself for a mod-
erate price. The Heathkit H10, priced
at $350 in kit from, can be easily adapt-
ed to most personal computers having
.a standard parallel /O port.

Though the H10 is somewhat more
inconvenient to load and operate than
some other punch/read devices, it has
several advantages for the hobbyist.
Firstly, there’s reader speed. Paper tape
is punched at the standard rate of 10
characters per second, which represents
a theoretical maximum of 110 wpm

80

(words per minute) at the TTY stand-
ard 9.09 mSec character rate. Now this
might look fast on paper, but when
being read into a computer it’s a crawl;
some 8K BASIC programs take as long
as 18 minutes to load at 110 wpm. But
the Heathkit reader operates at five
times the punch speed, and the tape is
read in 20% of the normal time. The
same tape that would take 18 minutes
to read at 110 wpm takes only 3.6
minutes with the H10 reader.

The H10 will also directly copy a
paper tape, and it’s punch and reader
can operate independently under com-
puter control if needed.

In combination punch/readers the
H10 is about the best buy, even though
it can be a little troublesome to load,
or reload if you want to pick up from
a stop.

Kansas City. Though paper tape is
essentially indestructible, under normal
handling it is prone to spill, leaving
yards and yards of curling, twisting
ribbon on the floor. Besides, until the
Heathkit H10 came along, hobbyists
had to put up with a slow read of 110
wpm, or an ASR TTY terminal. At a
computer fair in Kansas City several
years ago, Byte magazine proposed a

. tape recording system operating at 300

baud (about three times TTY paper
tape speed) using audio tones of 1200
and 2400 Hz on standard Philips cas-
settes. The system came to be known as
the “Kansas City” standard. It’s pri-
mary advantage is that an ordinary, in-
expensive cassette recorder can be used
to record the audio tones which result
from conversion of the computer’s digi-
tal data.

Unfortunately, the originators were
“digital designers”, and there probably
wasn’t an audio engineer in the room.
No self-respecting audio engineer would
ever use two harmonically related fre-
quencies for information storage. How

The punch/reader of
an ASR-type teletype-
writer is one of the
more common systems.
It's very easy to use;
just push a button to
transmit a signal from
the computer and it
will punch or read a
tape or do both.

the Kansas City proponénts ever got
tangled with what we will show is the
weakness of harmonic relationships
we'll never know, because the tele-
phone Touch-Tone frequencies, which
are non-harmonic, have been around
for many years, and just about everyone
but the Kansas City designers use
Touch-Tone frequencies for encoding,
signaling, etc.

To use Kansas City you need an in-
terface such as the SWTP AC-30,
which also uses computer signals to
control up to two associated recorders.
We spent four weeks trying to “repair”
a working AC-30. The problem was
that the distortion in the tape recorder
was providing sufficient harmonic en-
ergy from the 1200 Hz signal to inter-
fere at 2400 Hz. It is somewhat tricky
to get the recorder’s output level and
tone control properly set for reading.
It is one hell of a job to get the record
level correct with some small recorders;
too much signal and the distortion con-
fuses the read of the tape. Too little
level and the inherent tape/electronic
noise confuses the read of the tape.

For those with SWTP 6800 com-
puters there is a small Kansas City
interface that plugs right into the com-
puter—taking up an I/O port simply for

Where to Find More Info
Info on the products shown in this
article is available from: H10 paper
tape punch/reader from Heathkit, Ben-
ton Harbor, Ml 49022; AC-30 cassette
interface from Southwest Technical
Products, Inc., 219 W. Rhapsody, San
Antonio, TX 78216; PCC Model 33 cas-
sette interface from Personal Com-
puting Company, 3321 Towerwood
Drive, Dallas, TX 75234. CC8 Cassette
Data Recorder from National Multiplex,
Corp., 3474 Rand Ave., South Plain-
field, NJ 07080; BFD-68 Floppy Disc
System from Smoke Signal Broadcast-
ing, Box 2017, Hollywood, CA 90028.
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power—that provides for easy level ad-
justments. This device, the Personal
Computing Company’s model 33, is the
easiest-to-use Kansas City interface we
have yet to see. It becomes part of the
computer, doesn’t require a separate
power cord, is easy to set up because
of an L.E.D. level indicator, and best of
all, the PCC Model 33 is sold com-
pletely wired and tested.

National Multiplex. The name tells
you absolutely nothing about this firm’s
products, which are essentially hobbyist
versions of commercial digital tape re-
corders. Their model CC8 digital cas-
sette recorder is really an ordinary cas-
sette recorder with all new electronics
that provides for NRZ (none return to
zero) data recording. There are no
audio tones to get distorted; the system
always works. The only audio is a
monitor tone(s) that lets you know a
signal is being fed into or out of the
recorder. It can operate virtually error-
free with a good quality audio cassette
tape such as TDK-AD, AUDEX, and
Maxell UD up to 1200 baud, and sim-
ilarly error-free to 4600 baud with data
cassettes. In plain terms, 4600 baud
means you can load a program that
would take 18 minutes with paper tape
(at 110 baud) in only 26 seconds. Fact
is, we load a SWTP computer with 8K
type 2.0 basic in less than 20 seconds
using a CC8 recorder at 4600 baud. In
months of operation we have had only
one error when recording/reading pro-
grams.

The CC8 has an RS-232 or TTL
1/0—as selected by the user. It is best
used on computers with Motorola 6800
CPUs, such as the SWTP 6800 com-
puter. Problem is, it cannot piggyback
the control port. You need some pro-
gram that switches from the control
port to a recorder/reader port (we use
#3 port) and back to the control port
when loading BASIC. We use a Linzer
Loader program—a short program that
permits dumping any section of mem-
ory to the recorder, or reading of the

Damage a paper tape? Or, do you want to
splice two program parts together? Never
fear, it’s as easy as splicing film.
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You don’t need a special interface for the
CC8 “Computer Aid” recorder.

recorder’s output, and then return to
the control port. The Linzer Loader
checks every bit for parity and indicates
a correct load on the control treminal.
If the load is defective it is indicated
by a special code and a readout of the
memory location where the failure took
place. If the location remains the same
on three successive attempts to load
you know you have a defective tape. If
the load fails at different locations you
know heat and/or humidity has affect-
ed the drive speed and you either cor-
rect the ambient conditions (not un-
usual for computer installations) or ad-
just the recorder’s drive speed.

{Note: The Linzer Loader for
SWTP 6800 computers is available to
readers of e/e for $5 from Harry Lin-
zer, 12 Crafton Ct., Malverne, NY
11565. It comes complete with listing
for SWTP 8K type 2.0 BASIC in 12K
of memory and a TTY tape with the
dump and loader programs. In combin-
ation with a CC8 recorder it permits
loading BASIC in less than 20 seconds.)

The CCS8 recorder is the fastest, most
reliable we have seen in personal com-
puting cassette recorders. The only
problem we have run across is speed
drift during very hot and humid weath-
er. At 4600 Baud the speed tolerance is
1% . WNational Multiplex supplies a
speed alignment tape but you’ll need a
counter. Otherwise, use a Linzer Load-
er program, load BASIC, and slowly
change the setting of the speed adjust-
ment so the loading failure occurs at

progressively higher memory locations. .

Mass Storage and-: File Handling.
When you need to handle mass storage
and files, the equipment to use is the
floppy disc. These floppy discs are a
rather expensive recording medium for
the hobbyist. A more practical, certain-
ly less expensive disc system, is the so-
called Mini-Floppy, or discette, such as
the Smoke Signal Broadcasting BFD-
68 floppy disc system. Though intended
for computers with Motorola 6800

CPUs, similar systems are available for
the S-100 buss (8080 and Z-80 CPUs).

The Smoke Signal disc system is
available fully wired and adjusted with
one, two, or three floppy disc drives.
It uses the 5-inch mini-floppy (discette)
shown in the photographs. Each disc-
ette has upwards of 80,000 (80K) bytes
of storage (the exact amount depend-
ing on the particular drive system). The
primary advantage of the disc system
in addition to its mass storage and rela-
tively rapid retrieval is the ability to
assign names to files, the renaming of
files, the transfer of computer memory
to disc and from disc to memory, and a
direct jump to the starting location of
any location loaded from disc to mem-
ory. All operations are under direct
software control.

By using a disc system with at least
two drives data can be easily and con-
tinuously updated. For example, as-
sume you are the secretary of a bowl-
ing league. All previous information is
on disc storage, along with a program
for handling the bowling scores, aver-
ages, standings, handicaps, etc. The pro-
gram is loaded from disc to the com-
puter's memory. It combines previous
file data on the league members with
input from their latest games and cre-
ates a new, updated file. You can either
save or erase previous files

You can even transfer your BASIC
interpreter to disc. This way, you sim-
ply call for the disc operating system
to list the files on the tape, load the
file which contains BASIC, usually
named “BASIC”, and in seconds rather
than minutes your computer is loaded.
(Fortran is now also available on disc
for some S-100 buss computers).

Some disc systems provide the BA-
SIC—usually the 8K extended variety—
pre-recorded on disc along with a disc
operating system. The Smoke Signal
BFD-68 provides no BASIC, you dump
your favorite version of BASIC to the
disc.

To install a disc system you simply

Need paper tape equipment without a
TTY? The H-10 from Heathkit is an eco-
nomical punch/reader. The punched tape
comes out one of the front panel slots.
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plug the supplied board into your com-
puter, connect the disc unit’s line cord
to the nearest outlet and press the
power switch. Just slip a disc into the
drive, initialize the computer to the disc
system’s address and you’re running.

Similar to audio and data cassettes, a
discette (mini-floppy) can be protected
against accidental erasure. There is a

small notch in the discette, which, when
covered by tape, prevents the drive be-
ing placed in the record mode.
Summing Up. We have illustrated
some of the most common and popular
computer storage equipment. Unques-
tionably you’ll find other devices ad-
vertised for direct mail sale, or in your
local computer store. We will keep you

up to date on the equipment most
requested by our readers. If there is a
particular storage system — generally
available from coast to coast—that you
believe is suitable for the personal com-
puting hobbyist just call it to our atten-
tion. If it appears to have general inter-
est you can be certain it will be con-
sidered for a future article. . n

Computers Dial the Future

[] Even if you now haven’t the vaguest
interest in personal computers, with-
in a year or two you will likely be
up to your neck inf personal computing
whether you like it or not; and by
personal computers we don’t mean a
Hewlett-Packard or Tl programmable
calculator—though they are, in fact,
personal computers.

Personal computer means a full
blown computer you can use to keep
and process business and family rec-
ords; one your children can, and prob-
ably will, use for their math, science
and social studies—at all levels from
grade school up; a computer your pre-
school children might use to play games
such as Star Trek and Klingon Capture;
a computer you could use for adult
education courses taken in the comfort
of your own home.

For less than the cost of a decent
hi-fi system, or a console color TV with
remote control, you can have a com-
puter in your own home as powerful as
some -of the big IBM jobbies, and the
whole computer won’t take up much
more space than a couple of shoe-
boxes. If you don't have room for
two shoeboxes worth of electronic
hardware you can rent computer time
from regional and national compames
For example, did you ever wish you
had an hour or so of computer time
to finish a school problem? Call Data
will charge you as low as $6 per hour
(educational rate) for using their com-
puter. If all you need is a couple of
hours on their computer per month the
bill could be less than your phone com-
pany charges you for the pr1v11ege of
having a telephone.

Whether you opt for a personal
computer in your own home, or a con-
nection through your telephone to a
time-share computer service you are
going to need a terminal, the device
that lets you communicate with the
computer.

Trouble is, the surplus market is
loaded with computer terminals that are
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really worthless for general use, so this
article is going to serve as both an in-
troduction to computer terminals and
a guide as to what’s available and
really worthwhile.

Because of space limitations we can-
not cover every type of terminal used
to communicate with computers. Since
the average reader will have dccess to
a time-share dial-up computer, (via the
telephone) or a personal computer in
the home, we are going to cover only

the terminals that work with both sys-
tems. There is no reason to spend sev-
eral hundred dollars for a terminal
that works with a personal computer
only to find that if someone offers you.
frec time on a giant time-share system
your terminal can’t be used

Two Piece Terminals. At the very
minimum a computer terminal consists
of two separate devices: a typewriter
style keyboard that transmits informa-
tion to the computer, and a display de-

FULL DUPLEX

RECORDER
OR
PUNCH
DISPLAY {CRT ECHO
OR PRINTER)
COMPUTER
READERH—{ KEYBOARD
INPUT

HALF DUPLEX

ECHO
DISPLAY | ks ESHY
ouTPUT
MULTIPLEXER COMPUTER
INPUT
KEYBOARD

READER

For computer use a terminal—whether TTY
or electronic with CRT—is generally
arranged in the full-duplex mode,
meaning the keyboard and display are
independent of each other. In some
instances the keyboard will have an
associated reader that can provide output
from a punched tape (or other player),
while the display has an associated
recorder, or a punch for paper tape. If
there is an associated reader and punch
the complete terminal is an ASR (Automatic
Send and Receive).

The keyboard sends the characters to
the computer which in turn sends back an
instantaneous echo to the printer/display.
it appears to the user that he is typing
directly to the display though there is, in
fact, no direct connection between the
keyboard and display.

In the half-duplex mode a form of
multiplex device somewhere in the
overall system—it can be a simple wire
from the keyboard—sends the keyboard
signal to the display even if the com-
puter’s echo is turned off. If the echo is
left on the display will show each
character twice, once from the direct
connection from the keyboard followed
by the echo. Half-duplex is generally used
when the terminal operates at baud rates
too fast for the printer to follow the
echo,.or too fast for the computer to
handle the incoming character plus the
echo. In time-share and hobby personal
computer systems the echo is usually
turned off at baud rates higher than 300.
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vice that “prints” the information com-
ing from the computer. The display can
either be some form of printer that
“types” a written record—called “‘hard
copy”’—on paper; or a CRT, which can
be a TV monitor, a modified TV re-
ceiver, or anything else using a CRT.

As a general rule the two sections—
keyboard and printer—are totally inde-
pendent even though you might have
used, or observed, a working computer
and seen that whatever was typed on
the keyboard was printed out on the
display. The keyboard transmits infor-
mation to the computer, which then
echoes back to the display so the user
can check the entry. If the user types
the word ready the computer echoes
back the word and the display shows
the word ready. Without the echo the
user would have no idea whether he
was transmitting correct data into the
computer. The condition of separate
keyboard and display is termed full-
duplex, meaning two things can occur
at the same time—you can transmit and
receive simultaneously.

Another condition is termed half-
‘duplex, and there appears to be several

versions of what is meant by half-
duplex. The most common use feeds
the keyboard character to the display
and the computer. When the computer
echoes back, the display shows both the
original keyboard entry and the echo. In
full-duplex, a keyboard entry of ABCD
is displayed via the echo as ABCD. In
half-duplex the display shows AABB
CCDD. In full-duplex the word ready
is displayed as READY; in half-duplex
it appears. as RREEAADDYY Half-
duplex transmission is commonly used
when time cannot be allowed for the
computer to echo back. There are cer-
tain conditions when this is necessary,
and the half-duplex mode, at the least,
allows the user to check spelling and
codes as they are entered into the
computer.

Local is a term meaning the key-
board is connected directly to the print-
er so that keyboard entries are fed
only to the display and any recording
device attached to the display. In this
manner a tape can be prepared for
transmission to the computer at a later
time.

If the terminal is in the vicinity of

RECORDER

TERMINAL

COMPUTER

TELEPHONE
CIRCUIT

TPUT
DISPLAY out
) MPUTER
‘:_ . COMPUTE
THRU e
KEYBOARD |
INPUT

When a terminal is switched to the local
mode the keyboard is connected directly
to the display via a loop, and the
computer is disconnected. In this way the
keyboard entries are fed directly to the
printer and tape punch of an ASR TTY, and
tapes can be prepared for feed to the
computer at a later time. It also permits
characters such as control functions to be
added to a punched tape that has been
previously made from a feed by the
computer using the full or half duplex
modes. (In half-duplex the computer can
feed the display if the keyboard is not in
use. This is usually accomplished by
sending special control signals to the
computer.) In electronic terminal systems
with CRT display the recorder might well
be a digital tape recorder rather than a
TTY-type tape punch.

A terminal can be connected to a com-
puter through voice-grade telephone
circuits using a device termed a modem,
an acronym for modulator-demodulator.
The modem converts the terminal’s
electrical pulses to tones in the
approximate 1000 to 2000 Hz range. When
the tones are received by the computer’s
modem they are converted back to
electrical signals. Each modem is a two-
way device: the computer's modem
converts the computer’s signal to audio
tones and feeds it to the terminal’s
modem where it is converted back to an
electrical signal for the printer or display.
To avoid confusion between the terminal
and computer the tones from the terminal
are completely different from the tones
generated by the computer’s modem.

4
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a computer it can be connected directly
.to the computer via multiple wires—this
is termed hard wired. On the other
hand, it is possible to use the telephone
to “converse” with a computer on the
other end of town, or even the country.
The terminal is connected to a device
called a modem, an acronym for Mod-
ulator-Demodulator. Some modems can
be hard wired directly to the telephone
line; others can be acoustically coupled
by simply placing the telephone’s hand-
set into a built-in receptacle. The
modem takes the signal from the key-
board and converts it into audio tones
which are fed to the computer through
the telephone line. At the receiving end,
a different type of modem converts the
audio tones back to an electrical signal
for the computer. Each modem is a
two-way device. The modem at the
computer takes the computer’s output
electrical signal and converts it into
audio tones for transmission to the ter-
minal. At the terminal the modem con-
verts the audio tones back into electrical
signals needed to drive (produce) the
display. To avoid a mix-up on the
telephone line the audio tones from the
computer systems is the model 33 tele-
type, and the terminology for the model
33 has become, more or less, the ac-
cepted terminology for all I/0s. A
model 33 printer (no keyboard) is
called an RO for Read Only. CRT
displays, or any other type of printer
without an associated keyboard are
usually termed ROs.

A model 33 teletype which consists
of a printer and keyboard is termed a
KSR for Keyboard Send and Receive.
Any other type of TTY or CRT ter-
minals with a keyboard and display is
termed a KSR.

Then there is ASR for Automatic
Send and Receive. This is a model 33
TTY with an attached paper tape punch
and a reader to read back the paper
tape. The tape can be punched either
from the keyboard in the local operat-
ing mode, or by the computer via the
echo. The punch is mechanically at-
tached to the printer so whatever the
printer receives (with some exceptions
programmed through a ‘“stunt box”)
gets punched out on the tape. The
reader feeds out as does the keyboard.
If the tape is played (or read) by the
reader, the output from the TTY is
just as if it was sent from the key-
board. Both the punch and reader can
be controlled from the computer by
special signals, hence, this type of TTY
is termed Automatic Send and Receive,
or ASR Any similar terminal device is
known as an ASR.

Though the model 33 TTY, and its
designations such as RO and KRS, is
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terminal are at a different frequency
than those from the computer.

The basic input/output device for
both time-share and most personal
the common standard of reference for
most hobby and time-share computer
systems there are other keyboard-printer
devices that provide similar functions.
Other straight TTY equipments are
available as ASR and KSR equivalents
of the model 33; and there are special
line printers that print an entire line
of copy at high speed, in contrast to
the TTY’s one-letter-at-a-time printout.

Smart and Dumb. Another variation
is the “dumb” CRT terminal. This is a
keyboard and CRT display made to
function exactly as a KSR TTY.
Though all-electronic, it puts out exactly
the same type of signal as a TTY and
responds to the same input signal, print-
ing one letter at a time at TTY speed
on the CRT. A slightly different version
of the KSR electronic TTY puts out
something called an RS-232 signal, an
industry-wide TTL (transistor-transistor
logic) compatible signal used for direct
connection to computers and some mod-
ems; but it’s still a “dumb” terminal.

What's a “smart” terminal? An elec-
tronic terminal with a built in mini-
computer. A smart terminal allows the
user to type a full page into storage,
examine the page for errors, make cor-
rections, and then transmit the signal.
In some smart terminals additional in-
formation can be typed into storage as
the previously entered information is
sent out. On the receiving end, a smart
terminal can often store several pages
of transmission, allowing the user to
electronically roll back to previous
pages. (A full screen is usually a
page.) Some smart terminals are actu-
ally full computers with built in KSR
and can store thousands of words, but
this is esoteric equipment. The typical
hobbyist and time-share user is more
likely to use an inexpensive, dumb KSR
electronic terminal such as the highly
rated Micro-Term ACT-1, which has
300 baud (we’ll explain baud later)
RS-232 output that can be fed directly
to a hobby computer or into a modem
such as the Omnitech 701A (the in-
dustry “work horse” available used for
about $150) that has both a TTY and
RS-232 connection.

For those who need both a direct
RS-232 output and a modem, but who
don’t want the modem as an extra
piece of gear with its required wiring
there is the ACT-2 terminal shown in
the photographs. The one shown is a
prototype sent to ELEMENTARY ELEC-
TRONICS for test and evaluation. It is
essentially the ACT-1 with a built in
modem.
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All time-share and most of the
larger personal computers use an
electrical character code termed
ASCI!, short for American Standard
for Communications Interchange of
Information, and pronounced “as-
key."

The 8-level ASCIl code presently in
use was designed for teletype so the
associated terminology refers to TTY
operation even if the entire communi-
cations system is electronic with a
CRT for the display.

The TTY terminology in turn goes
back to the days of the telegraph
when one or a series of magnetic
sounders was connected in a battery
powered loop through the telegraph
keys. Since everything was in series,
the normal off condition was for cur-
rent to flow in the loop and this con-
dition was called mark. When the
key was open to send a character
the current loop was broken, the
sounders made a ‘‘click” and the
open current loop condition was
called space. We still use the terms
mark and space today. When a com-
puter’s TTY is connected to its as-
sociated equipment and it is not
receiving a character signal it is fed
20 mA of current for the printer—the
mark condition. To send characters
the current is interrupted—the space
condition. (You might have to read
this over a few times to get the sense
because it appears to be the oppo-
site of what's needed. As we’ll show,
in electronic systems we invert the
signal so mark is generally zero cur-
rent or voltage and space is some
amount of current or voltage.)

On to the next confusion. The 8-
level ASCII character code really
uses only seven bjts to transmit the
character; the eighth bit is for some-
thing termed parity, and even here
we don’t stop because there must be
signals to synchronize the sending
and receiving equipment. After ali,
something has to tell the printer that
the electrical pulses to follow are a
character and not line noises. So we
add a start bit in front of the charac-
ter. Now we must turn off the printer
so it doesn’t generate ‘‘garbage”
sensing line noises as character bits.
For this we follow the parity, or
eighth bit, with two stop bits. Now
we have a total of 11-bits making up
the 8-level ASCH TTY character, as
shown in our earlier diagram.

Note that each bit is 9.09 msec
wide, making a total character length
of 100 msec. The start bit turns on
the printer, the first seven bits rep-
resent the character—either letter,
numeral, control function, etc.—and
the stop bits insure the printer stops
and resets for the next character.

The parity, or eighth bit, is used to
“test” the transmission when there is
the possibility noise can obliterate,
or add, a bit. The keyboard can be
programmed so the parity bit is
added to provide odd or even parity;
that is, the total number of character
bits from one to eight is even or odd.

Assume the keyboard is pro-
grammed for even parity and the let-
ter Q is transmitted. The letter Q uses
three bits—Numbers 1, 5 and 7. Three
is an odd number so the eighth bit
is automatically added, making the
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total number of bits fransmittted four,
" an even number. At the receiving end
only the first seven bits are pro-
cessed, giving the character Q. A
parity detector, however, counts all
the bits; if it's not an even result the
printer might indicate an incorrect
character has been received, or the
parity detector might light a lamp or
sound a bell to indicate something is
wrong with the transmission. If the
character originally had an even num-
ber of bits, such as the letter V which
uses bits Numbers 2, 3, 5 and 7, the
eighth parity bit is not added since
the transmission has an even num-
ber of bits for the character, and the
parity detector “sees’ an even count.
Both the keyboard and parity detec-
tor can be programmed for even or
odd parity. Where there is a direct
connection to the computer, or a
circuit with little likelihood of noise,
the parity detector is usually disabled
or simply not used.

Though a TTY requires a bit length
of 9.09 msec. the resultant 110 words
per minute printer speed is too slow
for most users. 300 WPM is the stand-
ard for electronic terminals used by
time-share (with echo) and personal
computers. We get the higher speed
by simply reducing the time of each
bit to 3.3 msec., and by eliminating
the second stop bit. :

The actual TTY transmission of the
No. 8 is shown in the topmost figure.
Note that the reference is mark, and
the transmitted bits are start, 4-5-6,
stop-stop. The middle figure shows the
electrical equivalent as would be
transmitted by an electronic keyboard
using the EIA’s RS-232 standard. Note
that mark is now “O” (zero) and the
waveform appears as a conventional

110 BAUD TTY CHARACTER, IOOMS.

332

waveform with the bits positive-going.
(Yes, RS-232 provides for a negative-
going waveform resembling the TTY
waveform shown in the topmost fig-
ure). Note that the RS-232 character
shown is 300 baud so the second
stop bit is eliminated. .

In both the top and middle figures
bit number 1 is not used so the start
bit stands alone. The bottom figure
shows what occurs when bit 1 is
part of the character. The letter
“U” has alternating bits starting
at bit 1, so bit 1 combines with
the start bit to form a “pulse” dou-
ble the reference bit length of 3.3
msec. The receiving device senses
the leading edge of the start bit,
times out for 3.3 msec. and since it
“sees” a.signal at the start of the

next 3.3 msec. interval it “counts”

bit 1. it is through the timing that the
receiver counts bits. For example,
in the top figure bits 4, 5 and 6 run
together and “appear” as part of a
square waveform. In actual fact the
TTY doesn’t recognize a square
wave; its timing mechanism simply
counts three contiguous bits followed
by a space.

In both TTY, modem, and most
personal computer use each ASCII
character is transmitted serially,
meaning one bit follows the other.
There are special circuits, however,
that require a parallel transmission,
that is, all bits are transmitted
through at least seven wires at the
same time (eight wires if parity is
used). This is generally done elec-
tronically with each bit represented
by a high (logic 1).

The subject of the ASCII code and
its transmission is rather extensive.
We have featured the general high-
lights you'll need to know as you get
started in using computers. A more
complete explanation geared for
hobbyist use can be found in the
Sam’s publication TV Typewriter
Cookbook by Don Lancaster. If pos-
sibe, avoid the TTY service manuals
and handbooks; you need a whole
set to find out what’s going on.and
the Cookbook is faster and more
easily understood. *

’
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Baud. Whether you go into personal
or timeshare computer systems you're
going to hear and read much about
something termed baud or baud rate.
Very simply, baud is expertese for some-
thing we used to term pulse width, or
time; it's sort of like when the experts
decided to upgrade electronics by de-
ciding we must all call cycle-per-second
hertz.

In order for electronic systems to
communicate there must be some form
of synchronization; each character or
command must be transmitted and re-
ceived in a specific time interval. If a
printer was programmed to receive a
character in say, 100 milliseconds
(msec.), and it received one and a half
characters in 100 msec., obviously it
would be confused and display incor-
rect information, just as it would if it

-received only half the character infor-

mation in 100 msec.

As you might have guessed, we
achieve synchronization by transmitting
any character in a specific time interval.
If you refer to the illustration of an
ASCII TTY signal you’ll note it con-
sists of 11 bits—the start bit, 7 character
bits, parity,’and two stop bits—with
each bit being precisely 9.09 msec. in
width for a total of 100 msec. Now
baud, or baud rate is very simply the
reciprocal of the pulse width of each
bit. Since the pulse width of each
ASCII TTY bit is 9.09 msec the baud
rate is 1/.00909, or 110. That’s all
there is to it. We could just as easily
have called it the “Irving rate,” the
“Gloria rate,” or the “9.09 rate.” We
call it baud rate, and a 110 baud rate
is always 8-level TTY speed.

Trouble is, the TTY is capable of
printing a maximum of 100 words per
minute typing rate, which is fine for
someone typing away, but slow when
getting information back from a com-
puter.

Though there are printers capable of
displaying more than 100 words per
minute they cannot print faster than the
information is transmitted, and the limi-
tation remains the speed at which the
ASCII characters are transmitted. But,
the ASCII format applies to the se-
quence of the eight bits making up the
character and parity (a self-checking
feature). If each bit were shortened
each character would take less time to
transmit, -and that’s exactly what is
done. By general convention, for most
personal and time-share high speed
terminals the character bit rate is short-
ened from 9.09 msec to 3.3 msec.,
Almost three times as much information
may be transmitted within a given time
interval as compared to a 110 baud
TTY. If we find the reciprocal of 3.3
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msec. (1/.0033) we get an answer of
300, meaning a 300 baud rate. You will
find most hobby CRT terminals such as

the ACT-1 and ACT-2 to be 300 baud.

The fact that 110 baud means 100
words per minute and 300 baud means
300 words per minute doesn’t mean
there is a direct relationship between
baud rate and words per minute. The
close relationship is purely accidental.
(If you get out the calculator and start
multiplying you’ll probably claim a 300
baud rate should produce less than 300
words per minute. The “error” comes
in because the TTY signal has two stop
bits which take up a total of 18.18
msec. The complete TTY signal is 11
bits; start, 8 characters with parity, 2
stops. The 300 baud system has only
one stop bit—ten bits total for the
character—so the stop is 3.3 msec,
which is less than one-third the time
of the 110 baud stop bits.)

Baud rates can be intermixea for
storage. Assume you have a Southwest
Technical Products MC6800 personal
computer such as the one E/E will use
for our personal computing series. You

might type in your program using a
110 baud model 33 teletype. Allow for
corrections, proofing and changes and
assume you have worked one hour
loading the program. The final program
—error free—if punched out on paper
tape through the TTY might take 10 or
15 minutes to load it back in the next
time you want to use it. But you can
have a “hobby standard” 300 baud re-
corder connected to the computer, and
instead of dumping the program out to
the TTY you dump to the recorder at
three times the TTY speed. The re-
cording will take only some 3 or 4
minutes to save ahd reload into the
computer. Some personal computing
hobby recorders run 1200 baud, and
that 10 or 15 minute program can be
saved and loaded in a few seconds.
(There are even higher baud rate re-
corders.)

Summing Up. Your first requirement
for both personal and time-share com-
puters is the terminal. With the personal
computing marketplace growing at a
rate exceeding Jack’s beanstalk there
are more and more ads from more and

more companies offering surplus TTYs
and CRT terminals, both kit and wired.
Like the early days of anything, many
won’t be around tomorrow when you
need service or parts, and some of what
will be sold won’t work too well. In
selecting a terminal, stick to the well-
known brands from companies that
have deserved reputations. For ex-
ample, you can always get parts and
service for a model 33 TTY at reason-
able prices. This is not necessarily true
of any other TTY. If you're purchasing
a used model 33 (which is about the
only way to get one, because the wait-
ing list for a new one direct from
Teletype is months and months) make
certain you get it from a company
specializing in-rebuilt models, such as
National Teletype.

If you opt for a CRT terminal the
proven one is the ACT-1; if you want
to go the build-it-yourself route South-
west Technical Products is probably
your best bet at this time.

The age of personal computing is
upon us so you might as well climb
aboard at the beginning. ]

N

Microprocessor RHevolution

[J Our world has already changed be-
cause of microcomputers, and it will
change much more. In ten to fifteen
years, your home will likely have many
microprocessors in it. They will be in
your kitchen, garage, basement, living
room, gameroom, and bedroom. Many
people will be using microcomputers
without knowing it. Others will be ex-
panding their thinking processes as they
pit themselves against complex but fas-
cinating learning machines. Math, sci-
ence, even history and art will be pro-
grammed into shoebox sized computers
that you can buy or that you can bor-
row from a library or school.

We are talking about a subject as
broad as your imagination—the applica-
tions of microcomputers. Let’s face it,
your goal and that of every electronics
outfit in this business, is to first under-
stand some principles of microcom-
puters and then to figure out what to
do with them. You may be a hobbyist
who is simply curious and trying to ex-
pand his horizons. But, you may be
more than that. You may want to start
your own business to make and market
a product of your own invention. The
time has come to understand what is
being done with microcomputers, what
some companies are thinking about
doing, and to pipedream a bit about
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MICRO PROCESSOR USES IN AUTOS
Driving Aids
« All electronic instru-

Fuel Economy and
Emission Control
e Firing of plugs
¢ Air/fuet ratio
¢ Rate of deceleration
¢ Speed contro! for
highest m.p.g.
¢ Automatic adjustment
for weather conditions

ment panel

control

Microprocessors can be especially useful in aiding operators of complex equipment,
such as the family car. The auto industry hopes to perfect all the above uses of micro-
processors in the coming years. “Dumb’’ cars will be in museums instead of on freeways!

¢ Radar with speed

e Computer navigation
following road beacons

¢ Computation of best
rest stops, expected
arrival time, type fuel
to use for trip, best tire
pressure for load, etc.

Safety

e Computer warning of weak
spots like tires, battery,
brakes, radar, etc.

® Anti-skid braking

¢ Anti-theft coniputer
combination tocks

e Air-bag control

how we can improve our world with
some futuristic inventions.

The whole area of applications is so
broad that we need more than one ar-
ticle to begin to cover it. This issue will
address microcomputers in business,
transportation systems, and the home.
But the home applications will only be
touched on at this time. The next issue
will dive into electronic games for the
home—which is a fantastic voyage in
itself. So stick with me as we weave
our way through.

Computers In The Office. The use of
computers in business—a subject many
of you have asked me about in your

letters—can be broken up into the two
broad areas of inventory and control.
Inventory here means keeping track of
something. It can be the recordkeeping
of a doctor’s office or of an accountant
for billing purposes, or it can be keep-
ing track of what items are in stock.
Let’s take a look at some actual cases.
There is, of course, the one most of
you have seen by now in some of the
grocery stores. A light pen reads the
international strip code from a label,
enters the code into the cashier’s termi-
nal which passes it onto the central
computer in the back room. For each
label code, the computer memory knows

] !
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the price of the item, how many are in
stock, and where to place an order for
more. When steck of an item gets too
low, the computer writes an order for
more. We have here a central computer
controlling small microcomputers in the
cashiers’ terminals. Commands flow
back and forth to control the light pen,
give pricing, tax computation, et cetera.
Then there is your local hamburger

-— heaven. Have you noticed the key pad

on a Burger King cashier’s terminal?
Only a microcomputer can provide the
kind of flexibility you see there. You
say hamburger, for example, and the
order taker presses a touch-type key
with a plcture of a hamburger on it.
The price is built into the computer
memory. To change prices the store
manager calls in the terminal experts to
do a simple software change. Hardware
does not have to be discarded. After
you have placed your large order, this
computer provides a listing that is easy
for the cooks to follow—how many
shakes, how many hot dogs, et cetera.
Now let’s think of how we can improve
on this smart terminal. What would you
do? Well, the first thing to notice is
that the terminal operators have to call
the order to the kitchen. We know from
our last Computer Readout article that
video screens are a blooming output
medium. It seems archaic to go from a
computer to a person to a microphone
to the kitchen. The kitchen should per-
haps have a video display that shows
the hamburger person how many burg-
ers he has on order of various types
(small, large, no pickle, etc.). As the
outgoing tray is filled, the computer
would subtract the items from computer
memory card from the screen. Inven-
tory ability could be added by connect-
ing the terminals to a central inventory
control computer that ordered food as
necessary via a data link to the ware-
house computer. Eventually, you could
build an entirely automated entry.
Drive in, push the key for the food you
want, the kitchen would be composed
of conveyor belts and ovens—out comes
your food.

That is a bit astray from pure inven-
tory control, but that kind of leapfrog-
ging is exactly what is making small
computer businesses take off to big
things today. Inventory control is very
much in demand, and every case has to
be nearly custom tailored to the client.
Through software control, that custom-
izing is no problem. If you want to
imagine how you could get started with
an inventory control system, simply
imagine getting a small computer that
takes BASIC instructions (see our tu-
torial on BASIC elsewhere in the maga-
zine) via a typewriter keyboard, and

i
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INDOW

A lean-burn computer
keeps the air/fuel
mixture at 18:1

under all driving con-
ditions in order to
keep pollution levels
low. A new computer
system must be de-
vised by 1981—when
Congress will cut al-
lowable nitrous oxide
levels by fifty percent.

NITROUS
OXIDE
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next imagine programming a small and
simple inventory system to keep track
of shoes in a store. You are on your
way.

. And In The Factory. Computer
control in industry is presently wide-
spread, but the potential is really un-
limited. The needs are great, and the

microcomputers available today liter- /

ally sit waiting for someone to apply
their power to the jobs. Take, for ex-
ample, the computer-automated control
of metal parts. Machines that stamp or
bend metal parts are becoming nearly
commonplace in industry. The operator
loads a hopper with pipes or other
metal pieces, presses the button and the
computer controls the machine. Out
come car ash trays, hingles, you-name-
it. If a new hinge design is to be fabri-
cated,, the computer program is simply
updated with new holes to drill and
bends to make.

The ideas here are not new, and in
many cases only the surface is being
scratched. Microcomputers of the fu-
tur will be tied together in an industrial
plant. The ordering of raw material to
meet schedules on new orders, the ac-
tual fabrications, and the shipping and
billing would all be computer con-
trolled. And remember, you. need not
sit by and watch. There is a big market
out there and learning about microcom-
puter operations as a hobby at home
will give you a big foot in the door.

The Millers Ferry Hydroelectric
Plant in Alabama is controlled by an
Interdata 70 that communicates with
three IMP microprocessor boards to
control water flow and generators at
Jones Bluff Dam that is many miles

away. The system is estimated to save
tens of thousands of dollars by increas-
ing efficiency of the power plant—so the
computers will pay for themselves. Con-
trol of open hearth furnace feeding and
temperatures, monitor and control of
electric power to giant aluminum smelt-
ing pots, monitoring of the quantity of
ingredients that go into anything from
cake mixes to tire rubber—all of these
use microcomputers today. The com-
puter acts as a kind of central brain
that may have several smaller micro-
processors feeding it, which in turn
have sensors telling them what is hap-
penmg So sensor technology is an area
that is absolutely booming as computers
push the need for new and cheaper de-
vices. Sensors can smell (such as smoke
detectors), feel (like strain gauges),
hear (special frequency response trans-
ducers), and see (like infra red sen-
sors). Still, there is the need for more.
The more intelligence that can be built
into the sensors, the less time the cen-
tral computer has to spend interpreting,

In Your Car, Too! Transportation is
an area much in need of micro-proces-
sors—and the future will show a fan-
tastic set of changes in this area. The
Chrysler Lean-Burn system is one of
the popular examples of how people
can have a computer in their garage
without knowing it. The concept there
is to control the spark firing so as to
always have the air/fuel ratio equal
to 18 to 1. While maximum fuel econ-'
omy is achieved at a ratio of about 16.5
to 1, a ratio of 18 to 1 leads to mini-
mum levels of carbon monoxide and
unburned hydrocarbons. In 1981, ni-
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trous emissions will be tightened from
2 grams per mile to only 1 gram per
mile. Several manufacturers plan to use

a new type catalytic converter to ab-
sorb the bad exhaust, but for that new
converter to work well, and for fuel

economy to be kept as high as possible,
a more elaborate computer control sys-
tem is being developed. |

Cut the Cost of TV Hepairs

[] Every professional television tech-
nician knows that a certain percent-
age of his service calls are going to
be “nuisance calls.” There won’t be any
real trouble with the TV set. It will be
the simple things: set not plugged in,
antenna lead-in unhooked, controls not
set properly, and so on. The technicians
call these “nuisance” calls because they
really are to him. He doesnt like to
have to charge you for a service call,
but he has to; it costs him money to
make it.

If you know how your TV set works,
and how to check for the simple things,
you can save yourself ‘a lot of time and
money. So we’ll tell you about all of the
nuisance-things, and how to find them
yourself. It’s easy. We will also tell you
how to know when you should call a
technician; you’ll see, hear, and smell
things that mean trouble. Besides these,
we’ll tell you several things that you
should not do, to keep from doing
further damage to the TV set. This will
be confined to tube and hybrid type
TV sets, for the solid-state TV sets can’t
be serviced by anyone but a pro. How-
ever, a whole lot of these tests will
apply to all types.

Using the Controls. A lot of this will
deal with the various controls on the
TV set. We'll tell you how to check
these controls for proper operation. You
can use these tests to tell whether the
set is working or not. In many cases,
these controls will have been set
wrongly, either by accident or by some-
one who didn’t know how to set them.
(Small-type kid brothers are very good
at this; for the women’s libbers, so are
small-type kid sisters!) So.we’ll tell you
how to set them. If you know what each
of these controls is supposed to do, you
can tell whether the trouble is a simple
misadjustment or some real problem in
the set. We'll also tell you about the
ones you must not adjust. Fiddling with
these can mean that you will have to
have a service call. There are also some
conditions that mean “turn it off quick.”
If the set is left on when these things
happen, it can cause more damage, and
make the bill higher. We'll get to these
later on. N

Power. If the complaint is, “The set
doesn’t light up at all,” the first thing to
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check is the AC line cord. Be sure it’s
plugged in. Cleaning around the back
of the set can accidentally pull the line
plug. If the screen of the set doesn’t
light up, check to see that the pilot light

(if any) is on. If it isn’t this could

mean that there is no power at all get-
ting to the set. Peep in through the holes
in the back cover and see if the tubes
are lighting up. If they are, but the
pilot light isn’t on, the pilot light is
burned out.

No Light on Screen. If the pilot light
is on, but you have no light on the
screen, you are getting power to the
set. Check the brightness control. Some-
one may have turned it down too far.
If you hear the sound, but the screen
doesn’t light, this could mean that the
brightness control is turned off, or some-
things more serious. Here is one of the
main “no-nos.” If you can get sound,
but the screen refuses to light up at all,
turn it off quick. Leaving a TV set on in
this condition can cause quite a bit of
extra damage to tubes and parts, in cer-
tain conditions. There is one thing you
can check: Look on the back of the
set for a small red shaft coming out of
the chassis, usually near the place where
the line cord goes in. This is the cir-
cuit breaker. Push this in, and see if
this brings back the light on the screen.
If so, and it stays on, OK. However, if
you push this and the set lights up but

.goes out in about one minute or less,

don’t push it again. You have some kind
of short-circuit in the set, and it will

BOWED OUT- FLATTENED-

WRONG

RIGHT
(EXAGGERATED)

vvvvv

LINE CORD
HERE

Fig. 1. Prongs of the line plug should have
“spring” to make good contact. If they
don’t, bend them apart with a knife blade.

need a service call. Repeated setting of
the breaker can cause more unnecessary
damage.

TV Set Goes Off and On. If the pic-
ture, sound, and pilot light go off and
on at irregular intervals, check the line
cord and the AC outlet. If everything
quits at the same time, this is a very
good suspect. Hold the plug in the out-
let with one hand and move the line
cord back and forth with the other. If
this makes the set cut in and out, the
wires are probably broken inside the
insulation. Get a new plug, and cut the
line cord at a point about 3 inches frem
the original plug. Most of these breaks
will be right at the point where the wire-
goes into the plug. Check the other end
of the line cord, too. If the break is at
the point where the line cord goes into
he set, you'll have to have a technician
replace it. The “interlock” plug on the
set end is molded on the cord and can’t
be replaced.

There is one other common cause for
this. Check to see if the plug fits tightly
into the outlet. When you push it in,
you should feel a good deal of friction.
If it slips in easily it can fall out just
as easily. Check the prongs of the plug.
Many of these are “doubled” to give a
spring action to make good contact. If
they’re flattened out, push the tip of a
knife blade between them, to give them
more “spring.” Fig. 1 shows how to do
this. If the plug is still very loose in the
outlet after you do this, the outlet it-
self is worn out and will have to be re-
placed. Try the plug of a lamp in the
same outlet to find out if it will light up.

Check that Line Cord! While you're
working on the line cord, check its con-
dition very carefully. You've probably
heard of the alarming number of “fires
caused by TV sets” in the media. This
is exaggerated very badly, but it is quite
possible for a bad line cord to cause a
fire. These are almost always near cur-
tains and other flammable materials, so
if they should short, it’s easy to start a
fire. This is due to deterioration of the
insulation of the cord. Pull the -plug,
and look it over very carefully.

The insulation should be smooth and
“live.” Bend the cord sharply between
your fingers, and check it right at the
bend. It the insulation has aged, you’ll
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see fine cracks, or perhaps even breaks,
exposing the wires. A line cord which
has these conditions must be replaced at
once. Don’t tape it up and leave it; get
a new one. Fig. 2 shows how this looks.

Bad Pictures. Now let’s look at some
of the troubles that you can have. If
you do have a picture and sound, but
they’re not as good as they should be
there are several simple things which
can cause this. There are several of
these which can fake troubles inside the
set, and cause you to call a technician.
Let's find out about the ones you can
check out easily.

One of these 1s too much snow in the
picture. The sound may be all right, or
it may have a blowing or roaring sound
if the picture is very weak. This can be
caused by trouble in the TV antenna or
the lead-in. Whether you have an out-
side antenna, rabbit-ears, or a cable,
check the connections on the back of
the set. The lead-in connects to two
small screws on an insulating panel, usu-
ally near the top of the set. If one of
the wires is off, you’ll get snow. Be sure
that the wires are tightly held under the
screws. If you have one of the “quick
disconnect” antenna connectors, called
“clothespins,” be sure that this hasn’t
slipped off. The screws should be loos-
ened about two turns so the clothespin
can get a grip on them. Most sets now
have two sets of antenna connectors,
one for VHF and the other for UHF. If
the antenna lead-in is fastened to the
UHF terminals, and your stations are
all VHF, you'll get very bad pictures.

If you have an outside antenna, the
lead-in may have broken on one side,
due to the constant flexing from the
wind. The lead-in is usually a flat rib-
bon type of wire called “300-ohm twin-
lead.” It is quite possible for one side
of this wire to break, inside the in-
sulation. The fastest way to check this is
with an ohmmeter. Take the lead-in off
the TV set, and check between the two
wires. This should be a complete DC
circuit, from one wire up through the
antenna and back down the other. You
should see about 5-6 ohms in the aver-
age lead-in antenna combination. For
the rabbit-ears antennas, you may see
continuity from one side of the lead-in
to the other, or you may not. If you
don’t, check from each wire to one arm-
of the antenna; one wire will go to each
one.

If you do find the lead-in open, you’ll
have to lower the antenna and put on
a new lead-in. The plastic insulation of
the lead-in will deteriorate after a few
years of sunlight, and a new line will
often improve reception noticeably.
Most antennas can be lowered without
too much trouble. or reached from a
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LOOK FOR CRACKS
OR BREAKS IN
INSULATION \

LINE

BEND -OVER CORD

FINGER
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Fig. 2. Bend the line cord sharply between
your fingers and look for cracks in the
insulation. Don’t forget to pull the line plug!

ladder. You should have a lightning
arrester installed right at the place
where the lead-in goes into the house.
Take the lead-in off this and check it.
If it has been hit by lightning, the ar-
rester itself may be damaged, and short-
ing out. You should read a completely
open circuit across the two terminals of
the arrester.

The final test for antenna trouble is
to try another TV set on it. If this set
too shows too much snow, then you
can be pretty sure that the antenna it-
self is the problem. If the test set shows
a good clean picture, then it’s time to
take the first one to a shop; it has a
weak tube or some kind of trouble in
the tuner. Make <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>