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A photo print -timer that does 
everything but turn out the lights! 
Designed by a darkroom crafts- 
man, it features instant reset, 
backlighted digit -set dials, 
pushbutton stop and start. 

A battery- operated dickey flasher 
-guaranteed to liven up any 
party! Suddenly, your shirt 
buttons start flashing sequen- 
tially! Some people laugh. Others 
just stare. But it's funniest when 
they try to ignore you! 

Elementary Electronics features 
low -cost, practical projects 
like these in every issue! 

Mail coupon today for your 
complimentary copy! 
Yes, every issue of ELEMENTARY 
ELECTRONICS brings you step -by -step 
instructions, with photos and diagrams, 
for all kinds of devices you'll enjoy building 
-and be proud to own! 
But that's not all. You also get instructive 
articles on electronics, CB and shortwave. 
Lively columns. Exciting features that make 
ELEMENTARY ELECTRONICS America's 
most absorbing, down -to -earth magazine 
for the electronics and radio hobbyist. 

Invaluable Basic Courses 
in electronic theory! 
For example, you get the fundamental 
training you need to construct your projects 
successfully -or lay the groundwork for 
an electronics career. 
Each issue presents a Basic Course that 
helps you master an important aspect of 
electricity or electronics. Recent subjects 
included: Resistors in Combination. 
Understanding Transformer Action. 
Introduction to Alternating Current. And 
Understanding Semiconductors. 
Our readers tell us these Basic Courses 
are one of the magazine's most popular and 
valued features. 

A magazine with a personality 
all its own! 
You'll meet a lot of interesting people in 
the pages of ELEMENTARY ELECTRONICS 
Like Hank Scott, our Workshop Editor. 
He conducts a regular letters- from -readers 

A shortwave station finder/ 
marker. Suppose you pick up an 
interesting but elusive station 
in Papeete, Kuwait or Kinshasa. 
This stable wide -band oscillator 
lets you relocate it any time you 
like- without hours of searching. 

A nostalgic crystal radio set - 
just like the one your grandad 
had. You make it with a Quaker 
Oats. box. 

A futuristic pulse -width modu- 
lated mini -audio amplifier. It can 
boost the volume of a pocket 
radio to dancing level! 

column called "Ask Hank, He Knows!" 
If you have any trouble on a project- 
or with anything electrical -just ask Hank. 
He knows! 
And Kathi Martin, KGK3916, our Citizens 
Band Editor. She writes "Kathi's CB 
Carousel" -the most entertaining and infor- 
mative CB feature you'll find anywhere! 
Plus the people who contribute our 
columns on shortwave, antique radio, 
new products, electronics news tid -bits 
-and much, much more! 
All our writers, editors and columnists 
know their stuff backwards and for- 
wards. And they know how to make 
it interesting! With the same kind 
of straightforward language you use 
yourself when discussing 
electronics or radio. 
What's more, they have fun. Which 
means you'll have fun, too! 

SPECIAL INTRODUCTORY OFFER: 
Just mail this coupon, and we'll send you 
a complimentary copy of ELEMENTARY 
ELECTRONICS. 
Send no money now. We'll bill you later 
for a year's subscription -a total of six 
bimonthly issues for $3.98. But if you don't 
agree the magazine is everything we say it 
is, simply write "Cancel" across the face 
of the bill. Send it back to us, keeping the 
complimentary copy. And you won't owe 
a cent. 
Act today. We're confident that once you 
see your first copy of ELEMENTARY 
ELECTRONICS, you'll wonder how you did 
without it for so long! 

A solid -state wind -chill factor 
meter that can tell you instan- 
taneously just how cold you feel! 

A compact, portable gas alarm 
for home, trailer, car or boat. 
It detects many kinds of danger- 
ous fumes -and could easily 
save your life! 
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my get- acquainted copy of ELEMENTARY 
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Youcanturnthe Ciboom 
into income... with NRI's Complete 

Communications Course 
NRI can train you at home 
for a part -time job or a full - 
time career in communica- 
tions. 
The field of communications is 
bursting out all over. More 
than 25 million CB sets are in 
operation with millions more 
being sold annually. That 
means countless careers in 
design, installation, and main- 
tenance. Start training at home 
now, the NRI way. 

Get your all- important FCC 
License. 
FCC rules require that CB 
transmitters be serviced only 
by the holder of a First or 
Second Class FCC Radiotele- 
phone License, or under the 
supervision of a license holder 
when the transmitter is con- 
nected to a "radiating 
antenna." NRI will give you 
the necessary training to get 
that all- important First or Sec- 
ond Class FCC Radiotele- 
phone License so that you can 
qualify for one of the many 
available openings. 

Learn on your own 
400 -channel digi- 
tally- synthesized 
VHF Transceiver. 
The 48- lesson NRI 
Complete Communi- 
cations Course 
teaches you to ser- 
vice and adjust all 
types of two -way 
radio equipment 
(including CB), 
using the one unit 
that is best equipped 
to train you for CB. 
Commercial, and 
Amateur Communi- 

cations...a "designed- for -learn- 
ing," 400 -channel, two -meter 
VHF Transceiver and AC 
power supply. Then we help 
you get your FCC Amateur 
License, with special instruc- 
tions so you can go on the 
air. The unit can be mounted 
in your car, or you can use it 
as a base station. 

The complete program 
includes 48 lessons, 9 special 
reference texts, and 10 train- 
ing kits. Also included are: 
your own electronics Discov- 
ery Lab", a new Antenna 
Applications Lab, an Optical 
Transmission System, CMOS 
Digital Frequency Counter, 
and TVOM. The course covers 
AM and FM Transmission Sys- 
tems; Radar Principles; Marine, 
Aircraft, and Digital Electron- 
ics; and Mobile Communica- 
tions. You must earn 
your First Class 
Radiotelephone FCC 
License or you get 
your money back 

TM McGraw Hill CEC 

CB Specialist's 
Course also available. 
NRI now offers a special 37- 
lesson course in CB Servicing. 
You get your own 40- Channel 
CB Transceiver, AC power 
supply and multimeter, for 
hands -on training. Also 
included are 8 refer- 
ence texts and 14 
coaching units to 
make it easy to get 
your Commercial 
Radio -tele- 

phone FCC License -enabling 
you to test, install and service 
communications equipment. 

Over a million have enrolled 
with NRI. 
Send for the free NRI catalog 
and discover why more than a 
million people like yourself 
have chosen the NRI way as 
the right way to get ahead. 
You learn at home with bite - 
size lessons, progressing at 
your own speed to your FCC 
License and then into the 
communications field of your 

choice. There's no oNigation 
and no salesman will call. 

If insert card has been removed, write: 

NRI NRI SCHOOLS 
McGraw Hill Continuing 

11,414 

' 

Education Center 
3939 Wisconsin Avenue I. M LA Washington, D.C. 20016 
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Hey, 

look me over 
Showcase of New Products 

AM /FM Stereo Receiver 
Sony's new STR -2800 receiver features 

20 watts per channel, minimum RMS at 
8 ohms from 20 Hz to 20 kHz with no 
more than .5% total harmonic distor- 
tion. Intermodulation distortion is also 
.5 %. The amplifier is direct coupled for 
high stability, wide frequency response, 
and low distortion. The tuner affords 

i 
CIRCLE 44 ON READER SERVICE COUPON 

clear FM reception: 50 dB of quieting 
is reached with only 50 uV of input in 
stereo; ultimate signal -to -noise is a very 
quiet 68 dB. Selectivity is 50 dB, cap- 
ture ratio 1.5 dB, and separation 35 dB 
(at 1 kHz). Price is $240.00. For more 
information, write to Sony Corporation 

of America, 9 West 57th St. New York, 
NY 10019. 

Burn -Out Proof DC Power Supply 
A new DC power supply designed for 

CB service application, designated Model 
244 Mobil /Comm Power Supply, offers 
features of value to CB service techni- 
cians. The fully -adjustable voltage range 
of 10.5 to 14.5 VDC is accurately meter- 
ed on large 21/2 inch meter with the 

CIRCLE 62 ON READER SERVICE COUPON 

calibrated standard 13.8 volt setting 
clearly indicated. Full adjustability and 
0.5% regulation permits duplication of 
actual storage- battery operating condi- 
tions such as low -voltage and over - 
voltage operation. Continuous -duty three 
ampere output is protected against short 
circuits by fold -back current limiting. 
Even dead shorts will do no damage. An 
additional advantage of fold -back current 
limiting is that during high current -load 

conditions that may exist in malfunc- 
tioning transceivers, the power supply 
will not shut off, but, automatically re- 
duce the current output to a relatively 
safe level. When the meter switch is in 
the AMPS position the output current is 
indicated with 3% accuracy. After the 
short circuit is removed the unit returns 
to normal operation, no fuse to replace, 
no circuit breakers to reset. The Hickok 
Model 244 Mobil /Comm Power Supply 
is available now at Hickok distributors 
for $125.00. For further information 
write to Hickok Electrical Instrument 
Company, 10514 Dupont Avenue, Cleve- 
land, OH 44108. 

Preamp /Amplifier 
Dynaco /Dynakit has introduced a new 

moderately -priced integrated preamp /am- 
plifier, the SCA -50, which offers a num- 
ber of features. The unit is available 
assembled or in kit form. As a kit, it is 
extremely easy to assemble, requiring 
only simple tools and a few evenings 
work. Most circuitry is factory-wired on 
printed circuit boards, and pre- tested. It 

CIRCLE 60 ON READER SERVICE COUPON 

(Continued on page 10) 

IN WIRE WRAPPING 
HOBBY- WRAP -30 

HAS THE LINE... 
WIRE -WRAPPING, STRIPPING, UNWRAPPING TOOL FOR AWG 30 (.025 SQUARE POST) 

SHIPPING CHARGE $100 
RESIDE rD SAIFS,JAX 

STRIP WRAP UNWRAP 

OK MACHINE & TOOL CORPORATION 
3466 CONNER B' BEET BRONX, NEW YORK, N.Y 10476 U.B.A. PHONE (2121 BB4.0000 

TELEX: 125091 TELEX: 232395 
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EVERY PROJECT 
ANOTHER REASON TO 

Whether you're a hobbyist or serious experimenter, CSC's line of precision 
digital /electronics design and testing equipment can take the manual labor 
out of your labors of love. 

In fact, we can not only save you literally hundreds of hours a year, but 
hundreds of dollars as well. On parts, accessories and test equipment. 

Want proof? Read on - you'll see why we're the fastest -growing company 
in the field! 

OT Sockets and Bus Strips*- 
time-saving, money- saving solderless 
breadboarding - the CSC way 

Our expandable, interlocking breadboarding 
system not only saves you hours of soldering, desoldering 
and resoldering, it also saves wear and tear on your 
components. 

Resistors, capacitors, transistors, DIP's, LED's, 
micro -processors, etc., all connect with plug -in, plug -out 
ease. Preassembled sockets with durable nickel -silver 
non -corrosive 5 -point terminals provide low- resistance 
interconnections you can arrange and rearrange at will. 
(And jumpers, where required, are short lengths of 
solid #22 -30 AWG wire.) 

Use QT Sockets and Bus Strips for designing, 
troubleshooting, interconnecting, patching and dozens of 
other applications. Our unique snap /lock mechanism 
joi , - a ou can add -on take -of aLwill. 

Sockets Groups of 5 Conr.coE Tw Pants 

IIIIIIIII e 

,i1(IIIIIIIIIIIIII 
TOP VIEW BOTTOM VIEW 

2 Bums of Inanconrmca.E TerminPs - s iie Poems Each 

Check the chart below for sizes and prices. 
10 modestly - priced models to choose from - still at our original low prices. 
All can be top or through- the -panel rear mounted. 

Length Length Hole- to -Hole Terminals Unit Price S N --- 4- Hole- to- Hole -41 

NMIQT-59S 6.5" 6.2" 118 12.50 

1 OT -59B 6.5" 6.2" 20 2.50 

NMQT -47S 5.3" 5.0" 94 10.00 

OT -47B 5.3" 5.0" 16 2.25 

i 
QT -35S 4.1" 3.8" 70 8.50 

OT 4.1" 3.8" 12 2.00 -35B 

QT-18S 2.4" 2.1" 36 4.75 

QT -12S 1.8" 1.5" 24 3.75 

uQT -8S 1.4" 1.1" 16 3.25 

IQT -7S 1.3" 1.0" 14 3.00 

'U.S. Pat. No. 235,554 All Prices Shown Are Manufacturer's Recommended List. Prices and Specifications Subject to Change Without Notice 

CONTINENTAL SPECIALTIES CORPORATION 
44 KENDALL STREET/ BOX 1942 

NEW HAVEN, CT 06509 
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IN THIS MAGAZINE IS 
READ THIS AD. 
Build projects, test circuits, check components as fast as you can think... 
with CSC Proto- Board® Solderless Breadboards! 
The right size for every circuit! The CSC Proto -Board system gives you the convenience and 
versatility of QT Bus Strips and Sockets already mounted, in use -tested configurations, on sturdy metal 
ground/baseplates** with non -marring feet. They're great for a wide variety of audio and digital projects, 
and you save money by using components over and over again. 
PB- 101 -940 solderless tie points: ten 14 -pin 
DIP capacity. Two QT -35S breadboarding 
sockets plus four QT -35B bus strips. 
Excellent for audio and smaller digital 
projects. Measures 4.5" wide x 5.8" long x 
1.4" high (114 x 147 x 35mm); weighs 9 oz. 
(.26 Kg). Price: $29.95 

PB -103 -2250 solderless tie points: twenty- 
four 14 -pin DIP capacity. Three QT -59S 
breadboarding sockets, four QT -59B and 
one QT -47B bus strips plus four 5 -way 
binding posts. For all but the very largest 
circuits. Lets you build calculators, inter- 
faces, complex switching circuits, etc. 
Measures 6" wide x 9" long x 1.4" high (152 
x 229 x 35mm); weighs 1.25 lb. (.57 Kg). 
Price: $59.95 

PB- 102 -1240 solderless tie points: twelve 
14 -pin DIP capacity. Two QT -47S bread- 
boarding sockets, three QT -47B and one 
QT -35B bus strips. You'll want this one for 
intermediate digital needs, more complex 
audio projects among other things. 
Measures 4.5" wide x 7" long x 1.4" high 
(114 x 178 x 35mm); weighs just 10 oz. 
(.31 Kg). Price: $39.95 

PB- 104 -3060 solderless tie points: thirty- 
two 14 -pin DIP capacity. Four QT -59S 
breadboarding sockets, seven QT -59B bus 
strips plus four 5 -way binding posts. It's the 
largest breadboard we made for the largest 
projects you care to tackle -a CPU, en- 
coder, complex display ... just about 
anything. Measures 8" wide x 9.8" long x 
1.4" high (203 x 248 x 35mm); weighs 1.75 lb. 
(.79 Kg). Price: $79.95 

Save even more with Proto -Board Kits! Invest ten minutes of your time, using nothing more than a 
screwdriver and a pair of pliers, and you can have all the time -saving, money- saving features of CSC's 
Proto -Board system, for even less money! CSC Proto -Board Kits come with all hardware, non -marring 
feet and sturdy base -plate. And unlike other kits, all sockets are pre- assembled, eliminating tedious 
assembly and assuring long, trouble -free life. 

PB -6 Kit -630 solderless tie points: 
six 14 -pin DIP capacity. Most economical 
way to take advantage of Proto -Board 
speed and convenience. One pre - 
assembled QT -47S breadboarding 
socket, two assembled QT -47B bus 
strips, four 5 -way binding posts, metal ground /plane /base- 
plate, all required hardware.10 minute assembly with pliers 
and screwdriver. Measures 6" long x 4" wide x 1.4" high 
(152 x 102 x 34mm); weighs 7 oz. (.20 Kg). Price: $15.55 

PB -100 Kit -760 solderless tie points: ten 
14 -pin DIP capacity. 21% larger capacity 
than PB -6 Kit. Comes with two pre - 
assembled QT -35S breadboarding sockets, 
one assembled QT -35B bus strip, two 5 -way 
binding posts, pre -drilled and screened 
base -plate, non -marring feet and all re- 
quired hardware. Fast 10 minute assembly. 
Measures 4.5 " wide x 6" long x 1.4" high 
(114 x 152 x 35mm). Weighs 7.5 oz. (.21 Kg). Price: $19.95 

Now! Proto -Board convenience, plus regulated power! No need to hunt for a power supply when 
you're working with these CSC Proto -Board units. Built -in power supplies give you the DC power you 
need, with laboratory -precision regulation, plus low ripple and noise. Choose the PB -203 for digital circuits 
and other projects requiring 5V or less (with external components) or for maximum flexibility, the 
PB -203A, with 5VDC plus two independently -adjustable voltage sources. 

PB- 203 -2250 solderless tie poirts: 
twenty-four 14 -pin DIP capacity . The 
Ultimate!! All Proto -Board features plus 
short- proof, fused 5VDC, 1A regulated 
power supply with only 10mV ripple and 
noise at 0.5A; on -off toggle switch and 
pilot light. Three QT -59S breadboarding 
sockets plus four QT -59B and one QT- 
47B bus strips. Power supplied via two 
of the four 5 -way binding posts. It all 

adds up to lots of capacity plus the proper DC voltage for most 
digital and many analog IC's. Measures 9.75" long x 6.6" wide 
x 3.25" high (248 x 168 x 83mm). Weighs 5 lb. (2.27 Kg). 
For 117 VAC, 50/60 Hz (220 VAC, 50/60 Hz; also available 
at slightly higher cost). Price: $75.00 

"PB -100 has fibreglass- reinforced plastic baseplate. 

B -203A -The Ultimate ... plus!! All the 
eatures of the PB -203 including regulated 

VDC supply plus additional power 
supply flexibility (separate regulated 
+15VDC and -15VDC, 0.5A supplies, 

each with internally and independ- 
ently adjustable output voltage; ripple 

and noise of + and -15V supplies, 70mV 
at 0.25A). Connections for 3 power supply 

voltages and ground available at four 5 -way 
binding posts. Same size as PB -203; weighs 5.5 lb. 

(2.5 Kg). For 117 VAC, 50/60 Hz (220 VAC, 50/60 Hz; also 
available at slightly higher cost). Price: $120.00 

TURN PAGE FOR MORE CSC PRODUCTS 
AND EASY ORDER FORM 



8 MORE WAYS TO DO 
IN A LOT LESS TIME -FOR 

CSC's Design- Mate" Series. Laboratory precision 
at a hobbyist's price. 
We knew what you were looking for when we created 
the Design -Mate Series. So we put the emphasis on laboratory 
precision and professional performance instead of 
needlessly expensive fancy cabinetry. Check it out! Check it all out! 
DESIGN -MATE 1 

BREADBOARD /CIRCUIT DESIGNER 
Design -Mate 1 gives you every- 
thing you need for fast, easy 
solderless circuit design in a 
single compact package. QT 
speed and versatility for 
circuit design and rnodifi- 
cation as fast as you can 
push in (or pull out) a 
lead, using one QT -59S 
breadboarding socket 
and two QT -59B bus 
strips, mounted on the 
top panel. Adjustable, 
precision -regulated 5 -15 
VDC 600 mA short -circuit -proof 
fused supply, with less than 20 mV 
noise and ripple at rated output (9W max.). 
Built -in 0 -15VDC meter lets you monitor voltages 
in circuit or supply. Top panel supply and meter con- 
nections are easily made via four 5 -way binding posts; on -off 
and voltage adjustment controlled by potentiometer; bright 
LED indicates power. Measures 7.5" wide x 6.5" deep x 3.25" 
max. high (191 x 165 x 83mm); weighs 3 lb. (1.4 Kg). For 117 
VAC, 50/60 Hz (12W); also available for 220 VAC, 50/60 Hz at 
slightly higher cost. Price: $54.95 

DESIGN -MATE 3 
R/C BRIDGE 
Design -Mate 3 is an indispensible 
tool for professionals and hob- 
byists alike. Makes precision 
resistance and capacitance 
measurements in seconds, 
with positive LED indica- 
tion. Readings are accu- 
rate within 5% of the dial 
setting at any range - 
resistance: 10 -100 ohms, 
100-1K, 1K-10K, 10 -100K, 
100K -1 meg; Capacitance: 
10- 100pF, 100- 1,000pF, .001- 
.01µF, .01 -.1µF, .1 -1µF. Simple 
2- control operation: set range with 
switch, then turn Null Adjust dial until 
both LED are lit. Switches, controls, indicators 
and connectors: toggle power switch with LED indicator; 
range selector switch; Null Adjust dial (1 -10 in 100 increments); 
LED null indicators; twin 5 -way binding posts. Measures 7.5" 
wide x 6.5" deep x 3.25 max. high (191 x 165 x 83mm); weighs 
2 lbs. (0.91 Kg). For 117 VAC, 50/60 Hz; also available for 
220 VAC, 50/60 Hz, at slightly higher cost. Price: $59.95 

DESIGN -MATE 2 
FUNCTION GENERATOR 
Design -Mate 2 gives you a lot of 
signal generator for very little 
money. Advanced IC circuitry 
produces stable low- distor- 
tion sine waves (less than 
2% THD), fast- rise -and- 
fall -time square waves 
(less than 0.5 micro- 
seconds across 600 
ohms) and high -linearity 
triangle waves (better 
than 1% over range). Fre- 
quency is accurate -and 
repeatable -to 5% of dial 
setting, in 5 ranges: 1 -10Hz, 
10- 100Hz, 100Hz-1KHz, 1- 10KHz, 
10- 100KHz. Shortproof output is adjust- 
able, 100mV -10V P -P for all waveforms, into 
open circuit. Controls, switches, indicators and 
connectors: toggle power switch with LED indicator; 
function selector switch; range switch; frequency selector 
dial (1 -10 in 100 increments); amplitude control; twin 5 -way 
binding posts. Measures 7.5" wide x 6.5" deep x 3.25" high 
(191 x 165 x 83mm); weighs 2 lbs. (0.91 Kg). For 117 VAC, 
50/60 Hz; also available for 220 VAC, 50/60 Hz at slightly 
higher cost. Price: $69.95 

DESIGN -MATE 4 
MULTIPURPOSE PULSE GENERATOR 
Design -Mate 4 is a multi -purpose, 
multi -mode pulse generator pro- 
viding pulses from 0.5Hz -5MHz, 
rise and fall times less than 30 
nsec and 107:1 duty cycle 
range, compatible with 
CMOS and TTL. It provides 
the precision, flexibility 
and versatility of a lab- 
oratory instrument, 
priced low enough for 
the workbench of every 
engineer, technician, stu- 
dent and hobbyist who works 
with digital circuitry. Its unique 
combination of performance and 
price makes it ideal for a wide variety 
of applications throughout the electronics 
industry. Design -Mate 4 may be used as a clock 
source, delayed pulse generator, synchronous clock 
source, manual system stepper, pulse stretcher, clock burst 
generator, in tandem with one or more DM -4's used to gate 
the output of one or more additional DM -4's. Price: $124.95 

COMPLETE INSTRUCTIONS AND APPLICATION DATA PROVIDED!! 
THE DESIGN MATE CASE (DMC -1) EASY -TO -USE HIGH -IMPACT 
PLASTIC, ONE -PIECE CABINET 7.5" x 6.5" x 3.25 " -$5.50; 
COMPACT DESIGN MATE CASE (DMC -2) 6" x 5.63" x 3 "- $4.50. 
All Prices Shown Are Manufacturer's Recommended List. Prices and Specifications Subject to Change Without Notice. 



MAX -100 

100 -CLA 
100 -CA 1 

100 -CA2 
100 -MWA 

A LOT MORE PROJECTS- 
A LOT LESS MONEY. 
CSC's Digital testers save your sanity. And your money. 

\New! LP -1. It digs up a lot of information 
'; for $44.95. Logic Probe 1 is a compact,versatile 

design,test and trouble- shooting tool for all 
popular logic families and digital applications. 

By connecting the clip leads, setting a 
switch to the proper logic family and 

touching the probe to the node under 
test, you get an instant picture of circuit 

conditions. 
LP -1 combines the functions of level 
detector, pulse detector, pulse 
stretcher and memory -makes one - 
shot, low- rep -rate, narrow pulses - 
nearly impossible to see, even with 

a fast scope -easily detectable and 
visible. 

LM -1. It lets you check digital IC's faster 
than a scope, safer than a voltmeter, for a 
lot less than you might guess -only $74.95. 
Logic MonitorTM 1 speeds digital design and testing by 
accurately and automatically displaying static and 
dynamic logic states of DTL, TTL, HTL and CMOS DIP IC's. 
All in a compact, self- contained 16 -pin circuit -powered 

unit. Use it to effortlessly trace signals through counters, 
shift registers, gating networks, flip -flops, decoders, 'etc. Clip 

it over any DIP IC up to 16 pins, and each contact connects to a 
single "bit" detector with high- intensity LED readout. Logic 1 

(high voltage) turns LED on; Logic "0" (low voltage or open circuit) 
keeps LED off. A power- seeking gate network automatically locates 

supply leads and feeds them to the Logic Monitor's internal circuitry. 

The MAX -100. 100 MHz 8 -Digit Counter. At $134.95, nothing else does so much for so little. 
The MAX -100 is a portable, battery powered, solid -state frequency 

counter. It gives effortless, yet accurate readings from 20Hz to a guaranteed 
100 MHz. This makes it especially suitable for audio, ultrasonic, RF 
(CB, AM and FM), video and digital applications. 

Easy operation: Clip leads, input cable or mini -whip antenna are 
attached or placed near the equipment being tested. Then both units are 
turned on. MAX -100 produces direct 8 -digit readings automatically, in big, 
bright 0.6" LED display. Readouts are updated every second. Overflow 
signals (over 100 MHz) are indicated by the left hand digit flashing 
automatically. 

The MAX -100 is extremely compact. Only 1.75 x 7.38 x 5.63" (4.45 x 
14.30 x 19.69 cm) and weighs less than 1.5 lbs. (0.68 kg). It operates on six 
AA cells (alkaline or NiCad), 110 or 220 VAC (with charger /eliminators) 
or 12 VDC (with charger /eliminator). The MAX -100 will flash all digits 
when battery supply is low (this extends battery life even further). 

There is a 3.379545 MHz crystal timebase with 3 ppm accuracy at the 
heart of the MAX -100. It insures precise readings with high temperature 
stability. An integral wide -range preamplifier permits readings as low 
as 30 mV with overload protection to 200 V (peak). 

8 -digit frequency counter 
Mobile Charger /Eliminator 
110 VAC Charger /Eliminator 
220 VAC Charger /Eliminator 
Mini -Whip Antenna 

$134.95 

$ 3.95 

$ 9.95 

$ 9.95 

$ 3.95 

CONTINENTAL SPECIALTIES CORPORATION 
44 KENDALL STREET 
P.O. BOX 1942 
NEW HAVEN, CT 06509 

NAME 

STREET ADDRESS 

CITY STATE ZIP 

This is your shipping label. Please print clearly.. 

FOUR FAST, EASY WAYS TO ORDER 
Include payment ($5.00 min.) 
C.O.D. U.S.A. only. You pay postage and fees. 
Charge ($10.00 min.) Please fill in below. 

AMERICAN EXPRESS Bank No. 
,BANK AMERICARD 4 numbers above your name 

MASTER CHARGE 
Credit Card No. 

In a hurry? Telephone' 
East Coast - 203 -624 -3103 
West Coast -415 -421 -8872 Signature 

24 HOUR 
SERVICE 

O 
O 

O 

The CSC Guarantee: 
We guarantee 
complete satisfaction, 
or your money back. 
Return unsatisfactory 
merchandise prepaid 
within 10 days for 
full refund. 

I have I have not 
purchased from CSC before. 

CONTINENTAL SPECIALTIES CORPORATION 

No. 

FOR OFFICE USE ONLY 

OTY. Stock Number Unit Price Total Pri e 

TOTAL 

CONN. OR CALIF. SALES TAX 
POSTAGE & HANDLING 

(see chart below) 
TOTAL AMOUNT ENCLOSED 

POSTAGE & HANDL NG CHART 
Orders- 
up to $10.00 
$10.01 -25.00 
$25.01 -50.00 
$50.01 & over 

Add- 
$1.50 
2.00 
2.50 
3.00 

Prices, specifications and conditions of sale are subject to cnange without notice. 
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Hey, Look Me Over 
(Continued from page 5) 

is rated at 25 watts continuous average 
power output per channel. Both the 
tone control and preamplifier circuits 
use low voltage regulated power sup- 
plies so that AC line fluctuations will 
have no effect on audio performance. 
In the amplifier section, the output cir- 
cuit is full complementary symmetry and 
the bias supply thermally tracks the out- 
put transistors. This cuts down on notch 
distortion -that type of distortion which 
many believe is the source of transistor 
sound. The SCA -50 has a price of 
$249.00 for the factory- assembled unit 
and $149.00 for the kit. Detailed infor- 
mation is available from Dynaco /Dyna- 
kit, Box 88, Cole Road, Blackwood, NJ 
08012. 

Aircraft Clock /Timer 
If you're into flying, you may want to 

assemble a low -cost, five -function air- 
craft clock /timer kit by Heath. The 
01 -1154 has two digital LED displays 
that show various timing functions. The 
upper display shows GMT /ZULU time. 
The lower display shows any one of four 
time functions selected by the pilot; 
local time; 24 -hour timer for total trip 
time; and a preset alarm time for fuel 
management or check point notification. 
The displays dim automatically for night 
flying. The 01 -1154 mounts in a stand- 
ard 31/2-in. instrument panel cutout. It is 

PARTS! 
P nt; I0'',Pe 

CORNELL'S 
New Color 

Catalog 
48 Pgs New Items 

CORNEL TUBES! 
3 rer Yper 36 tube 

be ORDER FREE 
IF NOI SHIPPED 

IN [OIS OF 100 IN 04 HOURS' 

4219 E UNIVERSITY AVE. SAN DIEGO, CALIF. 92105 

CIRCLE 43 ON READER SERVICE COUPON 

FAA /PMA approved and meets all DO- 
160 requirements. Mail -order priced at 
$149.95. For further information, write 
for a free copy of the latest Heathkit 
catalog: Heath Company, Benton Harbor, 
MI 49022. 

Desk Stand for Pocket Calculators 
Calcrade is a desk stand for pocket 

calculators that tilts and pivots to that 
"just right" angle for glare -free viewing 
and easy keyboard operation. Accepts 
both vertical and horizontal pocket cal- 

CIRCLE 64 
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culators. Hook and loop fasteners secure 
calculator to stand while non -skid feet 
provide stable footing. Unit completely 
disassembles and features special de- 
sign which allows for passage of optional 

for the Experimenter! 
INTERNATIONAL CRYSTALS and KITS 

OF -1 OSCILLATOR 

$325 
ea. 

.02% Calibration Tolerance 
EXPERIMENTER 

CRYSTALS 
(HC 6/U Holder) 

The OF -1 oscillator is 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 

SAX -1 Transistor RF Amp 
3 to 20 MHz, Cat. No. 035102 
20 to 170 MHz Cat. No. 035103 

BAX -1 Broadband Amp 
20 Hz to 150 MHz Cat. No. 035107 

$4.50 ea. 

$4.50 ea. 

$4.75 ea. 

$425 
ea. 

Cat. No. Specifications 
031300 3 to 20 MHz - For use in OF -1L OSC 

Specify when ordering. 
031310 20 to 60 MHz - For use in OF -1H OSC 

Specify when ordering. 

Enclose payment wan order (no C O D I Shipping 
and postage (inside U S . Canada and Mexico only) 
will be prepaid by International Prices quoted tor 
U.S Canada and Mexico orders only Orders for 
shipment to other countries will be quoted on re- 
quest. Price subject to change Address orders to 

M/S Dept .P0. Box 32497 
Oklahoma'City. Oklahoma 73132 

WRITE FOR BROCHURE 

International Crystal Mfg. Co., Inc. 
10 North Lee Oklahoma City Oklahoma 73102 iimi 
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anti -theft accessory. Standard model of 
textured black onyx finish. Retail price 
$5.00. Available from One -Up, Inc., 1303 
Avocado, #235, Newport Beach, CA 
92660. 

Record Cleaner 
A new low -cost, record cleaner is avail- 

able from Robins. The cleaner is used to 
remove dust, grime or other foreign ma- 
terial from delicate record grooves. If 
this is not done on a regular basis, 
sound quality suffers, high- frequency loss 
occurs, and annoying ticks and pops ob- 

CIRCLE 67 ON READER SERVICE COUPON 

scure musical passages on valuable 
phono records. The economy record 
cleaner, catalog No. 41195, carries a 

suggested retail price of $1.98. The disc 
cleaner consists of a closed -end tube 
covered with special, soft velvet mater- 
ial. It is simply held between the thumb 
and forefinger at right -angles to the rec- 
ord grooves. Records can be cleaned 
either before being placed on the turn- 
table or they can be cleaned while they 
are rotating. Write to Robins Industries 
Corp., 75 Austin Blvd., Commack, NY 
11725 for information. 

Communications Desk 
The Telco communications console, 

known as the Comm -Sol Model CS -50, 
is the answer to the space problem for 
all communications enthusiasts. It pro- 
vides the user with an area for all of his 
communications equipment, and at the 
same time, serves as an attractive piece 

CIRCLE 65 ON READER SERVICE COUPON 
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of furniture that blends with your home's 
decor. Completely conceals all the equip- 
ment when not in use and prevents un- 
authorized use. Comm -Sol's modular 
concept and construction allows addi- 
tional units to be arranged attractively 
to provide all the work, storage and 
functional space you desire. Easy to as- 
semble and install, no specal tools 
needed, and can be assembled with only 
a dime. All holes are predrilled and spe- 
cially reinforced with metal in all areas 
of stress. Finished in rich walnut veneer. 
Sells for $139 95 For additional infor- 
mation, write to Telco Products Corpora- 
tion, 44 Seacliff Ave., Glen Cove, NY 
11542. 

Wire -Wrapping Kit 
New Wire -Wrapping Kit from OK fea- 

tures selected items of particular value 
to the engineer and hobbyist alike. In- 
cludes a unique new wire -wrapping tool, 
a roll of wire -wrapping wire, and pre - 
stripped wire in 4 popular lengths. The 
tool, Model WSU -30 is a combination 
tool that wraps and unwraps 30 AWG 
wire on .025 square pins, plus strips 30 
AWG wire using built-in stripper. The 
wire is top quality insulated silver plated 
copper. Supplied in the kit are a 50 ft. 
roll plus pre -cut and stripped wire in 
insulated lengths from 1 to 4 inches 
stripped on each end. Available with 
blue wire as Model WK -2B, white wire as 
WK -2W, yellow wire as WK -2Y, and red 
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wire as WK -2R. Sells for $5.95, from 
O.K Machine and Tool Corporation, 3455 
Conner Street, Bronx, NY 10475. 

Disguise Antenna 
A new disguise AM /FM /CB antenna, 

the Turner SK750, offers easy installa- 
tion design. The SK750 Tri -Band antenna 
has low VSWR over the entire 40 channel 
bandwidth. It has a removable 42 inch 
stainless steel whip and mounting that 
adapts to sloping surfaces. The filters in 
the hermetically sealed, watertight hous- 
ing act as band separators to keep the 
AM /FM and CB signals from mixing. The 
Turner Tri -Band Model SK70 offers clear 
reception for AM /FM radio and is tunable 
for CB. Tri -Band sells for $25.00. Turner 
also offers the SK755 which is the same 
antenna configuration in CB only (no 
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AM /FM), retailing at $19.95. For more 
information write to Turner, 716 Oakland 
Rd., N.E., Cedar Rapids, IA 52402. 

Gutter Mount Antenna 
A new, completely assembled, spring - 

loaded temporary gutter mount antenna 
capable of transmittnig and receiving on 
al'u 40 channels by The Antenna Special- 
ists Co. is designed for use with ground- 
ed metal gutters of autos, not orna- 
mental non -metalic gutters. The MS131 
features a stainless steel whip for su- 
perior strength and flexibility. A 17 foot 
coaxial cable with attached connector is 
pre -wired and completely assembled. All 
mounting hardware is included for quick 

4 
FROM 

Model 
BW -630 

THE 

HOBBYW RAP 
COMPLETE WITH BIT AND SLEEVE 
ONLY $3495 Now you, the hobbyist, can do 

wire -wrapping professionally with 
our easy to use Hobby -Wrap gun. 

OK MACHINE & TOOL CORPORATION 
3455 Conner St., Bronx, N Y 10475 / (212) 994 -6600 / Telex 125091 

.025sq. post, 
AWG 30 wire 
(batteries not included) 
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installation. Price is $21.95. For further 
specifications on the MS131 and other 
antennas, write to The Antenna Special- 
ists Co., 12435 Euclid Avenue, Cleve- 
land, OH 44106. 

Time to Time 
You can keep telephone conversations 

short and your telephone bill down by 
using the GRS Model 100 Digital Tele- 
phone Timer. This new solid -state tim- 
ing device starts and stops with a push 
of a button. It features a bright, 3 -digit 
LED display that indicates tens of min- 
utes, minutes and tenths of minutes. 
Power from 4 penlite Alakline batteries 
(not included) that will keep the GRS 
Timer timing for about a year under 
average use. The Digital Telephone Timer 
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is fully portable and comes with a 

special bracket to mount on almost any 
phone. When not used to time phone 
calls, it can be simply removed from 
bracket and carried in pocket or purse 
and can be used to time conferences, 
speeches, in the dark room, plus any- 
where else a timer is needed. The com- 
plete price with bracket carries a manu- 
facturers suggested retail price of $29.95 
(less batteries) and it can be ordered 
F.O.B. Dallas, Texas from GRS Instru- 
ments Inc., 8730 King George Drive, 
Dallas, Texas 75235. 
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ASK HANK, 

HE KNOWS! 

Got a question or a problem 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 

229 Park Avenue South 
New York, NY 10003 

Lend a Hand 
I received a nice letter from one of our 

readers thanking me for giving him the 
opportunity to help a reader looking for a 
diagram. Now, I know for sure that it's 
better to give than to receive. 

Here's a long list of readers in need of 
assistance. Help 'em out, boys! 
A John Anderson, Rt. 2, Box 333, Su- 
perior, WI 54880 would like information 
and schematic diagram for American 
Borch Model 48 AM receiver and likewise 
for a National SW -54 4 -band receiver. 
A Dan Jenkins, Box 201, RD #1, Weare, 
NH 03281 is looking to acquire an ASCII 
TTY or CRT terminal with acoustic coup- 
ler (telephone) capable of handling 10 pps 
at least. 
A If you have or know where to obtain a 
7JP4 picture tube, please contact Charles 
Benson, 164 -49 45th Rd., Flushing, NY 
11358. 
p Send schematic diagram and manual, if 
you have it, on the Universal Signal Gen- 
erator Model 641 made by Jackson Electri- 
cal Instrument Co. of Dayton, OH to D. 
L. Paproski, Box 21, Sub. 69, Calgary, 
Alta., Canada. 
A Harvey Pearson, P.O. Box 104, Green- 
castle, MO 63544 would like to buy a used 
Hallicrafters S -38E or Realistic DX -160 in 
good working order. 
A Wayne West of 106 E. El Camino, 
Phoenix, AZ 85020 would like schematic 
diagrams for the following military items: 
RT- 70 /GRC transceiver, APN -9 Loran 
Navigation set, and ARC -3 receiver. 

Why the Extra Bucks 
Hank, everytime I have to replace a 

mercury battery, the price is staggering. 
Why do equipment makers design for mer- 
cury batteries? 

-L. I., Memphis, TN 

Mercury batteries have a high electrical 
capacity -to- volume ratio, flat discharge 
curve (sustained voltage under load), low 
internal AC impedance, ampere -hour ca- 
pacity relatively independent of current 
drain level and duty cycle of load, and 
good shelf life. Over long periods of opera- 
tional use, or after some 30 months of 
storage, voltage regulation within one per- 
cent of the initial voltage is still main- 
tained. Silver- cadmium dry cells are simi- 
lar to mercury cells, except the AuCd have 
a- longer life. Mercury cells are often 
found in cameras where long shelf life is 
important. Silver- cadmium cells are lighter 
(high capacity -to- weight ratio). 

Marine Listener 
I know the marine band frequencies are 

between 156 to 162 MHz. But, what fre- 
quecies should I zero on for best results? 

L. M., Staten Island, NY 

Scan between 156.300 MHz to 157.425 
MHz. Best frequencies (MHz) are 156.300 
(intership safety), 156.350 (a good busi- 
.ness working channel), 156.450 (marinas, 
public docks), 156.800 (distress, safety 
and calling) and 156.425 (non -commercial 
working channel). There are more, but 
space is limited. By the way, your stand- 
ard -band SW receiver should be tuned to 
2182 kHz. 

Neon Blinker in Step 
Hank, can you give me a diagram for a 

simple neon bulb circuit of three bulbs 
that light in sequence? 

-K. L., Morristown, TN 

The diagram is quite simple and you 
can see that, if you wish, you can add 
several more neon bulbs provided you in- 
clude the corresponding resistors and capa- 
citors. Keep the values for R and C con- 
stant to have the bulbs stay lit for equal 
periods. Oh yes, the bulbs are NE -2s. 

A Tuff One 
I hear some wierd music at slightly 

above 200 kHz. Who is it and where do I 
write for a QSL? 

-0.1., Portland, ME 

The long wave station you are hearing 
above 200 kHz with Arabic music is, most 
likely, the 800 kilowatt powerhouse of 
Radiodiffusion -Television Marocaine at 
Azilal, Morocco. The frequency is, in fact, 
209 kHz. You can send a reception report 
to Radiodiffusion -Television Marocaine, 1 

Rue Al Brihi, Rabat, Morocco. Nice catch! 

Tantalum Is Terrific 
I know the tantalum capacitor is better 

on performance than the aluminum elec- 
trolytic capacitor, but why? 

-A. S., Fargo, ND 

The tantalum has a much lower AC im- 
pedance than the aluminum type at higher 
frequencies. Also, tantalum types are 
cheaper to make as small units. 

What's It Made Of? 
Hank, my gutter mount antenna can't 

get the signal out on my car. In my 

(Continued on page 102) 

ELECTRONICS THEORY HANDBOOK 1977 



Electronics 
Theory Handbook 

Talking 
With Oscar - 
The New 
Ham Radio Satellites 

E You can now get, for the first time, 
a QSL (verification) card for monitor- 
ing transmissions from either of two 
earth -orbiting satellites -and you can do 
it without any souped -up exotic or so- 
phisticated electronics. All you need is 
the simple know -how in this article 
about when and how to listen, plus a 
fairly good communications receiver. 

I'm talking about the Oscars (Orbit- 
ing Satellite (s) Carrying Amateur Radio) 
which are in orbit and can be heard 
every day of the year. Here's the story 
on the birds' origins, how to eaves -drop 
on two -way radio conversations passing 
through these satellites and where to 
send for QSL cards just for listening! 

Satellite History. Man -made satellites 
have orbited the earth less than 20 
years, since Sputnik I first jolted the 
West in 1957. And for 15 of those 
years amateur radio operators have had 
their own earth -orbiting satellites, each 
called Oscar (1, 2, 3, etc.) . Oscar 1 was 
put together by a pioneering group of 
California amateurs in their spare time. 
Using left over and used parts, their 
out -of- pocket expense came to less than 
$70! Next step was convincing the 
federal government to launch it "piggy- 
back" with another satellite in place of 
some ballast. 

When a Thor -Agena rocket lifted on a 
pillar of flame from Vandenberg A.F.B. 
on Dec. 12, 1961, radio amateurs around 
the world had their own satellite. During 
its three -week lifespan Oscar 1 trans- 
mitted telemetry data with a power of 
one -tenth watt. 

Oscar 2, launched June 2, 1962, was 
exactly like Oscar 1, with telemetry last- 
ing 18 days. 

Oscar 3, launched March 9, 1965, 
was the world's first privately construct- 
ed active communications satellite. It 
received amateur radio signals aid re- 
transmitted them with a transmitter 
power output of one watt. Oscar 3 was 
also the first free -access communica- 
tions satellite, commercial or non -com- 
mercial, to be orbited. A total of 100 
different ham radio stations in 16 coun- 
tries communicated through the satel- 
lite during its two -week life. 

Oscar 4, launched Dec. 21, 1965, was 
an active bird with three watts of trans- 
mitter power. It did not achieve a good 
orbit at launch, but hams did commu- 
nicate through it (before it fell back to 
Earth) including the first direct U.S. -to- 
U.S.S.R. contact via satellite. 

Oscar 5, launched Jan. 23, 1970, was 
built by students at Melbourne Univer- 
sity, Australia, and launched from the 

United States. It transmitted a tele- 
metry beacon and its batteries lasted 
1% months. 

Oscar 6, launched Oct. 15, 1972 
alongside an ITOS weather satellite 
and still going strong, is an active re- 
peater-it picks up ham signals and re- 
transmits them. The 40 -pound satellite 
can store messages sent up from earth 
and repeat them on command from the 
ground. Its radio signals can be turned 
on and off by ground command. Trans- 
mitter power is one watt. 

Oscar 7 was launched along with the 
NOAA -4 weather satellite and Spain's 
INTASAT satellite on Nov. 15, 1974, 
was built by hams in the U.S., Ger- 
many, Canada and Australia. It has two 
separate communications repeaters on 
board with two watts of transmitter 
power. It can receive and store mes- 
sages for later replay and be turned on 
and off by ground command. Medical 
data, weather bulletins and other emer- 
gency communications have been trans- 
mitted through the 65 -pound Oscar 7. 

Both Oscar 6 and Oscar 7 are used 
for casual chit -chat among ham friends 
as well as for educational purposes and 
public service work. There's always 
something to hear when Oscar is over- 
head. 
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Better Oscars Ahead. The seven 
Oscars so far lofted for amateur radio 
may be divided into the Phase I satel- 
lites, consisting of Oscars 1 and 2, and 
the Phase II Oscars, numbers three 
through seven. One and Two were not 
active satellites, as were numbers three 
through seven. Now we come to Phase 
III Oscars, which will be launched be- 
fore long. They will be a mighty leap 
ahead in ham radio satellite technology. 
They will do all the things 6 and 7 are 
doing but for longer periods of time. 
With 6 and 7, listeners can tune in the 
satellites for about 20 to 30 minutes ev- 
ery 115 minutes as the satellites circle 
the globe. The remainder of the time, 
6 and 7 are out of sight, behind the 
Earth. Phase III Oscar(s) will be dif- 
ferent. 

Phase III Oscar(s) will be lofted into 
a 900 -mile high orbit (like ,6 and 7). 
But, once in orbit an on -board kick 
motor will push the satellite into an 
elliptical orbit as far as 20,000 miles 
from Earth over the Northern Hemi- 
sphere. The other end of the orbital 
path, over the Southern Hemisphere, 
will be only 900 miles above earth. 

Phase III Oscar(s) will thus be out of 
sight behind the earth only about one 
hour and in sight above the Northern 
Hemisphere as long as 12 hours before 
disappearing again behind the earth for 
one hour. It will be usable from North 
America, Europe and Asia for 23 hours 
of each day. Hams will be chatting 
through Phase III Oscar repeaters with- 
out regard to time of day or signal skip. 

Receiving Satellite Transmissions. 
Here's how to eavesdrop on Oscar. All 
that's needed to hear Oscar 6 and 
Oscar 7, now in orbit, is an inexpensive 
general- coverage shortwave receiver 
tuning 550 kHz to 30 MHz. You will be 
listening to the 10 -meter ham band so 
any receiver capable of tuning approxi- 
mately 29.4 -29.55 MHz will let you 
hear the satellites. 

Fancy equipment is not needed to 
hear Oscar. The author regularly listens 
with an inexpensive Kenwood QR -666 
all -band communications receiver, and 
the satellite comes in loud and clear. 
Bob Peters, operator of ham radio sta- 
tion K3EZS at State College, Pa., listens 
to the satellite with a 25- year -old Na- 
tional tube -type receiver. The author 
has even listened in on a Panasonic 
RF -1150 all -band portable radio. So 
you see it's not hard to hear Oscar. 

Signals go up to Oscar in the two - 
meter ham band in the frequency range 
of 145.850 -146.00 MHz. You won't be 
able to hear these signals directly from 
a ham earth station unless, by chance, 
that station is very near where you live. 

Signals come down to Earth from 
Oscar for you to hear in the 10 -meter 

These are the QSL cards you can get to prove, you caught transmissions 
from either or both Oscar satellites now transmitting to earth. 

ham band between 29.4 -29.55 MHz. 
You can hear these by tuning when the 
satellite is overhead and in view of your 
listening post. 

Hams transmit through the satellites 
in radiotelegraph code (CW) and sin - 
gle-sideband (SSB) voice. To hear these 
signals and understand what is being 
said, your receiver will have to have a 
BFO (beat frequency oscillator) or oth- 
er means of detecting SSB and the beep - 
beep of Morse code. Most shortwave 
sets have a switched marked BFO On/ 
Off or a mode switch which can be 
turned to select CW, Code, or SSB. 

Many conversations are relayed 
through the satellite at the same time. 
If you tune your receiver carefully, up 
and down the dial from 29.4 to 29.55 
MHz you can hear several different 
QSOs (amateur conversations) going on 
at the same time. 

Listen On These Frequencies. Here 
are the exact frequencies used by each 
satellite: Oscar 6 transmits down to 
Earth between 29.45 and 29.55 MHz. 
Oscar 7 transmits down on 29.4 -29.5 
MHz. 

Since these satellites are at an al- 
titude of 900 miles you can be as far as 
2,450 miles away and still receive sig- 
nals from Oscar when it comes into 
view over your horizon. So two hams 
up to 4,900 miles apart can talk through 
the satellite when it is between each 
ham station and up to 2,450 miles away 
from each! 

As the satellite moves along its or- 
bital path, stations in different parts of 

the world come in and go out of its 
range. 

Antennas. Antennas for receiving do 
not need to be fancy either. The author 
heard Oscar with both vertical and long - 
wire antennas cut for a wide variety of 
other short -wave and ham bands. Al- 
most any outdoor antenna can be hook- 
ed to your shortwave receiver to bring 
in the satellite. Bob, K3EZS, uses a 
130 -foot length of wire from his ham 
shack out to a tree, and regularly makes 
contacts through Oscar! 

A very good antenna cut especially 
to hear Oscar is a simple horizontal wire 
dipole antenna. This kind of dipole is 
constructed with two eight -foot lengths 
of wire running from a center insulator. 
A length of RG -8U or RG -58U coaxial 
cable (available at your Radio Shack 
store) serves as lead -in from the center 
insulator to your receiver. This is the 
familiar center -fed half -wave dipole de- 
scribed in most radio manuals. I have 
one hanging between two chimneys on 
my house which puts the antenna about 
30 feet up in the air. It works fine. 

If your shortwave receiver is nearly 
dead on the 10 -meter band, you can 
pep it up and get Cadillac -quality re- 
ception by installing a small transistor- 
ized preamplifier. These can be pur- 
chased for about $6 in kit form (or $12 
wired and tested) from dealers such as 
Hamtronics Inc., 182 Belmont Road, 
Rochester, N.Y. 14612. 

As the satellite tumbles slowly in 
orbit, its signals are affected by passing 
through the ionosphere, so don't be dis- 
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couraged if voices seem to fade slowly 
in and out. That's normal. One way 
around the fading would be to use two 
matching antennas, one mounted hori- 
zontally and one mounted vertically. 
While listening with one antenna, when 
the signal from the satellite starts to 
fade, switch quickly to the other and 
signals will come back to original 
strength. Such two -antennas systems are 
ideal, but are not needed for casual 
listening to Oscar. It's easier to put up 
with the slow fading. In fact, it's not 
usually necessary to put together a spe- 
cial 10 -meter antenna just to hear Oscar 
the first time. Unless your receiver is 
pretty dead on 10 meters, just use what- 
ever shortwave antenna you have avail- 
able. 

The earth is moving under the satel- 
lite so Oscar appears to move westward. 
For instance, if the satellite comes up 
south -to -north over the southeastern 
United States one hour, it will come up 
over the Rocky Mountains a few hours 
later. And even later it will come north- 
ward over the Pacific Coast. And so on, 
around the Earth in a corkscrew pat- 
tern, Oscar covers the United States, 
and the world. 

Since Oscars 6 and 7 were launched 
at different times and are in slightly 
different orbits, they will not be over- 
head at the same time. Their distance 
apart varies. Twice a year they come 
close enough together for hams to talk 
through both at the same time. 

What To Listen For. Both satellites 
have telemetry beacons, transmitters 
which send strings of numbers in radio- 
telegraph code (CW) which can be 
easily copied and deciphered to deter- 
mine temperatures, voltages and current 
drain from batteries in the satellites. 

Oscars are powered by rechargeable 
nickel -cadminum (NiCad) batteries, 
constantly revitalized by the sun 
through solar cells. 

Oscar 7 telemetry beacon can be 
heard at 29.502 MHz and Oscar 6 
telemetry beacon can be found at 29. 
450 MHz. Listen for those continuous 
strings of numbers in Morse code. 

First -time listeners usually listen for 
the telemetry beacons. Then they tune 
for chatting hams. They also might 
hear such serious uses as transmission 

of medical electrocardigrams (EKGs) 
from California to the National Insti- 
tutes of Health at Washington, D.C., 
or Miami hams maintaining hurricane 
watches and transmitting weather bul- 
letins, tests in locating downed aircraft 
or using portable Oscar Earth stations 
transported in suitcases flown to earth- 
quake and other natural Ouster sites. 

When To Eavesdrop. A sure -fire way 
to hear Oscar is to turn on your short- 
wave receiver any night except Tues- 
day, when they're often switched off. 
Oscars will pass overhead or near 
enough for you to hear at least twice in 
an evening. Oscar 6 is turned on for 
hams on Sundays, Wednesdays and 
Friday nights local time in the United 
States. Oscar 7 will be turned on during 
odd -numbered days of the year. 

A pass near or over eastern North 
America will take place between 7:00 
and 9:00 p.m. Eastern Standard Time, 
and pass over or near western North 
America will take place between 9:00 
and 11:00 p.m. EST (6:00 to 8:00 
p.m. PST). You should be able to hear, 
at the least, the stronger signals corn- 
ing through the satellite for 10 to 30 
minutes each pass depending upon how 
close Oscar is to you. 

How To Get QSL Cards. Here's how 
to get a QSL card for listening. Copy 
the radiotelegraph code (CW) num- 
bers being transmitted by the satellite 
itself as its telmetry beacon. Get as 
many in the string of numbres as pos- 
sible, hopefully 100 or more. If you 
miss a number, write in a dash and 
continue to copy down following num- 
bers. Send the numbers you copied and 
a reception report (including exact time 
and date, and signal strength) to the 
Radio Amateur Satellite Corp. 
(AMSAT), Box 27, Washington, D.C. 
20044. 

AMSAT is an international organi- 
zation of hams and listeners interested 
in amateur satellite work. AMSAT 
sponsors the satellites and coordinates 
activities. 

AMSAT will send you a QSL (veri- 
fication) card. If you can't copy the 
Morse code, you also could send 
AMSAT a report of voice -transmitted 
satellite news bulletins about Oscar -re- 
lated events you may hear transmitted 

by bulletin stations through the satel- 
lites. 

You can get additional QSL cards by 
listening for the call letters of individual 
.hams you hear talking through the sat- 
ellites. Let's say you hear me, K3RXK, 
taking with another ham in single -side- 
band (SSB) voice through the satellite. 
Jot down my call and make note of 
how well you receive my signal. Look 
up my mailing address in the Radio 
Amateur Callbook Magazine (publish- 
ed by Radio Amateur Callbook Inc., 
925 Sherwood Dr., Lake Bluff, Ill. 
60044). Then mail your SWL QSL card 
or letter -of- reception report to me. In 
turn, I would check my logs to make 
sure you did hear me when I was oper- 
ating and I would send you my QSL 
card. It's as easy as that! 

The American Radio Relay League 
(ARRL), in Newington, Conn., a na- 
tional organization of hams, makes 
available free to interested teachers a 
curriculum- book for classroom use of 
Oscar in teaching math, physics, as- 
tronomy, communications, electronics 
and space science. The book explains in 
elementary language how to use a sim- 
ple shortwave receiver to teach and 
learn what keeps a satellite in orbit, 
what governs its speed and how to use 
Oscar for many other math and science 
classroom activities. Thousands of stu- 
dents already have participated in the 
program. 

Students using the educational pack- 
age learn how to determine the satel- 
lite's period (how long it takes to go 
around the globe), its increment (how 
many degrees farther west it will be 
when it crosses the equator the next 
time) and its inclination (the angle at 
which the satellite's path crosses the 
equator). 

For more information about the edu- 
cational programs or how to tune in 
Oscar, write ARRL, 225 Main St., 
Newington, Conn. 06111. Other infor- 
mation, such as how you can become 
a member of the AMSAT organization 
to be kept up -to -date on wave lengths 
and orbiting times of Oscars launched 
in the months and years ahead will be 
sent to you on request if you write to 
AMSAT, Box 27, Washington, D.C. 
20044. 

Anit nnus Thut Pull Then In! 
Ei BEGINNERS to the shortwave listen- 
ing (SWL) hobby have no difficulty in 
obtaining good receivers, either budget 
jobs or gold -plated specials, when start- 
ing their first listening shack. Putting 
up antennas is their downfall. 

Antenna theory is beyond the grasp 
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of most novices. It is very complex at 
the beginning and rapidly becomes in- 
comprehensible as different antenna 
types are introduced. So, why not take 
a shortcut approach to your first anten- 
na installation. Get your new receiver 
pulling weak signals as you pile up lis- 

tening hours with exotic DXing. What 
about antenna theory? It'll come if you 
work at it by reading theory books, but 
in the meantime here are three record- 
ed case histories to low -cost antenna 
shortcuts which may be profitable. 

Case No. 1 -The Dangler. Harry is 
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a youngster I met while giving a talk to 
the local high school student body dur- 
ing Science Fair. Week. Harry was fas- 
cinated by the idea of English language 
newscasts from far -away places, so he 
bought a Realistic DX -160 receiver and 
set up a listening corner in his upstairs 
room in his folks' Colonial -style house. 
For an antenna, he dangled an odd 
length of wire out the window, letting it 
drop to the ground. The BBC and Ra- 
dio Moscow came in fine except oti 
rainy nights. In fact, it was a rainy 
evening when he rang my doorbell for 
help. 

Harry's long wire was long and that's 
all it had going for it. It was vertically 
polarized (wrong) by hanging down 
and shorted out to ground (not good 
either) on damp nights. What Harry 
needed was a length of wire extended 
from the window to a distant pole, out- 
building, garage, or tree. In Harry's 
case, some sturdy trees outlined the 
houses's property line and he could run 
a 60 -foot antenna with no difficulties. 
The antenna pointed due North -West 
and in his area of the U.S. was able to 
pull in Europe, North Africa, and the 
Near East with ease. Here's how we 
went about licking Harry's problem. 

First, I told Harry that a good long - 
wire antenna should be at least 30 to 
100 feet long for good reception per- 
formance on 2 to 30 megaHertz 
(MHz). As mentioned earlier, a 60 -foot 
run was possible. A sturdy tree was 
selected because it hardly swayed in 
strong winds at the 20 -foot level where 
the antenna would be secured. Some 
slack (one foot of droop) was left in 
the antenna to compensate for tree 
sway and strong winds. Harry's anten- 
na details can be seen in Fig. 1. 

Antenna wire and antenna long wire 
kits are available everywhere. Harry 
actually used the Radio Shack short- 
wave antenna kit (278 -758) which con- 
sists of 75 feet of bare copper antenna 
wire, 50 feet of lead -in wire, four in- 
sulators, and instructions. Harry had no 
trouble at all getting the antenna up. 

Harry was a little smarter than me. 
He remembered to protect against light- 
ning. Since shortwave lightning arrester 
kits are usually pot available locally, 
Harry made do with lightning ar- 
rester parts made for TV. The parts 
available from Radio Shack include the 
arrester (15 -911), ground rod (15- 
530), 40 feet of aluminum wire (15- 
035), and other small parts. The TV 
arrester has two screw -tight terminals 
with star washers for the 300 -ohm TV 
line, however Harry only used one for 
his antenna and the other was left un- 
used. The whole lightning installation 
bit came to about $5.00. That's cheap. 

To bring the antenna lead -in into the 
house, Harry used a "Wall-Thru" tube 
(Radio Shack 15- 1200). 

Now I don't see much of Harry. 
Maybe once in a while he's at the 
Pizza joint with a date, but you can be 
sure Harry's getting a lot of DXing and 
veries every week. 

Case No. 2 -The Specialist. I've 
known Mort for over 20 years. We 
knocked about through high school and 
somehow the paths of our lives are 
forever crossing. At one such juncture, 
Mort invited me to his home to see his 
new shortwave listening shack which 
sported a brand -new freshly assembled 
Heath GR -78 receiver. The GR -78 is a 
hot receiver. Unfortunately, I couldn't 
say the same for Mort's antenna. Mort 
was always inclined to specialize, and 
he had rigged up a dipole antenna with 
300 -ohm TV antenna lead -in wire. Mort 
wanted to log the 41 -meter band and 
found it offered poor reception in his 
area. Besides, the noise was too high. 
He was asking, if not pleading, for ad- 
vice. 

First of all, I told Mort that dipole 
antennas are cut to exact dimensions 
for specific frequency bands as shown 
in Fig. 2. The dipole consists of a wire 
of a specific length which is cut in half. 
At the mid -point and both ends, each 
half of the wire is insulated from each 
other and insulated from ground. The 
lead -in cable from the antenna is ac- 
tually two wires, and it's best to use a 
73 -ohm coaxial cable (coax) because 
it is inexpensive and commonly avail- 
able. Without getting into theory, let me 
say that a 73 -ohm coax lead -in cable 
"matches" a dipole antenna with less 
signal loss than does a 300 -ohm TV 
twin -lead cable. On the design board, 

dipoles have a 75 -ohm impedance and 
match pretty well into 73 -ohm coaxes. 
The 300 -ohm cable Mort was using was 
a bust. 

The equation for determining the 
overall length for a dipole antenna at a 
given frequency is determined by divid- 
ing the given frequency in kiloHertz 
into the number 468,000. Or, as seen 
in the text books: 

L 468,000 
f 

Where L is the overall length of the 
dipole in feet and f is the desired re- 
ception frequency in kiloHertz (kHz). 
I computed the overall length for dipole 
antennas to receive the international 
shortwave broadcast bands using the 
mid -frequencies of each band and listed 
them in a table that appears on this 
page. 

When buying materials for a dipole 
antenna, wire and insulators are the 
same type as required for the long wire 
antenna. The lead -in coaxial cable 
should be RG -59/U or RG -11 /U, each 
of which exhibits 73 -ohms impedance. 
Stay away from unknown coax types or 
those with different impedances (ohms). 
As a guide, a table given on this page 
lists commonly available coax cables 
and their impedances. Any coax ex- 
hibiting an impedance in the 70's is 
good for the purpose. Let price dictate 
your selection. 

I did not forget the lightning arrester 
in Mort's antenna. At the window, out 
of reach of the rain, I installed a Radio 
Shack coax static discharge unit (21- 
1049) . This gadget requires PL -259 
connector on the coax lead -in cable. 
It's worth the trouble. A grounding 
screw on the connector attaches to the 

LONG-WIRE ANTENNA 
( 30 TO 100 FEET) 

SPLICE AND SOLDER 
CLOSE TO INSULATOR 

LEAD IN 
SHORTWAVE 

RECEIVER 
WIRE ANTENNA 

TERMINAL 
INSULATOR (2) 

AT LEAST 15 FEET 
ABOVE GROUND 

LIGHTNING 
ARRESTER 

GROUND ROD 

#B 
ALUMINUM 

GROUND 
WIRE 
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L (LENGTH IN FEET) 

L/2 

CENTER 

INSULATOR (3) 
CONDUCTOR 

COAX LEAD -IN 
CABLE 

L/2 

`SHIELD 

STATIC DISCHARGE 
UNIT 

#u 8 
ALUMINUM 

GROUND 
WIRE 

Fig. 2. If you want the kind of DX Mort is 
getting, put up a tuned dipole antenna. 

TO RECEIVER 
ANTENNA 
TERMINAL 

GROUND ROD 

grounding 
ounce of 
home. 

A dipole has some bonuses. For ex- 
ample, a dipole works equally as well 
on frequencies three times the designed 
frequencies. Thus, a 41 -meter band di- 
pole which will pull in 7100 -7300 kHz 
signals will also receive 21300 -21900 
kHz which covers the 13 -meter band. 
Or, if there is sufficient space to string 
a 195 -ft. antenna for the 120 meter 
band (2300 -2495 kHz), then you 
could pull in the 120, 41 and 13 -meter 
bands. Of course, if you want all the 
shortwave bands, then your best bet is 
a commercial dipole antenna with built - 
in wave traps. 

Don't see much of Mort anymore 

wire and ground rod. An 
prevention can save your 

Dipole Overall Length 
for the Shortwave Broadcast Bands 

Band 

120 

Frequencies 
(kHz) 

2300 -2495 

Mid- 
Frequencies 

(kHz) 
2397.5 

Length 
(feet - 
inches) 
195 -2 

90 3200 -3400 3300 141 -10 
75 3800 -4000 3900 120-0 
60 4750 -5060 4905 95 -5 
49 5950 -6200 6075 77-0 
41 7100 -7300 7200 65-0 
31 9500 -9775 9637.5 48-7 
25 11700 -11975 11837.5 39-6 
19 15100 -15450 15275 30-8 
16 17700 -17900 17800 _26-3 
13 21450 -21750 21600 21-8 

Coax Lead -in Cable 
Cable Type 
RG -11 /U 
RG -59 / U 
RG -59A /U 
RG -59B / U 
F -11 /U 
F -59/U 

Typical Ohms 
75 
73 
75 
75 
75 
73 
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except at the supermarket. Seems he's 
a "stay -at- home" type lately. Happy 
DXing, Mort. 

Case No. 3 -The Cliff Dweller. 
Carl is a fun guy to know except when 
he's upset. For example, Carl drove 
over on Sunday afternoon to tell me a 
story he was barely capable of getting 
out. He had picked up a used Drake 
SPR -4 receiver at a fantastic price at a 
flea market and wanted to get involved 
with DXing in a hurry. It was impor- 
tant to Carl since he teaches French 
and German, and shortwave DXing 
would keep his foreign language skills 
sharp. Unfortunately, Carl lives on the 
14th floor of a 24 -story apartment 
house near the city center. His land- 
lord, actually an agent representing the 
owner, refuses to let any tenant hang 
anything out of the windows, let alone 
permit Carl to install an antenna on 

his patio. In fact, the American flag is 
taboo. 

I heard his sad story and told him to 
have his lease available when I visited 
him the following weekend. When I 
came to visit, I could see that the lease 
was "ironclad," so much so that it made 
baseball's reserve clause seem wishy- 
washy. That was it, no outdoor antenna 
for Carl. 

I did make him somewhat happy by 
showing him an old trick. I connected 
the antenna lead -in wire to the metal 
finger stop on his phone's dialing mech- 
anism. Reception was good considering 
the construction of the building, which 
which killed reception even for parts of 
the AM broadcast band. This was a 
temporary measure since Carl was soon 
to get pushbutton phones. 

Carl was all set to return to the flea 
market and unload his Drake receiver. 
He even told me he had planned to 
panel his room to give the listening 
shack a comfortable air, but now he 
wouldn't. "Now just a minute, before 
you quit," I said to Carl, "let's give 
it a try." We swiped his wife's kitchen 
roll of wrapping aluminum and hung 
it on the wall with masking tape. Two 
walls were outside walls, so this is where 
we placed the foil. Fig. 3 shows what 
we did. It looked kind of silly until we 
attached a clip lead from the foil to the 
antenna post of the receiver. Wow! 
Carl practically cried as he tuned the 
bands. His wife practically cried too 
when she saw the wall but calmed down 

LEAD -IN 
WIRE 

RECEIVER 

Fig. 3 How to install an aluminum foil 
antenna like the one that set Carl straight. 
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once she realized that wall panels were 
going up. This antenna cost only 590 
for the aluminum foil and $45 for the 

wall panel job. 
The last I heard from Carl was he 

was planning to move to the suburbs 

where he had purchased an old home- 
stead on six acres. I wonder what he 
had in mind. 

Out of the Way Shortwave 
ill The frequency range between 2000 
and 3000 kHz is a subject of ongoing 
debate and fascination amongst DXers 
and SWLs. The questions is, "Should 
reception here be classified as Medium 
Wave (the same as the standard AM 
broadcast band) or as shortwave ?" 
Officially it is defined as Medium Wave 
but hard -and -fast definitions are too 
arbitrary to settle this debate, and the 
real answer lies somewhere between the 
opposing points of view. Here are five 
experiments which the reader can carry 
out with his own receiver which will 
shed some light on the subject. All the 
stations discussed, incidentally, just hap- 
pen to also be fine DX catches. 

Latin America. When one talks of 
comparing 2 MHz with shortwave, one 
means of course a comparison with the 
lower shortwave bands; 90, 60 and 49 
Meters. No SWL would ever suggest a 
similarity between 2 MHz reception and 
that on frequencies above 7 MHz. Also, 
there is no night of the year during 
which Latin American signals cannot 
be heard on every band below 7 MHz 
down to and including the standard 
AM Broadcast Band (the `BCB" as it 
is called by veteran DXers). The fac- 
tor which primarily determines the 
amount of LA (Latin American) DX 
above the equator on each band is in- 
terference from upper and mid- latitude 
stations. It is this relative level of inter- 
ference you'll be comparing with 2 
MHz when checking out Latin Ameri- 
can DX. 

It should also be remembered that 
interference and the number of Latin 
American broadcast signals, both, are 
always low on 2 MHz. Interference 
consists mostly of radio -teletype, CW 
and similar transmissions as well as 
those coast stations and ships still en- 
gaging in voice communications be- 
tween 2000 and 2850 kHz. Included in 
the latter is the primary Cuban ship -to- 
ship and ship -to -shore channel, 2760 
kHz. This frequency can be used in 
making Latin American comparisons. 

Most widely heard of the legal Latin 
American 2 MHz broadcast signals is 
(TGDF) La Voz de Atitlan, a mission- 
ary station in Guatemala transmitting 
programs in Spanish and various In- 
dian languages on 2390 kHz. A similar 
Guatemalan station is (TGBA) Radio 
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Maya de Barillas, on 2360. A Mexican 
educational station, (XEJN) Radio 
Huayacocotla, has also been heard ir- 
regularly Saturday evenings on TGDF's 
frequency. In addition, there is a vari- 
ety of illegal LA broadcast signals on 
2 MHz. These are harmonics of stand- 
ard AM transmitters. A different crop 
of BCB harmonics seems to turn up 
every few months, but one that's been 
there year after year is YNQ (El Lider) 
at Managua, Nicaragua on 2200 kHz. 

Okay, with these basics in mind, you 
are ready to conduct the first, relatively 
simple, experiment. Whenever Cuban 
signals are heard on 2760 kHz, and/ 
or one or more of the broadcast sta- 
tions listed above, immediately check 
and determine (1) whether LA short- 
wave reception has improved, and (2) 
if Latin American BCB reception has 
improved. To be scientific about it, 
keep a list of every night when two or 
more 2 MHz LA signals could be heard 
(count Cubans on 2760 as one station) 
and for each night note whether im- 
proved LA reception spilled over into 
the frequencies above and below 2 
MHz. 

Transatlantic. There are no con- 
ventional broadcast stations in Europe 
on 2 MHz. However certain aeradios 
and coast stations have regularly- sched- 
uled weather broadcasts which serve 
our purpose almost as well. These in- 
clude Shannon Aeradio (Eire) on 2889 
kHz on the hour and half hour, Prague 
Aeradio at 15 and 45 minutes past the 
hour on 2980 kHz and Paris Aeradio 
on the same frequency at 25 and 55 
minutes past the hour, Shenveningen 
Radio (near Rotterdam, Netherlands) 
at 1800 EST on 2830 kHz, and Nord - 
deich Radio (West Germany) on 2614 
kHz at 1615 EST. 

If any of the above are logged, you 
should spend the rest of that evening 
(1) checking reception of European 
aeradios on 5533 (Shannon) and 5557 
kHz (Paris & Prague), and (2) moni- 
toring signal strengths of the European 
BCB regulars (West Germany on 1586, 
France on 1554 etc. -see the article 
"Secrets of Split Frequency DX" page 
46, September- October, 1976. In de- 
scribing each of these experiments it is 

assumed that the reader DXes often 
enough on the BCB to know what re- 

ception he can normally expect. 
The Pyongyang Phenomenon. Up 

until now all the comparisons suggest- 
ed have been of a very general nature. 
But if you live in the western U.S. or 
Western Canada some very exact ob- 
servations can be made. The first in- 

(Continued on page 22) 

kHz 

THE 2 MHz LOG 

Station 

2200 'EI Lider" 
(YNQ), 
Managua, 
Nicaragua 

2310 China 

2336 Rhodesian 
Broadcasting 
Corp. 

2360 Radio Maya de 
Barillas, 
Huechue- 
tenango, 
Guatemala 

2390 La Voz de 
Atitlan, 
Santiago, 
Guatemala 

2390 Radio Huaya- 
cocotla, Mexico 

2425 Rhodesia 
Broadcasting 
Corp. 

2446 O.R.T.F., 
Reunion Islands 

2614 Norddeich 
Radio 
W. Germany 

2760 Cuba & Inter- 
national Waters 

2830 Schenveningen 
Radio, near 
Rotterdam, 
Netherlands 

2850 Pyongyang 
North Korea 

2889 Shannon 
Aeradio, Eire 

2980 Prague Aeradio, 
Chechoslovakia 

2980 Paris Aeradio, 
France 

Notes 

BCB harmonic 

Home service, 
exact location 
unknown. 
Status 
uncertain 

Irregular 

Status 
uncertain 

Coast station 

Cuban coast 
stations & 
ships 
Coast station 
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The chances are excellent that... 
You have a talent other people 

are willing to pay for! 
You're "handy" around your 
house, have the ability to fix 
things, and "make them work 
right "... that's why there 
may be a rewarding career 
for you in Electronics. 

A career in Electronics? 
Absolutely. Because you're interested 
in things. How they work. Why they 
work. How to take them apart and 
put them back together. Plus . . . 

you've got a head for detail work. 

Your chances are excellent 
With the right kind of specialized 
technical training, you can have a 
challenging, financially rewarding future waiting for 
you in Electronics. Think of the career opportunities 
... computers, aerospace, 2 -way radio communica- 
tions, radio /TV broadcasting, medical electronics, to 
name just a few. 

And, surprisingly, you don't need a college degree! 
All you need to do to qualify for one of these excit- 

ing career fields is to build upon the technical aptitude 
you already have ... just put your hands and your 
head to work with a CIE Electronics career course. 

You learn by doing 
The CIE method of instruction is the refinement of 
over 40 years of Electronics, independent home -study 
experience. It works. And you don't need any prior 
electronics experience. A CIE career course can take 
you from ground zero right up to training in Lasers, 
Microminiaturization, Radar, Analog Computers, 
and various applications in Communications. 

In some CIE courses, you'll perform "hands on" 
experiments and tests with your own CIE Experimental 
Electronics Laboratory. And, if TV technology and dig- 
ital Electronics are your main interest, you can select 
from several courses that involve working with and 

troubleshooting a TV. (And the TV 
is yours to keep, too !) This combi- 
nation of "head and hands" learning 
locks in your understanding of the 
crucial principles you'll use on -the- 
job in your new career. But, don't 
kid yourself . . . 

Electronics is not an "easy" science 
and CIE courses are not "snaps." 
Subject matter is technical, thorough, 
and challenging. It has to be. We're 
training you for a career. So the pre- 
sentation of ideas is logical, written in 
easy -to- understand language ... you 
progress step -by -step, at your own 
pace. 

CIE Education by mail 
There is no need to "go back to the 
classroom" with CIE. Because you 

learn at home or wherever else is convenient. You 
keep your present job and income. No cross -town 
commutes. You decide when and where you study best. 

Your eventual success ... at CIE and in your elec- 
tronics career ... will be determined by your own 
motivation and self -discipline. You can do it. And CIE 
can show you how. 

Put your talent to full use 
We believe that you may be a "natural" for Electron- 
ics, and we'd like to tell you more about potential 
career fields and our school. We'll be glad to send you 
our complete package of FREE career information if 
you'll send in the card or coupon or write CIE (include 
name and date of this publication), 1776 E. 17th St., 
Cleveland OH 44114. For your convenience, we'll try 
to have a school representative call to assist you in 
course selection. As soon as we receive your request, 
we'll mail you our school catalog, complete G.I. Bill 
details and booklet on FCC License preparation. 

There's no obligation. 
Let's discuss your new career in Electronics, NOW ! 

Send for your FREE school catalog and career infor- 
mation TODAY. 

CI E Cleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 

Yes, I want your FREE school catalog and career information package. 
TE -07 
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MARINA DR GUERRA 
Habana, Cuba, Noviembre 23 1953. 
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Many overseas and Latin American broadcast stations are so 
unused to receiving reception reports from North America that 
they don't have regular QSL cards and respond with personally - 
written letters. Shown here are two such acknowledgements 
received by the author, one from Cuba, and one from Germany. 

Radio stations in Mexico broadcast programs much of the time to reach the great 
mass of people who often can barely afford a radio. Scales which measure produce 
sold in this market square in Oaxaca are likely older than the radio stations. (Photo- 
graphs courtesy of Mexican Department of Tourism) 
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Shortwave 
(Continued from page 18) 

volves Radio Pyongyang (North Korea 
home service transmissions on 6290 
2850 and 655 kHz. The 6290 outlet is 
a commonly reported logging in west- 
ern NA but it may surprise many SWLs 
to learn that the other two frequencies 
are also often heard during early AM 
hours, beginning about 0200 -0300 
PST. 

The questions are: (1) on what 
percentage of good 2850 nights is 
6290 reception also improved? (2) on 
what percentage of good 2850 nights 
is 655 comparatively better? (3) which 
percentage is higher? A similar and 
equally interesting series of tests can 
be conducted using Radio Peking's 
home service transmitter on 3450 kHz, 
a home service outlet on 2310 kHz (lo- 
cation unknown but probably in central 
China). 

More Far East. If, instead of 1040 
we substitute Radio Peking's Russian 
language powerhouse on 1525 kHz (in 
the central Asian province of Urum- 
chi), then this Chinese trio may be 
used during late fall and winter for 
experiments in eastern North America 
between approximately 1730 and 1900 
EST. This sort of eastern NA reception 
from Asia in that time period during 
the last few years has been an espe- 
cially hot topic in DX circles. If noth- 
ing else, it has shown that the average 
shortwave listener, as contrasted to the 
average BCB DXer, has only the 
sketchiest understanding of radio, 

When the Orient is heard in eastern 
NA at that time cf the day, veteran 
SWLs tend to refer to it as long path 
reception -via the south pole. Yet for 
distant reception to occur on either the 
BCB or 2 MHz, the great circle path 
between transmitter and receiver must 
be entirely in darkness or something 
close to it. And this is only slightly less 
true for distant reception on 3 and 4 
MHz. Thus reception of our Chinese 
trio can only be via the north pole 
(large portions of the long path in day- 
light), and this opening ( "window ") 
to the Orient would theoretically begin 
at North American sunset and end at 
Asian sunrise. In practice, the window 
is probably open a little longer. 

It is interesting to note that the sta- 
tion which touched off all this DX dis- 
cussion, the first 2 MHz Oriental sta- 
tion to be logged at sunset EST, was 
Pyongyang on 2850 kHz. In view of 
this, the experimenter might ask, why 
not make eastern NA comparisons of 
Pyongyang on 2850 and 655 as west 
coast DXers can? Well, anytime the 
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reader hears 2850 he should certainly 
try for Pyongyang on 655 kHz. The 
difficulty is that this EST sunset/ 
Korean sunrise window is open for 
such a relatively short time that both 
frequencies would have to peak almost 
simultaneously, probably within 15 
minutes of 1700 EST. Even when the 
same location can be heard at opposite 
ends of the BCB, for example, Portugal 
on 655 and 1578 kHz, it is seldom 

that both frequencies will peak within a 
few minutes of each other. Further, 
there is a lot more interference is east- 
ern North America around 655 

Pilot Stations. When we suggest you 
use 2850 to know when to challenge 
the interference around 655, we are 
using Pyongyang's 2850 kHz transmit- 
ter as a pilot signal. On most days that 
you hear 2850 around sunset you will 
not hear 655 but you will never log 

655 unless you can hear 2850. Even 
more interesting, pilot station experi- 
ments can be performed in the area of 
trans- equatorial reception. For exam- 
ple, if you can hear ORTF's broadcast 
station in the Reunion Islands (Indian 
Ocean, not too far from the African 
coast) on 2446 kHz at 2130 EST 
(1830 PST) S /On, you should then 
try for Radio Zambia's 818 kHz when 
it signs on around 2200 EST. 

Calculators Transmit Too! 
The virtues of portable electronic 

calculators are by now so well -known 
and their prices have dropped so low 
that the units are found almost every- 
where. Many presently -available ma- 
chines- especially those employing LED 
displays -can be used as quick trouble- 
shooting aids in addition to performing 
their usual day -to -day calculating 
chores. Whenever you need a fast, con- 
venient, and portable amplitude-modu- 
lated RF source for equipment check- 
out, your calculator can often fill the 
bill. 

Here's why. Just about all battery- 
powered calculators emit strong, wide - 
band RF signals which extend well up 
into the tens, of megahertz. These sig- 
nals are generated primarily as side - 
effects by the operation of two com- 
ponents of the calculator: the power 
supply's DC -to -DC converter and the 
multiplexed LED digital readout. 

Not every calculator has a DC -to -DC 
converter. But those operating from 
two or three penlight or nicad cells 
usually do, using it to step the low 
battery voltage up to a higher level 
more suitable for operating the MOS 
ICs which do the arithmetic. The con- 
verter produces a harmonic -rich square - 
wave output at a fundamental frequen- 
cy typically between 20 kHz and 100 
kHz -but the harmonics extend well up 
into the megahertz region. 

Even if your calculator is one of 
those without a DC -to -DC converter, 
it's still almost certain to use a multi- 
plex system to drive the output digital 
display. Multiplexing means that each 
selected segment of the digital readout 
is rapidly turned on and off many times 
each second rather than staying on 
continuously. When this switching is 
done rapidly enough, the readout ap- 
pears to stay on all the time because 
of the relatively slow response time of 
the human eye. Readout devices are 
multiplexed for two reasons. First, mul- 
tiplexing drastically reduces the power 

required to operate the readout at any 
given apparent brightness level because 
the readout is actually on and drawing 
current for only a small percentage of 
the time. As a consequence, batteries 
last much longer. Secondly, multiplex- 
ing permits a great reduction in the 
total number of IC's needed to actuate 
the calculator's readout display with an 
attending cost reduction at the time of 
purchase. 

With a standard calculator's seven - 
segment LED readout and anywhere 
from 8 to 12 display digits, the multi- 
plexing frequency is typically around 
100 kHz. When currents of 20 rnA or 
so are abruptly switched on and off 
through the LED display segments, .sig- 
nificant amounts of RF energy at multi- 
ples of the multiplexing frequency are 
generated. These harmonics may extend 
well into the tens of megahertz. In 
fact, this harmonic radiation is one of 
the main reasons there are so few AM 
clock radios with LED time displays on 
the market today. The standard AM 
broadcast band is almost totally obliter- 
ated if the receiver's RF sections are 
within a foot or so of the multiplexed 
readout display unless extensive shield- 
ing is employed. Fortunately, there are 

One of the many uses for your calculator 
other than calculating. Here it is being used 
to check a windshield antenna. 

two more practical and less expensive 
solutions than shielding. The first is the 
addition of resistance -capacitance net- 
works to slow the rise and fall time of 
the multiplex waveform -and conse- 
quently filter out most of the higher - 
order harmonics. The second method is 
to drive each display digit directly and 
not use multiplexing at all. This second 
technique is much more practical in a 
clock radio than in a calculator for two 
reasons. First, clock radio displays 
normally have considerably fewer digits 
than most calculators; hence, the circuit 
problem isn't nearly so complex. And 
secondly, with a clock operated from 
the AC power line, the problem of 
rapidly discharging the batteries unless 
the output is multiplexed is eliminated. 
National Semiconductor Corporation 
has recently introduced a clock chip 
with direct drive of all readout seg- 
ments to eliminate RF interference. It 
was designed with clock radio applica- 
tions in mind. 

But now back to your calculator, 
which almost certainly is multiplexed 
and unfiltered and produces a rich har- 
monic output. Turn it on and slowly 
bring it near a standard AM radio 
which is tuned either to a weak station 
or between stations. You should hear a 
mixture of buzzes and tones as the cal- 
culator is brought within several inches 
of the radio or its antenna. These tones 
probably will shift in frequency if you 
key different numbers into the display. 

Now that you've verified that your 
calculator is a portable, wideband, RF 
source, what can you use it for? Well, 
a number of applications are obvious. 
Anytime you need a quick check to see 
if the RF and IF stages of an AM 
receiver are working, your calculator 
can provide a test signal. Probably its 
handiest use, though, is in continuity 
testing antennas and connecting cables. 
Auto antennas and their accompanying 
cables and connectors are easily tested 
for opens and shorts by bringing the 
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calculator near the antenna while moni- 
toring the radio output. Perhaps the 
ultimate example of this technique you 
can perform in your automobile. Place 
a calculator near the windshield an- 
tenna of a late model General Motors 
car. In cases of poor or non -existent re- 

ception, one or both of the two thin 
antenna wires imbedded inside the glass 
may be broken. By carefully tracing the 
path of each individual wire, a break 
or faulty connection can be located 
when the radio's output changes 
abruptly. 

And one final thought. Those of you 
with LED digital watches might experi- 
ment with them. The power is much 
lower, and the metal watch case pro- 
vides a lot of shielding, but there just 
might be enough RF coming from the 
display to be useful. 

Breaking the TV DX Barrier 
In this day of satellite telecasts from 

all continents, the idea of watching a 
television program originating from a 
mere thosuand miles distant doesn't 
sound too exciting. But how about re- 
ceiving that same TV signal without the 
aid of a satellite? Sound interesting? 
Well, that's what TV -DXing is all 
about. 

Even if you're an "old pro" in DXing 
circles, you're probably not too familiar 
with TV -DX. Sometimes it seems like 
many DXers even doubt that TV -DX 
is possible. What's surprising to many 
is that TV -DX is actually quite com- 
mon! TV -DXers around the world regu- 
larly pull in distant video signals from 
200 to 2000 miles away. As we'll soon 
see, a station 1000+ miles distant may 
actually appear with greater clarity than 
your local stations! 

The real key to successful TV -DXing 
is not massive antenna systems and 
exotic equipment (though they help!), 
it is simply tuning in at the times when 
DX openings are occurring. Unlike the 
shortwave or broadcast band DXer, the 
TV -DXer can't just turn on a receiver 
on most any day and start DXing. The 
TV -DXer must carefully survey daily 
and even hourly conditions, watching 
for a band opening. When openings do 
occur, the results can be quite reward- 
ing. Instead of just hearing a distant 
station, you're actually seeing it as well. 

You can greatly increase your odds 
of catching TV -DX by knowing when 
and on what channels it's most likely 
to occur. For this introduction, we'll go 
into a brief description of the most 
common forms (or modes) of wave 
propagation that affect television sig- 
nals. Don't get worried by the sound 
of that -wave propagation is simply 
what happens to a signal from the time 
it leaves the transmitting antenna until 
it reaches a receiving antenna. A solid 
understanding of the basics of V -UHF 
propagation is essential to the TV -DXer. 

The television bands are located in 
the VHF and UHF ranges of the elec- 
tromagnetic spectrum. Signals in these 
bands are much higher in frequency 
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than shortwave broadcast signals and 
as such are not propagated in the same 
manner. Layers of the earth's iono- 
sphere that regularly reflect shortwave 
signals to points thousands of miles 
distant, normally fail to reflect VHF 
signals. Under "normal conditions," TV 
signals travel in straight lines and pass 
through the ionosphere into outer space. 
This limits the range of broadcast TV 
stations to line -of- sight. Broadcasters 
call the area covered under normal con- 
ditions, their coverage area. Typically, 
the coverage area of a VHF TV station 
is between 50 and 75 miles. Under 
abnormal conditions, this coverage area 
can very greatly increase. Stations do 
not hope for such conditions to occur 
often or with greater strength. Chaos 
might result as stations would compete 
on the same channels. 

Just what are the "abnormal condi- 
tions" that result in TV -DX? They are 
various changes in the condition of the 
earth's atmosphere that cause VHF or 
UHF signals to be bent or reflected be- 
yond the horizon. Different modes of 
propagation are created by these con- 
ditions and they carry signals over vary- 
ing distances. Certain modes of propa- 
gation have very different effects on the 
range of particular TV channels. Now 
let's take a close look at each of the 
common modes of propagation. 

Tropospheric Bending. Tropospheric 
bending, tropo for short, is the most 
common mode of VHF -UHF propaga- 
iton. Tropo is the only form of propa- 
gation that is directly related to weather. 
Frequently dubbed "extended ground - 
wave," tropo extends the range of VHF 
and UHF signals by 60 to 1000 miles. 
Distances to 350 miles are common. 

Tropo can occur in several ways, but 
the influence of a high -pressure area 
is always required. When a tempera- 
ture inversion occurs (warm air meet- 
ing a cool air mass), a low -level barrier 
to VHF and UHF signals is formed 
above the earth. Tropo is most com- 
mon in early morning and evening when 
rapid warming and cooling of the air 
takes place. Fall is considered the favor- 

ite season for tropo, but openings are 
common in the spring and summer as 
well. In northern regions, tropo is un- 
common in the spring and summer but 
it happens during an unseasonably warm 
weather period. 

AIR MASS 
(ABOUT I MILE 
UP) 

Tropospheric Bending causes TV signals on 
all channels to be "bent" over the horizon. 

AIR MASS 

AIR MASS 

TRANSMITTER S ,_ 
TN 

Tropospheric Ducting occurs when a TV 
signal (usually UHF) is trapped between two 
air masses and is "ducted" to a distant ppint, 
several hundred to a thousand miles away. 

SPORADIC E LAYER PATCHES 
(ABOUT 50 MILES UP) 

TRANSMITTER 

SINGLE 
HOP 

WEAKER 
DOUBLE HOP 

Sporadic E Skip causes signals to be refracted 
to points 450 to 1400 miles distant on a 

single hop. On very rare occasions, a signal 
may bounce off the earth and refract off a 

second sporadic patch causing "double 
hop" reception to 2800 miles. Sporadic E 

normally only affects channels 2 -6 
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Tropo is characterized by steady sig- 
nals. It usually affects the highest chan- 
nels most. That is, a good opening on 
UHF may produce fair results on the 
VHF high band (channels 7 -13) and 
poor results on the low band (chan- 
nels 2 -6). Tropo may also affect only a 
narrow range of channels. When this 
type of reception occurs, look for some 
fantastic catches because it's probably a 
sign of tropospheric ducting. Ducting 
is aptly termed, as signals become 
trapped between two air boundaries of 
different heights. This condition causes 
TV signals to behave in much the same 
manner as if they were being fed into 
a giant metal duct, following the curva- 
ture of the earth. A ducted signal may 
travel a thousand or more miles above 
the earth before returning down. Ducts 
are frequency -selective -they will carry 
only a limited range of channels. This 
range may include all of the UHF band 
or only a few channels. Ducts are very 
unstable and may last for hours or only 
minutes. Tropospheric ducting is most 
common in the UHF channels, but also 
shows up at the VHF high -band chan- 
nels. A high -performance antenna sys- 
tem is vital for successfuly DXing 
tropo ducts. 

Sporadic E Skip. Frequently called 
"short skip" by ham radio operators, 

sporadic E skip (Es) can produce spec- 
tacular TV -DX results. Es commonly 
brings in TV -DX signals from 450 to 
1400 miles distant on a single hop 
(that's short for the ham bands) -fre- 
quently with snow -free pictures. This 
is the same type of skip that produces 
the summer skip on CB. 

Sporadic E skip occurs when a signal 
strikes sporadic patches of ionization in 
the E layer of the ionosphere (about 
50 miles above ground). The ionized 
paten refracts the signal back toward a 
distant point on earth, much in the 
same way that a mirror reflects a beam 
of light. 

The lowest TV channels are affected 
most by Es. Es will normally appear 
on channel 2 before it hits 3; 4 before 
5, and so on, but is very rarely found 
above channel 6. Openings frequently 
occur on channels 2 or 3 that never 
reach the higher channels. Even more 
frequently, Es produces activity on CB 
and the 10 meter ham band without 
reaching the TV channels. Generally, 
the stronger openings effect the greatest 
number of channels. A weak opening 
may only bring in distant stations on 
channels 2 and 3. If signals on 2 and 
3 are quite strong, skip is likely to also 
be in on channels 4 and 5. 

The best seasons for Es., are late. 
spring and early summer, with a lesser 

peak occuring from mid -December to 
early January. Best times to look for Es 
signals are from mid morning to early 
afternoon and again from early evening 
to about 10:30 PM, local time. 

Strong signals and deep fading char- 
acterize Es. Signals are commonly 
strong enough to be received on indoor 
"rabbit ears" style antennas! Best re- 
sults will still be obtained with an out- 
door rotatable antenna, but it needn't 
be very high. Es reception can last for 
minutes, hours or even days. A typical 
opening lasts for a few hours and may 
bring in a half dozen or more distant 
stations. It's even common for two or 
three different DX stations to be re- 
ceived on the same channel at the same 
time. 

Frequently check channel 2 for indi- 
cations of Es openings. If you have a 
local station there, the DX stations will 
produce an interference pattern of hori- 
zontal black bars, more 'about this later. 
If you're using a rotatable antenna, this 
check should be made with your anten- 
na pointed away from the local station. 

Outside of the seasonal variations, 
Es is very unpredictable. It is not di- 
rectly related to weather, sunspots or 
the moon. Little is known but that it 
makes for exciting TV -DX! 

F2 Skip. Every eleven years, sunspot 
activity reaches a peak. When this oc- 

TV -DXing can sometimes turn up some real 
surprises, like reception of this experimental 
station operated by Zenith on UHF -TV 
channel 38. 

830 mile E Skip reception of KTVS -TV, chan- 
nel 3, Sterling, Colorado. Both zero and 20 
kHz offsets appear in this picture. 
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WKEF -TV, channel 22, in Dayton, Ohio, re- 
ceived by Tropospheric Skip at 260 miles. 

KID -TV received by E Skip at a distance of 
over 1250 miles. Reception of this channel 
3 station is common most summers. 

990 mile E Skip at a distance of over 1250 
miles. Reception of this channel 3 staion is 
common most summers. 

Meteor Scatter reception of WMAR -TV, 
Channel 2, Baltimore, Maryland, 725 miles. 
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curs, the radiation projected from the 
sun builds up the density of the F2 layer 
of the ionosphere. This layer is about 
200 miles up, much higher than the E 
layer. If sunspot activity is great 
enough, the F2 layer becomes dense 
enough to refract signals on the lowest 
TV channels. Because the F2 layer is 
so high, distances covered are seldom 
less than 1700 miles. The world's TV- 
DX record was set by F2 skip in 1957 
when George Palmer of Williamstown, 
Victoria, Australia, received BBC -TV 
from England over a 10,400 mile dis- 
tance. 

Sunspots, in fact, affect all of the com- 
munication services to some degree. The 
last cycle resulted in much "skip" on the 
CB frequencies along with prolonged 
openings on the ham 10 meter band. 

The next sunspot maximum will be 
reached around 1979 -1980. As the in- 
tensity of sunspot cycles varies, we can't 
yet predict whether activity will again 
be great enough to produce transconti- 
nental TV -DX. During the most recent 
cycle, I received the audio of TV trans- 
mitters in France and England. The 
video signals for these channels are on 
slightly higher frequencies and were not 
received. The last cycle was no where 
near as intense as the previous cycle 
which produced George Palmer's rec- 
ord catch. In the late fifties, several US 
TV -DXers received almost daily recep- 
tion from European TV stations on 
modified TV receivers. 

Meteor Trails, Lightning and the 
Northern Lights. The ionization pro- 
duced when a meteor burns up from 
friction as it enters the atmosphere, does 
a good job of reflecting TV signals. Me- 
teor trails last only a short time, so they 
produce very brief "bursts" of TV -DX. 
Meteor bursts commonly last from a 

fraction of a second to four or five sec- 
onds. Bursts may also appear in clus- 

CLUES TO IDENTIFYING 
AN UNKNOWN STATION 

Channel 
Network 
Local Commercials 
Local Public Service Announcements 
Antenna Direction 
Offset Frequency 
Propagation 
Other Stations Received About the 

Same Time 
Recognition of Local Weather Map, 

Announcer, Logo, etc. 
Time Zone (Caution: Some stations 

delay broadcasts, causing them to 
appear to be in a different time 
zone.) 
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EXPOSURE TABLE 
(Suggested Camera Settings for Pictures of Television Images) 

Film 
(Use/ 

Black -and -White 
Television Set 

Color 
Television Set 

Leaf -Type 
Shutter 

Focal -Plane 
Shutter 

Leaf -Type 
Shutter 

Focal -Plane 
Shutter 

Verichrome Pan 
Plus -X Pan 

(Black- and -White) 
1/30 sec 

f/4 
1/8 sec 

f/8 
1/30 sec 

f /2.8 
1/8 sec 

f /5.6 

Tri -X Pan 

(Black- and -White) 
1/30 sec 
f/5.6 -8 

1/8 sec 

f/11.16 
1/30 sec 
f/4 -5.6 

1/8 sec 
f/8.11 

Kodacolor-X (1) 
(Color Prints) 

1/8 sec 
fí2.8 

or 
1/15 sec 

f/2 

1/8 sec 

f/2.8 

1/4 sec 
f/2.8 

or 
1/8 sec 

f/2 

1/4 sec 
f/2.8 

or 
1/8 sec 

f/2 

Kodachrome -X (1) 
Ektachrome -X (11 

(Color Slides) 

High Speed Ektachrome (1) 
(Daylight -with 
Normal Processing ASA 160 
(Color Slides) 

1/15 sec 

f/2.8 -4 

1/8 sec 
f/4 -5.6 

1/8 sec 
f/2.8-4 

1/8 sec 
f/2.8 -4 

High Speed Ektachrome (1) 
(Daylight) with 
ESP -1 Processing for 
a Speed of ASA 400 
(Color Slides) 

1/30 sec 
f/4 

1/8 sec 

f/8 
1/30 sec 

f/2.8 
1/8 sec 
f /5.6 

NOTE: When two lens openings are given, such as f/4 -5.8, lens setting is midway between these 
stops. 
(1) Pictures of color television taken without a filter will look blue -green. With the color films in 

the table, you can use a Kodak color compensating filter, CC4OR, over your camera lens to help 
bring out the reds in your pictures. Increase the exposure suggested in the table by 1 stop. 

ters, permitting reception for thirty sec- 
onds or more. 

If you watch for meteor scatter when 
TV stations are running their test pat- 
terns (typically 4 to 8 AM local time), 
a second or two of reception can be 
long enough to identify (ID) your DX 
catch. With a good outdoor antenna, a 
great many meteor bursts can be seen 
on channels 2 -6. For results on channel 
7 or above, a very elaborate antenna 
system must be used. As most meteors 
burn in the E region of the ionosphere, 
distances are somewhat similar to Es, 
but somewhat shorter -500 -900 miles. 
Meteor scatter occurs literally every 

day, but results are best during meteor 
showers. A list of major meteor show- 
ers can be found in most almanacs or 
The Radio Amateur's VHF Manual, 
published by the American Radio Relay 
League. 

Sometimes, when an intense lightning 
storm is between a DXer and a UHF 
TV station (200 -500 miles away), sig- 
nals can be reflected by the lightning 
strokes to produce TV -DX. Signals 
burst in much as if propagated by me- 
teor scatter. NEVER attempt to DX 
while a storm is in your area -wait until 
the storm has passed. When the storm 
is safely out of your area, point your 

Q S L Information Card 

WQLNJFV 
Channel 54 Erie, Pa. 

Effective Radiated Power: 915 kw 
Carrier Frequency: Visual 711.26 me Aural 715.76 me 

RECEPTION CONFIRMATION 
Date Program Time 

f.' S& (ST 
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antenna at the storm and tune around 
the UHF dial. Results will be best if 
you are looking for a particular station 
that appears to be within range. 

The Northern Lights (aurora) can 
also produce TV -DX results. TV signals 
are sometimes scattered by the auroral 
curtain to produce very fluttery recep- 
tion. Distances covered can extend to 
several thousand miles. Most often how- 
ever, signals are so garbled by auroral 
flutter that they are impossible to iden- 
tify. Auroral scatter is most common in 
the years close to and following a sun- 
spot maximum. This form of DX is 
most common in Northern areas and 
is rarely observed south of the Mason - 
Dixon Line. All of the low- and high - 
band channels are affected, but chances 
for IDs are best on the low channels. 

What Equipment Is Necessary For 
TV- DXing? A surprising amount of 
TV -DX can be observed on a simple 
antenna system, however the serious 
DXer must employ a high- perform- 
ance installation. Of prime importance 
is that a TV set in top working order 
be used. The set should be sensitive and 
selective (eliminating low -end budget 
sets with only two video IF stages), and 
should be capable of locking sync on a 
weak signal. In other words, a weak 
signal should not roll vertically or lose 
horizontal sync. Many DXers have 
found that sets with screen sizes of 19" 
or smaller are easiest to DX with. 
Either a color or a monochrome set 
will do fine. 

Most active TV -DXers use separate 
VHF and UHF antennas. The antennas 
must be rotated by an accurately cali- 
brated antenna rotor. The best con- 
sumer UHF TV antennas are of the 7' 
parabolic dish variety. The best such 
antenna is probably still the Finco P -7. 
If a large dish antenna cannot be used, 
other "fringe area" designs can still pro- 
vide good results. A talk with your local 
distributor or antenna service should 
probably provide some helpful advice. 

A UHF antenna should always be 
mounted as high as possible. In metro- 
politan areas, a minimum of fifty feet 
aboye ground may be necessary to pro- 
vide acceptable results. A good quality 
low -noise UHF preamp will also be 
quite helpful. A preamp of this type is 
mast mounted at the antenna and fed 
by a remote power supply indoors. Two 
excellent UHF preamps are the Blon- 
der- Tongue CMA -Ub and the Winegard 
AC -4990. The Winegard unit is less 
likely to "overload" in a strong signal 
area, but has less gain than the Blonder - 
Tongue CMA -Ub. Again, consult a 
local expert for your best choice. 

For VHF, a large fringe area broad- 
band Yagi or log- periodic design an- 
tenna should do the job well. Channel 
Master VHF antennas have long been 
popular with TV- DXers, but all of the 
major antenna manufacturers make an- 
tennas of this type. Height is somewhat 
less important for the VHF antenna, 
though it should be clear of surround- 
ing obstacles. Unless you live -way out 
in the sticks and away from strong local 
stations, don't use a mast mounted VHF 
preamp. Most tend to overload badly 
when used in strong signal areas. 

As we said a bit earlier, a good an- 
tenna rotor is essential. An outdoor 
antenna that cannot be rotated is of 
almost no value to a DXer. Make sure 
that you use a rotor that's strong 
enough to handle a large TV antenna 
array. It's a nasty feeling to have a 
rotor fail during a DX opening! 

If you're one of those unfortunate 
DXers that can't use an outdoor an- 
tenna, don't despair -when the bands 
are open, there'll still be plenty for you 
to see. You can improve your results by 
using adequate antennas. For VHF, 
stick with the old reliable rabbit ears. 
Expensive and elaborate looking rabbit 
ears usually don't work any better than 
the $3 or $4 kind. Some DXers have 
found it convenient to use a small out- 
door style antenna, indoors. Mounting 
such an antenna on a pole lamp is a 
handy trick. 

For UHF, forget about that little 
loop that came with your TV set and 
buy a small outdoor UHF antenna. The 
Blonder- Tongue Golden Dart would be 
an excellent choice. The same UHF 
preamps we recommended for outdoor 
use should be useful here as well. If you 
live on an upper floor of a high -rise 
building, you can most likely pull in 
excellent UHF DX with a modest in- 
door antenna system. 

Now on to DXing. TV- DXing, espe- 
cially for beginners, requires a good 
deal of patience. It's strange, but a be- 
ginner frequently watches carefully for 
a long while before catching a good 
opening, then suddenly starts seeing 
many openings. This usually means that 
the DXer is getting accustomed to spot- 
ting signs of an opening. You'll also get 
used to quickly recognizing what mode 
of propagation you're receiving. After 
a bit of DXing, you'll recognize the 
characteristics of each mode. 

While DXing, you should have on 
hand an accurate listing of US, Canad- 
ian and Mexican TV stations. If you 
live in the South, a list of Central 
American stations will also likely be 
helpful. White's Radio Log in Corn- 

municaitons World is a good start for 
US and Canadian stations, but an even 
more detailed list is best. One of the 
most useful references available is the 
WTFDA TV Station Guide ($5 pp from 
the Worldwide TV -FM DX Association, 
PO Box 163E, Deerfield, IL 60015). 
The Guide is a comprehensive refer- 
ence of North and Central American 
television station data. Features include 
maps (by channel) showing the call 
letters, location, network and offset fre- 
quency (more about this latter) for 
most every TV station in the Western 
Hemisphere. The respective station lists 
provide additional data including city 
of license, state of transmitter location 
(if other than state of license), whether 
or not the station is a "satellite" of (re- 
broadcasts) another station, originating 
station for the satellite, antenna height, 
effective radiated power, and even what 
edition of TV Guide lists the station's 
program schedule. When trying to iden- 
tify a DX station, there is no substitute 
for detailed station information. Infor- 
mation of this type will also help you 
spot what other stations are in the same 
region as a DX station you've identified. 
This will help you make the most of the. 
opening. 

Identifying DX Signals. As in other 
areas of DXing, identifying a DX signal 
is not always as easy as we might like. 
Signals may fade before a station break, 
or be buried under another station's 
signal. Frequently however, enough bits 
of information can be observed that will 
help you identify the mystery signal 
without actually seeing an ID slide. 

The Table illustrates some of the 
common clues that can help you ID an 
unknown station. If enough clues point 
to one station, you may have solved the 
mystery. One of those clues is called 
"offset frequency." This frequency indi- 
cates whether a station is assigned to 
operate exactly on channel, 10 kHz high 
in frequency or 10 kHz low. Stations 
around the country are staggered in 
offset frequency to minimize interfer- 
ence between them. When one station 
does interfere with another on the same 
channel, an offset pattern of horizontal 
black bars is created on the receiver's 
TV screen. When a station with a +10 
kHz offset frequency interferes with a 
0 offset station, a 10 kHz offset pattern 
appears (about 10 -15 black bars). If a 
+10 kHz offset station interferes with a 
-10 kHz offset station, the difference 
is 20 kHz, producing a pattern of many 
fine horizontal lines. Two stations of 
exactly the same offset produce a zero 
offset pattern of 5 or 6 thick black bars. 

As long as you definitely know the 
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identity of one of two stations being 
received on the same channel, you can 
refer to your station list and determine 
its offset frequency. If that frequency is 
+ or -10 kHz, you can readily deter- 
mine the offset frequency of the un- 
known station. If your known station is 
a zero offset and a 10 kHz offset pattern 
is observed, the unknown station may 
have either a + or -10 kHz offset fre- 
quency. Unfortunatley no offset list is 
100% accurate, so offset patterns alone 
won't identify an unknown station. 

Only you can decide whether you 
have enough data to identify an un- 
known station. Carefully analyze the 
information you know about the station. 
If all else fails, write to the station's 
chief engineer or program director and 
ask whether they think you received 
their signal. 

Photographing your DX. You can 
get an "instant QSL" by photographing 
the ID slides and test patterns of the 
TV -DX stations you receive. It's not too 
difficult to get results comparable to the 
photos in this article. Many DXers get 
by with simple box cameras, but you'll 
need a camera with adjustable exposure 

and speed settings for best results. Your 
camera should be mounted on a tripod 
or steadied on a firm surface. For start- 
ers, try a setting of 1/30th second at 
F/5.6 using Kodak Tri -X film. Never 
a flash! Be sure to properly sight the 
camera so that the entire screen is in 
the frame. 

Kodak has prepared an excellent 8- 
page booklet entitled, "Photographing 
Television Images," and it's available 
free of charge by writing to the East- 
man Kodak Company, Consumer Prod- 
ucts Division, Rochester, NY 14650. 
Ask for Customer Service Pamphlet 
AC -10. This booklet covers the use of 
color and black and white film, and 
even describes how to take movies bf 
your DX. 

QSL Cards and Letters. Most TV 
stations will verify your reception by 
letter or QSL card. Reports should be 
addressed to the Chief Engineer and in- 
clude full details of the programming, 
commercials, and announcements you 
received. Response will be best if you 
include a self- addressed stamped en- 
velope. 

TV -DXing in England. If you'd like 

to see what TV -DXing is like in Eng- 
land, a new third edition of Long Dis- 
tance Television is now available from 
Weston Publishing, 33 Cherville Street, 
Romsey, Hants SQ5 8FB England, for 
$3 postpaid. 

TV -DX Club. For almost ten years, 
one non -profit organization has been 
serving TV, FM and public service 
band DXers -The Worldwide TV -FM 
DX Association (WTFDA). WTFDA 
publishes station guides, booklets, log 
pages, and other supplies for DXers. 
Most importantly, WTFDA publishes 
the monthly VHF -UHF Digest, featur- 
ing columns reporting DX received by 
members, new station news, and theory, 
construction and feature articles. 

A sample copy of the VHF -UHF 
Digest and full information about the 
club is available for 751 or information 
only, for a self- addressed stamped en- 
velope. A one year membership is $11 
in the US and Canada and $18 over- 
seas. A booklet entitled, "Beyond Short- 
wave.... An Introduction to TV, FM 
and V -UHF Radio DX," is $1.25. You 
can write to WTFDA at PO Box 163E, 
Deerfield, IL 60015. 

Charging With New NiCad 
Do the batteries in your pocket cal- 

culator poop out just when you're cal- 
culating your share in the family's mil- 
lion dollar lottery ticket? Did the flash- 
light fail in the middle of the last power 
failure? Or maybe you're not a stock- 
holder in Burgess or Eveready, and 
you're tired of the endless purchase of 
batteries for those never -ending battery - 
powered devices you get as gifts. 

Whatever your battery problems, 
many of them can be' solved by General 
Electric's latest Ni -Cd (NiCad) battery 
system. 

Inside view of NiCd charger shows trans- 
former. Rectifier diodes are not visible. 

NiCad Advantages. As you know, 
NiCad (nickel cadmium) batteries (or 
cells) have three important character- 
istics: First, NiCad can deliver very 
high surge currents, relative to their 
size, which permits devices such as pho- 
tographic strobe lights to work more 
efficiently (the strobe unit recycles 
much faster). Second, and more impor- 
tant, NiCads can be recharged about 
1000 times, which, even including the 
pennies -per -day recharging, means 
sharply reduced battery operating costs 
-even when you include the higher 
initial price of these NiCad batteries. 
Third, and most important, NiCads can 
be kept on a "trickle" charge so a spare 
set can be maintained at all times in a 

fully charged, ready -to -use condition. 
The General Electric system gives 

you the most convenient way to utilize 
NiCad batteries for home, office and 
business use. The heart of this system 
is the BC -3 charger, which is a center - 
tapped power transformer in a compact 
case having molded -in snap terminals 
and an AC plug. The BC -3 charger sim- 
ply plugs into any convenience outlet. 
Any of three optional battery holders 
can be attached to the snap terminals 
on the BC -3 charger and each holder 
contains the rectifier diode for convert- 
ing the transformer's AC output to the 
DC required for charging the batteries; 
holder MC -2 accommodates two C- 
cells, holder MD -3 accommodates two 

GE NiCd battery- charging system includes charger (at right) and snap -on holders for C, 
D, and AA cells. 
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D- cells, and holder MA -1 accommo- 
dates four AA- cells. 

The BC -3 charger always charges at 
least two NiCad cells -it cannot handle 
just one, as the circuit continuity is 
made through the two cells in the hold- 
er. When AA NiCad cells are charged 
the holder's snap terminals automati- 
cally provide the proper connection for 
two cells and the correct charging cur- 
rent. 

How to Stay Charged Up. All NiCad 
batteries take 16 hours for full charge 
and can be left permanently on charge 
to keep a fresh set available. Both the 
C and D cells take the same charge 
rate and have the same capacity of 1.2 
ampere -hour, so if you use the cells in 
a homebrew project you can use C -cells 
to conserve space with no reduction in 
available current capacity in compari- 
son to the D- cells. 

Each item is available as an individ- 
ual component so you buy only what 
you need. Presently, the NiCad battery 
holders are blister packaged with two 
C, D, or AA cells. The cells are also 
available individually so once you have 
the charger and basic holder /battery 
package there is no additional expense 
other than for the batteries themselves. 

The GE NiCd battery system, as well 
as extra cells, are sold nationally. 

Broadcast Band DX 
It's a safe bet that if you're into 

electronics at all, you have fooled 
around with DX (long distance) recep- 
tion of medium wave AM broadcast sta- 
tions. And you probably thought it quite 
an accomplishment when a station from 
the opposite side of the continent 
showed up on your dial, at least until 
you heard about other DXers who have 
logged 50 or more countries on the 
regular AM broadcast band. How do 
they do it? Simple, they chase stations 
from the other side of the continent 
which lie between some of the 10 kHz 
channels assigned to U.S. broadcasters 
by the FCC. For example, if this eve- 
ning you tune to 1265 kHz, chances 
are at least 50/50 you will hear Radio 
Paradise on tiny St. Kitts in the West 
Indies -because no other station in the 
world operates on that same frequency! 

Caribbean Mini -States. St. Kitts is 
one of nine "associate states" which 
formerly made up the British Leeward 
and Windward Island colonies. Britain 
still controls their defense and foreign 
policies but all "states" have the power 
to license radio stations -and on split 
frequencies if they wish. Needless to 
say, any group interested in reaching 
an international audience on the AM 
broadcast band in this part of the world 
is likely to approach one or more of 
these governments for permission to set 
up a station. Since Caribbean locations 
are not bothered by ionospheric dis- 
turbances, they are especially attractive 
as broadcasting sites. In fact tropical 
locations benefit from such disturb- 
ances because they reduce interference 
from upper and mid latitude stations. 

Radio Paradise is an American -owned 
religious station: a great deal of the 
money going into international broad- 
casting all over the world these days is 
raised by evangelical organizations. 
Radio Paradise broadcasts entirely in 
English and its schedule includes a 
number of programs also heard on U.S. 

AM broadcast and shortwave stations. 
The operation began in the mid 1960s 
as PJD2 on the Dutch island of St. 
Maarten with 5 kw. It switched to the 
present 50 kw St. Kitts transmitter just 
before Christmas of 1972 and, accord- 
ing to a report aired by Radio Sweden, 
a further power boost is now in the 
works. If that happens, U.S. stations on 
1260 and 1270 kHz may have some- 
thing to complain about. 

A second split- frequency station 
which the novice DXer can look for is 
Caribbean Radio Lighthouse at St. 
Johns, Antigua on 1165 kHz. This is 
another religious station which went on 
the air with 10 kw late in the summer 
of 1975. It should be especially good 
in the east except in the Wheeling, West 
Virginia and Montgomery, Alabama 

Glossary of DX Terms 
DX- Distant and /or difficult to hear radio 

stations. 
DXing- Listening to such stations as a 

hobby. 
Medium Wave -The band of frequencies 

found on your regular AM radio dial, 
540 to 1600 kHz. 

Split Frequency -The frequencies between 
the 10 kHz channels assigned by FCC 
for use by U.S. broadcasters. 

Communications Receiver -A receiver de- 
signed for reception of voice or code 
signals from stations operating in the 
various communications services from 
1.6 to 30 MHz, i.e. marine radio, point - 
to- point, land mobile, amateur and in- 
ternational broadcasting. 

Adjacent Channel Interference- Undesired 
signals received on one frequency from 
a transmitter operating on a frequency 
immediately above or below. 

Ionospheric Disturbance- Change in the 
part of the earth's outer atmosphere 
(ionosphere) that affects transmission 
and reception of radio signals. 

QSL-A card or letter used to confirm 
listener's reception reports. Also ex- 
changed by radio amateurs to confirm 
contacts with each other. 

areas. 
Both Radio Paradise and Caribbean 

Radio Lighthouse are audible in many 
parts of the U.S. on the simplest of 
receivers. But if you own a communica- 
tions- quality receiver, or something ap- 
proaching it, you should also try for 
Radio Grenada on 535 kHz, Radio 
Dominica on 595 kHz, Radio Mont- 
serrat on 885 kHz, and Radio Anguilla 
on 1505 kHz. Each of these stations is 
owned by its respective government.. 

Central America. Another major 
split- frequency operation in this hemis- 
phere with extensive English language 
programming is Radio Belize on 834 
kHz. Although it has only 20 kw as 
compared with Radio Paradise's 50 kw, 
Radio Belize is just as widely heard 
because there is less adjacent channel 
interference. At night in the continental 
U.S. and Canada, DXers only have to 
contend with WCCO, 830 kHz, Min- 
neapolis, and WHAS, 840 kHz, Louis- 
ville. Belize is the former colony of 
British Honduras and currently a Brit- 
ish dependency, as are the Caribbean 
mini- states. Belize would be fully inde- 
pendent if it were not for neighboring 
Guatemala's claim to the territory. Be- 
cause of this situation, Radio Belize, 
a government station, could provide 
some very newsworthy listening in the 
near future. 

But the most interesting split -fre- 
quency station of all is the one now 
calling itself Radio Million. The station 
is well -named as it uses a million watt 
transmitter near San Jose, Costa Rica 
and is the most powerful standard 
broadcast station in the western hemis- 
phere. Its story began in the mid 1960s 
when a Texas broadcaster purchased 
pioneer San Jose station La Voz de La 
Victor and contracted with Continental 
Electronics (best known as a supplier 
of high -powered transmitters for mili- 
tary purposes) and its Costa Rican sub- 
sidiary ELCOR for supply and con- 
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struction of the present megawatt out- 
let. La Voz de La Victor tested its 
newly acquired super power for about 
three years entirely in Spanish and 
without any visible means of support 
such as commercials or listener sup- 
ported religious programming. At the 
end of 1969 some English religious pro- 
gramming was aired on a trial basis. 
then the whole operation disappeared 
from sight. 

But during the first half of this dec- 
ade ELCOR continued to hold down 
625 kHz with its own station, Radio 
Omega, which first used 2.5 kW and 
then a 50 kW transmitter, while -Con- 
tinental tried to negotiate the sale or 
lease of the megawatter. As "Omega" 
means the end, or the ultimate, Radio 
Omega was certainly well named in 
light of what came next. Radio Million 
made its first official broadcast this year 
during the early a.m. hours of March 
8. It was a test conducted in coopera- 
tion with two DX organizations, the 
International Radio Club of America 
and the National Radio Club. The 

SPLIT SIX SPECIAL 

The first half dozen split frequency stations that every novice DXer should 
concentrate on first. 

East of the Mississippi West of the Mississippi 
kHz Station kHz Station 

625 Radio Million, San Jose, 
Costa Rica 

834 Radio Belize, Belize City 

1265 Radio Paradise, Basse Terre, 
St. Kitts 

1525 Radio Peking, Urumchi, China 

1554 Radio France, Nice, France 

1586 Western Germany Radio, 
Langenberg, G.F.R. 

625 Radio Million, San Jose, 
Costa Rica 

655 Radio Nacional de El Salvador, 
San Salvador, El Salvador 

655 Pyongyang, North Korea 

834 Radio Belize, Belize City 
1265 Radio Paradise, Basse Terre, 

St. Kitts 
1475 Voice of Malaysia, Sabah, 

Malaysia 

broadcast consisted of ID tapes in Eng- 
lish, Spanish, and Portuguese. 

This was a major milestone in DX 
history. It is the first time that a million 
watt standard AM broadcast station is 
known to have put on a program es- 
pecially for DXers. In 1971 a similar 

625 Kc. 

Onda Larga 
7.000 W. 

TIDCR 9615 KC. 

Onda Corta 
4.000 W. 

L'a 'Vos de Ra 93ictote 
'AoNrdad de la 

Radiodif,ldora 'Diario de Codo Rica, Elda. 
.,I,s/de 3611 

s.. Jeu ce,f. 9P1, 

. C 

Hsy agradecido, per w rrjw.t, /o5a.. 1letnbra.74-.-. .. 195.L.. 

<a.,y.0 a ,e. a. dia .iioslear say, Ç ._. 

Colorful folder shown above is the QSL confirmation 
sent out by La Voz de la Victor in Costa Rica a few 

years back. It was a forerunner of Radio Omega, 
whose QSL is shown below, with one from Belize, 

(formerly British Honduras). y,cN,,0 

radio anega (ß5 {OC. 

30 

Dear Mr. Stanbury: 

Thank you very much for your report on eut Radio OMEGA. 625 Kim. 

At prime.6. we making with 2. 5 KW transmitter manufactured 
by our bead company. Electronic Corpo..tion. San Jose, Costa Rica. 
In two or thr.. ...k.. though. we w10 be substituting this .mall 
equipment for a 50 KW [ran.mitter. a1.o manufactured by ELCOR. 
Consequently. we would appreciate any reports on Omeg in a month 

We e plane ed to inbrm you that the 1. 000. 000 watt 
which operated In r fregancy. 625 Kim.. belong. to Gontrnen- 
ta1 Electronic. from D.11a.. Texas. should you b. Inuereeted any 
further. we wind be .Wing to furnish additional information since 
ELCOR, who acted as subcontractor in this megawatt project. is 
vary well acquainted with Its 6.0111. i 

Very traly yours. 

transmission from Voice of America, 
Okinawa on 1178 kHz was reported, 
but VOA subsequently denied making 
any sort of special transmission for a 
radio club. What happens now with 
Radio Million? Tune in and find out. 

More Latin American Splits. Even 
with only 2.5 kW, Radio Omega was 
occasionally heard in Canada and the 
U.S. on communications quality re- 
ceivers.. And when it went to 50 kW, 
Radio Omega became almost as widely 
heard as Radio Paradise and Radio 
Belize. The truth is that there are so 
many Spanish speaking split- frequency 
stations which you might log that we 
could fill a book with them. Elsewhere 
in Central America, for example, you 
could go after Radio Nacional de El 
Salvador on 655 kHz, Radio Aero- 
puerto Internacional, San Pedro Sula, 
Paraiso, at Paraiso (pronounced "Para - 
ee-so") , Honduras on 1163 kHz, after 
Caribbean Radio Lighthouse signs off at 
2100 EST, and until Radio Paraiso 
itself goes off at 2200 EST. 

In South America one can DX all 
the way to the equator, and beyond, 
depending upon your receiver. Some of 
the better prospects include Radio Na- 
cional del Peru at Lima on 854 kHz 
(a potential Latin American hot spot), 
Radio Suceso Guayaquil, Ecuador on 
995 kHz, and Radio Caaguazú, Coronel 
Oviedo, Paraguay on 645 kHz. The 
later operates all night. 

Transoceanic DX. We have already 
mentioned the VOA's 1178 kHz Oki- 
nawa megawatt transmitter, and this 
can be heard on the west coast of. North 
America with a comparatively good re- 
ceiver. But there are other powerful 
Honduras on 1085 kHz, and Radio 
Asian splits which can be heard on 
much simpler receivers. Topping the list 
are the North Korean outlets on 655 
and 877 kHz. The power for these is 
unknown (the Pyongyang government 
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won't even verify their reception) but 
it is probably somewhere in the 500- 
1000 kW range. Others to watch for 
include the Soviet home service relay 
at Vladivostok on 1376 kHz, and the 
600 kW, 1475 Voice of Malaysia relay 
broadcasting to the Philippines and 
Indonesia from the Malaysian state of 
Sabah on the island of Borneo. 

Okinawa, North Korea and Vladi- 
vostok have probably been logged in 
eastern North America but circum- 
stances were such that none of the 
DXers involved (including the author) 

were able to positively confirm what 
they heard. But one far east split which 
is definitely heard east of the Mississippi 
around sunset is Radio Peking's mega- 
watt relay in western China (Urumchi 
state) which beams programs to the 
Soviet Union on 1525 kHz. The Rus- 
sians operate several high powered 
transmitters of their own around 1525 
kHz designed to interfere with Radio 
Peking and these are also heard in 
North America. 

Finally, there are at least three Euro- 
pean splits which regularly punch their 

way through to east coast AM dials. 
They are West Germany's .Westdeut- 
scher Rundfunk (WDR) 800 kW trans- 
miter at Langenberg on 1586 kHz, 
the 300 kW France -Inter station at 
Nice on 1554 kHz, and Emisora Na- 
cional de Radiodifusao at Lisbon, Por- 
tugal with 135 kW on 665 kHz. These 
three stations operate all night Euro- 
pean time which means they might be 
heard anytime during the evening EST 
-depending again, as with all split -fre- 
quency DX, upon the listener's local 
interference picture. 

Basics of Electricity 
ONE OF THE MOST thought- provok- 

ing 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 5th 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 
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 
subatomic 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- 
.tled 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 tó 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 

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 
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- 
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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. 

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. 

Fig. 2. Charge of each electron balances 
that of a proton. Other particles affect 
atomic mass but can be ignored in study 
of electronics. 

METAL ROD 

INSULATOR 

Fig. 4. Electroscope is a simple device 
to indicate electrical charges that are too 
weak to be measured with standard 
meters. 

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 
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 ápart. 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 conditions, the 
charges on both bodies will be equal 
and the electron flow will end. 

In 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) 

Fig. 5. Electron flow in any circuit is from 
negative to positive. 
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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 into a positive terminal in one 
second. The symbol for the ampere is 
the letter I which stands for intensity. 

Resistance. The flow of electric cur- 
rent through a conductor is caused by 
the movement of free electrons present 
in the atoms of the conductor. A bit 
of thought then indicates that the great- 
er the number of free electrons present 
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. 

Res /stance 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; 
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- 
dicates that 4 amperes are flowing 
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 

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. 

A AMMETER 

BATTERY 
4VDC 

B 

t 
- BATTERY 

8VDC 
RESISTOR 

RESISTOR 
In 

A AMMETER 

AMMETER 

In 

RESISTOR 
I11. 

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. 
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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. 

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: 

E 
I = 

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: 

I (current) 

To find resistance: 

E (voltage) 

R (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), 

E 
put your finger over I and read - 

R 

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

I 
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 
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=IXR 
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: I = - 

R 

I (unknown current) 

20 (battery voltage) 
5 (resistance in ohms) 

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. 

200 OHMS 

+T VOLTAGE UNKNOWN 

0.5 AMPERE F 
Fig. 9. Unknown quantity, voltage, found 
easily by applying Ohm's law. 

400 OHMS 

1 
UNKNOWN 
VOLTAGE 

0.3 AMPERE 

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

5 OHMS 

-20VDC 

UNKNOWN CURRENT 
-00 

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

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) = 
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: 

Ohm's law for resistance: R = 
E 

I 

20 (battery 
voltage) 

R (unknown resistance) _ 
0.5 (current 
in amperes) 

R = 40 ohms 
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120 

15 AMP FUSE 

ELECTRIC 
HEATER -f 

(20 OHMS) 

L 

1 

1 

1 

_J 

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

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. 

120 
VOLTS 

DROPPING 
RESISTANCE 

UNKNOWN 

6 -VOLT 
BULB 

0.2 AMPERE 

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

E 

4011 

511 

611 

1011 

Fig. 15. Resistance in series is added. 
As far as voltage applied and current flow 
is concerned the individual resistors 
are only one. 

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

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

R (unknown resistance) = 

114 (voltage 
dropped by 

resistor) 

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) 
=40 +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: 

R I X R2 
R (total) = 

R1+R2 
Thus, in Fig. 16 the effective resistance 
of R1 and R2 is: 

2 X 4 8 
R (total) = = or 1.33 ohms. 

2 +4 6 

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 -volt 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=-=-- 
121 2 

E 6 I=-=-= 
R2 3 

E 6 I=-=-= 
R3 6 

3 amperes 

2 amperes 

1 ampere 

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

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

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

6 
R == 1 ohm 

6 

The combined equation for determin- 
ing the total resistance of n number of 
resistances would be: 

1 1 1 1 1 -_-+-+-+...- 
R RI 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 
R (total) = 4 ohms 

6 + 12 8 

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) = 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 = I2R 

R 

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

P = 115 x 5 or 575 watts. 
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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. 

6 OHMS 

Fig. 18. Series -parallel circuit is not really 
difficult. Add R2 and R3 algebraically. 
Add effective resistance to R1 for total 
resistance. 

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- 
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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 
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. 

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 bas 
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. a 

Electromagnetic Induction. We saw 
earlier how a current -carrying conduc- 
tor will generate 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 cn:rent 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 

(Continued on page 40) 

Fig. 19. Lines pf force around bar magnet 
can be made visible by sprinkling iron 
filings onto white paper over magnet. 
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Electricity 
(Continued from page 36) 

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 
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. 

CURRENT 
DIRECTION 

DIRECTION OF 
MAGNETIC FLUX 

CURRENT 
DIRECTION 

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. 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 

PRIMARY 

4. 

111111 

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 
effect is lost. 

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: 

Ep Np 

Es Ns 

where Ep = primary supply voltage 
Es = voltage developed across 

secondary 
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. 

PRIMARY 
Fig. 22. Toroida 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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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! 

Moving Coil Meter 
Learning electronic theory is dull, 

dull, dull. Right? Not necessarily. In 
some cases you can learn a lot and still 
have a lot of fun. How? Leave your 
theory textbook behind and build a 
current -measuring gadget that will allow 
you to see electronic theory in action. 

Moving coil meters are used univer- 
sally in all types of test instruments to 
measure DC current because they are 
highly sensitive, rugged and reliable, 
and relatively inexpensive. They may 
also be used to measure AC current by 
first rectifying the AC with a small 
meter rectifier. 

Our project uses the moving coil 
principle in a simplified form of indi- 
cating meter. You can learn more 
about this form of meter by building 
our easy -to- construct project. 

How It Works. The operation of 
the moving coil type of meter is based 
on the attraction between a permanent 
magnet and the magnetic field of a 
movable coil of fine wire. The coil is 
pivoted in the center of the space be- 
tween the poles of the magnet, and has 
a return spring (to return the meter 
pointer to zero). This spring is usually 
of a spiral form in commercial meters, 
but our meter unit uses a rubberband 
coil suspension in place of both the 
pivot and spiral zero return spring. 

When DC current flows through the 
' coil, it produces a magnetic field that is 
attracted to the permanent magnet's 
magnetic field. This attraction imposes 
a turning force on the coil, that ro- 
tates the coil and moves the attached 
pointer over the meter scale. The 
amount of turning force is dependent 
on the amount of DC current flowing 
through the coil. The more DC current, 
the more the coil rotates. The meter is 
calibrated in DC current indications. 

Construction. As can be observed 
from our photos and drawing, our 
model of a moving coil meter has been 
made in a very simplified form to fa- 
cilitate construction. It's a taut -band 
moving coil instrument by virtue of the 
rubber band suspension of the moving 
coil assembly. We used wood for the 
various supporting structures because 
it's easier to work with and most every- 
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one has the few hand tools required. 
Size is relatively unimportant. How- 

ever, we suggest you follow the dimen- 
sions and construction details given 
in the drawing and Parts List. In this 
way you should have no difficulty in 
making the meter and you won't have 
to fiddle with changing the number of 
turns of wire for the moving coil to 
compensate for a change in physical 
size. 

You should cut out all of the vari- 
ous pieces of wood and sand them 
smooth before actually starting to as- 
semble the meter. Mount rubber feet 
on the bottom four corners of the base 
(A) and then glue the 4 supports (B) 
to base (A), as shown in the pictorial 
drawing. Next cement the scale plat- 
form (C) to these supports. We used 
our electric glue gun, but epoxy ce- 
ment, Elmer's glue. Pliobond, or simi- 
lar adhesives can be used with equal 
success. 

Now you're ready to cement the 
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magnet and moving coil assembly sup- 
ports to base (A). Pieces D, E, G, and 
I are made from 1/4 -inch plywood. 
First step is to cement D and E in their 
respective locations and fasten the mag- 
net in place. The magnet used in our 
unit has a mounting hole. If the mag- 
net you use isn't drilled at the bottom 
center of the U to allow a bolt to go 
through it to hold the magnet in place, 
it too can be cemented to D and E. 

At this point the main support block 
(H) should be readied for cementing. 
But first you must notch it out so that 
piece I can be properly fastened to it. 
Hold H on the base (A) near piece 
E and mark H so that the top of the 
notch will be even with the top of E. 
The notch should be about 1/4-inch 
deep. The best way to determine its 
depth is to hold piece G in position at 
the top of H and place piece I so that 
its notched end is even with the notch- 
ed end of G. Mark the depth of the 
notch in block H based on the position 
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of the end of piece I that will be in- 
serted in the notch where its end is 
matched with piece G as mentioned 
above. Be sure that the notch in block 
H is cut square so that the surface of 
piece I will be square with the surface 
of block H where I is cemented in 
place. The notches in the free ends of 
I and G are required only to hold the 
rubber band in position. Cement block 
H in position, and also piece G to 
block H as shown in drawing. 

The form block J for the moving 
coil is made from balsa wood, which is 
lighter in weight than any other wood 
and therefore contributes to the sensi- 
tivity of the instrument. Cut a notch in 
the center of J as shown in our draw- 
ing. The rubber band (L) is cemented 
in this notch. We used a rubber band 
approximately 63/a x 3/s x 1/16 inch. 
The coil is made in two sections by 
winding 25 turns of #38 enameled 
magnet wire on one half of J and by 
repeating this winding process in the 
same direction on the other half of J. 
Put a touch of cement to the ends of 
each coil to hold the wire in place and 
have 6 -inch lengths of the start and 
finish of the 2- section coil for future 
connection to it. Mount the coil assem- 
bly by stretching the rubber band over 
pieces G and I, centering it vertically 
within the height of the pole pieces of 
the magnet. 

Now for a Pointer. Straighten out a 
43/a -inch length of #18 gauge bare 
copper wire and then form it as shown 
in the drawing. The pointer is cement- 
ed into the notch in block J so that it 
rests near the O end (left side) of the 
scale platform. Piece F is used to make 
final O rest position adjustments after a 
scale has been cemented in position. 

Fasten two double solder lugs to 
block H; these are intermediary con- 
necting points for the two wires from 
the coil. Form a helix like a hairspring 
with each of these leads so that they 
will wind up as the coil assembly moves 
clockwise. Solder the end of the wire 
from the top helix to the top lugs and 
the bottom helix to the bottom lugs. 
Mount two Fahnestock clips or binding 
posts along the front edge of the meter 
baseboard and connect them to the sol- 
der lugs on H, using #18 solid base 
wire. Since meter polarity is determined 
by magnet polarity and the direction 
of current flow, established by how the 
coil is wound, the correct polarity mark- 
ings of the meter should be determined 
when you calibrate the instrument. 

Calibration. In order to calibrate 
this instrument, you'll need a potentio- 
meter having roughly 20 ohms resist- 
ance, a 11/2-volt battery and a DC 
milliammeter, preferably a multi -range 
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A volt- ohmmeter is very helpful in calibrating the Moving Coil Meter project. 
If you don't have a VOM handy, try a 0 -100 mA milliameter in the same circuit. 

one available as part of a VOM. 
Now you are ready for the calibra- 

tion scale that's mounted on the plat- 
form C made during the framework 
construction. The scale is drawn on a 
piece of heavy white paper (U) which 
will be cemented to the platform after 
the calibration marks have been drawn. 
(Rub -on numerals, such as Datak, 
make a neat scale.) Temporarily fasten 
this white paper (U) to platform C, 
draw an arc as shown in the photo and 
place a mark on the Ieft -hand side for 

a zero reference point. 
Connect a i V2-volt battery, a 200 - 

ohm potentiometer (used as a rheo- 
stat) a multimeter set on DC milliamp 
ranges (or a milliammeter), and the 
moving coil meter you have just built, 
as shown in the caïibration diagram. 

Set the potentiometer for maximum 
resistance and at the start use the high- 
est milliamp range of the multimeter. 
If the pointer on your moving coil me- 
ter deflects to the left, below the es- 
tablished O point, reverse connections 

To zero She pointer of ycur Moving Coil Meter project, all you need to do is loosen 
the screw as shown, and move the wooden block, thus repositioning the coil assembly. 

ELECTRONICS THEORY HANDBOOK 1977 



to it and then mark the binding posts 
+ and -. Use the connection diagram 
to determine their polarity markings 
after connecting the meter so that the 
pointer moves to the right. 

Slowly turn potentiometer to reduce 
resistance in the circuit and note the 
readings of the multimeter milliamp 
range selected. Mark your moving coil 
meter with the same readings shown 
on the milliammeter. We divided the 
0 -100 scale into 10 mA divisions. In 
the manufacture of DC moving coil 
meters spring tensions, spacing and 
coil weight are carefully controlled so 
that these meters are linear. For this 
reason commercial milliammeters have 
uniform spacing between divisions. Our 
moving coil meter doesn't have such 

VOM OR MULTIMETER 

(0C MILLIAMPERES 
RANGE) 

200-OHM 
REOSTAT 

MOVING 
COIL 

METER 

I -1/2 VOLT 
BATTERY 

Any 0 -100 mA or higher milliameter will test 
your MCM just as well as a VOM or multi- 
meter, provided its accuracy is fairly good. 

uniformity because of the variations in 
the rubber band used for suspension 
and tension, and because it's difficult 
to maintain accuracy of positioning 
the various pieces and to be assured 
of the strength of magnetic field devel- 
oped by the magnet. Once you have 
established the calibration points they 
can be considered accurate. 

Now that you have marked the scale 
in pencil you can remove it from the 
platform and apply the permanent 
markings. Permanently fasten the scale 
in position and stand back to admire 
your work. If you used reasonable care 
in following the instructions, you'll 
have good reason to be proud of your 
handiwork. U 

C -Zn Battery Theory 
THERE ARE SEVERAL SOURCES of elec- 

tricity available for experimenters now 
as opposed to very limited sources at the 
beginning of the electronic age. Initially, 
early experimenters had only static 
electricity, produced essentially by rub- 
bing an insulating material such as a 
hard rubber or glass rod with cloth or 
fur, or as Ben Franklin demonstrated, 
by flying a kite during an electrical 
stórm. 

In this modern age of widespread 
power distribution nearly every home 
and building is wired to a power com- 
pany's generating station. In addition, 
there are various kinds and shapes of 
batteries readily available that are more 
useful than static electricity. The main 
reason that static electricity is of no 
practical use is because modern electri- 
cal machinery, appliances, and elec- 
tronic equipment require a continuous 
flow of current for their operation. 

Since the subject of this discussion is 
the zinc -carbon battery, we'll confine 
our words to this one source of reliable 
electrical power. Today's very efficient 
dry cells evolved from the original zinc - 
carbon battery, called the Leclanché 
cell, named after its inventor, Georges 
Leclanché. Before the advent of elec- 
tronics they were used extensively for 
door bells, alarms, telephones, and other 
applications where current is needed 
only intermittently. 

How Batteries Are Made. There's a 
great deal of similarity between the 
original Leclanché cell and modern 
zinc- carbon batteries. Everyone's famil- 
iar with the conventional round single 
cells, such as AA, C, D, and #6 sizes, 
which are packaged and wired together 

to make up higher voltage batteries. In 
addition, there are flat rectangular cells, 
that stack one on top the other, which 
have been developed for higher voltage 
batteries. These flat cells produce a 
longer -lived battery since there is less 
wasted space, making it possible to pro- 
duce a higher capacity cell in a given 
cubic space. Though available in many 
different shapes and sizes, the zinc- 
carbon battery, more commonly called 
dry-cell, is comprised basically of the 
same materials originally used by Le- 
clanché. 

His cell was made up of a positive 
carbon element, a zinc negative element 
formed to serve as a container, and an 
electrolyte. The electrolyte is a solution 
of sal ammoniac (ammonium chloride) 
that doesn't actively attack the zinc 
when no current is drawn from the cell, 
or when it's being stored. 

A thin separator of either porous 
paper, or a thin layer of wheat flour 
and cornstarch, lines the zinc container. 
The separator, which is saturated with 
electrolyte, separates the metal from the 

mix and prevents the cell from discharg- 
ing itself in short order. The separator 
permits chemical action to take place 
when the cell is furnishing electrical 
energy to a load and prevents the chemi- 
cal action when the load is disconnected 
and no current flows. 

When current is drawn from the cell 
for reasonably long periods, hydrogen 
gas accumulates on the carbon ele- 
ment. This accumulation of hydrogen 

ELASTIC 
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LINER 
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VENT WASHER 
Paperboard 

ONE PIECE COVER ( +) 
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ELECTRODE - Corbon 
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Fig. 1. Cutaway view of a flashlight cell, 
either AA, C, or D size. This view shows 
various components making up cell. 
Study of this and reference to text helps 
to understand general makeup of 
carbon -zinc battery. 

Fig. 2. Cutaway view of square "mini - 
max" zinc- carbon cell. It develops 1.5V- 
the same as round cells; chief advantage is 

that for the same volume of space it 
has a greater capacity. 

ELECTRONICS THEORY HANDBOOK 1977 43 



gas bubbles polarizes the cell, which, in 
turn, appreciably reduces the current it 
will deliver. The cell, however, doesn't 
revive after a rest period. 

Depolarizing Agent. Continuous 
heavy current drain initiates the genera- 
tion of hydrogen within the cell that 
causes it to become polarized, which 
soon results in low cell output. Le- 
clanché added a chemical depolarizing 
agent, manganese dioxide, which is 
really an oxidizing agent. By definition, 
an oxidizing agent is a chemical that 
releases its oxygen readily. Since oxygen 
and hydrogen have a strong affinity for 
one another, the hydrogen that accumu- 
lates on the carbon element unites 
chemically with the oxygen from the 
manganese dioxide and forms water. In 
essence, the depolarizer (MnO2) reacts 
with and removes the hydrogen to avoid 
polarization. 

The term "dry cell" is a misnomer, 
since the electrolyte, though not a liquid, 
is a wet paste that also contains the de- 
polarizing agent and fine particles of 
carbon to reduce internal cell resistance. 
Cell design, customized for specific ap- 
plications, is based primarily on the 
percentage of carbon particles in the 
mixture. The cell won't spill, evaporate, 
or run over because, on commercially 
manufactured cells, the top is sealed. 
When the battery no longer produces 
electrical energy it isn't because the wet 
paste has dried up or because any one 
particular chemical has been used up. 
Instead, it's because all of the active 
ingredients are chemically united to 
form new compounds that are not ac- 
tive, thus for all intents and purposes 
creating a worn -out cell. 

A dry cell remains inactive until a 
load is connected, at which time elec- 
tricity is produced by chemical reaction. 
Each zinc atom gives up two electrons 
to the load circuit and forms a positive 
zinc ion (Zn ") that goes into the elec- 
trolyte. The chemical equation is: 

Zn (metal) -* Zn" (ion) + 2 electrons 

The electrons return to the cell 
through the positive electrode and enter 
into another reaction with ammonium 
ions (NH4') and the manganese oxide 
(MnO2). These electrons are absorbed 
in the reaction and produce manganic 
oxide (Mn203), ammonia (NH3) , and 
water (H2O). The equation for this 
reaction is: 

2MnO2 -F 2NH4 + 2 electrons 

Mn2O3 - 2NH3 -F H2O 

In addition, the ammonia (NH3) com- 
bines with the zinc ion to form a corn- 

plex zinc ion. 
Some cells may contain zinc chloride 

(ZnCL2) which create other reactions. 
Regardless of the chemicals used, the 
electrons that make up the current flow 
come from the zinc metal, which is 
consumed in the process. 

Shelf Life. Open circuit voltage of a 
dry cell, regardless of its size, is 1.5 
volts. As the active ingredients become 
depleted, the internal impedance or cell 
resistance increases until the cell be- 
comes useless. The resistance of new 
AA, C, D, and #6 cells normally is 
less than Ih ohm. Shelf deterioration 
results from two major factors: (a) loss 
of moisture through evaporation because 
of poor seals, or (b) low -level chemical 
reactions that occur within the cell in- 
dependent of those created by current 
drain. Internal current leakage causes 
the cell to discharge itself at a slow 
rate. This accounts for the gradual de- 
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Fig. 4. Cutaway view of external cathode 
or "inside out" type of battery. Molded 
carbon wall is both container and 
current collector. Zinc vanes are inside 
cell, ensuring efficient zinc consumption. 

pletion of battery output even though 
the cells are not connected in a cir- 
cuit to supply power. This gradual de- 
pletion of battery life is commonly re- 
ferred to as shelf life. 

Since raising the temperature of 
chemical mixtures speeds up most 
chemical reactions, the storage of dry 
cells in abnormally high ambient tem- 
perature environments will hasten waste- 
ful zinc corrosion and other side chemi- 
cal reactions within the cell to reduce 
its shelf life. Storage in lower than nor- 
mal, but not freezing temperatures, will 
appreciably reduce shelf life deteriora- 
tion. Temperatures above 125° will 
effect rapid deterioration and possible 
leakage. Ideal storage temperature is 
from 40° to 50 °F. The average shelf life 
for dry cells not in use under ideal 
temperature conditions is two to three 
years. 

Capacity. Ordinarily, dry-cell bat- 
teries are tested on circuits of constant 
resistance and the capacity is expressed 
as the time of discharge rather than in 
ampere hours. It's relatively easy to cal- 
culate ampere hours by determining the 
average value of current drain. To cal- 
culate the average drain you must first 
determine the average voltage by plot- 
ting voltage readings taken at regular 
intervals from full voltage to cutoff volt- 
age. From this and the known fixed 
resistance used as a fixed load, the 
average current is computed, which, in 
turn, is multiplied by the total time of 
actual discharge to arrive at ampere 
hour capacity. Since voltage character- 
istics of different brands of batteries 
differ, the average current delivered by 
a particular size cell will be only an 
approximation of the capacity of other 
cells and batteries under comparable 
conditions. 

Other factors affecting battery ca- 
pacity are: (a) temperature- discussed 
previously, (b) cutoff voltage- capacity 
is greater as cutoff voltage is lowered, 
(c) relative time of discharge and re- 
cuperation- performance normally is 
better when discharge is intermittent, 
and (d) rate of discharge- capacity is 
greater as discharge current is less, 
down to a certain level, at which point 
efficiency decreases because of spon- 
taneous reactions within the cells. 

No definite statement can be made, 
but, as an example, maximum service 
efficiency for continuous discharge of a 
#6 cell is obtained on a 60- to 100 -ohm 
circuit, or at a current of 10 to 20 mA. 
For smaller cells this current will be 
proportionately smaller. From this it 
can be seen that other factors such as 
size, weight, convenience, and initial 
cost must be taken into account to de- 
termine the ultimate service efficiency 
that can be obtained. 

Selecting Batteries. From the variety 
of different sizes and types of batteries 
available one might get the impression 
that battery selection is a difficult task. 
You can reduce the problem consider- 
ably by first outlining basic operational 
requirements and then matching up a 
battery that most nearly fulfills them. 

To obtain factual information on the 
many types of batteries available, we 
suggest you get a copy of a publication 
titled Battery Applications Engineering 
Data, published by Union Carbide, the 
makers of Eveready brand battteries 
(Burgess also publishes a similar hand- 
book). In addition to being loaded with 
battery characteristics, standard test pro- 
cedures, etc., it contains a most compre- 
hensive listing of a wide variety of 
Eveready batteries being manufactured 
as well as cross -referencing to batteries 
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Fig. 6. This three -dimensional graph plots 
service life as a function of initial current 
drain and duty cycle of a typical D -size 
carbon -zinc cell. 

of other manufacturers. 
There is a certain minimum amount 

of information that must be tabulated 
before a suitable battery can be se- 
lected. You must know such things as 
nominal operating requirements of the 

h circuit, its current drain, its operating 
cycle, its desired service life, tempera- 
tures in which equipment will be used, 

size and weight limitations, type of 
terminals, cost, etc. 

If there is a limit in voltage below 
which the equipment will no longer 
function properly (called cutoff volt- 
age) this must also be taken into ac- 
count when selecting a battery. Some 
circuits have a high initial current drain 
and then operate at a more nominal 
drain once started -a consideration when 
arriving at the circuit's current drain. In 
arriving at the ampere -hour capacity 
necessary, current drain along with dis- 
charge schedule and required service 
life are determining factors. 

Battery Charging. Dry cells generate 
electricity by chemical action which eats 
away the negative electrode. Once this 
has been completely destroyed, and 
since the structure of the cell is such 
that they are sealed, it's impossible to 
replace the negative electrode. To truly 
restore the charge in a dry battery you 
must replace this electrode. However, 
the operating life of the dry cell can be 
extended in some cases. This would be 
more like a rejuvenation process rather 
than a recharging one. As pointed out 
previously, the chemicals added to the 
electrolyte deter the formation of gas 
around the positive electrode, which re- 
duces the polarization and increases the 

life. The longer a battery is used the 
more these chemicals are used up and 
polarization sets in, weakening the bat- 
tery. 

By applying a reverse polarity with 
current flowing in an opposite direction, 
electrolysis takes place in the electrolyte. 
This ionizes the gas atoms around the 
positive electrode, clearing it for more 
efficient chemical action, which will de- 
termine how well the life of the cell can 
be extended. Recharging is economi- 
cally feasible only when the cells are 
used under controlled conditions using 
a system of exchange of used cells for 
new ones. 

Though dry cells are nominally con- 
sidered to be primary cells, they may be 
restored for a limited number of times 
if the following conditions are used: 
(1) the operating voltage or discharge 
of the cell is not below 1 volt per cell 
when the battery is removed from ser- 
vice and charged, (2) battery is placed 
on charge immediately after it's re- 
moved from service, (3) ampere -hours 
of charging should be 120% to 180% 
of the discharge, (4) the charging rate 
must be low enough so that the re- 
charge takes 12 -16 hours, (5) the bat- 
tery must be put into service soon after 
charging. 

UnsideYÓur Power Supply 
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 
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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 30 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 
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Fig. 1. Schematic of typical 
power transformer, showing 
voltages and EIA color- coding 
of windings. 
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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 
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 shown 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 
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Fig. 3. Full -wave rectifier is a 

pair of diodes driven alterna- 
tively to take advantage of both 
halves of AC input voltage. 

Fig. 2. Half -wave rectifier, 
showing how diode produces 
pulsating DC output by 
repelling electrons when plate 
is driven negative. 
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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 transistor 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 
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 5 -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 cir- 
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. 
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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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Fig. 5. Solid -state bridge 
rectifier provides full -wave 
rectification with center - 
tapped transformer by using 

LOAD four diodes. 

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 
equivalents are superior because they 
don't need filaments or heaters to ac- 

o 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 
oftsets 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. 
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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- 
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 
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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. 

is to serve as a bleeder, also shown in 
Fig. 7. In this function, it protects parts 
in the supply from possible damage due 
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 it 
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 

Fig. 6. Curves depicts how 
reactance of choke and dis- 
charge of capacitor eliminates 
ripple and fills in valleys for 
smooth DC. 
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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. 

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 ability 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- 
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. 

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. 

UnderstuncIing Superhet s 
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- 
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 
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. 
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couldn't help but ruin the radio's selec- 
tivity. It loaded the tuning circuit, in- 

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 
TRF 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 two 
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- 
ment helped open the high- frequency 
bands, and by the 1930s virtually every 
receiver adopted the Major's super- 
heterodyne idea. 

The word "superheterodyne" is, 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 block 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. 
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Fig. 1. Schematic representation 
of crystal radio shows how cat's 
whisker gently contacted diode 
surface in order to achieve 
demodulation of RF signal. 
Earliest semiconductor diodes 
made were miniature crystal 
diode /cat's whisker affairs 
encased in glass package. 

ANTENNA 1st RF AMP 

Fig. 2. Our schematic shows 
relatively advanced tuned radio 
frequency receiver. First TRFs 
had individually adjusted tuning 
capacitors; ganged units were 
still to be invented. By adjusting 
battery voltage twist ground, 
tuning circuit, radio gain's varied. 

FARADAY 
SHIELD 1 

2nd RF AMP 

TO DETECTOR 

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 reasons 
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- 
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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 
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. 
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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. 

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 
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, 
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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. 
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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. 

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- 
tion, and receiver selectivity is further 
whipped into shape by the second inter- 
mediate- frequency transformer, IF2. 

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- 
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- 
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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. 
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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 

DESIRED STATION 
8000 kHz 

IMAGE STATION 
8910 kHz 

IF SIGNALS 
455 kHz 
DESIRED 
STATION 

455k Hz 
I MAGE 
STATION 

Fig. 7. Mixer is superhets weakest link as 
signal handler. Too strong input signal can 
develop image frequency. Too much 
local oscillator signal pumped into mixer 
has same effect. 
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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 

8000 kHz 
18000 kHz (IMAGE ) 

5000 
kHz DET 

13000 
kHz 

5455 
kHz 

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. 

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- 
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? 

Reflex Circuits Solved 
One of the most interesting of the 

circuits used in the history of AM radio 
is the reflex circuit. Technical informa- 
tion about the different variations on 
this principle is difficult to obtain, but in 
this article a number of the most popu- 
lar circuits have been brought together, 
and analyzed. Some of the circuits which 
will be discussed were used by deForest, 
Harkness, Erla, and other long van- 
ished manufacturers of early receivers. 

In most amplifier circuits a vacuum 
tube has only one duty to perform. 
When it is used as an audio frequency 
(AF) amplifier, it amplifies the audio 
frequencies after detection, and in a 
radio frequency (RF) amplifier it am- 
plifies the radio frequencies before de- 
tection. Thus if 2 stages of RF amplifi- 
cation are desired, and 2 of AF amplifi- 
cation are desired, four tubes are need- 
ed in addition to the detector. In a re- 

Circuit of the Acme Reflex receiver. 
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flex circuit with a crystal detector, all 
this is accomplished with 2 vacuum 
tubes, or if a tube detector is used, 
with 3 tubes. 

One Tube Circuits. Two different re- 
flex circuits are shown using only 1 

tube. In the Acme reflex circuit shown 
the RF current flows from the antenna 
through the primary of the antenna coil 
to ground. RF is induced into the sec- 
ondary winding which has Cl, a vari- 
able condenser, across it which tunes in 
the station we want to listen to. R is 

used to prevent oscillation in the cir- 
cuit. The RF current is impressed on 
the grid of the tube which controls the 
current flowing in the plate circuit of 
the tube. When the RF current flows 
through the primary winding P of the 
RF transformer Ti current is induced 
into the secondary winding S. It does 
not proceed through the headphones 
because the impedance is too high. The 
RF current applied to the crystal D is 
rectified into pulsating direct current. 
C2 is a bypass for RF currents. The 
pulsating current then flows through 
the primary winding P of the AF trans- 
former T2. A voltage is induced into 
the secondary winding S which flows 
through the antenna transformer sec- 
ondary to the grid of the tube. The tube 
now greatly amplifies the audio fre- 
quencies. The AF flows through wind- 
ing P and into the headphones which 
produce the sounds we can hear. 

More Tubes. There were many vari- 
ations of the one tube circuit such as 
that shown in the circuit diagram of the 
Harkness reflex receiver. There were 
also many reflex receivers built using 

three or four tubes. One of these was 
the Grimes Inverse Duplex set whose 
circuit is shown. There were problems 
associated with the reflex circuits such 
as uneven loading on the tubes, feed- 
back due to magnetic coupling, and 
the amplification of power line noise 
and interference due to rotating ma- 
chinery such as electric motors using 
brushes. The Grimes Inverse Duplex 
circuit is designed to overcome some of 
these problems. This circuit uses two 
tubes for amplification and one tube as 
a detector. These three tubes provide 
two stages of RF amplification and two 
stages of AF amplification. A crystal 
could have been used as a detector in- 
stead of a tube. 

In the Grimes circuit shown the RF 
current flows through the tubes in the 
conventional way, through tubes 1, 2, 
and 3, in the following order. From 
the detector the AF is amplified first 

Circuit of the Harkness Reflex set. 
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by tube 2, then tube 1, and then to 
the telephone receiver or headphones 
in the plate circuit of tube 1. In this 
circuit stability is increased, overloading 
of the tubes is reduced, and AF inter- 
ference is reduced. The location of the 
by -pass capacitors allows the RF cur- 
rents to return directly to the tube with- 
out going through the "B" battery or 
around the AF transformers. The set is 
simple to operate since there is one 
control for tuning, one for the vacuum 
tube filaments, and one for stability. 
Even though they were perfected, re- 
flex circuits were abandoned in favor of 
neutrodyne and superhetrodyne receiv- 
ers until the Great Depression of the 
1930's forced set manufacturers to pro- 
duce cheaper radio sets. 

Multi- element Circuits. In an effort 
to cut the cost and the size of radio 
receivers multi -element tubes were de- 
veloped. The circuit shown of the Ka- 
dette Jr., made by the International 
Kadette Radio Corp., of Ann Arbor, 
Michigan was one of the first AC -DC 
receivers made. In other words there 
was no power transformer and the tube 
filaments were connected in series 

Photo by Frank Heathcote 

One of the most unique crystal radios made. 
It is in the shape of a large beetle, and you 
can see the way in which the detector, bind- 
ing posts, etc. are mounted. 

much like the Christmas tree lights of 
that day. The line voltage was rectified 
to supply the radio B voltages. It was 
advertised as a "Pocket Portable" and 
the first advertisement I ever saw for 
this radio showed a man putting the 
Kadette Jr. into his overcoat pocket. 
The radio used 2 dual purpose tubes, 
one a 6F7 with 1 cathode, 2 plates and 
4 grids. The cathode was common to all 
the elements. Actually the glass envel- 

Circuit of the Grimes In- 
verse Duplex receiver, 
which uses three tubes 
to overcome problems 
of feedback, power line 
noise, and interference 
from electric motors. 

The Kadette, Jr. was one of the first AC -DC receivers made. The tube filaments are in series 
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ope contains two tubes: a pentode 
and a triode with a common cathode. 
Reading from bottom to top the ele- 
ments are: triode plate, triode control 
grid, cathode, pentode control grid, 
pentode screen gfid, suppressor grid 
and plate. 

In this circuit the RF signal is fed to 
the pentode control grid by way of the 
antenna coil. Amplified it appears in 
the pentode plate circuit. The plate cir- 
cuit contains a winding which links the 
pentode plate with the input of the 
audio output tube. At the same time the 
plate circuit is coupled to another tuned 
circuit through capacitor A- 502 -A. The 
RF signal finds it easy to pass through 
this capacitor to the grid leak capacitor 
part of the triode grid. This is the de- 
tector input circuit. The rectified signal 
then appears in the plate circuit of the 
triode and is fed to the control grid of 
the 6F7 pentode via the coupling capa- 
citor A -339. The volume control, R137, 
is a variable resistor across the control 
grid to chassis. 

The amplified AF signal again ap- 
pears in the plate circuit of the pentode 
section, but in this case, its path is 
through the winding, through the ca- 
pacitor A -338 and to the grid of the 
output tube control grid. The AF signal 
does not flow through capacitor A -502- 
A because it's impedance at AF is very 
much greater than that of the winding. 
Thus the 6F7 acts as an RF amplifier, 
detector, and as an AF amplifier. The 
12A7 pentode section is the audio pow- 
er amplifier, while the diode section rec- 
tifies the line voltage to supply the B 
voltages. This is in fact a TRF receiver 
with a grid leak detector, and one stage 
of AF amplification. 

The "Mickey Mouse" Set. Another 
interesting receiver is the Emerson 
"Mickey Mouse," models 409, 410, 
411, and 412. This receiver has a 
unique cabinet with a molded Mickey 
Mouse on the front of the cabinet. A 
6F7 is used in circuit as a triode de- 
tector and a pentode AF amplifier. The 
AF signal appears at the plate of the 
triode and is then fed back to the pen- 
tode section through the .002 uF ca- 

The Emerson "Mickey Mouse" receiver 
circuit, using a 6F7 as detector and AF 
amplifier tube simultaneously. 
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pacitor. It is amplified and fed back to 
the grid of the type 38 audio output 
tube through the .004 uF capacitor. 

One more example of reflexing in a 
6B7 shows how, in the Emerson model 
678, 4 functions are accomplished in 
one tube. The circuit shown provides 
IF (intermediate frequency) amplifi- 
cation, detection, delayed AVC Auto- 
matic Volume Control) and AF ampli- 
fication. The IF transformer feeds the 
IF signal into the pentode portion of 
the tube, and the amplified signal is 

transferred across the IF transformer to 
the upper diode plate. It is also fed to 
the lower diode plate via the .0005 uF 
capacitor. The AF signal is developed 
across the 200,000 ohm volume control 
potentiometer. The AF signal is then 
passed on to the control grid of the 
6B7 pentode by way of the .01 uF ca- 
pacitor and the IF transformer second- 
ary. The amplified AF signal travels 
from the plate through the secondary 
of the IF transformer and then through 
the primary of the AF transformer. 
Note that in this circuit both the IF and 
AF signals are amplified by the same 
tube. 

The final example of reflex action is 

in the Majestic chassis 500. The first IF 
tube, a 6F7S is used for both IF and 
AF amplification. You can trace the 
path of the signal into the first IF tube, 
into the 2nd IF transformer, and then 
into the control grid of the pentode. 
The amplified IF signal travels through 
the 3rd IF transformer and is detected 
in the diode section of the 6B7S. The 
AF signal is fed back to the control grid 
of the triode section of the 6F7S, and 
then to the grid of the audio output 
tube. 

Further Reading. If you are inter- 
ested in learning more about the way old 
radios work, it is best to start at the 

Partial circuit of the Emerson model 678. 

beginning, with the first of the consumer 
receivers, the old crystal sets. There is 
a book titled Vintage Crystal Sets, by 
gordon Bussey, covering 1922 to 1927. 

Mr. Bussey's aim in publishing this 
book was to create a reference book for 
the collector of crystal radio receivers. 

Even though many of its photos are 
of English made sets it will add to the 
knowledge of all radio collectors. There 
are over 50 photos of crystal radios plus 
many reprints of old advertisements for 
crystal sets. Some will remind you of 
similar sets made in the United States. 
There is also a long list of manufac- 
turers of crystal radios with their trade 
names, some description of each set, 
and the price of the set when new. 

This book may be purchased from 
Tudor Rees, 64 Broad Street, Staple 
Hill, Bristol, Great Britain BS16 5NL. 
The price is 3.00 English pounds which 
is around $6.00 in United States funds: 
This includes shipping by surface mail, 
which takes 4 to 6 weeks. You can pur- 
chase an International Money Order at 
the larger Post Offices. I consider the 
book a very good buy and recommend 
it to all antique radio collectors. 

With this book, and the material 
contained in this article, you can get 
a good idea of the sort of equipment 
available in the early years of radio. 
Considering the technology, it produced 
fine results. 

6A7S -, 40V. 

'90Y. 
x 

R3 
'15n4 
ßC I? 

R. R1 

100y. 

250 V 

6r73 60V. 

CI 

400V. 
6 073 250 V. ov. 

cw 

R6 

L 

In the Majestic Chassis 
500, the first IF tube, a 

6F7S, is used for both IF 

and AF amplification, 

To fl -f. 
Tube 

RIS ' 
6 

K 

CB Standing Waves. 
Although most CBers are familiar 

with the term SWR, which means 
standing wave ratio, very few actually 
know how SWR affects a CB station's 
overall performance. In some cases 
SWR is absolutely meaningless to the 
CBer, having little or no effect on the 
station's signal. In other cases SWR can 
reduce a CB station's effective output 
to almost zero. 

SWR is the ratio of the transmission 
line impedance to the antenna imped- 
ance, at resonance (the operating fre- 
quency). An SWR (ratio) is written 
"2:1 ", which can be described in words 

as "2 to 1." For example, if the trans- 
mission line impedance is 50 ohms and 
the antenna impedance is 100 ohms 
the SWR is equal to 100 /50, or 2:1. 
It is not 50 /100 or 0.5:1. Putting it 
another way, if the transmission line 
impedance is 50 ohms the antenna im- 
pedance can be either 25 or 100 ohms 
for a 2:1 SWR. 

The SWR figure is important because 
the antenna does not accept all the 
power delivered by the transmission line 
when the antenna impedance differs 
from that of the. line, and the SWR 
tells how much power is turned back 

by the line /antenna mismatch instead 
of being radiated by the antenna. The 
power that is turned . back is called 
reflected power, and it is used up as 
heat dissipated in the transmission line 
and in the transmitter's output circuit. 
The Table shows the percentage of 
power reflected back for typical SWR 
values. Note that at an SWR of 3:1 
there's 25 percent of the power at the 
output end of the transmission line (the 
antenna end) reflected back, instead of 
radiated out into the air from the an- 
tenna. In addition, there's always a 
natural loss of power in the line before 
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the power gets to the antenna. Thus the 
SWR indicates a loss from the already - 
lowered (by line loss) output. 

You will not be surprised to know 
that it's pretty difficult to measure the 
actual antenna impedance when the an- 
tenna is mounted on its mast or tower. 
Fortunately, when the reflected power 
flows back down the line the phase dif- 
ference of current and voltage meeting 
the forward power sets up voltage and 
current standing waves on the line. By 
measuring the minimum and maximum 
values of these current or voltage stand- 
ing waves we determine the ratio of 
forward -to- reflected power, which is the 
SWR of the antenna system. Since volt- 
age is easier to measure than current 
the typical CB SWR meter indicates 
forward and reflected power through a 
voltage measurement, so the indicated 
SWR is actually VSWR- meaning SWR 
determind through a voltage measure- 
ment. All in -line CB SWR meters are 
really VSWR meters -the terms (SWR 
and VSWR being interchangeable. 

Using the SWR Meter. In commercial 
installations, SWR is generally deter- 
mined by measuring the forward and 

" reverse power and then calculating the 
SWR. A much easier way to find the 
SWR is to use a meter that can be 
adjusted to indicate full scale on the 
forward power regardless of the actual 
level of the forward power. The reverse 
power is then indicated as a proportion 
of the full -scale reading. If the reverse 
power was 25 percent of the forward 
power the meter would always indicate 
the same reading regardless of the 
actual forward power as long as the 
meter was always calibrated to indicate 
full scale on the forward power. And 
this is the way most CB SWR meters 
work. They connect in series with the 
transmission line and sense the for- 
ward and reverse power. The user, by 
adjusting a calibrate control, sets the 
meter to indicate full scale on the for- 
ward power. When the meter is switch- 
ed to read reverse power the scale cali- 

bration is directly in SWR; and some 
scales are calibrated to indicate both 
the SWR and the percent reflected 
power. Since the SWR meter senses 
voltage it absorbs very little, almost no 
RF energy. Thus it can be left perma- 
nently in the transmission line circuit, 
giving a continuous indication of the 
antenna system's SWR. 

Some of the latest service shop SWR 
test meters have automatic full -scale 
calibration, so the meter reads out di- 
rectly in SWR without the need to first 
calibrate the meter for the forward 
power. 

How SWR Meters Work. Regardless 
of whether forward calibration is man- 
ual or automatic, SWR meters used for 
CB all use the same type of inductive 
forward- reverse power sensor shown in 
the schematic. Wires positioned on each 
side of a coaxial center conductor sense 
the forward and reverse RF energy in 
terms of standing wave ratio. The RF 
energy is rectified and filtered to a DC 
voltage which is proportional to the 
RF energy. The meter then uses the 
DC to indicate the SWR value. 

In modern CB SWR meters it has 
become common practice to use a small 
printed circuit board for the RF sensor 
of SWR meters. The coax center con- 
ductor and the forward and reverse 
sensing wires are etched from copper on 
a printed circuit board, as shown in 
the photograph. Pictured here is a 
Radio Shack combination SWR and 
output power meter. The output power 
meter consists of the forward power 
sensor with an internal calibration con- 
trol (not accessible to the user) and a 
scale calibrated in watts rather than 
SWR. A selector switch allows the CBer 
to set the scale calibration for 10, 100, 
or 1000 watts. Obviously, the 10 watt - 
scale is fine' for CB, but since a power - 
SWR meter can be used for other serv- 
ices in addition to CB in the range of 3 
to 30 MHz the additional calibrations 
(100 and 1000 watts) allow the meter 
to be used for these other applications 

10 1000 100 
w+ecnarwM ca WAriiswM, METER 

. 
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Radio Shack's combina- 
tion power -SWR meter is 
in -line instrument capable 
of checking with trans- 
mitters up to 1000 watts 
(on amateur radio rigs). 

Detailed view of SWR meter face shows 
relation between SWR and percent of 
power returned. Markings show 25% of 
power is lost at 3:1 SWR. 

without internal modification. 
One photograph shows the RF for- 

ward- reverse power sensor. Flipping the 
unit over lets you see the attached coax- 
ial connectors, which are shown in de- 
tail in the next photograph. When the 
whole thing is assembled all the CBer 
sees is a panel with RF connectors 
labeled Antenna and Transmitter. No 
damage will occur if the connections 
made to the antenna and the set are 
reversed. The meter will simply read 
backwards. That is, the forward power 
will be indicated when the meter is set 
for reverse power, and vice versa. 

What Typical Values Mean. The 
closeup photograph of the SWR meter 
scale illustrates the typical SWR /Per- 
cent Reverse Power calibration common 
to most SWR meters used for CB. The 
top scale 'shows SWR values -note that 
there is no calibration above 3:1 be- 
cause anything greater than 3:1 is 
simply not acceptable. If values near 
3:1 are found the antenna system 
should be tuned or repaired, or an an- 
tenna matcher should be used. 

The bottom scale represents Percent 
Reverse Power. It shows that an SWR 
of 3:1 means 25 percent of the power 
is reflected back from the antenna. An 
SWR of 1.5:1 means that only 4 per- 
cent of the power arriving at the an- 
tenna is reflected. 

Useful CB Test Instrument. One of 
the latest CB service test instruments is 
the Sencore CB41 Automatic Perform- 
ance Tester. It indicates power output. 
SWR. and percent modulation. Note 
that there is no forward power calibra- 
tion control. This is because it is auto- 
matically calibrated when the SWR 
Test Switch is depressed. Since the me- 
ter is intended for use in service shops, 
its SWR scale is calibrated green, yellow 
and red to indicate good, passable and 
defective conditions, Of course it also 
has the usual SWR number markings. 
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In addition to the normal reflected 
power loss one must remember that 
SWR increases all other antenna system 
losses. Further, the SWR reading is 
rarely accurate on long transmission 
lines because of the inevitable line 
losses. Starting with the SWR multiplier 
effect; if the normal line loss is say, 3 

dB per 100 feet of coax transmission 
line, a moderately high SWR will add 1 

dB additional loss. Further, the same 
loss is added to the return power loss so 
that an SWR meter working into 100 
feet of cable sees a lower- than -actual 
return power, and therefore indicates a 
lower- than -actual reflected power. Nor- 
mally the SWR indication is lower, to 
begin with, because of line loss. 

To understand this, assume the SWR 
meter is connected at the input of about 
100 feet of RG -58/U, which has a line 
loss of 3 dB per 100 feet. Also assume 
the SWR is 2:1, meaning 11 percent of 
the power is reflected back from the 

Comparison of SWR with Reflected Power 
(from antenna back) 

Percent of power 
SWR reflected 

1:1* 0.00% 
1.1 :1 0.22% 
1.2:1 0.82% 
1.5:1 4.00% 

2:1 11.40% 
2.5:1 18.00% 

3 :1 25.00% 
*Not attainable 

antenna. If we feed 4 watts into the 
line only 2 watts will get to the antenna 
end of the line because of the 3 -dB 
loss .11 percent, or 0.2 watts, will be 
reflected by the antenna /line mismatch. 
But now, in traveling back down the 
line the 0.2 watt reflected power is also 
attenuated 3 dB so only 0.1 watt arrives 
at the meter. The meter sees only 2.5% 
reflected power -it knows nothing about 
line losses, so it indicates less than the 
actual 2:1 VSWR. 
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Sensor picks up tiny bit of power 
via capacitance to drive SWR meter. 

So you see, though an SWR meter is 
an important part of every CB installa- 
tion, you still must keep in mind that it 
can be fooled, not only by normal line 
losses but by standing wave impedance 
variations (which we have not dis- 
cussed). Nevertheless, and in spite of 
these errors the SWR meter is the 
CBer's most reliable, low -cost indicator 
of the condition of the antenna system, 
as well as of the match between the 
transmission line, and the antenna. 

Prefixes and 'Exponents 
ANYONE WHO'S DIPPED his little toe 

into electronics is certain to have run 
across such terms as microFarad, 
Henry, and 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 

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- MÉG -uh M 106 Frequency of typical shortwave 
broadcast station is approx. 
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) 

decj- DESS -ih d 10 -1 A decibel is 1 /10th bel 

centi- SENT -ih c 10-2 Wavelength of TV channel 82 is 

approx. 30 centimeters 

milli- MILL -ee m 10-3 Collector current of a typical 
small transistor is approx. 
1 milliAmpere 

micro- MY -kroh µ 10 -6 Base current of a typical small 
transistor is approx. 20 micro - 
Amperes 

nano- NAN -oh n 10-9 Time for a radio wave to travel 
1 foot is approx. 1 nanosecond 

pico- PY -koh p 10-12 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 
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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 
kilocycle). A broadcasting station oper- 
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 1000 ", 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: 

we've said, is one -thousandth; in a way, 
it is the opposite of the "kilo -" prefix. 
Make a mental note, then, that milli - 
can be replaced with "10 -3" (read as 
"ten to the minus three power "), which 
is 1 /10 x 1/10 x 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 X 103 
3.3 X 106 

3.96 X 103 

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 108 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: 

840 kiloHertz = 840 X 103 Hertz 
E 
R 

Similarly, a 6.8 megohm resistor, 
measured on an ohmmeter, will indi- - 4.8 megaVolts 4.8 X 106 Volts 

cate 6,800,000 ohms. In this case, the 2 kilOhms 2.0 X 103 Ohms 
prefix "meg -" can be replaced by "x 
1,000,000 ": 

4.8 -2 = 2.4 

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

Ohms 
Ohms 
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 106. Thus, you 
should learn to mentally replace "meg -" 
with x 108, so that 6.8 megOhms be- 
comes a 6.8 x 106 Ohms. The 6 is call- 
ed an exponent, and shows how many 
lOs are multiplied together. 

The Minus Crowd. What about the 
"milli -" and "micro -" prefixes? "Milli -", 

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 5 Volts is applied across 
2.5 kilOhms?" 

E 5 Volts 
I R 2.5 kilOhms 

5.0 X 100 5.0 X 10( ° -3) 

2.5 X 103 2.5 

= 2.0 X 10 -3 Amperes 

= 2.0 milliAmperes 

Note that it's perfectly legal to use 
100 (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 = 2AfL. 

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 r X (1.5X108) X (22X10-3) 
= 207.24 X 103 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 108 meters per second 
wavelength 

3.0 X 103 
1.4286 X 108 Hertz 

2.1 X 10° 

We wish this answer had come out 
with a "108 ", instead of a "108 ", be- 
cause we can convert 108 Hertz directly 
to megaHertz. However, we can change 
the answer to 108, 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 106 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 106) 
= 15.4 milliseconds 
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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 -6 x 10 -8 Farad, 
or 10 -12 Farad. This is more commonly 
known as the picoFarad. Similarly, a 
thousandth of a microAmpere is 10 -e x 
10 -8 Ampere, or 10 -8 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 nrefixes 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 for measuring 

megOhms. 

dB (pronounced "dee -bee") -a deci- 
bel, 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! 

Resistance Nomograph 
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 51 -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 resistance 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 

\ \ 

\ \ 

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 
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. 

Rt = 
Rl R2 

RI + R2 

5 

R2 IN OHMS 

IO 
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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 numbers. 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 use 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, i.e., 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 R1 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 
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 121 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 value. 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 locatè 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 Rl 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 R1. 

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. 

Inductance and Capacitance 
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 11/2 -volt 
(0.25 -amp) flashlight bulb. An AC 
meter reads the output voltage from the 
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power amplifier. 
Turn:mg 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: 

I = E/R 
= 100 volts /(390 ohms + 6 

ohms) 
= 0.252 amperes 

Note that the light bulb's resistance, 
R, is 

R = E/I 
= 11 /2 volts /1/4 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 rig. 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 in 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 1/4 -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, 
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 to 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 
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 

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

Fig. 2. Measuring the DC resistance of a 

one -henry inductor (choke coil) shows it 
has 45 ohms of resistance. 
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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 
us4 

Inductive Reactance = 2 X 7r 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: 

I = E /XL, 
= E /27rfL 

For Example. Let's take the 1.05 - 
henry inductor and calculate its reac- 
tance at 60 Hz: 

X = 27rfL, 
= 2X7rx60 X1.05 
= 395.8 ohms. 

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 = 27rfL, 
=2X7rX120 X1.05 
= 791.7 ohms. 

The new current becomes, ignoring, for 
the moment, the 6 -ohm bulb: 

I = 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 the 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 it is 
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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 

Xc 2 c 
where X is capacitive reactance, and C 
is the capacity in farads, (not micro- 

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: 

I- E 

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

XC 27rfC 

1 

2x'rX60Hzx6.8ur 
= 0 oh. 

(Note that 6.8 microfarads must be ex- 
pressed as 6.8 X 10-8 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 
capacitive reactance increases: 

Xc 2XAX30 Hz (6.8x10-6) 
farads, 

= 780.2 ohms, 
and at a higher frequency, say 70 Hz, 

6.8uF 

Fig. 3. Subs ituting 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. 

150 11 

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! 

Fig. 6. Adding traveling distances in 
different directions yields resultant which 
is the diagonal (the shortest distance 
between the two points), also a right tri- 
angle. Back to the Pythagorean theorem! 

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. 

START 

150 MILES 
EAST 

396 MILES 
NORTH 
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Circlüits 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 above on this page). 

FROM 
AM 

70 H z 

R=150 XC=200S2 

POWER 

AMP 

6.8 uf 
(334a) 

15052 

Fig. 9. Schematic showing reactance of 
capacitor. The two reactances add 
according to the formula, to yield a 

combined reactance (at the particular 
frequency used) of 250 ohms. 

15051 1.05 Hy 
XL= 6.8uf 

100VOLTS 462(1 XC = 33451 
70Hz 

Fig. 10. Combining capacitive reactance 
and inductive reactance is also handled. 
Reactance of each at 70 Hz is computed, 
they are added together, and the 
difference is put into the formula with 
the pure resistance. 

Fig. 7. The reactance of the capacitor at 
this frequency (70Hz) is 334 ohms. This 
may be combined with the pure 
resistance, 150 ohms, by using the 
formula discussed in the text. 

15051 

Fig. 11. The relative "directions" of 
capacitive and inductive reactances along 
with that of the pure resistance. Z (the 
diagonal) is the resultant of the 150 -ohms 
resistance plus the difference between 
the two reactances. 

15011 
(EAST) 

33412 
(SOUTH) 

Fig. 8. This drawing shows how the two 
reactances are added, as also shown in 
Fig. 6 and, described in the text. 

12851 

(462Sí- 33451) 

150 S2 

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. 

the capacitive reactance becomes less: 
1 X- 

c 2X ,rx70 Hz (6.8X 
10 -°) farads, 

= 334.4 ohms. 
The current, in any case, can be 

found by Ohm's law. At 70 Hz, the 
current is 

I = E/X , 

= 100 volts/ 334.4 ohms, 
= 0.299 ampere, 

while at 30 Hz the current is: 
E/X = 100 volts /780.2 ohms, 

= 0.128 ampere. 
So, in their way, both inductors and 

capacitors are obedient to Ohm's law. 
Their reactances-XL and Xc, respec- 
tively -can replace the R in the fa- 
miliar Ohm's law expression, I = E 

R 
enabling us to calculate current flow for 
ac circuits which include inductors or 
capacitors. 

Adding Apples and Oranges. But, 
what of circuits which combine an 
inductor and a resistor? Or an inductor 
and a capacitor? Can we simply add 
the two `ohms' together? Do resistance 

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: 

V(150 X150) -i- (396 x 396), 

V 179,316, 

432.3 miles. 

This, then, is a way of adding two 
quantities that act at right angles to 
each other. Since inductive reactance 
is a kind of "north -bound resistance ", 
operating at right angles to the "east- 
bound resistance" of an ordinary re- 
sistor, we combine the two by adding at 
right angles, just as the two right -angle 
distances were added in the above 
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mileage problem. The effective resis- 
tance of the 396 -ohm reactance and 
the 150 -ohm resistor is therefore: 

x/(150 X 150) + (396 x 396), 
= 432.4 ohms. 

What do we call this combination? It is 
obviously neither resistance nor reac- 
tance, but a combination of both. Since 
it represents a general way that a circuit 
can impede the flow of electrons, it is 
called impedance, and is represented 
by the symbol Z. The general formula 
for impedance is, therefore: 

Z = 1/ R2 + X2 

Another Candidate for Ohm's Law. 
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: 

I = E /Z, 
= E /\/R2 +X2. 

Using this expression we can calcu- 
late the current in the example of Fig.5: 

I = 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 

Z= x/R2 +X2, 
where X is, in this case, Xc, capacitive 
reactance. 

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

Z= ß/R2 +X2 
= x/(150)2 + (200)2 
_ V 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 
the left of 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 (XL = 
462 ohms), and 6.8 uF capacitance 
(X c= 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 cancelled by the 
`southbound' (capacitive) 334 ohms. 
The net reactance of this circuit is 

therefore: 

X =X -X 
L C' - 462 ohms -334 ohms, 

= 128 ohms. 
This combining of X L and Xc 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= VX2 +R2, 
= V(128)2 +(1 Ó 2 

= 197.2 ohms. 

The current flow is: 
I = E/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 XL exactly equal to J!Cc, 

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, 
and that's an interesting story, too. 

The Wuy AVC Works 
A WORLD WITHOUT AVC- Automatic 

Volume Control -would be filled with 
fractured audio and video. Explanation 
is that AVC is the steadying force in 
receivers of most every description - 
from tiny AM portables to communica- 
tions receivers, TV sets, and just about 
everything else that breathes in a signal. 
Remove AVC from your table radio 
and it would probably break up on local 
stations. Take it out of your TV set and 
color might scramble and spill through 
the image -or pictures turn negative 
because of signal overload. 

Blast It. It's been said that AVC 
"makes strong signals weak and weak 
signals strong." That simple definition 
goes back to AVC's original objective 
of reducing "speaker blasting." The 
phrase is perfectly descriptive because 
an uncontrolled receiver produces ex- 

cessively loud sounds in the speaker 
while receiving strong signals. You 
could adjust the radio's volume control 
by hand, but imagine doing it in an 
automobile while driving. Your hand 
might never leave the volume control! 

This is where AVC comes to the res- 
cue. It senses the wavering signal, de- 
velops a control voltage in proportion tó 
that signal, then applies it as a continu- 
ous correction. It also cures a problem 
that no amount of volume- control fid- 
dling can cure. It's an overload condi- 
tion where strong signals drive the re- 
ceiver's early stages into highly distorted 
operation, resulting in mushy, unintelli- 
gible audio in the speaker. 

Though a car in motion is one cause 
of fluctuating signals, there are others. 
Atmospheric fading due to changes in 
the ionosphere has a tremendous effect 

on the strength of shortwave (3 to 30 
MHz) stations. At higher frequencies 
(VHF and UHF -TV, for example), 
passing vehicles, changes in tree foliage, 
and even moisture content in the air 
vary the number of microvolts induced 
in an antenna by a distant transmitter. 

In all of these cases, an AVC circuit 
attempts to compress or expand the 
signal into some mid -range or average 
value. As you might suspect, AVC can't 
recover a signal deeply submerged in 
atmospheric noise and make it readable. 
Nor can it clean the snow from a far- 
away TV station arriving in a remote 
fringe area. But it is capable of some 
pretty miraculous stunts, as we'll see 
shortly. 

The AVC Idea. Almost every AVC 
circuit follows a similar general route. 
First, it taps into the receiver circuit at 
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some point to sample a bit of the in- 
coming signal. The sample provides in- 
formation on the relative strength of the 
arriving station. Next, the sampled sig- 
nal is processed into a form which en- 
ables it to control the radio -frequency 
amplification of the receiver. This be- 
comes the AVC control voltage and it's 
fed back to some earlier point in the 
receiver. 

If a powerful station is being re- 
ceived, it produces a high AVC voltage, 
which reduces the receiver's ability to 
amplify. Upon receipt of a weak signal, 
little AVC voltage develops, so the re- 
ceiver runs at high amplification. 

From Carrier to Control. The over- 
all idea appears in Fig.l. We've shown a 
standard broadcast station transmitting 
a signal whose carrier is increasing from 
weak to strong in three steps. Note that 
the carrier is assumed to be originating 
from the station at three fixed levels, 
with no audio modulation at this time. 
(Audio causes a complication we'll get 
to in a moment.) 

The changing carrier signal enters 
the receiver antenna and proceeds 
.through RF and IF stages until it reach- 
es the diode detector. Since the alternat- 
ing carrier can go through the diode in 
one direction only, it's rectified so only 
the negative portion appears at the re- 
sistor forming the diode load. The AVC 
signal, however, is still hidden within 
the rectified carrier, as shown by the 
dotted line. This means that it must be 
processed further before it becomes a 
suitable control signal -a DC voltage 
which varies in step with carrier 
strength. 

This is where the problem of audio 
modulation (voice or music on the car- 
rier) complicates AVC development. 
The trouble is that intelligence on the 
carrier is AM, or amplitude modula- 
tion, which is electrically similar to the 
changing carrier strength AVC will at- 
tempt to fight. It would hardly be suit- 
able if AVC attacked loudness changes 
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Fig. 1. Diode detector develops AVC voltage in typical tube -type receiver. Fór 
simplicity's sake, carrier is shown unmodulated but is assumed to originate in 
three fixed levels. 

in the program, rather than average 
changes in carrier signal. Fortunately, 
it's possible to fashion a filter which 
ignores audio in the sampled carrier. 

As shown in Fig. 1, there's an AVC 
filter comprised of a resistor and ca- 
pacitor. In a typical tube circuit these 
values are a few megohms for the re- 
sistor and about .05 uF for the capacitor. 
They form a filter which responds at the 
rate of about 0.1 second (its time con- 
stant) . This interval of time has been 
carefully selected to fulfill certain bound- 
aries of AVC operation. 

First, the filter must remove any au- 
dio modulation from the sampled por- 
tion of carrier. Since audio variations 
occur much faster than 0.1 second (the 
lowest audio tone is about 20 times per 
second), the filter smooths out any au- 
dio in the AVC circuit. Yet, the AVC 
filter must not respond too slowly. 
When driving in a car, for example, you 
might receive a fluttering signal and 
need fast -acting AVC to exercise quick 
control. 

The 0.1- second filter, therefore, is 
designed as a compromise which at- 
tempts to fit AVC response between the 
two extremes. In some advanced re- 
ceivers, an AVC selector switch (Fig. 
2) enables the operator to choose his 

rate to improve the receiver's perform- 
ance on certain specialized signals such 
as code (CW), single sideband, or other 
non -standard carriers. 

DC Up Front. To this point the cir- 
cuit has developed a control voltage 
that's synchronized to incoming carrier 
strength. As shown in Fig. 1, the carrier 
has produced a shift of from -2 to -8 
DC volts at the output of the filter. 
This is approximately the AVC voltage 
you'd measure in typical tube -type re- 
ceivers. Now it's only necessary to pro- 
vide a feedback loop to carry the AVC 
back to an earlier stage. How this is 
done is illustrated in the actual sche- 
matic of a typical tube radio in Fig. 3. 

The AVC signal is developed across 
the diode load resistor and filtered in 
the resistor and capacitor indicated (R2 
and C6). From there, the line is usual- 
ly termed the AVC bus and extends 
back to the control grid of the IF am- 
plifier. As an incoming signal grows 
stronger, a correspondingly higher nega- 
tive AVC voltage is created. Result is 
that the gain of the IF stage is reduced 
accordingly. 

Solid AVC. Millions of tube receivers 
still survive, but solid -state should end 
that era in a few years. Transistor re- 
ceivers are subject to the same signal 
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fluctuations and similarly require AVC 
circuitry. In looking at transistor circuits, 
you may find that the term voltage is 
often supplanted by current. 

When discussing amplification in 
tubes, it's almost always a matter of 
controlling grid voltage, which is gen- 
erally negative in polarity. (The current 
flow in a receiving tube grid is infini- 
tesimal and usually ignored.) Transis- 
tors, though, may be discussed in terms 
of current since the terminal voltages 
(unlike tubes) are very low. Because 
of these differences, AVC action in tube 
circuits is usually described as negative 
grid voltage, while the solid -state ver- 
sion is in terms of base current. 

Another difference is that the polarity 
of a receiving tube grid is almost al- 
ways negative; transistor current, in 
contrast, may flow in either direction, 
depending on whether an npn or a pnp 
transistor is being controlled. 

Schematics for solid -state AVCs are 
fairly close in appearance to tube ver- 
sions, as shown in the typical portable 
in Figs. 4 and 5. Note that a sampling 
of carrier signal is taken at the output 
of a diode detector. At this point the 
carrier is already rectified to DC and 
needs only to be smoothed in the AVC 
filter. Note that the polarity of AVC 
voltage is shown as positive ( +) since 
the transistors being controlled are of 
pnp type (Fig. 5). 

In pnp semiconductors, a positive - 
going voltage applied to the base causes 
lower current and a reduction in am- 
plification (the reverse of a tube cir- 
cuit). You will also find transistor AVC 
which runs in the negative direction. 
This indicates an npn transistor is be- 
ing controlled since its amplification de- 
creases with the application of negative 
voltage. 

Fig. 5 traces the major AVC points 
in a commercial solid -state circuit. Note 
that the carrier sample isn't trapped 
from the regular AM detector; instead, 
a separate AVC diode is connected to 
an earlier point in the receiver (see 
lower right of Fig. 5). This car receiver 
has an RF amplifier up front and it 
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Fig. 5. Partial schematic of RCA car radio, showing separate AVC diode (lower 
right) and AVC bus. Since transistors here are pnp's, AVC voltage is positive 
rather than negative. 

produces sufficient AVC voltage for the 
tap-off to occur at this early point. The 
remainder of the AVC bus resembles 
the tube circuit; the carrier is rectified, 
filtered, and applied back to the input 
stage. Since the RF transistor is a pnp 
type, an increasing carrier produces ris- 
ing positive voltage and a consequent 
drop in transistor gain. 

What's the Delay. AVC circuitry 
described to this point works well for 
table and other consumer type radios. 
But there's always something better. 
One improvement is DAVC, for delay- 
ed AVC, to overcome one disadvantage 
of regular AVC on weak signals. To 
operate at highest sensitivity, a receiver 
should run wide open, or at maximum 
amplification. The trouble occurs when 
a weak signal entering the receiver com- 
mences to generate a small, but effec- 
tive, AVC voltage. AVC comes on too 
soon and receiver sensitivity is prema- 
turely reduced. 

In the delayed AVC scheme, AVC 
must first overcome some fixed refer- 
ence voltage before it starts to reduce 
amplification in the receiver's front end. 
For example, a conventional receiver 
may start to generate AVC voltage 

FILTER HORIZONTAL 
PULSE 
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Fig. 6. In TV receiver, horizontal 
sync pulse must provide AGC 
voltage since video carrier itself 
isn't suitable. Note that basic 
idea is same as that used in AM 
and FM receivers. 

when a carrier of about 5 microvolts is 
in the antenna. A high -performance 
ham or communications set, though, 
might delay AVC action until the signal 
attains a strength of 10 microvolts. 

Another improvement in deluxe re- 
ceivers is amplified AVC, meaning the 
control voltage is boosted before being 
applied back to an earlier stage. This 
could produce AVC voltage swings of 
from 0 to 35 volts, instead of a more 
conventional range of 0 to 7 volts. The 
net result is better control of the re- 
ceiver under dynamic changes in signal 
strength. 

It's AGC, Too. Though AVC began 
as a technique for controlling average 
audio level, nearly identical concepts 
are applied in receivers which produce 
pictures, navigational read -outs, or other 
intelligence of a non -audio nature. Since 
latter -day AVC may no longer control 
volume, its designation changes to 
AGC, for Automatic Gain Control. In- 
cidentally, this term is technically more 
accurate even for regular radios be- 
cause it's receiver radio -frequency gain, 
not audio volume that's directly regu- 
lated. A good example of AGC is in TV 
receivers for keeping picture contrast 
reasonably constant over a wide swing 
of signal strength. Let's examine the 
TV signal in some detail because the 
method of generating a control signal 
is different from that of a radio. 

The video carrier which brings the 
TV signal to the home is not a suitable 
source of AGC voltage. The picture 
carrier changes strength with lights and 
darks in the scene which happens to be 
on the screen during a particular mo- 
ment. Back in our simple radio, we 
could filter out audio modulation fairly 
easily. However, video modulation can 
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persist over long time periods which 
cannot be filtered with any reasonable 
time constant. What we need is a refer- 
ence other than video modulation on 
which to base our AGC level. 

That reference is the horizontal sync 
pulse transmitted at the beginning of 
each picture scanning line. Though its 
purpose is to lock the home set with the 
transmitter, it also serves as an AGC 
reference. As shown in Fig. 6, the pulses 
are captured from the set's video de- 
tector, then filtered and fed back to the 

receiver front end (i.e., RF, IF, and 
detector). 

Though AVC -or AGC- originated 
as an equalizer of speaker volume, then 
went on to do the same for pictures, the 
circuit has other applications as well. In 
color sets it keeps the color signal con- 
stant by adjusting the gain of a color 
amplifier according to incoming color 
signal strength. The reference here for 
developing a control voltage is the color 
burst, a brief shot of sine -wave energy 
transmitted during each horizontal 

scanning line. 
To be sure, the burst is really in- 

tended to help the receiver create an 
accurate color subcarrier. However, it 
also contains strength information which 
can operate the automatic color control 
found in most current TV sets. It's just 
one more example of an old idea 
brought up to date. In fact, the next 
time you see the words control, feed- 
back, or automatic used to describe a 
circuit, chances are it borrowed an idea 
or two from early AVC. 

Phase and Frequency 
El THE INCREASING SOPHISTICATION Of 

the home experimenter has resulted in 
his being required to make ever more 
demanding measuremnts. High on the 
list is the need to measure frequencies 
and phase shifts generated by experi- 
mental circuits. Short of buying one of 
the many frequency counters available, 
such measurements can be a problem. 
But they need not be a problem, be- 
cause even the most modest experi- 
menter probably has all of the equip- 
ment on his bench that is required to 
measure frequency quickly and accu- 
rately. All you need is an inexpensive 
oscilloscope and a frequency .source 
such as an audio oscillator or a signal 
generator. 

The simple equipment interconnec- 
tions required are shown in the figure. 
Notice that all you have to do is con- 
nect the output of your frequency 
source to the vertical input of your os- 
cilloscope, and the frequency that you 
wish to measure to the horizontal input. 
Then by making a few quick control 
adjustments you can determine the un- 
known frequency. 

Frequency measurement with an os- 
cilloscope is accomplished using Lis - 
sajous figures or patterns. Lissajous 
patterns are the displays that appear 
on an oscilloscope when voltages of 
different frequency, amplitude, and 
phase relationships are applied to its 
deflection plates. You have probably 
seen them in science fiction movies 
when "weird" patterns. are used to 
indicate abnormal conditions aboard a 
spaceship. 

Getting back to the test set -up, it is 
obvious that the signal applied to the 
vertical input will cause the CRT beam 
to move up and down at a rate deter- 
mined by the frequency of the signal. 
The same action can be obtained in the 
horizontal direction by switching your 
oscilloscope sweep controls to the posi- 
tions that bypass the normal sweep cir- 

cuits and apply signals connected to the 
horizontal input directly to the horizon- 
tal channel amplifier. The result is that 
the CRT beam will be pulled up, down, 
right, and left all at the same time. The 
resulting display will literally resemble 
a tangled up ball of string unless the 
two signals are harmonically related to 
one another. When this condition exists, 
the display will become steady as a 
rock, and the unknown frequency car 
be determined by making a quick men- 
tal calculation. 

The basis of using your oscilloscope 
to measure frequency is that you adjust 
the frequency controls of your frequen- 
cy source to induce the steady display. 
Then by reading the frequency dial of 
your source one of the two frequencies 
is known and the other can quickly be 
determined. Simple? 

Here's How. Returning to the figure, 
you should now have your equipment 
connected as shown. Next, adjust the 
oscilloscope vertical and horizontal sen- 
sitivity controls to obtain a suitable de- 
flection both vertically and horizontally. 
About 1 -in. wide and 2 -in. high is more 
than adequate. As mentioned before, at 
this point the display probably looks 
like a real mess. But that is normal. 

Now adjust the frequency controls 
of your frequency source until the dis- 
play stabilizes and resembles a pattern 
in the next figure. The accuracy of the 
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The frequency or phase measurement set up. 
Frequency less than 1 Hz is usually 
described in terms of phase angle. When 
the phase has shifted 360 degrees, it has 
changed in frequency by one Hertz. 

final measurement will be a function of 
how stable you can make the display, 
so make certain that the display is as 
steady as you can get it. It might help 
to let your equipment warm -up for a 
while if drift is a problem, but don't 
forget that many frequencies are not too 
stable. We will tell- you how to check 
the stability of your frequency source 
later. Also, though it is possible to ob- 
tain stable displays that have many 
loops in them, it is usually best to keep 
the number of loops in either direction 
below five if possible. This is simply 
because they are easier to count. 

Finally, referring to the examples 
shown in the last figure, count the num- 
ber of times that the trace "touches" 
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Audio oscillator calibration set up. 

the left side of the display, and the 
number of times that the trace 
"touches" the top of the screen. Divide 
the number of "left- touches" by the 
number of "top- touches" and multiply 
the indication of your frequency - dial 
by the result. This gives you the un- 
known frequency: 

left- touches X frequency Unknown 
top- touches Frequency 

Couldn't be easier, and you save the 
cost of a frequency counter. 

To firm it all up let's assume that 
your display looks like that shown in 
the last figure, and that the frequency 
dial of your frequency source indicates 
3,345 Hz. First divide the number of 
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"left- touches" (3) by the number of 
"top- touches" (4). The result is 0.750 
if you hold the answer to a manageable 
and satisfactory three places. Next mul- 
tiply the known frequency by 0.750 
(0.750 X 3,345 = 2,509 Hz) to deter- ' mine the unknown frequency. It's fast, 
easy, and as accurate as the degree to 
which you know the known frequency. 

Since your frequency source probably 
makes you blush when anyone mentions 
calibration or accuracy, and who 
doesn't, let's cover how Lissajous pat- 
terns can be used to calibrate your fre- 
quency source. It is merely an extension 
of what you do to determine an un- 
known frequency, except now you "bor- 

Various vertical to horizontal frequency ratios. 

row" the known accuracy of your pub- 
lic utility line frequency. The 60 -Hz 
power that you take from your wall 
socket is generally frequency controlled 
to within 0.1%. By using this known 
frequency, safely stepped down through 
a filament transformer, you can cali- 
brate your signal generator frequency 
dial at any frequency that is a multiple 

0° DIFFERENCE 45° DIFFERENCE 90 °DIFFERENCE 135 °DIFFERENCE 180° DIFFERENCE 

Major phase angle lissajous patterns. 

of 60. 
Connect the circuit shown. Then, be- 

ginning at 20 Hz, increase the frequency 
of your audio oscillator and observc 
how closely to the correct dial indica- 
tion the scope display "locks in." After 
a while, say about 1800 Hz, you won't 
really be able to count the number of 
loops. But if you are careful you will 
be able to see the display stabilize, 
which indicates that you have reached 
the next multiple of 60. 

Checking the stability of your fre- 
quency source is even easier. Simply ad- 
just the frequency dial to obtain a 
stable display, and watch the display. 
After a reasonable warm -up time for 
the equipment, you should be able to 
obtain a display that seems to rotate 
very slowly, if at all. Of course, this 
will be a function of unit quality. But 
it will give you a feeling for how much 
drift can be expected from your fre- 

Typical stabilized lissajous pattern. 

quency source. Additional amounts can 
be attributed to the source of the un- 
known frequency. 

The oscilloscope has always been the 
most useful tool available to the ex- 
perimenter. Now you can use it to 
measure unknown frequencies, phase 
shifts, calibrate oscillators, check signal 
stability, and many other uses that will 
come to mind as you become familiar 
with Lissajous patterns. 

Thermistors Are Hot Stuff 
A THERMISTOR is simply a thermal 

resistor or, more descriptively, a tem- 
perature sensitive resistor. Its composi- 
tion is basically ceramic, made by 
sintering metallic oxides such as manga- 
nese, nickel, cobalt, copper and the like. 

Now it is fairly common knowledge 
that resistors are temperature sensitive 
(the resistance changes with tempera- 
ture), however, thermistors are many 
times more sensitive to temperature 
than are resistors. It is not uncommon 
to see a change in resistance of fifty 
times from 32 to 122° F (0 to 50° C) 
in a thermistor. The proportion of re- 

" sistance change from 0° C to 50° C is 
called the ratio of the thermistor. For 
example, a thermistor having a resist- 
ance of 150,000 ohms at 0° C and a 
ratio of 15 would have a resistance of 
10,000 ohms at 50° C. Thermistors are 
classified as having negative ternpera- 
ture coefficients since, as the tempera- 
ture increases, the resistance decreases. 

Thermistors are available in many 
configurations. Typical among these are 
beads, probes, rods, discs, glass coated 

beads and washers. Each of these con- 
figurations except the washer is usually 
formed with two leads that are used for 
electrical connection. The washer re- 
quires metal plates, pads or the like to 
butt against the opposite, electrically 
conductive, flat surfaces for electrical 
connection. Depending upon the manu- 
facturer, most of these types can be used 
up to 300° C (572° F). However, some 
discs, washers and beads are limited to 
150° C (302° F). In the higher tem- 
perature applications, the insulation 
should be of teflon or glass braid and 
the method of joining the circuit wires 
to the thermistor leads should be done by 
crimping with a suitable terminal. 

To understand and apply thermistors, 
we must first look at the effect on the 
resistance of the thermistor as it is sub- 
jected to heat. The curve of Fig. 1 

shows the nominal resistance versus tem- 
perature for a thermistor made by Fen - 
wall, the QB42L1 (rod - type). Note the 
sharp decrease in resistance as the tem- 
perature increases from 0° C to 200° C. 

So What? Up to this point we've 

talked a lot of theory but just how prac- 
tical is this device? I'm glad I asked 
that question -let's look at some applica- 
tions. 

Suppose that we wanted to build a 
"thermometer" using a thermistor that 
corresponds to the nominal tempera- 
ture- resistance curve of the QB42L1. 
Let's say that we wanted to cover the 
range of 32° F to 104° F and we plan 
to use the basic circuit of Fig. 2 where 
R1 is a potentiometer, R2 is the therm - 
istor (QB42L1) and M1 is a milliam- 
meter. We will adjust Rl for 10,000 
ohms (and explain later why). The re- 
sistance of the circuit will be at it's 
minimum at 104° F. From the table we 
see that, at 104° F, R2 = 11,484 ohms; 
therefore, the total circuit resistance is 
21,484 ohms. If V is nine volts, I = 
9/21,484 = .42 . mA. This means we 
can use a .5 mA meter. At 32° F, R2 is 
56,500 ohms; total circuit resistance is 
66,500 ohms, I = 9/66,500 = .13 mA. 

From additional calculations the me- 
ter plate can be copied and re- labeled 
with the appropriate temperatures. The 
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thermistor can be mounted quite a dis- 
tance from the meter. One limitation 
is that the wire resistance must be very 
low with respect to the value of the 
minimum circuit resistance (less than 
1 /100) and it is good practice to twist 
long leads in a spiral fashion to avoid 
electrical pick -up in the leads. 

That Series Resistor. In the ther- 
mometer circuit we used a 10,000 -ohm 
series resistor. This resistor is used to 
limit the power applied to the thermistcrr 
and it concerns the self -heating effect 
or, as the specification sheets call it, 
the dissipation constant of the thermis- 
tor. As we said earlier, the thermistor 
resistance is sensitive to heat. Now 
visualize putting a large voltage, E, 
across the thermistor. The power dissi- 
pated by the thermistor is E2 /R where 
R is the thermistor resistance. So what 
happens? As current flows, heat is gen- 
erated in the thermistor to the extent 
that the resistance of the thermistor be- 
gins to decrease. More power is dissi- 
pated in the thermistor because E2 /R 
is larger because R has become smaller. 
This continues until either the thermis- 
tor is damaged or the conduction of 
heat away from the thermistor is large 
enough to balance the heat generated 
by the current flow. In either case, the 
thermistor resistance cannot give a true 
indication of ambient temperature. 

To minimize this effect we must con- 
sider the dissipation constant (d.c.) of 
the thermistor. The dissipation constant 
is the amount of power, in milliwatts 
(10-2 watts) , that will raise the tem- 
perature of the thermistor 1° C above 
the ambient temperature. For example, 
if a thermistor whose d.c. is 0.1 milli - 
watt is placed in a 25° C ambient and 
then caused to dissipate 0.1 milliwatt 
by applying a voltage to the thermistor 
leads, the temperature of the thermistor 
would rise to 26° C. Typcial dissipa- 
tion constants (in milliwatts) are as fol- 
lows; bead 0.1, glass coated bead 1.7, 
disc 2.0, rod 4.0, washer 5.0. 

Self- heating cannot be eliminated but 
it can be minimized to the extent that 
it is negligible. Without going into the 
detailed mathematics, the following pro- 
cedure will allow you to limit the self - 
heating to an acceptable level. Use a 
resistor (or resistors) in series with the 
thermistor as shown in Fig. 2. The re- 
sistor value can be determined as fol- 

Table 2. This formula is used to determine 
the series resistor which limits the self 
heating effect. See text for more info. 

Power (mW) Resistance 

1/2 V2 x 1000/2 
1 V2 x 1000/4 
2 V2 x 1000/8 
3 V2 x 1000/12 

68 

Table 1. This data was used to generate the 
graph of Fig. 1. It describes the resistance 
of a Fenwall QB42L1 thermistor at various 
temperatures. In practice, this data can be 
generated at home by the experimenter. 

temperature 
°F °C 

resistance 
Ohms 

32 0 56,500 
50 10 36,600 
68 20 24,320 
77 25 20,000 
86 30 16,534 

104 40 11,484 
122 50 8,134 
140 60 5,874 
158 70 4,320 
176 80 3,230 
194 90 2,458 
212 100 1,892 
230 110 1,480 
248 120 1,170 
257 125 1,050 
266 130 942 
284 140 764 
302 150 628 
320 160 518 
356 180 360 
392 200 260 
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Fig. 1. Temperature- resistance graph. 

lows: first determine the amount of 
error in degrees that is acceptable to 
the circuit; multiply the error by the 
dissipation constant to determine the 
maximum power dissipated by the ther- 
mistor. From Table 2, select the proper 
formula for R that appears in the same 
column as the maximum power that you 
calculated. (Note that you must select, 
or at least assume a value of voltage, V, 
for your circuit). 

Suppose you have a thermistor whose 
d.c. is 2 and you want to limit the error 
to 1° C. Let's say that the circuit voltage 
is 10 volts. Multiplying the maximum 
error (1° C) by the dissipation con- 
stant (2 milliwatts / °C) gives a maxi- 
mum allowable power of 2 milliwatts. 
To limit the dissipation to 2 milliwatts 
we use the formula from Table 2 where, 
in the 2 milliwatt column, R = V2 X 

1000/8 or (10)2 X 1000/8 = 12,500 
ohms. Any R larger than 12,500 ohms 
will mean a smaller maximum dissipa- 
tion and hence a smaller maximum er- 

ror. Using a resistor of 12,500 ohms 
and a voltage of 10 volts will allow a 
maximum error of 1° C. This error will 
occur when the thermistor resistance is 

12,500 ohms. As the thermistor resist- 
ance changes from 12,500 ohms (either, 
increases or decreases), the self- heating 
and also the error becomes less. 

The self- heating effect of the ther- 
mistors can be used to an advantage. 
A typical application is shown in Fig. 
3 where V is the applied voltage, S1 

is a switch, R1 is the thermistor and Kl 
is a relay. The thermistor is placed in 
series with the relay coil to provide a 
"delay on make." When S1 is first 
closed, the relay remains de- energized 

R 
R2 

Fig. 2. Basic electronic thermometer 

until the thermistor heats to the point 
where it's resistance is low enough to 
allow the current to reach the level of 
the pull -in current of the relay (note 
that the self- heating effect can be used 
with AC as well as DC). 

A more complex application of the 
self- heating effect is shown in Fig. 4 
where it is required to regulate the 
voltage across lamp I1. The source 
voltage, V, varies 28 T 4 volts and it 
is necessary to maintain a voltage of 2 
to 3 volts across the lamp. Let me say 
at this point that using a thermistor in 
a self- heating mode is largely a trial 
and error situation. This is primarily 
because it is difficult to predict the 
amount of heat conducted away from 
the thermistor. Since this is not known, 
the thermistor temperature (and hence 
it's resistance) cannot be determined ex- 
actly. The more you learn about ther- 
mistors, the easier it becomes. Never- 
theless, self- heating applications require 
a certain amount of "Kentucky Wind- 

R1 

Fig. 3. Application of thermal delay. 
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r-K_, 

Fig. 4. Voltage stabilization using thermistor 

Hl. When V1 = V2 (R3 reaches tem 
perature), the op amp stops energizing 
the power switch. The power switch car . 
be a relay or a triac or a silicon con- 
trolled rectifier. 

Be Practical. If you have á thermis- 
tor but do not have the resistance -tem- 
perature curve, the curve can be deter- 
mined fairly easily. You will need a 
thermometer that covers the range of 
temperature over which you want to 

R1 R3 

R2 2 V I 

R4 
V2 

OP 
AMP 

HI 

POWER 
SWITCH 

o 
HEATER 
POWER 
INPUT 

1 

Fig. 5. Automatic temperature controller using thermistor and op amp. 

age." After several attempts, using a 
Fenwall GB32J2 (Allied Electronics 
stock no. 791 -0427) as R2, R1 = 345 
ohms and R3 = 17.6 ohms, the voltage 
across the lamp is maintained at 2.65 
± .07 volts! 

Other Applications. Thermistors have 
found extensive use in temperature con- 
trollers. A typical circuit is shown in 
Fig. 5 where R1, R2, thermistor R3 
and R4 form a bridge network. R3 is 
located in close proximity to the heater, 
R4 is used to select the desired tempera- 
ture; Al is an op amp that senses the 
difference in voltage between V1 and 
V2. When V2 is smaller (R3 is large), 
the op amp turns on the power switch 
and the voltage is applied to the heater, 

measure the thermistor, a method to 
heat the thermometer and thermistor 
simultaneously, a means of viewing the 
thermometer while, at the same time, 
you measure the resistance of the ther- 
mistor. You must arrange the thermom- 
eter to be very close to the thermistor 
and adjust the heat, in steps, so that 
at each step the temperature of the 
thermometer has stabilized after which 
the resistance of the thermistor is read 
and then the temperature and resist- 
ance readings are recorded. This step 
is repeated until the desired tempera- 
ture range is completed. Usually only 
about four to seven readings are re- 
quired to allow an accurate curve to 
be drawn. 

The more common types of 
thermistor configurations are, 
from left to right,, the probe, 
rod, disc, glass coated bead and 
washer. 

If the thermistor is :sealed (glass or 
epoxy covered), a simple method of 
heating is to immerse both the thermis- 
tor and the thermometer into a pan of 
water on top of a range; another meth- 
od is to heat them inside a closed or 
semi -closed container such as an oven. 
In either case be sure not to let any 
part of the thermometer, or the ther- 
mistor, or the bare leads, touch the 
metal since this will probably draw off 
heat and cause an erroneous reading. 
Also, when reading the resistance, dis- 
connect the meter immediately after the 
reading to avoid self- heating. 

By using the ratio for a general eval- 
uation, the resistance- temperature curves 
and the formulas for self -heating, the 
thermistor offers many applications in 
the areas of temperature measurement, 
temperature control, timing and control 
circuits. 

This article is meant to be a first in- 
troduction to thermistors. For experi- 
mentation, one of the cheapest sources 
of thermistors is from junked pocket 
transistor radios. Most use thermistors 
to stabilize the class B push -pull audio 
output stage. Some even spell it out for 
you on the manufacturer's ident plate 
when they list the number of transistors, 
diodes, and thermistors. Good hunting 
and good luck! 

Looking into Op Amps 
El 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 
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. 

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- 
cuits. 

Some Basics. As shown in Fig. 1 a, 
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 VOUT 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), VOUT goes negative, thus "in- 
verting" the polarity of the input. In 
technical terms, the '.nput stage of the 
op amp is a balanced "differential input" 
amplifier and is one which responds to 
the difference between the voltages. 

Output voltage Vou r equals VIN 
times AvoL (AvoL equals the open -loop 

(Continued on page 74) 
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CDFflFUTEF FlEW FPIJEILJCTS 
Here in ELECTRONICS THEORY HANDBOOK you will find 
information on the newest hobby computers and accessories. 

Hand -Held Terminal - National Semi- 
conductor offers an inexpensive hand- 
held terminal, for use with the 8 -bit 
"SC /MP" microprocessor kit, to elimi- 
nate the need for a costly teletype 
system. The SC /MP Keyboard Kit pro- 
vides input /output capability through a 

calculator -type keyboard with a 6 -digit 
hex display. It features a simple micro- 
processor control to allow the user to 
evaluate the SC /MP CPU, and direct 
object code program manipulation for 
development of a variety of application 
software. The keyboard package includes: manual, all required 
cuits, resistors, keyboard display cable connector assembly, wire wrap connec- 
tors, precut wires, hand -held wire wrap tool. Heart of the keyboard kit is a 

ROM firmware package (512 bytes) which replaces the "Kit Bug" ROM originally 
supplied with the SC /MP kit. The keyboard is arranged as an 8 x 4 matrix array,, 

but only 20 of the possible 32 keys are used. Functions of the used keys: 16 keys 
for hex command value 0 thru F; abort command; memory command; go com- 
mand; terminate command; power on /off switch used for initializing SC /MP. 
Price: $95. National Semiconductor, 2900 Semiconductor Drive, Santa Clara, CA 

95051. Circle number 46 on Reader Service Coupon for more information. 

integrated cir- 

Home TV Game System -This Fairchild 
Video Entertainment System, designed 
to be a fully programmable home elec- 
tronic game system, uses plug -in car- 
tridges to provide an "unlimited num- 
ber" of game and other format selec- 
tions. Key to the system's versatility is 
the new Videocart cartridge which 
contains a semiconductor memory pro- 
grammed to reproduce specific games, 
in full color, on a TV screen. Game se- 
lection is made through a keyboard 
console with mobile screen elements 
manipulated by means of dual controls. 
The game console incorporates a 

Fairchild F8 microprocessor and four solid- state, random -access memories. The 
console is connected to the TV set by means of a control box. In operation, the 
cartridge is inserted in the console and the player selects a game from the Video - 
cart cartridge jacket and presses the appropriate key on the console. Time limits 
and speed -of -play can be varied. The game score and elapsed time are continu- 
ously displayed on the TV screen. Interruption of play is possible with a freeze 

switch, and sound effects are used to add "realism" to the games. Use with any 

color or black- and -white TV receiver. Priced at $169.95, plus $19.95 for each 
Videocart cartridge. Fairchild Camera and Instrument Corp., Consumer Products 
Group, 4001 Miranda Ave., Palo Alto, CA 94303. Circle number 61. 

Low Cost Microcomputer System - 
E & L Instruments offers a Mini -Micro 
Designer microcomputer system in kit 
form for "people having minimal experi- 
ence in digital techniques." The unit is 
based on Intel's 8080 microprocessor 
chip and combines ease of program- 
ming (direct input via built -in keyboard) 
with input /output buses via external 
card edge connections, or through a unique SK -10 interface /breadboarding 
socket. Internal status /date is shown by three sets of LED indicators. Included 
in the package is a memory card featuring 1K of read /write memory space. The 

system is easily expanded with many options, according to E & L. This unit is an 

outgrowth of E & L's major system, the Micro -Designer, and is supported by 

software that is easily understood by people having no previous background in 

microcomputers. Complete software takes the kit user from kit construction to 

system usage. Prices range from $125 for the simplest kit to $500 for a com- 

pletely assembled and tested version with extra features. E & L Instruments Inc., 

61 First Street, Derby, Conn. 06418. Circle number 54 on Reader Service Coupon. 
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Voice Response System -Micom Sys- 
tems offers a new microcomputer con- 
trolled Voice Response System to pro- 
vide multi -line voice response output 
"at exceptionally low cost" for any 
minicomputer. The Micom 310 requires 
no complicated hardware or software 
interfacing, and a Touch -Tone tele- 
phone can be used as a complete data 
terminal in computer inquiry- response 
applications. The natural sounding syn- 
thetic voice is based on analysis of 
real speech, either male or female. Both 
asynchronous and synchronous proto- 
cols may be used to communicate with 
the 310. Standard ASCII data charac- 
ters are used to control all functions, 
including the interface to each Touch - 
Tone data set. Vocabulary may be 
stored in PROM or down -line loaded 
from the computer to provide virtually 
unlimited vocabulary and system flexi- 
bility, according to the company. The 
system may be local to host computer 
or may act as remote data /voice con- 
centrator in a large data communica- 
tions network. Redundant common 
logic and power supplies are provided 
for maximum reliability. Prices start at 
$500. Micom Systems, Inc., 9551 Iron - 
dale Ave., Chatsworth, CA 91311. Circle 
number 52 on Reader Service Coupon. 

Analog Interface Systems- Computer Au- 
tomation offers a series of 17 analog in- 
put /output systems for its LSI Family of 
minicomputers. The modular analog -to- 
digital (ADC) and digital -to- analog (DAC) 
converters provide complete low -cost 
data acquisition. The systems are class - 

(Continued on page 102) 
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Electronics Theory Handbook looks at some of the newest CB rigs, 
antennas and accessories for you to use in CB contacts this year! 

Low Pass Filter 
To overcome the problem of CB rigs radi- 

ating harmonics of the same frequency as- 
signed to one or more of the local TV chan- 
nels, the Avanti AV -800 Low Pass Filter does 
the job of keeping channels 2 and 5 clean. 
Installed quickly in the coaxial line from the 
CB transceiver, the AV -800 has an imped- 

AV- EDOT.V. INTERFERENCE FILTER SOW PASS! 

FOR CITIZENS BAND RADIO USE. 

CIRCLE 49 ON READER SERVICE COUPON 

ance of 50 ohms, VSWR of 1.1:1, negligible 
line loss, and 3 dB cutoff frequency of 43 
MHz. Attenuation on channel 2 (54 MHz) is 
80 decibels. The unit has a capacity of 1000 
watts making it useful for hams, too! Price 
is $24.95. For more info, write to Avanti 
Research & Development, Inc., 340 Stewart 
Avenue, Addison, IL 60101. 

Now You See It, 
Now You Don't 

A new fully motorized retractable antenna 
for all 40 CB channels has been introduced 
by Sparkomatic. Priced to sell at $59.95. 

CIRCLE 55 ON 
READER SERVICE 
COUPON 

Sparkomatic's SA -301's many features in- 
clude: its complete retractability into trunk 
or fender well which deters theft, vandal- 
ism, damage from car wash; its frequency 
dividing coupler providing optimum AM /FM/ 
FM Stereo /CB operation. It eliminates the 
need for separate CB and radio antennas, 
and its high efficiency top loaded 4 section 
mobile antenna tunes easily by means of a 

threaded section at the tip of the antenna. 
The dash mounted switch gives fingertip 
control for extending or retracing the an- 
tenna, a built -in load prevents burn -out of 
power transistor, all internal elements are 
completely sealed against weather and cor- 
rosive road elements, and the unit comes 
complete with 17 -ft. of RG -58/U coaxial 
cable, all mounting hardware and connectors 
and easy -to- follow installation instructions. 
For more information, write to Sparkomatic 
Corporation, Milford, PA 18337. 

Noise -Cancelling Microphone 
Can't get the message through because of 

the noise around you? Then you may need 
the Mura Model DX -119, designed for use in 
high ambient -noise areas where ordinarily 
voice transmission is marred. With the DX- 

119, truckers, cabdrivers and mobile CBers 
can get their message across in spite of 
annoying background noise. Also, the DX- 

119's noise -cancelling properties will be 

beneficial for public address use in factories 
or stores where noise levels are relatively 
high. Unlike most noise -cancelling micro- 
phones, the DX -119 utilizes two cartridges 

CIRCLE 50 ON READER SERVICE COUPON 

wired 180 -degrees out of phase with each 
other for increased noise -cancelling effec- 
tiveness. The DX -119 can be wired for use 
with transceivers using either electronic or 
relay switching. The DX -119's high impact 
resistant case is designed to stand up to 
rough handling and normal abuse. The DX- 

119 comes complete with a 24 -month war- 
ranty, 5 -foot coiled cord and complete easy - 
to -read wiring instructions. It sells for 
$19.95. For additional information, write to 
Mura Corporation, Westbury, NY 11590. 

Indoor DC Power 
Bring a mobile CB rug into the house for 

base operation or testing, and trouble be- 

gins -you don't have a 13.7 VDC power out- 
let. Don't despair! Elenco Precision Model 

XP -50 Deluxe regulated, metered power sup- 
ply delivers 13.7 VDC at 3A with overload 
protection. It'll drive your CB rig, tape 

CIRCLE 63 ON READER 
SERVICE COUPON 

player, AM /FM car radio or other mobile 
equipment. No loss of RF output due to 
dropping DC voltage. Output DC current pro- 
tection minimizes serge current that may 
cause damage. Sells for $35.95. Write to 
Elenco Electronics, Inc., Northbrook, IL 

60062. 

Powered Antenna 
New from Radio Slack is a motorized, re- 

tractable Citizens Band radio antenna that 
"disappears" as a deterrant to theft when 
not in use. The 'Archer Motorized CB An- 

tenna extends to its full 33 inch length or 
retracts into the fender of your car at the 
flip of a switch. It can be easily wired to 

CIRCLE 32 ON 
READER SERVICE 
COUPON 

turn the CB radio on automatically when 
extended and off when retracted. The tele- 
scoping stainless steel antenna is powered 
by a rugged all -steel motor and drive system. 
No special tools are required for installa- 
tion, and the antenna comes complete with 
a toggle switch for dash mounting, 18 -foot 
coaxial cable and wiring harness and all 
mounting hardware. The Archer Motorized CB 

Antenna sells fcr $59.95. Available from 
Radio Shack stores and dealers 
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Think of op amp as a high gain amplifier 
capable 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 to reduce it to your requirements. 

Op Amps 
(Continued from page 69) 

voltage gain as listed on spec sheets). 
Input impedance (AC resistance) Zi 
and output impedance Zoi are shown in 
Fig. lb. 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 linear 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 
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 = 

Fig. 1A 
INVERTING 

INPUT 

VIN 

NON- INVERTING 
INPUT 

VOUT 

VOUT =VIN AVOL 

CIRCUIT SYMBOL 

Fig. 1B 

VIN 

CIRCUIT MODEL 

VOUT 

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 ICI. These are short -circuit 
proof and are internally frequency com- 
pensated to prevent oscillations. Switch 
SI may be simulated by a clip lead. 

Install disc capacitor Cl 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 
Ml. 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 
11 volts (an AA cell) for B1. 

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 Si 
at position A, the + input is grounded 
and meter M1 indicates zero. By rule 3, 
the - input is at virtual ground. There- 
fore, VOUT is also at virtual ground. 
With SI set to position B, the meter 
now indicates the voltage of battery BI, 
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 
AVCL, 

resulting closed -loop gain, or 
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 

Fig. 2 
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output resistances ZIN and Zo are much 
improved due to feedback. The resultant 
input resistance now equals Zi times 
Avot, or 400,000 megohms for the 741 
op amp! The resultant output resistance 
now equals Zoi divided by AvoL, 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. 

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 
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 RI, the - input and the output voltage must be 
equal and zero in this instance. 

With Si at position B, the + input is 
raised to 1.5 volts and the meter indi- 

MILLIAMETER RANGES 
OF VOM 

I-I /2V. 
#6 DRY CELL 

MOVING COIL METER 

t 

rr 
--, -L00-0HM`1HEOSTAT 

Circuit test and four simple rules of operation enhance understanding of op amps. 
You can construct an experimental test circuit on Vector's 38X Klip -Block board. 

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, VOUT 
equals 1.5 plus 3 or 4.5 volts. 

Closed -loop voltage gain AVCL equals 
1 + (Rf /Rr) or 3 in this case. Corn - 
pared with the unity gain circuit, actual 

If-- 

Fig. 5 
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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 + 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 i 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 Zits! 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 + 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- 
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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 
and the - input is termed the summing 
node or input. 

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 ItN 
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, VOUT, equals IIN 
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 the 
meter to zero. 

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, Ib may range 
up to .5 uA. The difference between 
the input bias currents at the two inputs 
is the input offset bias current Tio. This 
current is usually much smaller than 
Ib. Both Ib and lio 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 SI open, adjust 
the control until meter indicates zero. 

If Rr is small, and upon closing Si, 
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 
VOUT to zero. It is measured under 
open -loop conditions with very low 
value resistors at the input. For the 741, 

V+ R2 
1 MEG TO 3 MEG 

R1 

10K TO 50K 

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 Si 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. 

Op amp nulling circuits. 

R 
10K TO 20K 

VOUT 

5 

® 

Solid State Multivibrutors 
0 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 

Fig. 2 

I 

I OUTPUT -o, 
OSMV 

1 TRIGGER 
IN 

Fig. 3 

OUTPUT 

FF 

IN 

Fig. 4 

FLIP -FLOP LOW 

OUTPUT 

TRIGGER 
IN 

} 

START END 
TRIGGER TRIGGER 

HIGH 

`1 VOLTAGE BE ING "HIGH" IS 
A "MEMORY" OF A TRIGGER 
PULSE THAT OCCURRED 
SOMETIME IN THE PAST). 
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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 
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 
free -running multivibrator, the one - 
shot multivibrator, and the flip -flop. 
With these three basic circuit types 
under your belt, you can whip up any 
of the jobs a multivibrator is capable of 
doing. 

The free -running multivibrator is 
probably the type most familiar to the 
experimenter. It is very likely that the 
square wave generator or oscilloscope 
on his workbench has a free -running 
multivibrator buried somewhere in the 
instrument's circuit. The outstanding 

Fig. 5 
A BIASED -ON PULSE AMPLIFIER 

- 9V 

IN 

33K 150011 

2N404 
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A COUPLING 
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2N404 
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A COUPLING 
RESISTOR 
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characteristic of the free -running multi - 
vibrator -and the one from which it 
earns its name -is that it runs freely. As 
long as a power supply is connected to 
it, the free -running MV enthusiastically 
pumps out a never- ending stream of 
square waves. This feature consistently 
earns the title of the Most Popular Cir- 
cuit whenever John Q. Electronicsbuff 
needs square waves. See Fig. I. 

In contrast to the free -running MV, 
the one -shot multivibrator is a very 
reluctant beast. If fed DC from a power 
supply, it does not react by joyously 
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 
forgetful fellow. It, like the one -shot, 
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 
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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 corn - 
puters can be constructed. 

Some Basic Building Blocks. Circuit 
diagrams for these three basic multi - 
vibrators are surprisingly similar. 
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. 

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 value, 
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. R 

OP nip Oscillator 
Every experimenter's spare parts 

box has the necessary components for 
our Notch Filter I kHz Oscillator. It's 
suitable for testing audio equipment, 
signal tracing or tape recorder bias 
adjustments. Integrated circuit ICJ 

can be just about any operational am- 
plifier sold through "surplus dealers." 
The 1 kHz "notch filter" from the 
amplifier output to the inverting or 
negative ( -) input determines the 
output frequency. Notch Filter Oscil- 

lator's non -inverting or positive ( +) 
input is grounded. 

The power supply is bi- polar; use 
any voltage up to ±15 VDC. While 
resistor R5 is not needed in many 
instances, its use insures your Notch 
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Filter Oscillator project's success. 
Potentiometer R1 sets the output 
level; its maximum value will ap- 
proach the total power supply volt- 
age. If fine output control is desired, 

add potentiometer R6. 
When your Notch Filter Oscillator 

is connected to a DC circuit, connect 
a DC blocking capacitor in series with 
R6's wiper arm. If the oscillator is to 

drive circuits of less than 10K ohm 
impedance, substitute a 1 -uF non - 
polarized capacitor for C4, rated to 
the power supply's voltage. 

R2 R3 

C4 1---- R6 
I I 100K 

0UTPUT 

I0K 

FINE 
CONTROLLED 
OUTPUT 

PARTS LIST FOR 
NOTCH FILTER OSCILLATOR 

Cl, C2, C3- 0.005 -uF, 75 VDC 
capacitor 

C4- 0.1 -uF (see text) capacitor 
IC1- 741 -type operational amplifier 

R1- 10,000 ohms pot 

R2, R3- 47,000 -ohms, 1/2-watt 
resistor 

R4- 3,900 -ohms, '/z -watt resistor 
R5-10,000-ohms, 1/2-watt resistor 

(see text) 
R6- Potentiometer, 100,000 -ohms, 

audio taper (see text) 

Basic IC Amplifier 
O This general purpose amplifier tea - 
tures a power gain of 100 (20dB) 
and can be used as a preamplifier for 
a microphone, reoeiver, signal tracer; 
etc. The IC is internally compensated, 
providing stable performance with a 
flat frequency response to about 10 
kHz with a gradual roll -off to 20 
kHz. The overall gain can be reduced 
to 10 by increasing the value of R2 
to 100,000 -ohms. IC 1 is available in 
several different packages; use the one 
most convenient for your particular 
component layout. R3 connects to the 

PARTS LIST FOR 
THE BASIC AMPLIFIER 

C1- 0.1 -uF Mylar capacitor, 25 VDC 
IC1 -Type 741 operational amplifier 
R1, R3 -1 megohm,' -watt resistor 
R2- 10,000 -ohm, '/s -watt resistor, 

(see text) 

RI. 

I MEG 

non -inverting ( +) input of 
R1 between the output and 
verting ( -) input. No pin 

the IC, 
the in- 
connec- 

tions are given because the IC is 
available in many different configura- 
tions. 

IC Photo Tuner 
You can spend $50 to $125 for a 

photo- enlarger timer but chances are 
you're not going to get more than a 
fancy version of this easy -to -build 
circuit. If you use a DPDT relay, as 
shown, your safelights can be wired 
to turn on when the enlarger turns 
off and vice versa. 

If R2 is 1- megohm the timer's 
range is about 1 to 110 seconds. If 
R2 is 1.5- megohms the timer's range 
is approximately 1 to 165 seconds. 
The precise range will be determined 
primarily by C2's accuracy, so use a 
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reasonably good quality capacitor for 
C2, but don't get a precision or MIL - 
spec part; it's not necessary. 

If you use a low current relay for 
RY1, say less than 100 -mA at 6- 
VDC, you can eliminate Q1 and con- 
nect the relay directly from IC termi- 
nal 3 to ground. If you use a heavy - 
duty relay, as high as 300 -mA at 
6- volts, use Q1. The power input 
should be 6 -volts (doesn't have to be 
regulated) at 300 -mA, or 500 -mA for 
a heavy -duty relay. We suggest any 
popular -brand low cost relay, such as 
P &B, Magnacraft or Calectro. 

Potentiometer R2 should be linear 
taper. After the timer is assembled 
attach a large pointer knob to RI's 

PARTS LIST FOR 
Resistors Y2 watt, 10 %, unless 

otherwise specified. 
R1-10,000-ohms 
R2 -1.0- or 1.5- megohm linear 

taper potentiometer (see text) 
R3- 22,000 -ohms 
R4- 560 -ohms 
Capacitors rated 6 -VDC or higher 
C1- 100 -uF electrolytic 
C2- 100 -uF electrolytic (see text) 

PHOTO TIMER 
C3- 0.01 -uF capacitor 
ICI- Integrated circuit timer type 

555 (any package) 
Q1 -NPN transistor, Radio Shack 

276 -2030 or equiv. 
131- Silicon rectifier, 1N4003, 

equiv. or higher PIV rating. 
RY1 -6 -VDC relay, see text 
Sl -N.O. push -button or momentary 

contact switch. 

shaft, and using an electric clock with 
a sweep second hand as a reference, 
calibrate timing control R2. 

If the unit is assembled in a metal 
cabinet use a three -wire linecord to 

ground the cabinet. If you use an all 
plastic cabinet with no exposed metal 
hardware that can be touched you can 
use a two -wire linecord. 

Next Horizon -Microwaves 
El IN THE 30 -ODD YEARS since World 
War II, the electromagnetic spectrum 
has been gobbled up faster than a 
bushel of bananas at a monkey Bar 
Mitzvah. The sad truth of the matter: 
the demand for frequencies has been 
growing faster than technology has 
been able to supply them. 

Some parts of the radio spectrum are 
already overcrowded; others are rapidly 
becoming saturated to the point of 
bursting. To make matters worse, new 
communications techniques will mean 
that additional services will soon be 
clamoring for spectrum space as well. 

Highway safety systems of the fu- 

turd., for example, will require frequen- 
cies for computerized traffic control, 
automatic guidance systems, visual and 
audible hazard warnings, and highway 
sign control. Picturephones, now being 
developed by Bell Laboratories, will 
also require spectrum space for their 
operation. And these are but two drops 
of the torrent expected to engulf the 
.spectrum as we know it. 

Expert Opinion. How will the prob- 
lems created by frequency congestion 
be solved? Experts differ, and many 
solutions have been proposed. One re- 
port was prepared by some 200 of the 
nation's top telecommunications experts 

and took four years to complete. The 
6 -1b., 1200 -page document, Spectrum 
Engineering -The Key to Progress, deals 
with the manner in which the spectrum 
is now being utilized, as well as the 
technical aspects of using it even more 
efficiently. The report also recommends 
increased research to find ways to better 
utilize those parts of the electromagnetic 
spectrum that are now largely unused. 
In particular, the sparsely used micro- 
wave portion of the spectrum, because 
of the vast amount of space available 
in that range, appears to be the last 
frontier in what is otherwise a morass 
of congestion. 

(A) 
PLANE 

SHEET REFLECTOR 

(B) 
CYLINDRICAL 

PARABOLIC REFLECTOR 

Fig. 2. Microwave antennas. Reflector 
antennas above intercept microwave 
energy, reflect it to dipole elements. 
Shown are a) plane sheet reflector, 
b) cylindrical parabolic reflector, 
c) corner reflector, and d) paraboloid 
reflector. Horn antennas at right gather 
energy, transmit it to antenna elements, 
which are not shown in drawings. 

(C) CORNER REFLECTOR 

(D) PARABOLOID REFLECTOR 

Y 

(A) EXPONENTIALLY 
TAPERED PYRAMIDAL 

IC) EXPONENTIALLY 
TAPERED 

(B) PYRAMIDAL 

(D) CONICAL 
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Frequency -wise, the microwave por- 
tion of the spectrum extends from 1000 
MHz to the far infrared range of elec- 
tromagnetic radiation, up to frequencies 
of 300,000 MHz! Imagine! Two hun- 
dred and ninety -nine thousand MHz of 
spectrum space! When we consider that 
the entire shortwave spectrum corn- 
prises a paltry 27 MHz, we realize 
what a bonanza the full use of the 
microwave region would be, to commu- 
nications. 

Evidence indicates that in the years 
to come a great deal of research and 
development will be concentrated in 
this portion of the spectrum. If so, 
chances are that terms such as tropo 
scatter, magnetron, klystron, TWT, and 
waveguide will be as common as iono- 
sphere, diode, and transmission line are 
to communications today. 

Because microwaves truly represent 
the waves of the future, let's take a 
closer look at them so we can get a 
better understanding of their potential. 
Many telecommunications experts be- 
lieve that microwaves will bring about 
a communications revolution before 
long. Here's why. 

Microwaves have wavelengths that lie 
between those of radio waves and of 
ordinary light -30 centimeters to 1 mil- 
limeter. Because of this, they display 
characteristics that are common to both. 
Like radio waves, their generation stems 
from the use of low- frequency systems, 
and they can be modulated to carry 
intelligence, such as voice, Teletype, pic- 
tures, etc. 

And like light, they travel in straight 
lines, are blocked by most solid objects, 
are affected by the weather, and can 
be focused and beamed in an optical 
system. 

Tropo Scatter. Fig. 1 shows how 
microwaves are propagated. As anyone 
who has driven through a fog at night 
knows, the light from the headlights 
striking the fog is scattered and dis- 
sipated. Similarly, microwaves traveling 
through the Earth's lower atmosphere 
(the troposphere) are scattered. This 
scattering enables the transmission of 
some signals far beyond the Earth's 
horizon. Unlike shortwave signals, 
microwaves aren't affected by the iono- 
sphere and pass completely through it. 
Tropospheric, or tropo, scatter is there- 
fore the only means of transmitting 
over relatively long distances without 
the use of intermediate repeater stations. 

A number of military scatter circuits 
are currently in operation, including 
one across the Pacific Ocean in island - 
hopping fashion, and one across the 
Arctic, linking our early warning radar 
stations. Significantly, the distance for 

Fig. 1. Microwave propagation. Micro- 
waves are propagated in straight line, 
from transmitter to receiver, or to 
satellite. They are also scattered in 
troposphere, which explains why they 
can be transmitted to locations which 
lie well beyond horizon. 

TRANSMITTER RECEIVER 

a microwave scatter "hop" varies with 
the frequency. But at 1000 MHz, hops 
of several hundred miles are possible. 

Commercial microwave scatter links 
are also in operation. One such link 
provides 72 telephone circuits between 
Miami and the string of islands called 
the Bahamas. 

Unfortunately, the energy transmitted 
by tropo scatter is extremely small. Be- 
cause of this, high -power transmitters 
and high -gain antennas are required for 
successful communications. 

Repeater Circuits. A second method 
of propagation is via line -of -sight 
transmission. In such circuits, the 
microwaves travel in essentially straight 
paths direct from the transmitting an- 
tenna to the receiving antenna. In gen- 
eral, the transmitting and receiving an- 
tennas are spaced about 30 miles apart. 

Energy entering the receiving an- 
tenna is often amplified and retrans- 
mitted to another repeater, some 30 
miles further away. In practice, the dis- 
tance between transmitting and receiv- 
ing antennas is slightly greater than true 
line -of -sight distance because some 
bending of the signal occurs as it passes 
through the lower atmosphere. 

Numerous microwave networks, 
making extensive use of repeaters are 
in operation within the U.S. Many of 
these run from coast to coast. 

Satellite Relays. In addition to tro- 
po scatter and repeater circuits, another 
use of microwaves involves satellites to 
relay the signal to some distant point 
on Earth. All new -generation COMSAT 
communications satellites operate in 
the microwave portion of the spectrum, 
enabling the transmission of a great 
deal of information. Ground stations 
receiving this microwave energy require 
the use of elaborate antenna systems 
because the incoming signal is very 
weak. 

Antennas. Since antenna elements 
are proportional to the wavelength of 
the radiated signal, microwave antennas 
lend themselves to designs that would 
be unwieldy at lower frequencies. A 

half -wave dipole operating the 6 -MHz 
band, for example, is roughly 25 meters 
long. At 1000 MHz, a half -wàve dipole 
antenna is 15 centimeters ( about 6 
in.) long. And at 10,000 MHz, an an- 
tenna element less than an inch long 
can be used. 

As a result, a wide variety of exotic 
shapes and sizes of antennas have been 
developed; some of these are shown in 
Fig. 2. In general, all microwave an- 
tennas are designed to gather as much 
energy as possible. The reason is that 
some microwave signals, particularly 
those coming from satellites or over 
scatter circuits, are very weak. 

Because of the large number of an- 
tenna elements that can be used for 
transmitting or receiving microwave sig- 
nals, antenna gains of the order of 30 
dB and more are possible. This enables 
the reception of very weak signals over 
vast distances. The Mariner 9 space- 
craft, for example, transmitted tele- 
vision pictures over a distance of ap- 
proximately 60 million miles! 

Microwave Oscillators. Special tubes 
have been developed to produce micro- 
wave energy because ordinary vacuum 
tubes dona work effectively at frequen- 
cies in the microwave range. In a 
vacuum tube, electrons travel between 

ANODE BLOCK CAVITY 
RESONATORS 

OUTPUT 
COUPLING 
LOOP 

HEATER 
LEADS 

. CATHODE 
COAXIAL CABLE 

Fig. 3. Magnetron. Electrons from cathode 
move in circular orbits inside tube, 
generating microwaves in cavities. Tube 
is actually diode in structure, requires 
external magnet to provide magnetic field. 
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Fig. 4. Klystron. Electrons passing 
between electrodes are bunched at regu- 
lar time intervals by changing voltages. 
Electron beam passes opening of cavity, 
produces microwave oscillation or 
amplification. 

the electrodes. At microwave frequen- 
cies, the electrons oscillate so rapidly 
that they change directions before 
they've been able to pass from one 
electrode to another. As a result, the 
electrons literally get hung up within 
the tube. 

Solving this problem introduces an- 
other: at microwave frequencies, capa- 
citance between the electrodes tends to 
short out the elements in the tube. To 
cut the capacitance, the spacing between 
electrodes can be increased. But this 
makes the first problem of electrons not 
getting from one electrode to another 
even greater. 

To overcome these stumbling blocks, 
tubes of a radically different design 
have been developed. Three of these, 
the magnetron, the klystron, and the 
travelling -wave tube (TWT) are shown 
in Figs. 3, 4, and 5. 

The Magnetron. A resonant cavity 
is responsible for the magnetron's ability 

to produce microwave energy. Each 
cavity has a characteristic resonant fre- 
quency depending on the inductance of 
the walls of the cavity and the capaci- 
tance due to spacing between the walls. 
Thus, the cavity resembles a simple 
tank circuit that employs capacitances 
and inductances to form a resonant 
circuit at a particular frequency. 

The magnetron of Fig. 3 has a series 
of cavities, and the entire tube is oper- 
ated between the poles of a powerful 
electromagnet not shown here. The 
cathode emits electrons which travel in 
circular paths because of the influence 
of the magnetic field. The shape of the 
tube is such that the electrons graze 
the openings of thé cavities, passing 
energy to them and setting them into 
oscillation. 

Magnetrons can be made to deliver 
pulses of very high power, but they 
have two limitations. First, they require 
a heavy magnet to propel the electrons 
in circular orbits inside the tube. Sec- 
ond, the cavities are extremely small at 
higher frequencies, making manufacture 
difficult. 

The Klyston. Illustrated in Fig. 4, 
the klystron doesn't require. a magnet 
because electrons travel a straight line 
within its electrodes. Grid voltages are 
adjusted so that bursts of electrons flow 
past the cavity openings only at certain 
times. These bursts are synchronous 
with the resonant frequency of the 
cavity, and the electrons transfer their 
energy to the cavity, developing high 
power oscillations inside the cavity. The 
process has been compared with the 
periodic pushing of a swing to make it 
go higher. 

Klystrons can operate at frequencies 
well above 100,000 MHz, but at these 
frequencies output power is very low. 

The Traveling -Wave Tube. A very 
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Fig. 5. Traveling -wave tube (TWT). 
Though it delivers much less power than 
either magnetron or klystron, traveling 
wave tube is most versatile of microwave 
oscillators. Some TWTs in existence are 
capable of pumping out over 100 watts 
at 10,000 MHz. 
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convenient device for space applica- 
tions is the traveling -wave tube (TWT), 
which amplifies or generates microwave 
energy with very low noise and high 
sensitivity. Shown in Fig. 5, the tube 
consists of a narrow evacuated tube 
with a wire helix wound around it. A 
beam of electrons is sent along the in- 
side of the tube while the signal to be 
amplified is fed into the helix. 

By controlling the speed of the elec- 
tron beam, the energy of the beam is 

passed to the signal in the helix, thus 
amplifying .it. Similarly, by feeding 
pulses of energy into the_helix, it will 
generate microwaves by amplifying the 
pulses 

The traveling -wave tube can be tuned 
over a wide range of microwave fre- 
quencies and is very sensitive. Its dis- 
advantage is that it delivers much less 
power than magnetrons or klystrons. 

Waveguides and Cables. At micro- 
wave frequencies ordinary wire can't 
be used to transmit energy because the 
values of inductance and capacitance 
in the wire combine to block any cur- 
rent flow. To allow for transmission of 
microwave energy through transmitter 
and receiver circuits, new components 
had to be developed to carry the energy. 
Coaxial cable and waveguides were 
found to carry microwave energy 
efficiently. 

Coax, as you may know, consists 
of a wire surrounded by a dielectric, or 
non -conducting material, such as poly- 
ethylene, surrounded by a cylindrical 
outer conductor. Microwave energy 
flows through the dielectric between the 
inner and outer conductors. 

In contrast, waveguides are usually 
rectangular tubes which conduct the 
microwave energy within their walls. 
The tubes can be bent into many shapes 
without affecting their ability to carry 
microwave energy. 

In both coaxial cable and wave - 
guides, dimensions are highly critical 
and depend on the frequency to be 
transmitted. With both types of con- 
ductor, efficiency and power -handling 
capacity diminish with increasing fre- 
quency. 

The Future. Of the 299,000 MHz 
available in the microwave region of 
the spectrum, only some 10% is now 
being used, and much of this is still 
experimental. Essentially, the problems 
are generating power at frequencies of 
10,000 MHz and above, and of de- 
veloping components that will operate 
at frequencies of 30 to 40 GHz and 
higher (1 GHz equals 1000 MHz) . 

A great deal of research is now go- 
ing on in an effort to develop techniques 
and materials that will produce useful 
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results at the mid- and upper -end of the 
microwave region. Experimentation in- 
volving solid -state devices is being suc- 
cessfully conducted in hundreds of 
laboratories. The general feeling is that 
technology will continue to expand the 

useful range of frequencies in this 
region of the spectrum. 

Most of these studies are being 
financed by the government, and they 
are costly. But progress has been steady 
and hardly a week passes without some 

news of another breakthrough in this 
vast region of the spectrum, advancing 
the state of the art and pushing the fron- 
tiers of usable spectrum space ever 
higher. 

Frequency Modulation 
If you're a regular reader of ELE- 

MENTARY ELECTRONICS you probably 
know modulation puts information 
(words, music, or other desired infor- 
mation) on a radio frequency carrier 
wave. You also know that messages 
can be sent by making changes in some- 
thing, such as changes in smoke - 
smoke signals; changes in drum beats - 
"talking" jungle drums; changes in the 
number of lanterns in a church steeple, 
-Paul Revere's friend; or by changing 
amplitude of a carrier wave -amplitude 
modulation. But amplitude changes are 
not the only way a radio (carrier) wave 
may be changed to send messages. You 
also know that messages can be sent by 
changing the carrier's frequency -fre- 
quency modulation, or its phase -phase 
modulation. This article tells us how 
these two modulation methods carry 
the message, and describe simple elec- 
tronic hardware for the purpose. 

Simple Changes for Simple Messages. 
The simplest possible AM signal con- 
sists of a sudden shift in the amplitude 
of the carrier, as shown in Fig. 1. Simi- 
larly, the very simplest FM signal is 

DE 'I1II111,1, 

ORIGINAL 
AMPLITUDE 

AMPLITUDE 

Fig. 1. Modulation of a radio frequency 
carrier wave by changing amplitude. 

ORIGINAL RADIO 
FREQUENCY(7 MHZ) NEW RF (3.5 MHZ) 

Fig. 2 Modulation of a radio frequency 
carrier wave by changing its frequency. 
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made by causing a sudden shift in the 
frequency of the carrier, as shown in 
Fig. 2. 

Practical AM communication systems 
for speech and music make the carrier 
amplitude shift smoothly up and down, 
so that the tips of the carrier wave con- 
form to the shape of the audio wave- 
form. This is shown in Fig. 3. By this 
means the modulated radio frequency 
carrier wave conveys the audio (infor- 
mation) to a distant receiver. If this 
audio waveform were supplied to a FM 
transmitter, there wouldn't be any am- 
plitude changes. Instead, the frequency 
itself (the radio frequency carrier wave) 
is pulled smoothly back and forth, high- 
er and lower, in accordance with the 
audio signal, as shown in Fig. 4. 

The Walking Carrier. If the audio 
frequency were low enough -say, for ex- 
ample one hertz (cycle -per- second) we 
could actually "see" the carrier moving 
back and forth -walking up and down 
on the dial of the receiver (if we con- 
stantly retuned the dial pointer cor- 
rectly). This is shown in Fig. 5. Notice 
in that drawing that the back -and -forth 
motion of the carrier reproduces the 
original audio waveform (which hap- 
pens to be a sine wave in this simple 
example). It's a one hertz back -and- 
forth motion. If we increase the audio 
frequency to 3 Hz, the carrier will 
"walk" rapidly back and forth at a 3 -Hz 

AUDIO SIGNAL 
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700KHz RF MODULATED RF 
CARRIER CARRIER 

Fig. 3. Amplitude modulation by a musical 
note produces changes in the size of the 
carrier wave. 

rate. 
But seeing the carrier move back and 

forth on a hypothetical tuning dial won't 
let us hear sound. How can we take this 
back -and -forth carrier motion and con- 
vert it back to the original audio wave? 

FM Detection Via an AM Detector. 
Surprisingly enough: there is a way to 
use an ordinary AM envelope detector 
(very similar to the rectifier of a power 
supply) to make this conversion. To un- 
derstand how this is done, we must first 
understand that the frequency -selecting 
circuits of a receiver -the circuits that 
allow us to listen to one station and ex- 
clude all others -normally give a slop- 
ing shape to the "window through 
which the desired station is allowed to 
pass as shown in Fig. 6. 

We all know from experience in tun- 
ing ordinary AM receivers that if we 
don't tune right on the station, the sig- 
nal will sound weaker than it should. 

MINIMUM 
AUDIO SIGNAL 

MAXIMUM 
AUDIO SIGNAL 

AUDIO 
SIGNAL 

FM 
CARRIER 

VIY 
l i ;II .,II' III 

I 

HIGH 
AUDIO FREQUENCY 

LOWEST AUDIO 
FREQUENCY 

Fig. 4. Modulation of carrier wave by audio. 

CARRIER "WALKING" BACK 
AND FORTH 

REST ° POSITION OF 
CARRIER. (N O MODULATION) 

Fig. 5. Modulation of carrier wave changes 
its frequency so that it could, theoretically, 
be received by rapid retuning of a 

standard (AM) set's dial. 
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This happens because the sloping edges 
of the frequency -selective window start 
chopping off (attenuating) the signal, 
as shown in Fig. 7. 

But, what if the desired signal is an 
FM signal -walking back and forth on 
the dial -and we deliberately mistune so 
that the center of the "walk" is half -way 
down the slope? As you can see in Fig. 
8, the back -and -forth carrier motion 
causes the signal to become alternately 
strong and weak -which is amplitude 
modulation! And, since the strengthen- 
ing and weakening takes place at the 
audio rate, the slope of the frequency - 
selective circuit has converted the FM 
wave to an AM wave which may be 
detected with a simple AM detector! 
See Fig. 9. This is called slope detec- 
tion, or side -tuning detection. It is not 
the most commonly -used FM- detection 
scheme, but its method forms the basis 
for more sophisticated FM- detecting 
techniques. If you understand slope de- 
tection, you will easily grasp the more 
elaborate arrangements found in text- 
books and receiver schematic diagrams. 

Making FM. Figure 10 shows a prac- 
tical schematic diagram for an oscil- 
lator. If we were to build this oscillator 
and apply the correct voltages, it would 
generate a carrier which could be re- 
ceived on a nearby receiver. Its carrier 
would appear on the receiver dial at a 
place determined by the values we 
choose for inductor L and capacitor C. 

FREQ. SELECTIVE WINDOW 
MISTUNED 

DESIRED SIGNAL WEAKENED 
BY MISTUNING 

Fig. 6. Tuning circuits of AM receiver 
permit reception of a narrow set of 
frequencies and exclude those on side. 

WINDOW TUNED 
ALMOST TO 
ANOTHER 
STATION 

FREQUENCY SELECTIVE 
WINDOW TUNED TO 
DESIRED STATION 

EXCLUDED EXCLUDED 
STATION STATION 

DESIRED 
STATION 

Fig. 7. If tuning circuits are tuned off to 
one side, the strength of the signal received 
is impaired. 
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If we vary either L or C, the carrier 
will shift to a new location on the dial. 
In the diagram, C is shown to be a vari- 
able capacitor. Shifting the value of C 
by turning the variable- capacitor knob 
will cause the carrier to appear at a new 
location on the receiver dial. 

If we could attach a microphone's 
diaphragm to the variable- capacitor 
knob, as shown semi -schematically in 
Fig. 11, the sound waves striking the 
diaphragm would rock the capacitor 
back and forth rapidly, causing the re- 
ceived carrier to "walk" back and 
forth on the receiver dial -in short, the 
oscillator will be frequency -modulated. 

Of course, no one makes an FM 
transmitter in such a crude mechanical 
fashion. In the first place, the amount 
of walk -the distance the carrier could 
deviate from its rest frequency -would 
be very small. In addition, the higher - 
pitched audio sounds couldn't possibly 
rock the capacitor, so no high notes 
would get through -the result would be 
very lo-fi. 

There are a great many practical ways 
to build an FM transmitter, and a great 
many books which tell about them. One 
very simple, practical system uses vari- 
able- capacity diodes -a type of diode 
which actually can act as a capacitor 
whose value can be varied by applying 
a varying voltage to it. The system is 
shown in Fig. 12. 

SIGNAL APPEARS WEAK 
AT LOW FREQUECIES 

SIGNAL APPEARS 
STRONG AT HIGH 
FREQUENCIES 

THIS CHANGES 
THE FREQUENCY 
MODULATION 
INTO AN 
AMPLITUDE 
MODULATION 

FM SIGNAL 
"WALKING" BACK 

AND FORTH 

Fig. 8. Tuning circuits of standard AM 
receivers have sloping- shaped response 
which permits reception of frequency - 
changing carrier waves. 

ORIGINAL 
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Fig. 9. Careful tuning of selective circuits 
combined with AM slope detector permits 
reception of FM signals. 

The two diode symbols with variable 
capacitor symbols to indicate variability, 
are the variable- capacity diodes, also 
known as varactors. Their value varies 
according to the audio voltage fed to 
them. They produce the same effect as 
rocking a variable- capacitor knob with 
a microphone diaphragm, only they can 
respond to higher sounds, and can also 
walk (deviate) the carrier much farther. 

Modulation Without Limit. In AM 
there is a limit to the loudness of the 
sound which an amplitude- modulated 
carrier can handle. We call this limit 
"100 per cent" modulation, and show 
its wave form in A of Fig. 13. A louder 
signal would cause overmodulation, and 
would look like B in Fig. 13, where the 
received signal can be seen to be dis- 
torted. Is there a corresponding limit for 
an FM wave? Where does "100% mod- 
ulation" occur in FM? 

There is no such limit on FM. We 
can "walk" (deviate) the carrier far- 
ther and farther from its rest position. 
The farther we deviate, the more the 
signal become immune to interferences 
from lightning disturbances, automobile 
ignition systems, and the like. However, 
the farther we deviate the carrier, the 
more channel space is gobbled up by 
the signal. The practical limit on FM, 
then, is set by how much channel space 
we are willing to trade in return for 
freedom from interference. A present - 
day FM broadcast station takes up 
many times the channel space of a 
standard AM broadcast station, and it 
is correspondingly more free of noise 
and interference. 

Fig. 10. Diagram of simple transmitter. 

L MIKE 
DIAPHRAGM 

Fig. 11. Simplified scheme for varying the 
capacity in a transmitter's tuned circuit 
to change its frequency in accordance 
with sound waves. 
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FM- Another View. In Figure 5 we 
visualized FM resulting from a 1 -Hz 
"audio" signal as a carrier shifting slow- 
ly back and forth around its rest (un- 
modulated) position. This is easily visu- 
alized for a 1 -Hz signal, but what 
happens when we apply a flute sound at 
700 -Hz to an FM transmitter? We can, 
if we wish, think of a carrier buzzing 
rapidly back and forth at a 700 -Hz rate. 
But this is rather awkward, and we find 
ourselves asking if there's another way 
to visualize this signal. For example, 
does an FM signal have sidebands? Can 
we visualize FM as a non- moving, non - 
walking carrier surrounded by side- 
bands, just like AM? 

Surprising as the idea may seem, it is 
true. We can visualize FM either as a 
carrier swinging back and forth at, say, 
a 700 -Hz rate, or we can visualize it as 
a completely non -moving carrier, fixed 
at one frequency, but surrounded by 
sidebands. 

Which picture is right? Either one, 
depending on what aspect of FM we 
are trying to understand. After all, 
none of these pictures of sidebands, 
carriers, and waveforms actually exist. 
They are merely ways to help us visual- 
ize what's happening to the electrons 
scurrying around in our circuits. 

AUDIO INPUT 

o 

Fig. 12. Simplified schematic showing 
scheme for varying the frequency of 
carrier wave. Audio voltage applied to the 
two varactor diodes changes value of 
capacitance in tuning circuit. 

Sidebands and FM. Let us ask our 
flutist to play his 700 -Hz tone into the 
microphone of an FM transmitter, while 
we watch what happens on our imagin- 
ary receiver dial which lights up wher- 
ever there's a carrier or sideband. Be- 
fore the flutist begins to play, we see the 
carrier sitting at its rest frequency (Fig. 
14A), and as he begins to play- softly- 
we note that a side frequency appears 
on each side of the carrier, 700 Hz 
away -just as in AM (See Fig. 14B). 

However, we note in B of Fig. 14 
that the lower sideband is inverted - 
dangling below the base line. This sig- 
nifies that its phase is inverted from the 
"normal" side frequency of an AM sig- 
nal. 

We can also see in B of Fig. 14 that 
the line representing the carrier be- 
comes shorter as the flute begins to 
play, indicating that the carrier loses 
some of its strength (amplitude) as the 
sidebands gain amplitude. You might 
expect this, since the total amplitude 
doesn't change in FM- remember Fig. 4 
-so as one part (the sidebands) gets 

UNMODULATED 
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CARRIER SMALLER 
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700 
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Fig. 14. Spectrum display of FM (or on 
radio tuning dial) shows single carrier 
frequency when no audio modulation is 
present (A). When a 700 -Hz audio tone 
modulates the carrier wave (B) it takes 
power from the carrier to produce 
sidebands 700 Hz on either side. 
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Fig. 13. When audio signal is suffic ently 
loud it modulates the carrier wave 100 
percent (A). When audio signal is too loud 
it produces distortion of the carrier wave 
through overmodulation (B). 
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larger, the other part (the carrier) must 
get smaller. 

More Sidebands to Come! But that's 
not the whole story, yet. If we ask the 
flutist to play a little louder, we find 
that -as we might expect -the carrier 
line gets even shorter and the two side 
frequencies appear, at 2 x 700 = 1400 
Hz away from the carrier! See Fig. 15. 
As the flutist plays louder, the carrier 
gets even smaller, the side frequencies 
get even larger, and- another surprise - 
a third set of side frequencies appears 
at 3 x 700 = 2100 Hz from the carrier! 
And, again, the lower side frequency of 
the pair is inverted. See Fig. 16. 

How long can this go on, with side- 
bands multiplying like rabbits, and the 
carrier shrinking toward extinction? In 
our example, it's limited only by how 
loudly the flutist can play -and, of 
course, we can add an amplifier to his 
flute and go on almost without limit, if 
we don't mind gobbling up channel 
space. As the flutist plays louder and 
louder, we will get side frequencies at 
4 x 700 = 2800 Hz, 5 x 700 = 3500 
Hz, 6 x 700 = 4200 Hz, 7 x 700 = 
4900 Hz, and so on. What's more, the 
odd multiples -3 x 700, 5 x 700, 7 x 
700, and so on -will have one of the 
pair upside down- dangling below the 
base line. 

And the carrier? It can actually shrink 
to zero, and reappear beneath the base- 
line, indicating it has reversed its phase. 

Do all the sidebands go on growing, 
without limit? Fortunately, no. By the 
time the carrier has shrunk to about half 
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Fig. 15. Modulation by a louder audio tone 
produces a second set of sidebands - 
further power will be drawn away from 
the main carrier wave. 
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Fig. 16. Additional modulation produces 
yet another set of sidebands, reducing 
amplitude of carrier even further. 
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its unmodulated size, the two sidebands 
closest to it stop growing and start 
shrinking. And, when the flute is so 
loud that the carrier has reversed and is 
dangling well below the baseline, the 
next set of sidebands -the ones 1400 Hz 
from the carrier -start shrinking. And 
shortly thereafter, the ones at 2100 Hz 
start shrinking. Sound complicated? 
Maybe a picture will help. Fig. 17 is a 
graph of the behavior of the carrier and 
two sets of sidebands, showing what 
happens as the flute plays louder and 
louder. 

By tracing out the carrier line on the 
graph, you can see it shrink, vanish, in- 
vert, grow, shrink again, and vanish 
again, re- invert, and so on. Similarly, 
you can see the first two sets of side- 

FM CARRIER AND SIDEBANDS 

MODULATION MAY 
INCREASE WITHOUT LIMIT 

FLUTE GETTING LOUDER 

Fig. 17. Graphical representation showing 
progressively louder modulation taking 
more power from the carrier and putting it 
into the sidebands. 
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Fig. 18. Each AM sideband can become 
only half as big as the carrier, no more. 
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Fig. 19. Phase modulation introduces 
momentary delay (shown here) or advance, 
in phase of carrier. Actual audio wave 
would produce thousands of advances and 
delays each second. 
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bands (700 Hz and 1400 Hz) going 
through the same sort of changes. For 
comparison, we have also sketched the 
graph for an AM case in Fig. 18, which 
shows the single set of sidebands grow- 
ing to the 100 percent modulation point, 
which is the AM limit. 

Advantages of FM. There is no ques- 
tion that FM is a more complex way of 
sending a message -at 'least so far as 
sidebands are concerned. But in return 
for this complexity, we obtain a signal 
which is more immune to such distur- 
bances as lightning, electric motor 
sparking, and so on. In addition, two 
FM stations on the same frequency will 
not interfere with each other, because 
the FM receiver will receive only the 
stronger of the two -never both. This is 
a decided advantage, particularly for 
car radios. 

Phase Modulation. In addition to am- 
plitude and frequency modulation there 
are other methods of modulation. One 
of these, which is similar in many re- 
spects to FM, is phase modulation. This 
actually is a specialized form of FM, in 
which the changes in the frequency of 
the carrier wave occur briefly, as phase 
delays and phase advances, as shown in 
Figs. 19 and 20, respectively. These ac- 
tually are the same as the frequency of 
the carrier being changed, momentarily. 

Here, as you can see in Fig. 20, the 
distance Q between peaks at the point 

PHASE ADVANCE 

d d Q d d 

Fig. 20. Phase modulation produces delays 
alternately with advances in the phase of 
the carrier. 
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Fig. 21. Square wave modulation (A) of an 
FM carrier produces two frequencies (B) 
of carrier wave. FM receiver detector 
produces square waves (C) from the 
modulated carrier. 

of phase advance is smaller, indicating 
that, for an instant, the frequency be- 
came higher. 

There are, then, two directions of 
phase change -one, a delay, which 
causes a momentary lower frequency, 
and the other, an advance, which 
causes a momentary higher frequency. 

If a square wave, Fig. 21A, was fed 
to an FM transmitter it would modulate 
the carrier wave as shown in B of Fig. 
21, and the output of the FM receiver 
would change only momentarily, and 
the output of an FM receiver convert- 
ing this carrier to audio would resemble 
the waveform of Fig. 22C. However, by 
changing the detection system of the 
FM receiver to that of a phase- detecting 
system we could extract . audio wave- 
forms from the phase -modulated car- 
rier identical with the original audio 
square wave. In other words, if we feed 
audio to an FM transmitter through an 
appropriate RC network, we have a PM 
transmitter, and if we receive this PM 
signal on an FM receiver to which we 
have added an inverse RC network, we 
have a PM receiver. 

There are other methods of modula- 
tion more exotic than phase modulation, 
but they are not in widespread use at 
the hobby level at this time. The next 
time you tune in an FM station, you 
should have a better appreciation of 
the bouncing carriers and flickering 
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Fig. 22. Applying same square (as Fig. 21) 
audio wave signal to phase -modulated 
carrier wave produces phase modulation 
(A). Output of FM detector receiving 
phase -modulated signal produces output 
only at each transistion of the audio 
(square) wave (B). 

multiple sidebands that bring you the 
speech and music. And when you press 
the PTT switch on your CB rig, you'll 
have a better feel for the pulsating 
waveforms which dance from transmit- 
ter to receiver. When you flip the chan- 
nels of your TV set . . . would you 
believe, it's not single -sideband, but one - 
and -a -third sidebands? And that's an in- 
teresting story, too, but a story for an- 
other day. 
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Action's Outside the Currier 
E ALL COMMUNICATION is by means of 
change, or modulation of some kind, 
whether it's electronic communication, 
smoke signals, or the lanterns in the 
Old North Church in Boston which 
sent Paul Revere on his famous mid- 
night ride 200 years ago. There are 
three basic ways a carrier can be 
changed, or modulated, to convey infor- 
mation' from a radio transmitter to a 
radio receiver. These three ways are 
AM, FM, and PM (Amplitude Modula- 
tion, Frequency Modulation, and Phase 
Modulation). For a close look at how 
AM works, see the sketches of wave- 
forms and discussion in the January/ 
February 1976 issue of ELEMENTARY 
ELECTRONICS. That article also explains 
how the detector converts the ampli- 
tude modulated radio frequency (RF) 
carrier wave back into audible sound 
signals (audio). 

But examining waveforms is not the 
only way to gain an understanding of 
AM. If we look, instead, at what hap- 

, pens at the dial of the receiver as the 
carrier is modulated, we get another 
view of AM -one that will help us to a 
better grasp of the inner workings of 
not only AM, but FM and PM as well. 

A Dial's -Eye view of AM. Imagine 
a radio receiver with a dial which lights 
up at any point where a signal appears. 
By moving the tuning indicator to one 
of the lit points, the operator could hear 
in his loudspeaker the speech or music 
being transmitted at that frequency. 
Such an imaginary dial would appear as 
in Fig. 1. 

The lights indicating the presence of 
a signal appear in the figure as vertical 
lines, with strong signals appearing as 

tall lines and weaker signals as short 
lines. 

Imagine further that we can use a 
magnifying glass to closely inspect the 
area around one of the bright lines, and 
at the same time can set the tuning in- 
dicator to that bright line, so we can 
hear in the loudspeaker any signal be- 
ing sent .(Fig. 2). 

The magnifying glass shows us a 
single bright line indicating a carrier at 
840 KHz, while the loudspeaker gives 
us only a low -level hiss, indicating that 
an unmodulated carrier is present, but 
no information is being sent. (To con- 
tinue our Paul Revere analogy, we could 
say that the steeple is present, but no 
lanterns have been hung.) 

Now, let us ask a flutist to step be- 
fore the microphone and play a 700 -Hz 
tone. Immediately, of course, the flute's 
tone is heard in the receiver's loud, 
speaker. But the most surprising thing 
happens at the receiver dial: Here, (see 
Fig. 3), two new frequencies appear - 
small bright lines on either side of the 
carrier. Looking closely, we see that 
each of the new frequencies is spaced 
exactly 700 Hz from the carrier -one 
above, at 840,700 Hz, and the other 
below, at 839,300 Hz. These two new 
frequencies are called side frequencies, 
and are the lanterns in the steeple -the 
indication of information being sent. 

If we ask the flutist to play more 
loudly, we find that the side frequencies 
grow taller, until, at 100% modulation 
each one is exactly half the height of 
the carrier. (See Fig. 4). 

Now, let us suppose that another flut- 
ist joins the first, and this second musi- 
cian plays a tone at 1100 Hz (in this 

WEAK SIGNAL 

TUNING INDICATOR STRONG SIGNAL 

Fig. 1 -Signal strength is repre- 
sented by height of vertical lines. 

Hg. 2- Non -mo u ation o signal concen- 
trates signal strength at the carrier fre- 
quency. 
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Fig. 3- Modulating the carrier with a 700 - 
Hz audio tone generates weaker signals 
700 Hz above and below carrier. 

case blowing slightly louder than the 
first flutist). We now find a second 
group of side frequencies spaced 1100 
Hz each side of the carrier (Figure 5). 

With the two flutists playing, we have 
the beginning of a band of side fre- 
quencies on each side of the carrier. 
The higher frequency is the upper side 
band, and the lower frequency is the 
lower side band. 

If the two flutists are now joined in 
the studio by a rock group (or a sym- 
phony orchestra), the many instru- 
ments, playing many different frequen- 
cies simultaneously, will cause many 
side frequencies to appear, and the side - 
bands will be composed of a very 
complicated group of side frequencies, 
constantly changing as the musicians 
play. Figure 6 can be thought of as a 
snapshot of the sidebands for a very 
brief period in time. This is called a 
spectrum display, and the group of fre- 
quencies shown is called the spectrum 
of the signal. 

In this spectrum display, we observe 
that the upper and lower sidebands ex- 
tend equally far from the carrier - 
about 5,000 Hz in the figure -and that 
they are always exact mirror images of 
each other. As the sound striking the 
microphone changes, the the sidebands 
change in a mirror -image manner. A 
snapshot (spectrum display) taken a 
few seconds later might look like Fig. 7. 

Is This Sideband Necessary? The 
fact that the two sidebands are mirror 
images of each other makes us wonder 
if they are both necessary. It's just as 
though Paul Revere's friend had hung a 
complicated set of lanterns on the right 
side of the steeple, and then had hung 
an identical set on the left. The second 
set would have been unnecessary be- 
cause the first set would have given him 
the message, and Paul would have been 
on horseback and gone long before 
the second set could be lit! 

I, iili II I I 1I 11 I I iill l.-I 
835 840 845 

Fig. 6- Complex audio modulating signals 
generate complex sideband frequencies. 

I ll, ,I I, ,lt I 

835 840 845 

Fig. 7 -A different set of audio signals 
generates a different set of sideband fre- 
quencies. 
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In the same way, we can get the mes- 
sage through by using only a single side - 
band, instead of the mirror -image pair. 
Such a system is called a single -sideband 
system, and is abbreviated SSB. SSB 
offers many advantages over conven- 
tional AM systems, especially for voice 
communication. 

Eliminating the Carrier. If only one 
sideband is needed to get the message 
through, we can also ask whether the 
carrier itself is absolutely necessary. Can 
we get the message through without the 
carrier? 

The answer is, definitely yes! With 
proper modulation methods, we can 
eliminate the carrier completely, and 
still send the message. To continue our 
Paul Revere analogy, we are saying that 
it is only the lanterns that are essential 
to the message; the steeple could be 
eliminated if we could find a way to 
hold the lanterns in place. 

Figure 8 shows the result of eliminat- 
ing the carrier, but keeping both side - 
bands. 

This is called a suppressed carrier 
system. The most striking result of sup- 
pressing the carrier is seen in the wave- 
form displays of Fig. 8. First we see 
that, in the absence of an audio signal, 
there is no carrier (Fig. 8). Second, we 
note that the envelope representing the 
original audio signal is somehow tangled 
up inside the waveform, in such a way 
that it can't be extracted by a simple 
"power- supply" -kind of detector (enve- 
lope detector) described in the Jan. -Feb. 
1976 article on modulation. 

The result of eliminating the carrier 
looks so unusual that we wish we could 
put it back. So that's exactly what we 
do. At the receiver, we insert an arti- 
ficial carrier, carefully adjusted to the 
right frequency and strength, which re- 
stores the waveform to its more familiar 
appearance, (Fig. 8), and allows us to 
detect it with a conventional detector. 

But, you might ask, why go through 
all the motions of first removing the 
carrier, and then putting it back? What 
advantage does this gain for us? 

The most compelling reason for car- 
rier suppression is the saving in trans- 
mitter power. A transmitter could pour 
10,000 watts into its carrier, and only 
a few millionths of a watt of this would 
arrive at the receiver. It makes much 
more sense to eliminate the huge trans- 
mitter wattage, and instead build a small 
oscillator at the receiver to provide the 
few millionths of a watt needed to 
imitate the carrier. 

The power saving becomes even more 
interesting when we observe how little 
of the total transmitter power goes into 
the sidebands. At 100% modulation, a 
transmitter with 100 watts in the carrier 
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Fig. 4- Strength of upper and 
lower sideband frequencies is 

proportional to modulation. 
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Fig. 8- Elimination of the carrier leaves the sidebands, which include the audio 
information. Carrier is reinserted at the receiver. 
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FREQUENCY 
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Fig. 10-At onset of 700 Hz audio modulation the carrier sideband appears. With no 
modulation, no sidebands are present. 
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will have only 25 watts* in each side- 
band for a total of 50 watts in the pair. 
So, only one -third of the transmitter's 
150 watts of total power is in the in- 
formation- bearing sidebands. 

Single -Sideband- Sending Only the 
Necessities. If each sideband of a 
100 -watt transmitter provides only 25 
watts, then eliminating the carrier cuts 
the total power from 100 + 25 + 25 = 

i 

LOWER CARRIER 
SI DE BAND ELIMINATED 

ELI MI NATED 

II 

FREQUENCY 

Fig. 9- Spectrum display of a transmitted 
signal modulated by a 700 -Hz tone -lower 
sideband suppressed. 

150 watts, down to 25 + 25 = 50 
watts. But, as we pointed out earlier, 
each of these two sidebands is a mirror 
image of the other; one of them can be 
eliminated without hurting the message 
a bit! Figure 8 shows the spectrum dis- 
play of an SSB transmitter modulated 
by a 700 -Hz tone. The dotted lines show 
where the suppressed carrier and the 
eliminated lower side band would have 
been. 

Dropping one of the unnecessary side- 
bands reduces,the required power down 
to 25 watts, with only a small decrease 
in the ability of the signal to get 
through. Or, if we wish, we can design 
the transmitter to pour all its available 
power into that one sideband, with a 
consequent increase in our ability to 
get the message through -and without 
changing the transmitter's size, weight, 
or power! The only price we pay is the 
requirement that we insert , an artificial 
carrier at the receiver, to allow us to 
detect the information in the sideband 
sent. 

SSB Waveforms -A Surprising 
Story. Now, with SSB concepts firmly 
in hand, if we look back to the world of 
waveforms we shall find a most surpris- 
ing and interesting story. 

Figure 9 tells this story. In Figure 
10a, we see our familiar 700 -Hz flute 
tone, and on the right of Figure 10b we 
see the SSB spectrum resulting from 

* In case you're wondering how, in 
Fig. 8, we could say the sidebands at 
100% modulation are half the carrier, 
while here we're saying they're one - 
quarter, remember that Fig. 8 shows 
relative voltages. Since power is propor- 
tional to the square of the voltage, and 
since one -half squared is one -quarter, 
then each sideband's power at 100% 
modulation is one -quarter of the carrier 
power. 
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OF TWO FLUTES 

0IIOOHZ 
700 HZ 

SSB SPECTRUM 
OF TWO FLJTES 

1,100 HZ 

840,700 HZ 

SPECTRUM ( FREQUENCY) DISPLAY 

Fig. 11 -With two modulating audio signals we have two sidebands generated. 

modulating an SSB transmitter with this 
tone. But on the left of Figure 10b we 
get our first surprise. True, we would 
expect no carrier, before the tone be- 
gins -we've seen this before, in Fig. 8. 
(the suppressed carrier case). But when 
our flutist begins to play, we get a 
single, steady sine wave from the trans- 
mitter -with no evidence of modulation 
of any kind! Can this be a signal? It 
looks just like a carrier! 

Can't Tell the Lanterns from the 
Steeple without a Program! The 
steady sine wave of Figure 10b is in- 
deed a signal; not a carrier. In the first 
place, it will get bigger (more ampli- 
tude) if the flutist plays louder, and will 
get smaller if he plays more softly. It is, 
therefore, amplitude modulated -for 
SSB is just a form of AM. But the 
pitch of the flute -the 700 Hz -is not 
packaged neatly in an envelope, as it 
was in Figure 813 (standard AM) and in 
Figure 8c (suppressed carrier). The 
only clue to its 700 -Hz pitch is the fact 
that this single carrier -like frequency 
is 700 Hz from where the carrier would 

have been if we had sent it! 
You can see, then, that re- inserting 

the carrier at precisely the right fre- 
quency is essential to recovering the 
proper pitch. If the carrier was supposed 
to be 840,000 Hz, and it is instead re- 
inserted at 840,030 Hz -only 30 Hz high 
-then the flute tone will come out of the 
speaker 30 Hz low, at 670 Hz instead 
of 700 Hz. Conversely, a reinserted 
carrier at 839,970 Hz -30 Hz low -will 
obtain for us a higher pitch: -730 Hz. 
Therefore, we must know precisely 
where the carrier should have been if 
we are to re- create the exact sound 
which struck the microphone. This is 
the additional complexity that we en- 
dure to obtain the advantages of SSB. 

Tuning by Ear. In a practical situa- 
tion, the speech and music errors intro- 
duced by even a slight carrier error are 
so obvious that it's easy for a listener 
to simply readjust the inserted carrier 
frequency until the reproduction 
"sounds right." This is possible because, 
as soon as more than a single, simple 
tone is transmitted, our ears quickly 
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detect the errors in the complex wave- 
forms, such as speech and music, which 
we have encountered all our lives, and 
a simple twist of the knob quickly clari- 
fies the reception. 

Two -tone Waveforms for SSB. As 
an illustration of what can happen if 
more than one tone is sent via SSB, look 
at Figure 10c. Here, our flute -playing 
pair is again intoning their 700 -Hz and 
1100 -Hz pitches. On the right of Fig- 
ure 10d, we see the two resulting side - 
bands -one, 700 Hz from where the 
carrier would have been, and the other, 
1100 Hz from the same location. The 
carrier and lower sideband are shown 
dotted, indicating that they have been 
removed. If we compare this SSB spec- 
trum with Figure 8c, (the suppressed - 
carrier, double -sideband case), we ob- 
serve that, in both cases, the receiver is 
simply looking at two frequencies. 
Therefore, the waveforms should be 
very much the same in the two cases, 
even though one arises from a single 
flute tone, and the other, from two 
flute's tones. In the earlier figure, (sup- 
pressed carrier), the two frequencies 
were 2 x 700 = 1400 Hz apart, and 
the resulting waveform had peaks at a 
1400 Hz rate. In our present figure, 
(10d), the two frequencies are 1100 - 
700 = 400 Hz apart, so the peaks occur 
at a 400 Hz rate. Note that this fre- 
quency -400 Hz -never occurred at the 
microphone; it is the difference between 
the two tones generated by the flutists. 
But the most important fact is that the 
waveform of a single flute modulating 
a double -sideband transmitter is the 
same as two flutes modulating a single - 
sideband transmitter. 

Hardware for SSB. Since SSB is 
merely a very sophisticated version of 
ordinary AM, you might expect that 
you could generate a SSB signal by some 
kind of change to the basic AM system. 
In fact, a three -step change to that fig- 
ure will give an understanding of how 
SSB is generated. In the first step, (Fig. 
11), we have added another carrier 
power amplifier, an inverter, and an 
adder (the new parts are shown in bold 
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lines). 
The new amplifier provides an "up- 

side- down" carrier which, when added 
to the original carrier, cancels it -pro- 
vided the gains of the carrier power 
amplifiers are the same. The result is 
no carrier output at all -the carrier has 
been suppressed. In Figure 12 we show 
the second step of the change. 

Here, the audio signal is inverted and 
passed through another audio power 
amplifier. This inverted audio signal is 
used to control the output of the new 
inverted- carrier amplifier. Since the 
audio supplied to the inverted- carrier 
amplifier is "upside- down," it will 
weaken the output of the amplifier 
at the same instant that the "right -side- 
up" audio is strengthening the output 
of the "right- side -up" carrier. The two 
carriers are therefore unequal, so they 

can no longer cancel each other; hence, 
an output will appear at the antenna. 
This output is the double -sideband, sup- 
pressed- carrier signal of Figure 10c. 

SSB by Sideband Filtering. The 
third step of our three -step change 
consists of merely adding a filter to 
eliminate one of the sidebands- either 
one. In Fig. 13, we have chosen to 
eliminate the lower sideband. 

The signal from the antenna is now 
a single -sideband signal, and will have 
the waveforms and display of Figure 10. 

Other Roads to SSB, This SSB 
system was chosen as an easy-to- under- 
stand system which can be developed 
directly from a standard AM trans- 
mitter. It is not the most practical con- 
figuration, but, understanding it, you 
will easily understand the more practi- 
cal systems. 

ADDER FILTER 
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Fig. 14- Filtering out the lower 
sideband results in single -side- 
band transmission. 
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Crystal Primer 
CAN YOU IMAGINE the chaos On the 

AM broadcast band if transmitters drift- 
ed as much as those inexpensive table 
radios? The broadcast station engineer 
must keep his station carrier within 20 
hertz of its assigned frequency. How 
does he do it? What about the CBer 
unable to contact his base station with an 
unstable, super -regen walkie- talkie. Lost 

calls don't often happen to a CBer who 
can keep his receiver frequency right on 
the assigned channel center. 

This and much more is, of course, all 
done with a little help from a very basic 
material, the quartz crystal. It is the 
single component that serves to fill a 
basic requirement for precision frequen- 
cy control. Quartz crystals not only fix 

the frequency of radio transmitters 
(from CB installations to multi -kilo- 
watt -broadcast installations), but also 
establish the frequency of timing pulses 
in many modern computers. In addi- 
tion, they can provide the exceptional 
selectivity required to generate and re- 
ceive single -sideband signals in today's 
crowded radio spectrum. Yet this list 
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merely touches upon the many uses of 
quartz crystals. No exhaustive list has 
ever been compiled. 

A Real Gem. This quiet controller is 
a substance surrounded by paradox. 
While quartz composes more than a 
third of the Earth's crust, it was one of 
the three most strategic minerals dur- 
ing World War II. And despite its pleni- 
tude, several semiprecious gems (includ- 
ing agate and onyx) are composed only 
of quartz. 

Unfortunately, quartz exercises its 
control in only a relative manner. When 
it's misused, the control can easily be 
lost. For this reason, if you use it in 
any way- either in your CB rig; your 
ham station, or your SWL receiver - 
you should become acquainted with the 
way in which this quiet controller func- 
tions. Only then can you be sure of 
obtaining its maximum benefits. 

What Is It? One of the best starting 
points for a study of quartz crystals is 
to examine quartz itself. The mineral, 
silicon dioxide (SiO2), occurs in two 
broad groups of mineral forms: crystal- 
line and non -crystalline. Only the large 
crystalline form of quartz is of use as a 
controller. 

The crystalline group has many va- 
rieties, one of which is common sand. 
The variety which is used for control, 
however, is a large, single crystal, usu- 
ally six -sided. The leading source of this 
type of quartz is Brazil. However, it 
also is found in Arkansas. Attempts 
have been made to produce quartz crys- 
tals in the laboratory, but to date syn- 
thetic quartz has not proven practical 
for general use. 

A property of crystalline quartz, the 
one which makes it of special use for 
control, is known as piezoelectricity. 
Many other crystals, both natural and 
synthetic, also have this property. How- 
ever, none of them also have the hard- 
ness of quartz. To see why hardness 
and the piezoelectric property, when 
combined, make quartz so important, 
we must take a slight detour and briefly 
examine the idea of resonance and 
resonators. 

Resonators and Resonance. As 
physicists developed the science of ra- 
dio (the basis for modern electronics), 
they borrowed the acoustic notion of 
resonance and applied it to electrical 
circuits where it shapes electrical waves 
in a manner similar to an acoustic reso- 
nator.. For instance, both coils and ca- 
pacitors store energy and can be con- 
nected as a resonator (more often 
termed a resonant circuit) . When AC 
of appropriate frequency is applied to 
the resonator, special things happen. 

Pendulum Demonstrates. The prin- 
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ciple involved is identical to that of a 
pendulum, which is itself a resonator 
closely similar in operation to our 
quartz crystals. To try it you can hang 
a pendulum of any arbitrary length 
(Fig. I ), start it swinging, then time 
its period -one complete swing or cycle. 
The number of such swings accom- 
plished in exactly one second is the 
natural or resonant frequency of thè 
pendulum in cycles per second (hertz) . 

You can, by experiment, prove that 
the frequency at which the pendulum 
swings or oscillates is determined by 
the length of the pendulum. The shorter 
the pendulum. (Fig. 2), the faster it 
swings (the greater the frequency). The 
weight of the pendulum has no effect 
on frequency, but has a marked effect 
upon the length of time the pendulum 
will swing after a single initial push - 
the heavier the pendulum, the greater 
the number of cycles. 

A Real Swinger. Once the pendulum 
begins to swing, very little effort is re- 
quired to keep it swinging. Only a tiny 
push is needed each cycle, provided that 
the push is always applied just as the 
pendulum begins to move away from 
the pushing point. If the push is given 
too soon, it will interfere with the 
swinging and actually cause the swing 
to stop sooner than it would without 
added energy; while if too late, added 
push will have virtually no effect at all. 
It is this principle -a tiny push at exact- 

ly the right time interval -which makes 
a resonator sustain sound or AC waves. 
You can prove it with the pendulum by 
first determining the resonant frequency 
of a pendulum, then stopping it so that 
it is completely still. A series of small 
pushes, delivered at the natural reso- 
nant frequency, (each too tiny to have 
more than a minute effect) will very 
rapidly cause the pendulum to swing to 
its full arc again. Pushes of the same 
strength at any other frequency will 
have little or no effect. 

The pendulum is an excellent con- 
trol mechanism for regulating a clock 
to keep time to the second, since the 
resonant frequency of the pendulum 
can readily be adjusted to be precisely 
one cycle per second. However, for con- 
trol of audio frequencies from tens of 
hertz (cycles per second) up to tens of 
thousands of cycles per second (kilo- 
hertz), or for radio frequencies ranging 
up to hundreds of millions of cycles per 
second (megahertz), the pendulum is 
too cumbersome a device. 

The Tuning Fork. In the audio 
range, the equivalent of the pendulum 
is the tuning fork. This is an extremely 
elongated U- shaped piece of metal 
(Fig. 3), usually with a small handle at 
the base. When struck, it emits a single 
musical tone. 

The operating principle is exactly the 
same as the pendulum. Each of the 
arms or tines of the fork corresponds to 

Fig. 1. A long pendulum swings at a rate 
determined by its length and weight at the 
end of the arm. To experiment at home, 
the arm should be made of light thread 
(no weight) and a small heavy mass (all 
the weight concentrated at one point). 

Fig. 3. The geometry of the tuning fork 
produces a continuous pure tone for a 

long time when struck gently. It is favored 
by piano tuners as a convenient way to 
carry a source of accurately -known tone 
or pitch. 

Fig. 2. A short pendulum swings at a faster 
rate no matter what the weight is. The 
heavier the weight, the longer the 
pendulum will swing at the faster rate. 

1 t 

Fig. 4. Depending on how the crystal is cut 
or sliced from the mother crystal, some 
crystals warp or bend as in A and others 
shear as shown in B. Each of the many cuts 
have special characteristics. 
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a pendulum arm. But here the arms are 
extremely short and much heavier in 
proportion to their size than the pen- 
dulum. (The shorter the arms of a 
tuning fork, the higher the resonant fre- 
quency in the audio range.) This greatly 
increased mass causes them to oscillate 
much longer when struck. 

Not all tuning forks operate precise- 
ly like pendulums. The pendulum prin- 
ciple is based on a flexing of the arm 
upon its long dimension. While this is 
the most common operation, the fork 
may flex along any dimension. 

It's even possible for a single, solid 
resonator such as a tuning fork to flex 
along several dimensions at once. A 
main part of the design of a good tun- 
ing fork is to insure that only a single 
dimension flexes or, in the language 
of resonators, only a single mode is ex- 
cited. 

Area Too. There's no requirement that 
the resonator be a completely solid sub- 
stance. A mass of air, suitably enclosed, 
forms a resonator. This is the resonator 
that works on a classic guitar or violin. 
Here, single -mode operation is distinctly 
not desired. Instead, multiple -mode op- 
eration is encouraged so that all musi- 
cal tones within the range of the in- 
strument will be reinforced equally. 

Now, with the principles of resonance 
firmly established, we can return to the 
quartz crystal and its operation. 

Quartz Crystal as Resonators. Like 
the tuning fork or, for that matter, any 
sufficiently hard object, the quartz crys- 
tal is capable of oscillation when struck 
physically or in some other way ex- 
cited. 

But unlike the tuning fork, or indeed 
any other object except for certain ex- 
tremely recent synthetic materials, the 
quartz crystal is not only sufficiently 
hard to oscillate at one or more reso- 
nant frequencies, but is piezoelectric. 

Pieozelectricity. The piezoelectric 
property means simply that the crystal 
generates an electric voltage when phys- 
ically stressed or, on the other hand, 
will be physically deformed when sub- 
jected to a voltage (see Fig. 4). Other 
familiar objects making use of piezo- 
electricity include crystal and ceramic 
microphone elements and phonograph 
cartridges. 

This virtually unique combination of 
properties (sufficient hardness for oscil- 
lation and piezoelectricity) found in 
quartz crystals, makes it possible to pro- 
vide the initial push to the crystal by 
impressing a voltage across it. To pro- 
vide the subsequent regular pushes, a 
voltage can be applied at appropriate 
instants. 

Quality Factor. Almost any discussion 

MAXIMUM 
SIGNAL 

70% OF 
VOLTAGE 

PEAK 
(50% POWER) 

Fig. 5. Bandwidth characteristic of a typical 
tuned circuit shows the peak or maximum 
signal amplitude and the 70% voltage peak 
(50% power) points. This is the 
characteristic that determines overall 
selectivity. 

Fig. 6. Diagram is a typical equivalent 
circuit for a crystal. As resistance is 
lowered to near zero, crystal efficiency 
increases. In use, the crystal holder and 
external circuit add some capacitance 
across the entire circuit. 

of resonance and resonant circuits (or 
for that matter, inductance) eventually 
gets to a rather sticky subject labelled 
in the earliest days of radio as quality 
factor but now.known universally as Q. 

As used in radio and electronics, Q 
is usually defined by other means. Some 
of the definitions put forth at various 
times and places include: 

The ratio of resistance to reactance 
in a coil. 

The ratio of capacitive reactance 
in a resonant circuit to the load resist- 
ance. 

The impedance multipication 
factor, and others even more confusing- 
ly worded. 

All, however, come out in the end to 
be identical to the definitions cited 
above: The Q of a resonator is the ratio 
of the energy stored per cycle to the 
energy lost per cycle. 

In a resonator, high Q is desirable. Q 
is a measure of this energy loss. The 
less energy lost, the greater the Q of the 
circuit. 

Not so obvious (and rather difficult 
to prove without going into mathe- 
matics) are some of the other effects of 
Q. A resonant circuit is never com- 
pletely selective; frequencies which are 
near resonance but not precisely equal 
to the resonant frequency pass through 
also! 

An Interesting Fraction. The greater 
the Q, the narrower the band of fre- 
quencies which can affect the resonator. 
Specifically, the so- called half -power 
bandwidth (Fig. 5) of a resonator (that 
band in which signals are passed with 
half or more of the power possessed by 
signals at the exact resonant frequency) 
is expressible by the fraction Fo /Q, 
where Fo is the resonant frequency and 
Q is the circuit Q. Thus a 455 kHz reso- 
nant circuit with a Q of 100 will have 
a half -power bandwidth of 455/100 
kHz, or 4.55 kHz. This relation is an 

approximation valid only for single - 
tuned circuits; more complex circuits 
are beyond this basic discussion. 

The Q of Quartz Crystals. When we 
talk of the Q of conventional resonant 
circuits composed of coils and capaci- 
tors, a figure of 100 is usually taken as 
denoting very good performance and Q 
values above 300 are generally consid- 
ered to be very rare. 

The Q of a quartz crystal, however, 
is much higher. Values from 25,000 to 
50,000 are not unheard of. 

The extremely high Q makes the 
crystal a much more selective resonator 
than can be achieved with L -C circuitry. 
At 455 kHz, for example, the band- 
width will be between 10 and 20 hertz 
(cycles per second) unless measures are 
taken to reduce Q. Even in practice 
(which almost never agrees with theo- 
ry), 50 -hertz bandwidths are common 
with 455 -kHz crystal filters. 

So far as external circuitry is con- 
cerned, the crystal appears to be exact- 
ly the same as an L -C resonant circuit 
except for its phenomenal Q value. See 
Fig. 6. 

At series resonance, the crystal has 
very low impedance. You may hear this 
effect referred to as a zero of the crys- 
tal. At parallel resonance, impedance is 
very high; this is sometimes called a 
pole. Fig. 7 shows a plot of pole and 
zero for a typical crystal. The special 
kind of crystal filter known as a half - 
lattice circuit matches the pole of one 
crystal against the zero of another, to 
produce a passband capable of splitting 
one sideband from a radio signal. Such 
filters are widely used in ham, com- 
mercial and, to a lesser extent, in CB 
transmitters. 

When a crystal is used to control the 
frequency of a radio signal or provide 
a source of accurate timing signals, ei- 
ther the pole or the zero may be used. 
Circuits making use of the pole allow 
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more simple adjustment of exact fre- 
quency, while those making use of the 
zero often feature parts economy. Later 
we'll examine several of each type. 

From Rock to Finished Crystal. To 
perform its control functions properly, 
a quartz crystal requires extensive proc- 
essing. The raw quartz crystal must be 
sliced into plates of proper dimension, 
then ground to the precise size required. 
Each plate must be as close to precisely 
parallel, and as perfectly flat, as possi- 
ble. The electrodes must be in proper 
contact with the polished plate; in many 
modern units, the electrodes are actually 
plated directly to the crystal surface, 
usually with gold. 

The crystal plate is known as a blank 
when it is sliced from the raw crystal. 
The blank is cut at a precise angle with 
respect to the optical and electrical axes 
of the raw crystal, as shown in Fig. 8. 
Each has its own characteristics for use 
in specific applications. Some, notably 
the X- and Y- cuts, are of only historic 
interest. The Y- cut, one of the first 
types used, had a bad habit of jumping 
in frequency at critical temperatures. 
The X- cut did not jump, but still varied 
widely in frequency as temperature 
changed. 

Today's crystals most frequently use 
the AT cut for frequencies between 
500 kHz and about 6 MHz, and the 
BT cut for between 6 and 12 MHz. 
Above 12 MHz, most crystals are spe- 
cially processed BT or AT cuts used 
in overtone modes. These cuts are im- 
portant to crystal makers and not rele- 
vant to our layman's theory. 

The blanks are cut only to approxi- 
mate size. The plates are then polished 
to final size in optical "lapping" ma- 
chines which preserve parallelism be- 
tween critical surfaces. During the final 
stages of polishing, crystals are frequent- 
ly tested against standard frequency 
sources to determine exact frequency of 
operation. 

If electrodes are to be plated onto 
the crystal surfaces, frequency cannot 
be set precisely by grinding since the 
electrodes themselves load the crystal 
slightly and cause a slight decrease in 
operating frequencies. These crystals 
are ground just a trifle above their in- 
tended frequencies, and the thickness of 
the electrodes is varied by varying plat- 
ing time to achieve precision. 

Accuracy. The precision which can be 
attained in production of quartz crystals 
is astounding. Accuracy of ±0.001 per- 
cent is routine, and 10- times -better ac- 
curacy is not difficult. In absolute fig- 
ures, this means an error of one cycle 
per megahertz. In another frame of 
reference, a clock with the same accu- 
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Fig. 7. Some characteristics of a 

quartz crystal. When slightly off 
resonant frequency (at the pole) 
a crystal exhibits inductive or 
capacitive reactance -just like 
an LC circuit. 
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Fig. 8. A view of a mother crystal showing 
X, Y, and Z axes. Crystal is sliced into 
blanks, ground to frequency, polished and 
plated (on facing sides) to make 
permanent electrodes. All crystals are not 
made perfect by Mother Nature and must 
be examined optically before being sliced. 

racy would require more than 11 days 
to gain or lose a single second. 

However, such accuracy can be 
achieved only when certain precautions 
are taken. For instance, the frequency 
of a crystal depends upon the circuit 
in which it is used as well as upon its 
manufacture. For an accuracy of 
± 0.005% or greater, the crystal must be 
ground for a single specific oscillator. If 
± 0.001% (or better) circuit accuracy is 
required, it must be tested in that cir- 
cuit only. Thus, CB transmitters are on 
the narrow edge of being critical. This 
is why all operating manuals include a 
caution to use only crystals made spe- 
cifically for that transmitter. 

When one -part- per -million accuracy 
is required, not only must the crystal be 
ground for a single specific oscillator, 
but most often the oscillator circuit 
must then be adjusted for best opera- 
tion with the crystal; this round -robin 
adjustment must be kept up until re- 
quired accuracy is achieved. Even then, 
crystal aging may make readjustment 
necessary for the first 12 to 18 months. 

Frequency Variation- Causes and 
Cures. Possible variations in frequency 
stem from three major causes, while 
cures depend entirely upon the appli- 
cation. 

The most obvious cause of frequency 
variation is temperature. Like anything 
else, the crystal will change in size when 
heated and the frequency is determined 
by size. Certain cuts show less change 

with temperature than do others, but all 
have at least some change. 

For most noncommercial applica- 
tions, the heat -resistant cuts do well 
enough. For stringent broadcast station 
and critical time -signal requirements, the 
crystal may be enclosed in a small ther- 
mostatically- regulated oven. This as- 
sures that the steady temperature will 
cure one cause of frequency change. 

The second well -known cause for vari- 
ation of frequency is external capaci- 
tance. Some capacitance is always pres- 
ent because the crystal electrodes form 
the plates of a capacitor where the crys- 
tal itself is the dielectric. Most crystals 
intended for amateur use are designed 
to accommodate an external capacitance 
of 32 pF, so if external capacitance is 
greater than this. the marked frequency 
may not be correct. Crystals for com- 
mercial applications are ground to ca- 
pacitance specifications for the specific 
equipment in which they are to be used. 
CB crystals also are ground for specific 
equipment, although many transceivers 
employ the 32 pF standard. 

Trim a Frequency. When utmost pre- 
cision is required, a small variable ca- 
pacitor may be connected in parallel 
with the crystal and adjusted to change 
frequency slightly.. The greater the ca- 
pacitance, the lower the frequency. 
Changes of up to 10 kHz may be ac- 
complished by this means, although 
oscillation may cease when excessive 
changes are attempted. 
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Like temperature- caused variations, 
frequency variations due to capacitance 
may be useful in special cases. Hams 
operating in the VHF regions obtain 
frequency modulation by varying load 
capacitance applied to the crystal in 
their transmitters. 

The third cause for variation of fre- 
quency is a change in operating condi- 
tions in the associated circuit. This 
cause is more important with vacuum - 
tube circuits than with semiconductor 
equipment. As a rule, operating voltages 
for any vacuum -tube oscillator provid- 
ing critical signals should be regulated 
to prevent change. 

Again, this cause can be used to pro- 
vide FM by deliberately varying volt- 
ages. 

Crystal Aging. A final cause of fre- 
quency variation, small enough to be 
negligible in all except the most hyper- 
sensitive applications, is crystal aging. 
When a crystal is first processed, micro- 
scopic bits of debris remain embedded 
in its structure. These bits are displaced 
during the first 12 months or so of use, 
but during that time the crystal frequen- 
cy changes by a few parts per million. 
Extreme accuracy applications must 
take this change into account. For most 
uses, though, it may be ignored. 

Using Quartz Crystals. After all the 
discussion of crystal theory, it's time to 
examine some typical circuits. While 
dozens of special crystal circuits have 
been developed for special applications, 
a sampling will suffice for discussion. 
Fig. 9 shows four typical vacuum tube 
crystal oscillator circuits. 

The simplest of these is the Pierce 
circuit, Fig. 9A. While at first glance 
this circuit appears to employ the crys- 
tal's zero to feed back energy from 
plate to grid, the pole is actually used 
through a mathematically -complex 
analysis. This circuit has one unique ad- 
vantage: it contains no tuned elements 
and, therefore, can.be used at any fre- 
quency for which a crystal is available. 
This makes it an excellent low -cost test 
signal source. The major disadvantage is 
that excessive current may be driven 
through the crystal if DC plate voltage 
rises above 90 or so. 

The Miller oscillator (Fig. 9B) is al- 
most as simple to construct and operate 
as is the Pierce and has an additional 
advantage of operation with overtone 
crystals. This is the circuit recommend- 
ed by International Crystal Mfg. Co. for 
use with their overtone crystals. The 
capacitor shown between plate and grid 
is usually composed of grid -plate ca- 
pacitance alone. The pole is used here 
also, energy feeds back through the 
grid -plate capacitance, and the pole 
selects only the parallel- resonant fre- 
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Fig. 9. The simplest crystal oscillator circuit (A) has no tuned circuits. To change 
frequency it is only necessary to change crystals, although a small variable capacitor 
across the crystal will cause some small frequency change. Miller oscillator (B) is 

nearly as simple as Pierce type shown in (A). Tuned circuit can pick out fundamental 
frequency or harmonics. Pierce electron -coupled oscillator (C) derives its feedback 
from the screen circuit, eliminating need for a buffer amplifier in most cases. Colpitts 
oscillator (D) gets its feedback from cathode circuit. Variable capacitor in the 
grid- cathode circuit can trim frequency. 

XTAL 
Fig. 10. Fundamental frequency 
transistorized oscillator (A) is 
quite similar to that in Fig. 9A. 
One difference is that tuned 
circuit in output replaces RFC 
unit. The overtone (harmonic) 

39K circuit (B) uses crystal for odd I/l Df 
harmonic feedback. Either circuit 
can be used for fundamental 
frequency operation -just tune. 
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1. 

quency (shorting the rest to ground). 
ECO. The electron -coupled Pierce os- 

cillator (Fig. 9C) is similar to the basic 
Pierce. The tuned circuit in the plate 
offers the possibility of emphasizing a 
harmonic -an RF choke may be used 
instead if freedom from tuning is de- 
sired and fundamental- frequency opera- 
tion will suffice. 

GPO. One of the most popular oscil- 
lators of all time is the Colpitts Crystal 
oscillator of Fig. 9D, sometimes known 
as the grid -plate oscillator. The feedback 
arrangement here consists of the two 
capacitors in the grid circuit; feedback 
is adjusted by means of the 150 pF 
variable capacitor (the greater the ca- 
pacitance, the less the feedback) until 
reliable oscillation is obtained. Like the 
other three oscillators, this circuit em- 
ploys the crystal pole frequency. 

Since all four of these oscillator cir- 
cuits utilize the pole for frequency con- 
trol, exact frequency adjustment capa- 
bility may be obtained by connecting a 
3 -30 pF trimmer capacitor in parallel 
with the crystal. 

Crystal oscillators may, of course, be 
built with transistors, too. Two typical 
circuits are shown in Fig. 10. Feedback 
mechanisms differ somewhat because of 
the basic differences between tubes and 
transistors. In general, transistorized os- 
cillators are more stable. 

As a Clock. To use a crystal as the 
timing element of a clock, an oscillator 
identical to those shown in Figs. 9 and 
10 is the starting point. Crystal frequen- 
cy is chosen at a low, easily- checked 
value such as 100 kHz. This frequency 
is then divided and redivided by syn- 
chronized multivibrators to produce one- 
cycle -per- second pulses. These may then 
be counted by computer counting cir- 
cuits. 

In addition to being used as oscilla- 
tors and timing elements, crystals find 
wide application in filters. Fig. 11 shows 
some typical crystal -filter circuits. While 
all circuits shown use vacuum -tubes, 
transistors may be substituted without 
modification of the filter circuits them- 
selves if the impedances are right. 

The single -crystal filter circuit shown 
in Fig. 11A provides spectacularly nar- 
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Fig. 11. Crystal filter used in the IF amplifier of a receiver sharpens the selectivity. 
Circuit in A uses special variable capacitor to adjust notch frequency. Potentiometer 
varies width (selectivity) of notch. Adding resistance lowers Q of crystal circuit which. 
increases bandwidth. Two -crystal circuits (B, C) are more expensive since specially 
matched pairs are required. The mechanical filter gives the crystal -type circuit a lot 
of competition where fixed bandwidth is wanted. Trifilar -wound transformer T1 

(C) can be wound by experimenters of home -brew receivers. 

row reception. When the notch control 
is set to precisely balance out the crystal 
stray capacitance, the resonance curve 
of the filter is almost perfectly sym- 
metrical. When the notch control is off- 
set to one side or the other, a notch of 
almost infinite rejection appears in the 
curve (the pole). The width control 
varies effective Q of the filter. 

More popular for general usage today 
is the band -pass filter, shown in Figs. 
11B and 11C. 
Both circuits make use of matched crys- 
tals (X1 and X2) -the pole of one must 
match the zero of the other for proper 
results. When this condition is met, the 
reactances of the two crystals cancel 
over the passband. The passband is 
roughly equal to the pole -zero spacing. 

While the two circuits shown are vir- 

tually identical in operation, the trans- 
former- coupled circuit of Fig. 11C is 
easiest for home construction. The only 
critical component is the transformer. 
It should be tightly coupled, with both 
halves of the secondary absolutely bal- 
anced. This is done by winding a trifilar 
layer of wire (wind three wires at the 
same time); the center wire becomes the 
primary winding and the remaining two 
wires become the secondary. The left 
end of one secondary half connects to 
the right end of the other, and this junc- 
tion forms the center tap. The remain- 
ing two ends connect to the crystals. If 
you have sufficient patience to wind on 
it, a toroid form is recommended. The 
only absolute critical requirement of 
the transformer, however, is that it have 
no resonant frequencies. 

I .iside ïrowuv Owens 
MAKING WAVES! That's the best way 

to describe the coming of the micro- 
wave cooking oven into America's 
homes. And it is a long time coming. 
Although not recorded in the Army's 
archives, a World War II tech -sergeant 

may have been the first person to find 
"consumer" microwave application when 
he kept his coffee warm with micro- 
waves from an SCR -584 radar. Or was 
it a radio station chief engineer in the 
same era who kept his fried chicken 

warm near an FM tank circuit while 
Kate Smith sang God Bless America? 
And there must have been a two- letter- 
call ham who sizzled a wiener on a 
10 -meter coil following the departure 
of his wife to Reno. 
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Different kinds of radiations can be 
grouped into two sets. First are the 
ionizing radiations such as X -rays, 
gamma rays, cosmic rays, ultra -violet 
rays which can cause chemical change 
to take place in foods with little or no 
temperature rise. Non -ionizing radiation 
will not chemically alter food, but will 
raise its temperature provided the radia- 
tion is of sufficient intensity. The non - 
ionizing radiations are radio waves, mi- 
crowaves, infrared waves, and visible 
light, to name a few. 

These waves also radiate outward 
from the center like the waves on the 
surface of the pond. They travel, how- 
ever, at the speed of light, 186,282 
miles per second, and carry small bun- 
dles of energy called photons which 
vibrate at various frequencies. Radiant 
waves are characterized by their wave- 
length and their frequency of' vibration 
(number of complete cycles per second). 
Wavelength X frequency = the speed of 

light. Thus, as the frequency increases the 
wavelength becomes shorter. Micro- 
waves vibrate millions of times per 
second (that is, they have a very high 
frequency) and are, therefore, very 
short waves, hence the term micro- 
waves. 

There are two microwave frequen- 
cies in general use for microwave 
ovens: 915 MHz (wavelength is 32 cm 
or about 12.5 "), and 2450 MHz (wave- 
length is 12 cm or about 5 ") . These are 
two of the frequencies allocated by the 
Federal Communications Commission 
(FCC) for industrial, scientific and 
medical use (sometimes called the ISM 
frequencies) . 

Microwave Energy Produces Heat. 
All matter is made up of atoms and 
molecules. Some of these molecules are 
electrically neutral, that is, they have no 
electrical charge. Carbon tetrachloride, 
benzene, and paraffin wax are examples 
of electrically neutral materials, and mi- 
crowave energy will pass through these 
compounds as if they weren't present. 

Most matter is not electrically neu- 
tral, and when an electrical field is ap- 
plied the molecules tend to behave like 
microscopic magnets and attempt to 
line up with the field. See Fig. 1. When 
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the electric field is reversed millions of 
times each second, these molecular 
magnets are unable to keep up because 
of other forces acting to slow them 
down. Such forces which restrict their 
molecular movement may be mechani- 
cal, such as is the case with ice or solid 
fats, or viscous, as is the case with a sy- 
rup like molasses. The energy of the mi- 
crowaves in trying to overcome these 
forces is converted to heat. The mate- 
rial converts the energy to heat, or it 
might be said that the material heats it- 
self. Another way to look at it is, con- 
sider billions of molecules rubbing el- 
bows to keep warm. 

Microwave Properties. So far two 
characteristics of properties of micro- 
wave energy have been mentioned: ab- 
sorption and transmission. Like light 
waves, microwave energy is also reflect- 
ed. See Fig. 2. Metals reflect micro- 
waves, and since there is no absorption, 
metals do not heat. Many materials in 
addition to glass transmit microwaves, 
and again, since there is no absorption, 
there is no heating. Paper, china, and 
some plastics transmit microwaves and 
are therefore likely candidate materials 
for utensils for use in microwave ovens. 
The overall result is that foods can be 
cooked or heated in an oven on utensils 
which are relatively cool to the touch. 
Hopefully, no more burnt fingers. 

Fast Cooking. An additional char- 
acteristic of microwave energy is its 
ability to penetrate deeply into food ma- 
terials and to produce heat instantane- 
ously as it penetrates. This is in sharp 
contrast to conventional beating, which 
depends on the conduction of heat from 
the food surface to the inside. Conduc- 
tion heating can be accelerated only by 
increasing the surface temperature, and 
obviously there are limits, for who 
would enjoy a roast beef that is charred 
on the surface and raw inside? 

Measurement of the temperature dis- 
tribution in an item heated in a micro- 
wave oven reveals another difference. 
The surface will be usually cooler than 
an inch or so below the surface. This is 
caused by radiation of heat from the 
food surface to the cooler surroundings 
of the microwave oven. It does not 
happen in a conventional oven because 
the oven heat is outside the food and 
must slowly conduct through the food 
to the cooler interiors. 

Power Is Heat. To properly develop 
a sense of timing in microwave cooking, 
it is first necessary to know how much 
power is available in the oven. A mi- 
crowave oven is not like a conventional 
hot oven. There is no excess of heat 
available. All of the microwave energy 
is absorbed by the food. There is no 
wasted energy. 

You can measure the power by con- 
verting microwave energy into heat and 
measuring it in a simple calorimeter. 
The tools needed are a Pyrex measur- 
ing cup, a thermometer, a clock, and 
some cold water. See Fig. 3. 

Pqur two measured cups of cold tap 
water into a Pyrex dish or cup. Note 
the temperature. Heat the water in the 
microwave oven for exactly one minute 
and measure the temperature again. 
The difference in temperature times 
17.5 is the power in watts. This is the 
amount of power generated in the oven 
in one hour. One -sixtieth (1 /60th) of 
this power is available every minute. 

A British thermal unit (Btu) is the 
amount of heat which will raise the tem- 
perature of one pound of water one 
degree Fahrenheit. In terms of Btu 
then, a one kilowatt oven puts out 57 
Btu each minute, and if one pound of 
water were placed in the oven it should 
increase in temperature 57 °F. in one 
minute. 

Most foods contain moisture in vary- 
ing amounts with the exception of pure 
fats like salad oils, shortening, and lard. 
Another exception is dehydrated foods 
which do not depend on moisture to 
convert microwave energy into heat. 
The amount of moisture in a food has a 
direct bearing on its heating rate in a 
microwave oven. 

One pound of food with 50% mois- 
ture will take less time to heat to a 
specific temperature than one pound of 
food with 75% moisture. Or if both are 
heated for the same length of time, the 
food with less water will reach a higher 
temperature than the food consisting 
largely of water. One pound of water, 

REFLECTION 
MICROWAVE ENERGY IS 
REFLECTED FROM METALS 
METALS DO NOT HEAT. 

TRANSMISSION 
MANY MATERIALS 
TRANSMIT MICROWAVES 
AND DO NOT HEAT. 

4BSORBTION 

THOSE MATERIALS 
WHICH ABSORB MICRO- 
WAVES ARE HEATED. 
FOODS RANK HIGH AS 
MICROWAVE ABSORBERS. 

Fig. 2 
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however, will -heat only half as fast as 
one pound of fat. The reason for this 
requires an explanation of the term 
specific heat. This is a measure of a ma- 
terial's ability to hold heat as compar- 
ed to water. Water has a value of one 
(1.0) . Fats are about 0.5. Thus water 
takes twice as much heat as fat to in- 
crease its temperature by one degree. 
Therefore in our one- kilowatt oven one 
pound of fat will increase in tempera- 
ture by 114 °F. while the same amount 
of water will only increase 57 °F. (It 
should be noted that this does not ap- 
ply at high temperatures where some 
of the water may be changed to steam. 
This change uses up much more ener- 
gy) 

A simple formula shows the rela- 
tionship between the heat required and 
these other factors: 

"Heat required in Btu's (Q) equals 
weight in pounds (W) times specific 
heat (s) times temperature difference in 
degrees Fahrenheit (F), or 

Q =Wxsxt 
With this simple equation you can 

compute how long it would take to heat 
12 ounces of canned green beans to 
160 °F. in a one -kilowatt microwave oven. 
The specific heat of most vegetables, be- 
cause of their high moisture content, is 
around 0.9. Let us assume that the 
beans would be at an initial tetpera- 
ture of about 70 °F. (off the shelf). 

Q = 0.75 lbs. x 0.9 x (160°F.- 
70° F. ) 

Q = 0.75x0.9x90 
Q =60.75 Btu 
Since our oven ( 1 kW) provided 57 

Btu per minute, then the heat required 
(Q) divided by 57 Btu /minute would 
give tba time, or 

T = Q = 63 seconds 

How long would it take if the green 
beans were just removed from a 40 °F. 
refrigerator? 

When two foods at different starting 
temperatures are heated simultaneously 

in a microwave oven the colder food 
takes longer than the warmer food. An 
interesting example is that of apple pie 
and ice cream. With the pie at room 
temperature and a scoop of hard frozen 
ice cream on top, the pie can be warm- 
ed without melting the ice cream. About 
15 seconds in a 1- kilowatt oven will do 
the trick. 

Inside the Microwave Oven. Un- 
like most cooking appliances in which 
the food to be cooked is overwhelmed 
with heat, a microwave oven operates 
essentially at room temperature. In fact, 
if anything, the food heats the oven. 

The basic parts of a microwave oven 
are shown in Fig. 4: the cavity (1), the 
door (2), the magnetron (3), waveguide 
(4), the mode stirrer (5), the power 
supply (6), and the power cord (7). 
The main function of the power supply 
is to convert low voltage line power to 
the high voltages required by the micro- 
wave energy generator, the magnetron. 
When the magnetron is energized it 
generates high- frequency energy which 
then passes down the waveguide to the 
cavity. The mode stirrer as it turns in- 
terrupts the energy as it enters the cav- 
ity and causes it to be distributed more 
uniformly about the cavity before it is 
absorbed by the food load. Without the 
mode stirrer, standing waves would oc- 
cur in the cavity and there would be 
regions that would receive more energy 
than others, causing hot spots and cold 
spots. 

The food load is shown positioned 
off the floor of the oven on a glass shelf 
(8) for a reason. This position permits 
some of the energy to be reflected from 
the oven floor into the food from below. 
If this were not done the bottom of the 
food would lag behind in cooking giv- 
ing uneven doneness. 

The purpose of the oven door is to 
provide an access to the cavity and also 
to confine the microwave energy. A 
properly fitting door is essential to com- 
pletely confine the energy, and it, as well 
as the door flange, should be wiped 

clean regularly to insure good contact 
of the door and the door flange. Con- 
siderable ingenuity has gone into micro- 
wave oven door design because it is 
such a critical feature of the oven. 
Good metal to metal contact is only 
one means whereby microwave tight- 
ness of the oven is assured. Another 
approach utilizes a quarter wave slot or 
"choke" seal around the perimeter of 
the door which acts to choke off or 
cancel out microwave emissions at this 
point. On ovens in which tightness is 
effected by a metal to metal contact, 
food spatters and spills on or between 
the door and the flange provide a path- 
way for microwave energy leakage from 
the oven. Food buildup should not be 
permitted to accumulate on the door 
seals. 

Oven controls consist mainly of a 
timer, indicating lights, a start or cook 
button, and a master switch. Timers 
vary from one manufacturer to the 
next, but are usually marked so that 
short heating cycles can be set with 
some degree of accuracy. The timer is 
important because all microwave cook- 
ing is gauged by time, not temperature 
and time. 

A few seconds excess time in some 
cases can mean the difference between 
success and failure. An audio signal 
such as a buzzer bell usually indicates 
when the set time has elapsed and the 
oven has turned itself off. The oven 
may also be turned off simply by open- 
ing the door. To protect the user from 
unnecessary exposure to microwave en- 
ergy is a requirement of all microwave 
ovens. Two or more interlocks operate 
when the door is opened, any and of 
which could turn off the oven. 

The oven can also be turned off by 
turning the timer back to zero time or 
by turning off the master switch. In 
some oven designs the cook button is 
omitted and cooking action is initiated 
simply by closing the door. 

Browning. The brown surface color 
of foods is due to a chemical reaction 
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between food sugars and amino acids; 
the reaction proceeds slowly at low tem- 
peratures and is accelerated by increas- 
ing the temperature. In microwave cook- 
ing the surface temperature of foods 
rarely exceeds 212 °F., the boiling point 
of water, and is usually much lower. Be- 
cause of this, most foods cooked in 
microwave ovens lack the surface color- 
ation expected of certain foods. A steak 
or a meat pattie, for example, would 
have a gray, unappetizing surface ap- 
pearance. Baked goods would not have 
a brown crust. The appearance of such 

foods can be enhanced by placing them 
in a hot oven for a few minutes, or in 
the case of the steak and meat pattie, 
on a grill or under a broiler. Restau- 
rants which do a sizable steak business 
presear a quantity of steaks in advance 
and finish them in seconds in the mi- 
crowave oven when ordered. Some 
foods which because of their size take 
longer to cook in a microwave oven do 
take on an acceptable surface appear- 
ance. This is aided by the presence of 
surface fats as in beef roasts or roasting 
chickens and turkeys. These fats reach 
temperatures above 212 °F. and act to 
accelerate the browning reaction on the 
meat surface. 

Some Cooking Tips. Since small 
items cook faster than large items, it is 
good practice to do all of one size at a 
time. In baking potatoes, for example, 
if they are nearly alike in size they will 
all be finished at the same time. The al- 
ternative to size grading is to remove 
the smaller items as they are done and 
continue to cook the larger items. This 
requires considerably more attention. 

Since metals, including aluminum 
foil, reflect microwave energy you can 
use this phenomenon to advantage in 
certain cooking operations to restrict 
heating in certain areas. A good exam- 
ple to illustrate this effect is in the cook- 
ing of a large beef roast. See Fig. 5. 
First, wrap aluminum foil over the out- 
er two inches at each end of the roast 
and cook for 2 to 3 minutes per pound 
(in a 1 -kW oven 20 to 30 minutes for a 
10 -1b. roast). The roast should be turn- 
ed at least once during this time. Re- 
move the foil and cook for an equal peri- 

Inside a Microwave Oven 

1 Stirrer Motor 
2 Cavity Lights 
3 Cover 
4 Rectifier 
5 HV Power Supply 

Capacitor 
6 HV Power Transformer 
7 Time Delay Assembly 
8 Timer Assembly 

If you have seen the inside of one microwave oven you've seen them all. 
Basically, tracing from the line cord in, there's the rectifier, high -voltage transformer, 
and magnetron (hidden behind the oven's cavity). Necessary extras are stirrer 
assembly, oven lights and timer. 

od of time, again turning at least once. 
Remove the roast from the microwave 
30 to 45 minutes or until a meat ther- 
mometer inserted into the center of the 
roast reads 140- 150 °F. Shielding the 
roast in this way during cooking will 
insure a more uniform degree of done- 
ness from one end of the roast to the 
other. If a more well -done roast is de- 
sired, it can be returned to the oven for 
an additional 5 to 10 minutes. 

A circle of foil placed in the center 
of a slice of left over roast will keep it 
from becoming too well -done while 
warming it for service. When heating a 
casserole, the use of a strip of foil 
around the edge will slow down the 
heating effect in this area and insure a 
hotter center. There are many other 
possibilities using foil and metal forms 
to control microwave heating. 

Regular shapes heat more uniformly 
in a microwave oven. When the shape 
is irregular the thin, narrow parts tend 
to overcook and may be dried out by 
the time the thicker parts are done. 
This of course, happens in conventional 
cooking but is less pronounced because 
cooking is slower. Where it is possible 
to control the shape, as for example 
with a meat loaf or by tying a beef 
roast into a more cylindrical form, 
much more uniform results are obtain- 
ed. Where this is not possible, thin parts 

may be covered with aluminum foil for 
a part of the cooking cycle. The same 
technique can be applied in protecting 
the wing tips and legs of roasting chick- 
ens and turkeys. 

Dinner Is in the Bag. One of the 
principal advantages of microwave 
cooking is that it often can be accom- 
plished in the serving dish or in the 
package in which the food was pur- 
chased. With the exception of metals, 
all packaging materials are transparent 
to microwave energy. The list includes 
oven -proof glass, ceramics, chinaware, 
plastic ware, paper containers of all 
types, and plastic films. 

It is not entirely true that in micro- 
wave cooking only the food is heated. 
Some plastics must be used with cau- 
tion. Melamine plastic ware, for exam- 
ple, absorbs -enough energy to cause 
charring in places. Such plastic ware 
quickly becomes too hot to handle. Sty- 
renes give off a strong odor and deform. 

The amount of energy containers ab- 
sorb can be determined by making an 
oven power measurement with and 
without the container in the oven. The 
difference is the amount of energy 
aborbed by the container. 

Some ceramic dinnerware may ab- 
sorb several watts of power for each 
ounce of weight. Considering the weight 

(Continued on page 102) 
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CHECKOUT 

To aid in the process of establishing 
an effective Citizens Band radio sta- 
tion, ELECTRONIC THEORY HANDBOOK pre- 
sents these technical evaluations of some 
of the latest of the 40- channel CB trans- 
ceivers. These units are not prototypes, 
but are "stock standard," the same as the 
transceivers that you can buy over the 
counter. If you don't find the particular 
unit you are interested in reported on 
here, check the newsstands for the 1977 
edition of CB BUYERS GUIDE, or the latest 
edition of ELEMENTARY ELECTRONICS, 
where the newest cB products are con- 
tinuously reviewed. 

BOMAN CB -950 
$389.95 (Boman Astrosonix) 
General Description: A 40- channel 
AM /LSB /USB transceiver for mo- 
bile, PA operation. Fine tuning - 

1.5 kHz is provided. Power supply 
12 to 13.8 VDC with negative or 
positive ground. Overall dimensions 
are 21/2-in. h x 71/2-in. w x 11 -in. d. 
Front panel controls and switches for 
Channel Selector, Volume, Squelch/ 
PA, Clarifier, AM /LSB /USB, SWR 
Meter Calibrate, LED Dimmer, Me- 
ter Function, Noise Blanker, RF 
Gain Sensitivity. Standard accessories 
are microphone, mobile mount, DC 
power cable. 

CIRCLE 45 ON READER SERVICE COUPON 

Receiver Section Test: 
Input Sensitivity 0.5 AV 

Adjacent Channel Rejection 73 dB 

AGC Action 7 dB 

Input Level for S9 60 µV 
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Boman CB -950 

Cobra 77X 

General Electric 3 -5871 

Kris XL -50 

Panasonic RJ -3050 

President Grant 

Royce 1.682 

Transmitter Section Test: 
RF Output 3.5 watts 
Modulation to 85% yes 

Relative Sensitivity for 85% 
Modulation -32 dB 

Modulation Limited to 100% yes 
Editorial Remarks: The Boman 
CB -950 has a relative reading S -me- 
ter, double conversion receiver, jacks 
for external and PA speakers, LED 
digital indicator with continuously 
variable dimmer, and S /RF output 
meter. 

COBRA 77X 

$149.95 (Dynascan Corp.) 

General Description: A 40- channel 
AM transceiver for mobile, PA oper- 
ation. Power supply 12 to 13.8 VDC 
with negative or positive ground. 
Overall dimensions are 21 /4 -in. h x 
57/8-in. w x 81/2-in. d. Front panel 
controls and switches for Channel Se- 
lector, Volume, Squelch, Dynamike 
(microphone gain), PA /CB, ANL. 
Standard accessories are microphone, 
mobile mount, DC power cable. 

CIRCLE 48 
ON READER 

SERVICE 

COUPON 

Receiver Section Test: 
Input Sensitivity 0.5 AV 

Adjacent Channel Rejection 64 dB 

AGC Action 10 dB 

Input Level for S9 100 AV 

Transmitter Section Test: 
AM RF Output 3.7 watts 
Modulation to 85% yes 

Relative Sensitivity for 85% 
Modulation -26 dB maximum 

Modulation Limited to 100% no 

Editorial Remarks: The Cobra 77X 
has an S -meter that reads 6 dB per 
S -unit, double conversion receiver, 
external and PA speaker jacks, and 
S /RF output meter. 

GENERAL ELECTRIC 3.5811 

$249.95 (General Electric) 
General Description: A 40- channel 
AM transceiver for mobile, PA, fixed 
operation. Delta tuning ± 1.5 kHz 
provided. Power supply 12 to 13.8 
VDC with negative or positive ground 
and 120 VAC. Overall dimensions 

CIRCLE 51 ON READER SERVICE COUPON 

are 4 -in. h x 11- 7 /16 -in. w x 9 -in. d. 
Front panel controls and switches for 
Channel Selector, Volume, Squelch, 
RF Gain, Tone, Delta Tune, CB /PA, 
ANL. Standard accessories are micro- 
phone, mobile bracket, DC power 
cable, AC power cable. 
Receiver Section Test: 

Input Sensitivity 0.4 AV 

Adjacent Channel Rejection 66 dB 

AGC Action 9 dB 
Input Level for S9 76 AV 

Transmitter Section Test: 
AM RF Output 3.7 watts 
Modulation to 85% yes 
Relative Sensitivity for 85% 

Modulation -31 dB 

Modulation Limited to 100% ...yes 
Editorial Remarks: The General Elec- 
tric 3 -5871 has a relative reading S- 
meter, double conversion receiver, 
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external and PA speaker jacks, LED 
digital channel indicator, and S /RF 
output meter. 

KRIS XL-50 

$259.95 (Kris, Inc.) 

General Description: A 40- channel 
AM transceiver for mobile, PA opera- 
tion. Delta tuning ±1.5 kHz provid- 
ed. Power supply 12 to 13.8 VDC 
with negative or positive ground. 
Overall dimensions are 3 -in. h x 8.9- 
in. w x 9.5 -in. d. Front panel controls 
and switches for Channel Selector, 
Volume, Squelch, RF Gain, Tone, 
Delta Tune, Meter Lamp Dimmer, 
Noise Blanker, CB /PA, Intercom 
Function, Internal /External Speaker 
(feeds CB through PA speaker), LED 
Dimmer. Standard accessories are 
microphone, mobile mount, DC 
power cable. 

CIRCLE 59 ON READER SERVICE COUPON 

Receiver Section Test: 

Input Sensitivity 0.3 AV 

Adjacent Channel Rejection 55 dB 

AGC Action 2 dB 

Input Level for S9 20 AV 

Transmitter Section Test: 
RF Output 3.7 watts 
Modulation to 85% yes 

Relative Sensitivity for 
85% Modulation -28 dB 

Modulation Limited to, 100% yes 
Editorial Remarks: The Kris XL -50 
has an S -meter that reads 3 dB per 
S -unit, double conversion receiver, 
external and PA speaker jacks, LED 
digital channel indicator, S- meter, RF 
output meter, modulation meter, and 
jack for external S- meter. 

PANASONIC R1 -3050 

$129.95 (Panasonic) 

General Description: A 40- channel 
AM transceiver for mobile operation. 
Power supply 12 to 13.8 VDC with 
negative or positive ground. Overall 
dimensions are 23 /8 -in. h x 63/4 -in. w 

CIRCLE 58 ON READER SERVICE COUPON 

x 10 -in. d. Front panel controls for 
Channel Selector, Volume, Squelch. 
Standard accessories are microphone, 
mobile mount, DC power cable. 
Receiver Section Test: 

Input Sensitivity 3.0 AV 

Adjacent Channel Rejection 67 dB 

AGC Action 9 dB 

Input Level for S9 30 AV 

Transmitter Section Test: 
AM RF Output 3.4 watts 
Modulation to 85% no 

Relative Sensitivity for 85% 
Modulation -29 dB 

Modulation Limited to 100% yes ... 

Editorial Remarks: The Panasonic 
RJ -3050 has a relative reading S- 
meter, double conversion receiver, ex- 
ternal speaker jack, LED digital 
channel indicator, and S /RF output 
meter. 

PRESIDENT GRANT 

$339.95 (President Electronics, Inc.) 

General Description: A 40- channel 
AM /SSB transceiver for mobile, PA 
operation. Fine tuning ± 1.25 kHz 
provided. Power supply 12 to 13.8 
VDC with negative or positive 
ground. Overall dimensions are 23/8 - 

in. h x 77/8-in. w x 101/2-in. d. Front 
panel controls and switches for Chan- 
nel Selector, Volume, Squelch, Clari- 
fier, Microphone Gain, Panel Light 
Dimmer, AM /LSB /USB, PA /CB, 
Noise Blanker, Local /Distance Sensi- 
tivity. Standard accessories are micro- 
phone, mobile mount, DC power 
cable. 

CIRCLE 53 ON READER SERVICE COUPON 

Receiver Section Test: 

Input Sensitivity 0.4 AV 

Adjacent Channel Rejection 60 dB 

AGC Action 7 dB 

SSB Opposite Sideband 
Rejection 60+ dB 

Input Level for S9 100 AV 

Transmitter Section Test: 
RF Output 3.6 watts AM, 

12 watts PEP SSB 

Modulation to 85% yes 

Relative Sensitivity for 
85% Modulation . -20 to -40 dB 

Modulation Limited to 100% yes 
Editorial Remarks: The President 
Grant has a relative reading S- meter, 
double conversion receiver, external 
and PA speaker jacks, LED digital 
channel indicator, and S /RF output 
meter. 

ROYCE 1.682 

$219.95 (Royce Electronics Corp.) 

General Description: A 40- channel 
AM transceiver for mobile, PA oper- 
ation. Variable tuning ± 1.5 kHz 
provided. Power supply 12 VDC with 
negative and positive ground. Overall 
dimensions are 2- 13/32 -in. h x TN- 
in. w x 8- 13 /16 -in. d. Front panel 
controls and switches for Channel Se- 
lector, Volume, Squelch, Fine Tuning, 
RF Gain, PA /CB, ANL, and Chan- 
nel Indicator Dimming. Standard Ac- 
cessories are microphone, mobile 
mount, DC cable. 

CIRCLE 47 ON READER SERVICE COUPON 

Receiver Section Test: 

Input Sensiitvity 0.5 AV 

Adjacent Channel Rejection 62 dB 

AGC Action 13 dB 

Input Level for S9 26 AV 

Transmitter Section Test: 

RF Output 3.6 watts 
Modulation to 85% yes 
Relative Sensitivity for 

85% Modulation -30 dB 

Modulation Limited to 100% yes 
Editorial Remarks: The Royce 1 -682 
has a relative reading S- meter, dou- 
ble conversion receiver, external and 
PA speaker jacks, S /RF output 
meter, submaster volume control built 
into microphone case, and LED digi- 
tal channel indicators. 
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LITERATURE 
LIBRARY 

301. Get acquainted with the new FICO products, 
designed for the professional technician and elec- 
tronics hobbyist. Included in brochure are 7 IC 
project kits, EICO's "Foneaids," security products 
and many varied kits. 

302. International crystal has illustrated folders con- 
taining product information on radio communica- 
tions kits for experimenters (PC boards; crystals; 
transistor RF mixers & amplifiers; etc.). 

303. Regency has a new low cost /high performance 
UHF; FM repeater. Also in the low price is their 
10- channel monitoradio scanner that offers 5 -band 
performance. 

304. Dynascan's new B a K catalog features test 
eequipment for industrial labs, schools, and TV 
servicing. 

305. Before you build from scratch, check the Fair 
Radio Sales latest catalog for surplus gear. 

306. Get Antenna Specialists' catalog of latest mo- 
bile antennas, test equipment, wattmeters, acces- 
sories. 

307. Want a deluxe CB base station? Then get the 
specs on Tram's super CB rigs. 

308. Compact is the word for Xcelite's 9 different 
sets of midget screwdrivers and nutdrivers with 
"piggyback" handle to increase length and torque. 
A handy show case serves as a bench stand also. 

310. Turner has two booklets on their Signal Kicker 
antennas. They give specifications and prices on 
their variety of CB base and mobile line. Construc- 
tion details help in your choice. 

311. Midland Communications' line of base, mobile 
and hand -held CB equipment, marine transceivers, 
scanning monitors, plus a sampling of accessories 
are covered in a colorful 18 -page brochure. 

312. The EDl (Electronic Distributors, Inc.) catalog 
is updated 5 times a year. It has an index of manu- 
facturers literally from A to X (ADC to Xcelite). 
Whether you want to spend 29 cents for a pilot - 
light socket or $699.95 for a stereo AM /FM receiver, 
you'll find it here. 

313. Get all the facts on Progressive Edu -Kits Home 
Radio Course. Build 20 radios and electronic cir- 
cuits; parts, tools, and instructions included. 

316. Get the Hustler brochure illustrating their com- 
plete line of CB and monitor radio antennas. 

317. Teaberry's new brochure presents their corn- 
pieta lines of CB and marine transceivers and scan- 
ners for monitoring police, fire and other public 
service frequencies. 

318. CBers, GC Electronics' 16 -page catalog offers 
the latest in CB accessories. There are base and 
mobile mikes and antennas; phone plugs; adaptors 
and connectors; antenna switchers and matchers; 
TVI filters; automotive noise suppressor kits; SWR 
power and FS meters; etc. 

319. Browning's mobiles and its famous Golden 
Eagle base station, are illustrated in detail in the 
new 1977 catalog. It has full -color photos and 
specification data on Golden Eagle, LTD and SST 
models, and on "Brownie," a dramatic new mini - 
mobile. 

320. Edmund Scientific's new catalog contains over 
4500 products that embrace many sciences and 
fields. 

321. Cornell Electronics' "Imperial Thrift Tag Sale" 
Catalog features TV and radio tubes. You can also 
find almost anything in electronics. 

322. Radio Shack's 1977 catalog colorfully illus- 
trates their complete range of kit and wired prod- 
ucts for electronics enthusiasts -CB, ham, SWL, 
hi -fi, experimenter kits, batteries, tools, tubes, wire, 
cable, etc. 

323. Get Lafayette Radio's "new look" 1977 catalog 
with 260 pages of complete electronics equipment. 
It has larger pictures and easy -to -read type. Over 
18,000 items cover hi -fi, CB, ham rigs, accessories, 
test equipment and tools. 

327. Aventi's new brochure compares the quality 
difference between an Avanti Racer 27 base loaded 
mobile antenna and a typical imported base loaded 
antenna. 

328. A new free catalog is available from McGee 
Radio. It contains electronic product bargains. 

329. Semiconductor Supermart is a new 1977 cata- 
log listing project builders' parts, popular CB gear, 
and test equipment. It features semiconductors - 
all from Circuit Specialists. 
330. There are nearly 400 electronics kits in Heath's 
new catalog. Virtually every do- it- yourself interest 
is included -TV, radios, stereo and 4- channel, hi -fi, 
etc. 

331. E. F. Johnson offers their CB 2 -way radio cata- 
log to help you when you make the American vaca- 
tion scene. A selection guide to the features of the 
various messenger models will aid you as you go 
through the book. 
332. If you want courses in assembling your own 
TV kits, National Schools has 10 from which to 
choose. There is a plan for GIs. 
333. Get the new free catalog from Howard W. 
Sams. It describes 100's of books for hobbyists 
and technicians -bcoks on projects, basic elec- 
tronics and related subjects. 
334. Sprague Products has L.E.D. readouts for those 
who want to build electronic clocks, calculators, 
etc. Parts lists and helpful schematics are included. 
335. The latest edition of the TAB BOOKS catalog 
describes over 450 books on CB, electronics, broad- 
casting, do- it- yourself, hobby, radio, TV, hi -fi, and 
CB and TV servicing.. 

337. Pace communications equipment covers 2 -way 
radios for business. industrial and CB operations. 
Marine radiotelephones and scanning receivers are 
also it this 18 -p. book. 
338. "Break Break," a booklet which came into 
existence at the request of hundreds of CBers, con- 
tains real life stories of incidents taking place on 
America's highways and byways. Compiled by the 
Shakespeare Company, it is available on a first 
come, first serve basis. 

342. Royce Electronics has a new 1977 full line 
product catalog. The 40 -page, full -color catalog 
contains their entire new line of 40- channel AM and 
SSB CB transceive-s, hand -helds, marine communi- 
cations equipment, and antennas and accessories. 

344. For a packetful of material, send tor ooc 
material on UHF and VHF scanners, CB mobile 
transceivers, walkie- talkies, slow -scan TV systems, 
marine- radios, two -way radios, and accessories. 

345. For CBers from Hy -Gain Electronics Corp. there 
is a 50 -page, 4 -color catalog (base, mobile and 
marine transceivers, antennas, and accessories). 
Colorful literature illustrating two models of moni- 
tor- scanners is also available. 

350. Send for the free NRI /McGraw Hill 100 -page 
color catalog detailing over 15 electronics courses. 
Courses cover TV -audio servicing, industrial and 
digital computer electronics, CB communications 
servicing, among others G.I. Bill approved, courses 
are sold by mail. 

352. Send for the free descriptive bulletin from 
Finney Co. It tells all about their new auto FM radio 
signal booster (eliminates signal fading). 

353. MFJ offers a free catalog of amateur radio 
equipment -CW and SSB audio filters, electronic 
components, etc. Other lit. is free. 

354. A government FCC License can help you 
qualify for a career in electronics. Send for Infor- 
mation from Cleveland Institute of Electronics. 

355. New for CBers from Anixter -Mark is a colorful 
4 -page brochure detailing their line of base station 
and mobile antennas, including 6 models of the 
famous Mark Heliwhip. 

356. Send for Continental Specialties new bread- 
boarding prototest devices. They vary in prices 
from a mini- budget kit at $19.95. Featured is the 
new logic monitor, giving information on what it 
does, how it works, and how to use it. 

357. Dage Scientific Instruments offers a 16 -page 
booklet on how to build an electronic thermometer 
with control. Included is an introductory course on 
thermocouples, schematics and many applications. 

358. PixTronics announces its new Model 200 Super 
Sensitive Electronic Darkroom Exposure Meter, 
used to determine the correct exposures of all 
black- and -white and color negatives. Useable with 
any enlarger. 

359. Electronics Book Club has literature on how to 
get up to 3 electronics books (retailing at $58.70) 
for only 99 cents each ... plus a sample Club News 
package. 

360. Cornell -Dubilier has a 4- color, 4 -page, bro- 
chure on its Ham II, CD -44, and Big Talk rotor 
communication systems. Exploded half tones detail 
interior rotor construction, and tables list specs. 
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Ovens 
(Continued from page 98) 

of such containers, the total power ab- 
sorbed can be considerable. 

Care should be taken not to use 
chinaware with metallic trim designs, as 
the thin metal trim will tend to arc and 
pit, thereby damaging the appearance 

of the chinaware. The container is also 
likely to be quite hot in these regions 
and care should be taken in handling 
such dishes. It should be pointed out 
that no harm will come to the oven if 
such dishes are inadvertently used. 

Save the Nutritive Value. The ef- 
fect of microwave energy on vitamins in 
foods is negligible with a slight edge in 

favor of the microwave oven. General- 
ly the effect is about the same as for 
conventional heating methods. 

In many instances more of the natu- 
ral vitamins are retained when vege- 
tables are cooked in a microwave oven 
because in most cases this is done with- 
out the addition of water; there is thus 
no leaching out of vitamins. 

Computer New Products 
(Continued from page 70) 

ed in three basic groups: ADC's with 
8, 16 and 32 differential, or 16, 32 and 
64 single -ended analog input channels; 
DAC's with 2 analog output channels; 
ADC /DAC combination with 8 differential 
or 16 single -ended input channels and 
2 output channels. Each system is pack- 
aged on a single half -card for significant 

space and cost savings, and the sys- 
tems will operate from the standard 
chassis power supply so no separate 
power supply is needed. The top- of -the- 
line, 12 -bit ADC can process up to 64 
channels of analog data at a throughput 
rate of 35,000 channels /sec or 28.5 mi- 
croseconds / conversion. Standard fea- 
tures include programmable real -time 
clock, acquisition of data on external 
event, sequential mode operation, input 
analog multiplexer, sample and hold am- 
plifier, input protection against improper 

operation. Single unit price: $2,275. ADC 
prices range downward to $1,575 for an 
8- channel differential input device. ADC/ 
DAC combination products, also modu- 
lar, start at $950 and are expandable up 
to 16 analog input channels. Standard 
on all products: two 12 -bit digital -to- 
analog converters, input buffer registers, 
power amplifier output for driving up to 
50 feet of cable, Z -axis control. Com- 
puter Automation, Inc., 18651 Von Kar- 
man, Irvine, CA 92713. Circle numher 57 
on Reader Service Coupon. 

Ask Hank, He Knows! 
(Continued from page 12) 

friend's car, it works fine with his CB rig - 
and my rig, too! What's wrong? 

O. P., Hollywood, FL 

Your problem may be a plastic gutter 
mount that's a perfect insulator offering no 
ground circuit for the antenna's metalic 
clamp. If you need a quick disconnect, go 
for a magnetic mount. 

Static Charge 
Can you suggest a simple static elec- 

tricity experiment I can use. 
-P. H., Jackson, TN 

Cut or tear paper to 1/4-in. squares ap- 
proximately. Then, rub a plastic comb 
with a wool cloth. The comb should attract 
the paper bits -if the humidity is low 
enough. 

Junk is Good 
Everyone is trying to rip me off. I want 

to rebuild a heater fan motor in my old 
car and the best I can get is a new heater 
assembly for 60 dollars. What can 1 do? 

-D. M., Boise, ID 

Do what I do, visit your local auto junk 
yard with a set of tools. For a few bucks, 
the owner will let you salvage the part you 
want. Should the part be defective, the 
chances are the owner will let you do it 
again without additional cost. Heater 
motors usually are factory sealed units 
that cannot be repaired. 

Likes to Snooze 
My phone rings when I want to sleep. 

What's an easy way to turn it off without 
getting in trouble with the phone com- 
pany? 

-E. L., Fort Worth, TX 

Well, if you have a wall plug and jack 
combination, simply disconnect the phone. 
Another way is to open the 2 -in. square 
junction box (that's where the cable from 
the telephone connects) and separate the 
yellow and green wires that go to the 
phone. Leave the green where it is (so 
you'll be able to get a dial tone) and 
connect the yellow to an unwired or vacant 
terminal in the junction box. (Now the 
phone won't ring). Connect an external 
snap or slide switch via a two -wire cable 
across the yellow and green wires in the 
junction box. When the switch is closed, 
the bell circuit will ring during incoming 
calls. With the switch off, the bell circuit 
will not ring, however you will be able to 
make calls. 

Needs 5 Volts DC 
My minicomputer came complete ex- 

cept for a 5 -volt DC supply. Can you give 
me the plans for one? Please keep it sim- 
ple and cheap. My dad's wallet is operating 
on it's last slow -blow fuse. 

-J. P., Salt Lake City, UT 

I suggest you visit your local Radio 
Shack and pick up the parts and printed 
circuit board for their 5 -volt DC regulated 
supply kit, catalog number 277 -102. It's 
rated at 1 ampere and also has a 60 -Hz 
output, should you need it. 

Testing 
How can I check my calculator before I 

start using it to be sure it is working? 
-D. Y., Hobbs, NM 

Turn it on, place it in the F (floating 
decimal) mode and enter 1.1111111. Hit 
the X (multiplication) key and the = 
(equal) key. Your answer should be 
1.2345678. This does not check out all 
functions in the calculator, but it does 
tell you that most of the circuitry is work- 
ing and the batteries are operative. Inci- 
dentally, run down batteries are the major 
cause of incorrect calculator answers. 

A Jim Nickel, 1012 South I 1 1 St., West 
Allis, WI 53214 needs the schematic dia- 
gram for the Hallicrafter S -38C receiver. 
A An odd one -schematic diagram for a 
3- channel psychedelic light control kit 
manufactured by Bowman Leisure Indus- 
tries, Model PCC -3LF. Write to Kyle 
McKown, Box 18, Arnoldsburg, WV 
25234. 
A Al G. Spence has looked a long time 
for a service manual for a Knight KG- 
2000 oscilloscope. Write to Al at 629 
Henderson Ave., Staten Island, NY 10310. 
A B. R. Barnum, 1456 C Street, Eureka, 
CA 95501 would like info on Sebcom 2- 
station, single -channel wireless intercom. 
Anybody? 
A Jacques Blanchet, 35 St. Georges, Levis, 
Que., Canada G6V 3P0 needs diagrams 
and manuals on: Marconi MK1, No. 9 
transceiver, and Research Enterprise RH -1, 
No. 32. 
p Sony TC -500 tape transport repair 
manual is needed by Robert H. Stirling, 
Champlain Drive, Old Lyme, CT 06371. 
p Walter L. Damkoehler needs the sche- 
matic diagram for a Lincoln SW -34 re- 
ceiver. Write to Walter, W4EBO, at 515 
Grand Avenue, Gadsden, AL 35901. 
6, Sean Welsh, 234 Wincott Dr., Weston, 
Ont., Canada M9R 2R4 is rebuilding the 
Canadian General Electric Model C7T2 
VHF TV set made in 1957. Sean needs 
schematic diagram and tube placement 
diagram. 
p Dan Smith, 2027 West F St., Napa, CA 
94558 needs every bit of info he can get 
on the following: Johnson Viking Chal- 
lenger Amateur transmitter, Supreme 
Model 546 oscilloscope, and Precision 
Model E -200 -C signal generator. 
p William Burchett, Star Route, Ulysses, 
KY 41264 wants to restore an Echophone 
Model EC -1A radio. Send schematic dia- 
gram and other info. 
A Got a copy of the Hallicrafters SX99 
operator's manual? Please send it or Xerox 
to Stanley Mason, 12 Reservoir Rd., Mel- 
ville, NY 11746. 
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ELECTRONIC THEORY HANDBOOK -PUBLISHED ANNUALLY. The rate per word for Classified Ads is $1.00 
each insertion, minimum ad $1 5.00 payable in advance. Capitalized words 404 per word additional. To be 
included in next issue, write to R. S. Wayner, DAVIS PUBLICATIONS, INC., 220 Park Ave.'So., NY 10003. 

ADDITIONAL INCOME FARMS, ACREAGE & REAL ESTATE MONEYMAKING OPPORTUNITIES- Cont'd 

YOU deserve extra income. New booklet tells how SELLING YOUR HOME? Don't . Until you 
to get it. $1.50. Useful gifts and books (8A), 1540 learn to sell it yourself. 101 Easy to follow Steps. 
Broadway (Suite 303) New York, NY 10036. Save Thousands $$$ in Broker's Fees!, Send $2, 

ELAN, P.O. Box 117 Richfield, WI 53078. 
$200 WEEKLY mailing circulars. Samples 25e. 

Grahamco DPBX 99371, Tacoma, WA 98499. 

ATHLETIC EQUIPMENT & BODY BUILDING 

CAN colds be prevented by vitamin C? Your bene- 
fit: good health through case histories. charts. De- 
tails free. PRETTY THINGS & KNICKNACKS. 
400 E. 33rd J503 Chicago, IL 60616. 

BLUEPRINTS PATTERNS & PLANS 

NEW CRAFT PRINT CATALOG -Choose from over 
100 great easy -to -build plans. Send $1.50 (completely 
refunded with your first order). BOAT BUILDER, 
(CP Div.)-229 Park Avenue South, New York, NY 
10003. 

BOOKS & PERIODICALS 

FOR COMPLETE INFORMATION on "How to 
Write A Classified Ad That Pulls." Includes certifi- 
cate worth $2.00 towards a classified ad in this 
publication. Send $1.50 (includes postage) to R. S. 
Wayner, Davis Publications, Inc. Dept. CL. 229 Park 
Avenue South, New York, NY 10003. 

BUSINESS OPPORTUNITIES 

MAKE Magnetic Signs. Big profits. Details, Uni- 
versal, Lenora. KS 67645. 

$30.00 HUNDRED Stuffing Our Circulars into 
Stamped Addressed Envelopes. Immediate Earnings. 
Beginners Kit $2.00, COLOSSI, 1433 -61 Street. DC -7, 
Brooklyn. NY 11219. 

HOMEWORK! BIG MONEY addressing. mailing 
envelopes. Exciting offer 10e. Linco Services, 3636 
Peterson. Chicago 60659. 

1000% PROFIT Bronzing Baby Shoes. Free Litera- 
ture. NBC, Box 1904 -DO, Sebring, FL 33870. 

$3,000.00 MONTHLY. Immediate income. Stuff 
envelopes at home. Information, send self -addressed 
stamped envelope. Cottage, Box 730 -DFH, Baldwin 
Park. CA 91706. 

$100 Day from $242 Machine. Brochure. Sample 
Product $1.00. Write. Coffman, 1973M Olenhaven, 
Abilene, Texas 79603. 

EARN 8500 /Thousand stuffing envelopes at home! 
Free supplies! Rush stamped envelope: R. M. Sims 
Co., Box 06614, Detroit, MI 48206. 

MAKE $1,000 per month mailing letters. Free de- 
tails. Tate, Box 443 -DP. Morehead City, NC 28557. 

$25.00 DAILY possible stuffing envelopes! Details 
Free. Service, Box 715 -D, Lynbrook, NY 11563. 

CABLE /FM Broadcast station. Operate from home, 
school, church. Excellent income. Free details. Broad- 
casting. Box 5516GH6, Walnut Creek. CA 94596. 

"999 SUCCESSFUL LITTLE KNOWN BUSINES- 
SES" information write, Gentry Distributors, Dept. 
DP Box 511, Pascagoula, MS 39567. 

$500.00 profit stuffing 1,000 envelopes. Details $1.00 
(Refundable). Elamco, Bel 337 D7. Waldo, AR 71770. 

BUY IT WHOLESALE 

BUY IT WHOLESALE. 2500 items, free catalogs. 
Rush $2.00 for handling. Lillard's Imports 8670 F. 
Miramar Rd. San Diego, CA 92126. 

COINS, CURRENCY & TOKENS 

SPECIAL! WW II STEEL CENT SETS. 1943 PDS 
processed cents VFXF in holder only $1.25 plus .750 
postage. Heritage Coins, P.O. Box 1372 D. Tulsa, 
OK 74101. 

DETECTIVES 

POLICE SECURITY INVESTIGATIVE schematics 
and equipment listings. Quimtronix, Box 548 -DV. 
Seattle, WA 98111. 

INVESTIGATOR'S MANUALS: Electronic Surveil- 
lance, Lock- Picking, etc. Write, MENTOR, Dept. 604, 
135 -53 No. Blvd., Flushing, NY 11354. 

EDUCATION & INSTRUCTION 

UNIVERSITY DEGREES BY MAIL! Bachelors. 
Masters, PhDs. Free revealing details. 
Counseling, Box 389 -ET8, Tustin, CA 92680. 

FREE Information, Important recent publications 
of special interest to everyone. Money making, money 
saving, self improvement. Most $2 or less. Send 
today, ELAN, P.O. Box 117, Richfield. WI 53076. 

Cabin, stoves, 7.8 acres pine, on lake, N.W. Wis. 
Box 181, Williams Bay, WI 53191. 

GIFTS THAT PLEASE 

FREE: Drop a card for fantastic bargains to Oak 
"N" Ledge, Greene, RI 02827. 

HYPNOTISM 

FREE Fascinating Hypnosis Information! Start- 
ling! DLMH, Box 487 Anaheim. CA 92805. 

MAGNETS 

MAGNETS. All types. Specials -20 disc. or 10 bar, 
or 2 stick, or 8 assorted magnets, $1.00. Magnets, 
Box 192 -E, Randallstown, MD 21133. 

MAIL -ORDER OPPORTUNITIES 

FREE Discount book catalog! All subjects. Litch- 
field Box 350 -C2 Bedford, TX 76021. 

MISCELLANEOUS 

First prizes $250,000 play win legal lottery total 
$2,400,000 prizes low cost tickets $8.00 send cash only 
to Louis Whitfield, 1102 Edith S.E., Albuquerque, 
New Mexico 87102. 

Win Bingo! New method. Details free! Research - 
730. Box 669, Burbank. CA 91503. 

WIN BETTING HARNESS RACES. SATISFACTION 
GUARANTEED or PURCHASE PRICE REFUNDED. 
$3.00. PISCIELLA, 804 COLBY, DELRAN, NEW 
JERSEY 08075. 

MONEYMAKING OPPORUNITIES 

FREE "1001 ODDS "! $10,000 -$100.000 actually 
made at home! Never get over It! Publico, Carls- 
bad, CA 92008. 

MAKE YOUR CLASSIFIED AD PAY. Get "How 
to Write A Classified Ad That Pulls." Includes cer- 
tificate worth $2.00 towards a classified ad In this 
publication. Send $1.50 (includes postage) to R. S. 
Wayner, Davis Publications, Inc., Dept. CL, 229 
Park Avenue South, New York. NY 10003. 

$500.06 WEEKLY! IMMEDIATE. Guaranteed home 
income stuffing envelopes. FREE Supplies! Send 25e. 
Stamp. Profits, B725 -DP8, Helen, NM 87002. 

$1.000 MONTHLY POSSIBLE, mailing commission 
letters. Information -Free! OPPORTUNITIES Box 
721D. Lynbrook, NY 11563. 

$250.00 profit /thousand possible -stuffing- mailing 
envelopes. Offer: Rush stamped addressed envelope: 
Universal -ADVS X16180 Fort Lauderdale, FL 33318. 

MAKE EXTRA MONEY WITHOUT WORKING! 
New Booklet Shows How, $1.50. Keystone Dept. 
CMOBDD, 1538 C, Orange Street, Berwick, Pa. 
18603. 

I make $52,000 yearly mailing letters. Anyone can. 
Free proof. Sandco -DP. Ceres, CA 95307. 

$500 /Thousand stuffing envelopes. Free Supplies. 
Proven -Guaranteed! Send 500. Stamped addressed 
envelope. H & H Enterprises, Box 10 Black Oak. 
Arkansas. 

$500 WEEKLY with MAIL ORDERS MOST DY- 
NAMIC PROGRAM. FREE details Box 1912, Fort 
Worth, TX 76101. 

HOMEWORKERS! Big $$$ stuffing envelopes. Free 
details. Sayco, 824DA, Augusta, Elgin, IL 60120. 

$10.000. $50.00 GUARANTEE. WIN MONTHLY 
GOVERNMENT BONANZA. Cash plus royalties. All 
loses tax deductable. Details $1.00. Dynomite, P.O. 
Box 6, Orrville, AL 36767. 

$250 WEEKLY possible mailing letters. Free details. 
Atco, Box 27. Sioux Falls. SD 57101. 

ROULETTE. New Secret System, Astounding Re- 
sults! Tested Years. $9.85 Financial Systems, P.O. 
Box 35243 Phoenix, AZ 85069. 

$1,000 MONTHLY possible stuffing envelopes. Free 
details. G.W., Box 338, Orangeville. Ontario, 
Canada L9W 2Z7. 

Hard work and a small investment scare you? If 
you don't believe in "getting rich overnight" write. 
Regal 10835 SE Powell Blvd. jí35. Portland, OR 
97266. 

$300.00 WEEKLY, Mailing Circulars. Write: 
MCGUIRE. Box 144, Tacoma, WA 98412. 

Free list Moneymaking Booklets $1.50 each, Pipp, 
14780 Calpella, La Mirada, CA 90638. 

NEW! Stuff our circulars for profit. Free details. 
Seafern, 4567 Park, San Diego, CA 92116. 

OF INTEREST TO WOMEN 

$1,000 short story /poetry contest. National maga- 
zine. Send self- addressed, stamped envelope for in- 
formation. Contest DP, Box 22248, Sacramento, CA 
95822. 

PERSONAL 

SINGLE? Widowed? Divorced? Nationwide intro- 
ductions! Identity, Box 315 -DC, Royal Oak, MI 
48068. 

JAPANESE introduction! Girl's photographs, de- 
scriptions, brochure, details. $1.00. INTERPACIFIC, 
Box 304 -SC, Birmingham, MI 48012. 

500 Ladies. 350 Men Photos Matrimonial Catalog, 
$1.00 Contactpartner: Box 12, Toronto, Canada 
M4A 2M8. 

"DATE WITH DIGNITY" Professional Matching. 
Drawer 6765, Fort Worth, '76115 (817) 921 -0281 Any- 
time. 

LOTO CANADA - World's Largest Lottery. 
$32,000,000 in prizes. Next draw October 9. Each 
ticket offers 12 chances to win $1,000.000, 150,000 
winners. Tickets $10 plus $1.50 fee. Send check to 
Bridge International, Box 35301 Vancouver. VOM 
4G5 Canada. 

JAPANESE Girls Make Wonderful Wives. We have 
large number of listings. Many Interested In mar- 
riage. Only $1.00 brings application, photos, names, 
descriptions, questionnaire, Etc. Japan Interna- 
tional, Box 156 -AA, Carnelian Bay, CA 95711. 

BEAUTIFUL Mexican- Oriental girls Needing Ameri- 
can Boy -Friends. Free Details, "actual" photos. 
World, Box 3876 -DC, San Diego, CA 92103. 

LATIN AMERICAN GIRLS appreciate their men. 
Let us introduce you to dark -eyed, unspoiled beauty. 
Complete application package and photo selection 
$2.00: Maria Garcia, Box 80801D, San Diego, Calif. 
92138. 

DATES GALORE! Meet singles- anywhere. Call 
DATELINE, toll -free (800) 451 -3245. 

BEAUTIFUL MEXICAN GIRLS! Prlendship, mar- 
riage. Photos information free! "Latins," Box 
1716 -DE. Chula Vista, CA 92012. 

ADULT Pleasure Products -over 600 items! Giant 
catalog $1.00. Clifton's D -1068, Saugus, CA 91351. 

IDEA book for re -doing or adding to your kitchen 
and bath improvements. Send $1.35 to KITCHEN & 
BATH IMPROVEMENTS -229 Park Avenue South. 
New York, NY 10003. 

PHOTOGRAPHY - PHOTO FINISHING 
A SUPPLIES 

SAVE HUNDREDS OF DOLLARS!!!! Make your 
own S &M Densitometer. Send $3.00 for details 
drawings and instructions. A must for successful 
photography in your darkroom. Order direct: S &M 
Instruments, Dept. ETS, 229 Park Ave. South, N.Y. 
NY 10003. 

PRINTING, MIMEOGRAPHING & 
MULfIGRAPHING 

WHOLESALE, Printing Office Supplies, Equipment, 
Free Catalog, Atlantic, DP -8, Box 1678, Florence, 
South Carolina 29503. 

RADIO-TV 

FANTASTIC old radio programs on tape. Reels. 
cassettes, 8- track. Free introductory catalog. Radio 
Memories. Box 2297, Newport News, VA 23602. 

E -Z METHOD RADIO REPAIR without elaborate 
equipment. Details, send 10e to. K. Leinheiser, P.O. 
Box 144, Rutherfordton, NC 28139. 

BI- LINEAR AMPLIFIER, 3 -30 MHz, 60 -150 watt 
mobile. Construction plans, $3.00. Wilson, Box 
5516 -GH2, Walnut Creek, CA 94596. 

SURPLUS EQUIPMENT 

GIANT Bargain Packed Canadian Surplus Cata- 
logs $1.00. Etco Electronics -DO, Box 741, Montreal 

TAPES, RECORDERS, SOUND EQUIPMENT 

"SPIRIT'S MOVING" chorus -orchestra tape, true 
stereophonic. Reel or cassette, $6.50. Millers, 1896 
Maywood, S. Euclid, OH 44121. 

We offer SPECIAL COMBINATIONS: Combo #1, Combo #2 or Combo #3. Each Combination is designed 
to give your ad the largest audience available. For information write to R. S. Wayner, Classified 
Advertising Manager, Davis Publications, Inc., 229 Park Avenue South, New York, N.Y. 10003. 
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What science fiction 

readers have been 
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The FIRST science fiction 
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CB Q and A 
Before starting this special CB Theory 

Quiz make sure you have carefully read 
the "Cram Course on CB Theory" be- 
ginning on page XX of this issue of 
ELECTRONICS THEORY HANDBOOK. The 
quiz is designed to be a quick, enjoyable 
way to check your knowledge of that 
important subject, CB theory. Score 22 
or more correct answers and you're a CB 

expert and ready to hold your own on 
the airwaves. If you get 18 to 21 right, 
stay on the air, but put those one minute 
silent periods to good use by digging into 
that CB theory until you're up to snuff. 
Less than 18 correct And you'd better 
pull the plug until you've mastered the 
basics and are qualified to crank up the 
rig again. 

1. There are presently two distinct and 
separate types of transmission systems in 
use and 
2. In the process of combining the audio 
modulation and RF carrier, new frequen- 
cies called are generated. 
3. Single sideband, or SSB as it is termed, 
utilizes the principle that only 
is required for transmitting intelligence. 
4. If all CB stations were SSB the present 
23 channels could provide _ communi- 
cations channels. 
5. The IF amplifier provides most of the 
receiver's and all 
6. The RF amplifier amplifies the 
to a 

7. The important justification for a 
double conversion IF strip is for the 

of 
8. Double conversion means IF 
frequencies. 
9. AM is easily obtained in an SSB trans- 
ceiver by simply the carrier. 
10. The best sérvicing advice concerning 
modern solid -state transceivers, whether 
AM or SSB, is 

11. The least expensive form of fre- 
quency control in transceivers of sub- 
stantially less than full -23 coverage (say, 
6 channels) is the oscillator. 
12. Frequencies assigned to the Citizens 
Band are among the in the 
whole radio spectrum. 
13. On the Citizens Band most noise is 
primarily noise. 
14. The simplest form of noise limiter 
is the so- called or type. 

15. Ultimate noise suppression is ob- 
tained from a circuit. 
16. The permissible limit of modulation 
for an AM or SSB transmitter is 
percent. 
17. While talk power devices are very 
effective for AM transmitters they can 
often result in the of an SSB 
transmitter. 
18. If your CB transceiver doesn't have 
a negative power wire, it means the 
ground connection is made through the 

19. Don't depend on the antenna system 
coaxial cable to provide the 
ground connection. . 

20. For safety's sake, antenna masts 
should always be 
21. The is the best and possibly 
the only device available to the CBer 
which indicates directly whether the 
power coming from the transmitter is 
reaching the antenna. 
22. To check SWR you need only install 
an SWR meter or "bridge" between the 

and the 
23. If there is substantial change in SWR 
readings when a 34- wavelength section of 
coaxial cable is installed between an 
SWR meter and the transmission line, 
the antenna is 

24. The CB Matcher (at least those 
presently available) makes the overall 
antenna system load appear as - ohms. 
25. All CB rigs will work if you talk into 
the mike, but the clarity of the modula- 
tion will be 'determined by the 
built into the transceiver. 

Answers to CB Theory Quiz 
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BUILD 20 RADIO 
and Electronics Circuits 

PROGRESSIVE HOME 
RADIO -T.V. COURSE 

Now Includes * 12 RECEIVERS * 3 TRANSMITTERS 
*SQ. WAVE GENERATOR * SIGNAL TRACER * AMPLIFIER * SIGNAL INJECTOR * CODE OSCILLATOR 

* No Knowledge of Radio Necessary * No Additional Parts or Tools Needed * Solid State Circuits * Vacuum Tube Circuits 

[ 
YOU DON'T HAVE TO SPEND 

HUNDREDS OF DOLLARS FOR A RADIO COURSE i 
The "Edu -Kit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a 

rock -bottom price. Our Kit is designed to train Radio & Electronics Technicians, making 
use of the most modern methods of home training. You will learn radio theory, construc- 
tion practice and servicing. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios, using regular schematics; how to wire and solden 
In a professional manner; how to service radios. You will work with the standard type of 
punched metal Chassis as well as the latest development of Printed Circuit chassis. 

You will learn the basic principles of radio. You will construct, study and work with 
RF and AF amplifiers and oscillators. detectors, rectifiers, test equipment. You will learn 
and practice code, using the Progressive Code Oscillator. You will learn and practice 
trouble -shooting, using the Progressive Signal Tracer, Progressive Signal Injector, Pro. 
gressive Dynamic Radio & Electronics Tester, Square Wave Generator and the accompany. 
ing instructional material. 

You will receive training for the Novice, Technician and General Classes of F.C.C. Radio 
Amateur Licenses. You will build Receiver, Transmitter, Square Wave Generator, Code 
Oscillator, Signal Tracer and Signal Injector circuits, and learn how to operate them. You 
will receive an excellent background for television, Hi -Fi and Electronics. 

Absolutely no previous knowledge of radio or science is required. The "Edu -Kit" is 
the product of many years of teaching and engineering experience. The "Edu -Kit" will 
provide you with a basic education in Electronics and Radio, worth many times the low 
price you pay. The Signal Tracer alone is worth more than the price of the kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

In radio or science. Whether you are inter- 
ested in Radio & Electronics because you 
want an interesting hobby, a well paying 
business or a job with a future, you will find 
the "Edu-Kit" a worth -while investment. 

Many thousands of individuals of all 

ages and backgrounds have successfully 
used the "Edu -Kit" in more than 79 coun- 
tries of the world. The "Edu -Kit' has been 
carefully designed, step by step, so that 
you cannot make a mistake. The "Edu -Kit" 
allows you to teach yourself at your own 
rate. No instructor is necessary. 

PROGRESSIVE TEACHING METHOD 
The Progressive Radio "Edu -Kit" is the foremost educational radio kit in the world. 

and is universally accepted as the standard in the field of electronics training. The " Edu - 
Kit" uses the modern educational principle of 'Learn by Doing." Therefore you construct. 
learn schematics, study theory, practice trouble shooting -all in a closely Integrated pro- 
gram designed to provide an easily-learned. thorough and interesting background in radio. 

You begin by examining the various radio parts of the "Edu-Kit." You then learn the 
function, theory and wiring of these parts. Then you build a simple radio. With this first 
set you will enjoy listening to regular broadcast sta -ions, learn theory. practice testing 
and trouble -shooting. Then you build a more advanced radio, learn more advanced theory 
and techniques. Gradually, in a progressive manner, and at your own rate, you will 
find yourself constructing more advanced multi -tube radio circuits, and doing work like at 

Professional Radio Technician. 
Included in the "Edu-Kit" course are Receiver, Transmitter, Code Oscillator, Signal 

Tracer, Square Wave Generator and Signal Injector Circuits. These are not unprofessional 
"breadboard" experiments, but genuine radio circuits, constructed by means of professional 
wiring and soldering on metal chassis, plus the new method of radio construction known 
as "Printed Circuitr These circuits operate on oJr regular AC or DC house current. 

THE "EDU -KIT" IS COMPLETE 
You will receive all parts and instructions necessary to build twenty different radio and electronics cir- 

cuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, variable, electrolytic, mica, ceramic 
and paper dielectric condensers, resistors, tie strips, hardware. tubing, punched metal chassis, Instruction 
Manuals, hook -up wire, solder, selenium rectifiers, coils, volume controls, switches, solid state devices, etc. 

In addition, you receive Printed Circuit materials, including Printed Circuit chassis, 
special tube sockets, hardware and instructions. You also receive a useful set of tools, a 
professional electric soldering iron, and a self -powered Dynamic Radio and Electronics 
Tester. The "Edu -Kit" also includes Code Instructions and the Progressive Code Oscillator, 
in addition to F.C.C. Radio Amateur License training. You will also receive lessons for 
servicing with the Progressive Signal Tracer and the Progressive Signal Injector, a High 
Fidelity Guide and a Quiz Book. You receive Membership in Radio -TV Club, Free Consulta. 
tion Service, Certificate of Merit and Discount Privileges. You receive all parts, tools, 
instructions, etc. Everything is yours to keep. 

PRINTED CIRCUITRY 
At no increase in price, the "Edu -Kit' 

now includes Printed Circuitry. You build 
a Printed Circuit Signal Injector, a unique 
servicing instrument that can detect many 
Radio and TV troubles. This revolutionary 
new technique of radio construction is now 
becoming popular in commercial radio and 
TV sets. 

A Printed Circuit is a special insulated 
chassis on which has been deposited a con- 
ducting material which takes the place of 
wiring. The various parts are merely plugged 
in and soldered to terminals. 

Printed Circuitry is the basis of modern 
Automation Electronics. A knowledge of this 
subject is a necessity today for anyone in- 
terested in Electronics. 

Reg. U. S. 
Pat. Off. 

Training Electronics Technicians Since 1946 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 
PLIERS -CUTTERS 
VALUABLE DISCOUNT CARD 
CERTIFICATE OF MERIT 
TESTER INSTRUCTION MANUAL 
HIGH FIDELITY GUIDE QUIZZES 
TELEVISION BOOK RADIO 
TROUBLE -SHOOTING BOOK 
MEMBERSHIP IN RADIO -TV CLUB: 
CONSULTATION SERVICE FCC 
AMATEUR LICENSE TRAINING 
PRINTED CIRCUITRY 

I SERVICING LESSONS 
You will learn trouble- shooting and 

Servicing in a progressive manner. You 
will practice repairs on the sets that 
you construct. You will learn Symptoms 
and causes of trouble in home, portable 
and car radios. You will learn how to 
Use the professional Signal Tracer, the 
unique Signal Injector and the dynamic 
Radio & Electronics Tester. While you 
are learning in this practical way, you 
will be able to do many a repair job for 
your which willand far egxceed the pricer of 
the "Edu- Kit." Our Consultation Service 
will help you with any technical prob- 
lems you may have. 

FROM OUR MAIL BAG 
J. Stataitis, of 25 Poplar PI., Water- 

bury, Conn., writes: I have repaired 
several sets for my friends, and made 
money. The "Edu -Kit" paid for itself. I 
was ready to spend $240 for a Course. 
but I found your ad and sent for your 
Kit." 

Ben Valerio, P. 0. Box 21, Magna, 
Utah: "The Edu -Kits are wonderful. Here 
I am sending you the questions and also 
the answers for them. I have been in 
Radio for the last seven years. but like 
to work with Radio Kits, and like to 
build Radio Testing Equipment. I en- 
joyed every minute I worked with the 
different kits; the Signal Tracer works 
fine. Also like to let you know that 
feel proud of becoming a member of your 
Radio -TV Club." 

Robert L. Shull, 1534 Monroe Ave., 
Huntington, W. Va.: "Thought I would 
drop you a few lines to say that I re- 
ceived my Edu -Kit, and was really amazed 
that such a bargain can be had at such 
a low price. I have already started re- 
pairing radios and phonographs. My 
friends were really surprised to see me 
get into the swing of it so quickly. The 
Trouble -shooting Tester that comes with 
the Kit Is really swell. and finds the 

i trouble. if there is any to be found." 

Progressive "Edu- Kits" Inc., 1189 Broadway, Dept. 505GM Hewlett, N.Y. 11557 
r 
I Please rush me free literature describing the Progressive 
I Radio -TV Course with Edu -Kits. No Salesman will call. 

NAME 

I ADDRESS 

CITY & STATE ZIP 

PROGRESSIVE "EDU- KITS" INC. 
1189 Broadway, Dept. 5 0 5 GM Hewlett, N.Y. 11557 
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for quality electronic parts and tools. 

OK MACHINE & TOOL CORPORATION 
3455 Conner St., Bronx, N.Y.10475 (212) 994 -6600í Telex 125091 
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