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go back packing ... go trailering ... go trail blazing ... go fishing. 
go relaxing ... go adventure ... but 

don't go outdoors again 
without CARPING J0111111011, 
4 j the #1 family camping magazine! • 

.11:711= ftw  

It's more than that. It's the =1 passport to America's fa-

vorite camping spots . . . and the whole wonderful world of 

camping fun and enjoyment for you and your family! 

Now you can discover for yourself the new and exciting 

places to get you away from the ordinary day-to-day routine. 

With CAMPING JOURNAL to guide you on a weekend trip or a 

camping vacation — you get the expert help you need to make 

all your camping more pleasurable than ever. In each issue, 

you'll find the Travel Section filled with new suggestions for 

where to go .. . see the How To Do It features and hints from 

the experts to keep your camping trouble-free . . . take ad-

vantage of the Buyer's Guide to let your budget fit your camp-

ing plans. (A single idea in any coming month's CAMPING 

JOURNAL can save you hundreds of dollars!) 

So pack your gear and go CAMPING JOURNAL! Try it 

under the no-risk subscription offer shown in the coupon. Just 

check the money-saving subscription you prefer. Then mail 

the coupon to CAMPING JOURNAL, P.O. Box 2600, Green-

wich, CT 06830. Send your subscription in TODAY. 

SPECIAL 
GET-ACQUAINTED 

OFFER! 
Act now to get 
8 adventure-filled 

months for only $4.87 

CAMPING JOURNAL 

P.O. Box 2600 

Greenwich, CT 06830 

Please send Camping Journal to me at once as shown: 

Enter my trial subscription for 8 months for only 

$4.87. (Regular subscription price $6.95; on the 

newsstand, $6.00.) 

Please extend my subscription. 

•  • 

Please bill me. 

Name 

Address 

Payment enclosed. 

(please print) 

City   State   Zip   

MAIL THIS COUPON TODAY  H5F005 
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Where do 
the Pros aet their 
traini Almost half of successful TV ser-

•  vicemen have home study training 
and among them, it's NRI 2 to 1! A 

national survey*, performed by an Independent research organization, also 
showed that the pros named NRI most often as a recommended school and 
as the first choice by far among those who had taken home study courses 
from any school. 

Why? Perhaps NRI's 60-year record 
with over a million students... the 
solid training and value built into 
every NRI course... and the de-
signed-for-learning equipment origi-
nated iy NRI are part of the answer. 
But send for your free NRI catalog 
and decide for yourself 

Training Geared 
for Success 
NRI training is practical train-
ing ... know-how aimed at giving you 
a real shot at a better job or a business 
of your own. You learn at home at 
your convenience with "bite-size" les-
sons that ease learning. Kits designed 
to give you practical bench experience 
also become professional instruments 
you'll use in your work. 

Includes 25" 
Diagonal Color TV 
As a part of NRI's Master Coirse in 
TV/Audio servicing, you build a big-
screen solid state color TV with every 
modern feature for great reception. As 
you build it, you perform important 
experiments that demonstrate the ac-
tion of the circuitry. And it comes 

complete with console cabinet, an op-
tional extra with other schools. In-
struments include a ::11 2 digit precision 
digital multirneter, triggered sweep 5" 
oscilloscope, and integrated circuit 
TV pattern generator, all designed for 
training. There are co _mks costing far 
more that don't give as much. 

Free Catalog . . . 
No Salesman Will Call 
Choose from five diffe.-ent courses in 
TV/Audio servicing, depending upon 
your needs and budget. Or you can 
learn Computer Technology with a 
real programmable digital computer. 
Communications ... Aircraft or Ma-
rine Electronics ... Mobile Radio, and 
more. Send the postage-paid card for 
our free catalog showing details on all 

NRI electronics courses. There's no 
obligation and you can see for your-
self why the pros select NRI two to 
one! If card is missing, write to: 
'Summary otsun,ey result.; upon request. 

Lir ' McGraw Hill Continuing Educarion Center 
ej, LA  3939 Wisconsin Avenue. 
I-w,h i Washington. DC 20016 

RI.. 
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BUILD 20 RADIO 
and Electronics Circuits 

PROGRESSIVE HO ME 

RADIO-T.V. COURSE 
Now Includes 
* 12 RECEIVERS 
* 3 TRANS MITTERS 
* SQ. W AVE GENERATOR 
* SIGNAL TRACER 
* A MPLIFIER 
* SIGNAL INJECTOR 
* CODE OSCILLATOR 

* No Knowledge of Radio Necessary 
* No Additional Parts or Tools Needed 
* EXCELLENT BACKGROUND FOR TV 

* Sold In 79 Counkies 
SCHOOL INQUIRIES INVITED 

YOU DON'T HAVE TO SPEND 
HUNDREDS OF DOLLARS FOR A RADIO COURSE 

The  "Edu•Kit"  offers you an outstanding PRACTICAL HOME RADIO COURSE at a 
rock-botto m price. Our Kit is designed to train Radio & Electrsnics Technicians, making 
use of the most modern .-nethods of home training. You will learn radio theory. Construc-
tion practice and servici -ig. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios, using regular sche matics: how to wire and solder 
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 anC oscillators, detectors, rectifiers, test equipment. You will learn 
and practice code.  using the Progressive Code Oscillator.  YOJ will  learn and practice 
trouble-shooting. using t-ie Progressive Signal Tracer. Progressive Signal Injector, Pro-
gressive Dynamic Radio & Electronics Tester, Square Wave Gen?rator and the accompany. 
ing Instructional material. 
You will receive training for the Novice. Technician and General Cl  I F.C.C. Radio 

Amateur Licenses.  You will build Receiver, Transmitter, Square Wave Generator, Code 
Oscillator, Signal Tracer and Signal Injector circuits, and learn low 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 yeass of teaching and engineering experience.  The "Edu-Kit" will 
provide you with a basic education in Electronics and Radio, worth many tomes the low 
price you pay.  The Si nail 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 hobty, a well paying 
business or a job with a future, you will find 
the "Edu-Kit" a worth-while invest ment. 
Many  thousands  of  iadividuals  of  all 

ages  and  backgrounds  have  successfully 
used the "Edo-Kit'  in more than 79 coun-
tries of the world. The "Edu-Kit" has been 
carefully designed, step by stela, 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 fore most educational radio kit in the world, 

and is universally accepted as the standard in the field of electrlinics training. The "Edu-
Kit" uses the modern educational principle of "Learn by Doing." Therefore you construct. 
learn sche matics, study theory. Practice trouble shooting —all in a closely integrated pro-
gram designed to provide an easily.iearned. thorough and interesting background in radii,. 
You begin by exa mining the various radio parts of the "Erlu-Kit." You then learn the 

function, theory and wiring of these parts. Then you build a siriple radio. With this first 
set you will enjoy listening to regular broadcast stations. 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 al 
professional Radio Techn k.ian. 
Included  in the "Edu-Rit" course are Receiver, Transmitter  Code Oscillator. Signal 

Tracer. Square Wave Genei-ator and Signal Injector Circuits.  These are not unprofessional 
"breadboard" experi ments, but genuine radio circuits, constructed by means of professional 
wiring and soldering on metal chassis, plus the new method of radio construction known 
as "Prin  ircuitr ."  These circuits o  rate on  our re ular 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 circuits, each glaranteed to operate.  Our Kits contain tubes, tube sockets, vari-
able,  electrolytic,  mica, ceramic and  paper dielectric condensers,  resistors,  tie  strips, 
hard ware,  tubing,  punched  metal  chassis,  Instruction  Manuals,  hook-up wire,  solder, 
seleniu m rectifiers, coils, volu me controls and switches, etc. 

In addition, you receivs Printed  Circuit materials,  including  Printed Circuit chassis, 
special tube sockets, hardware and instructions.  You also receive a useful set of tools, a 
professional  electric solde-ing  iron, and a self-powered  Dyna m C Radio and  Electronics 
Tester.  The "Edu-Kit" alss includes Code Instructions and the Pr3gressive Code Oscillator, 
in addition to F.C.C. Radio Amateur License training.  You will also receive lessons for 
servicing with the Progressive Sig ma Tracer and the Progressive Signal Injector, a High 
Fidelity Guide and a Quiz Book.  You receive Me mbership in Radio-TV Club, Free Consulta-
tion Service, Certificate of Merit and Discount Privileges.  You receive all parts, tools, 
instructions, ate.  Everythiso is yours to korio. 

PRINTED CIRCUITRY 
At no increase in pri:e. the "Edu-

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 bee ., 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 toc ay for anyone in-
terested in Electronics. 

Progressive "Edu-Kits" Inc., 1189 

Training Electronics Technicians 

Reg. U. S. 
Pat. Off. 

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 sy mptomS 
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 friends and neighbors. and charge 
fees which will far exceed the price 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 Pl.. Water-

bury.  Conn.,  writes:  "I  have repaired 
several sets for my friends,  and made 
money. The "Edo-Kit" paid for itself. I 
was ready to spend $240 for a course. 
but I found your ad and sent for your 
Kit." 
Ben Valerlo.  P.  0.  80x 21.  Magna. 

Utah: "The Edu-Kits are wonderful. Mere 
I am sending you the questions and also 
the answers for the m.  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 I 
feel proud of becoming a member of your 
Radio-TV Club." 
Robert L. Shutt,  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 
Iet into the swing of it so quickly. The 
rouble.shooting Tester that comes with 

the  Kit  is  really swell,  and finds the 
trouble,  If there is any to be found.” 

Broadway, Dept. 503GM  Hewlett, N.Y. 11557 

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. 503GM  Hewlett, N.Y. 11557 

CIRCLE 6 ON READER SERVICE COUPON 
5 



Het 
look me over 
Showcase of New Products 

Stick It in Your Ear 
Have you heard about the AM radio that 
only weighs 6/10 of an ounce and is 

CIRCLE 10 ON READER SERVICE COUPON 

availai:e from Edmund Scientific? It's 
not a gimmick and might well be the 
smallest radio in the world. Can you 
imagine, an integrated circuit with 11 
transistors and a patented ferrite an-
tenna tuning and volume dial! No long 
wires, bulky cases, or extra power packs 
attached to this new mini-radio. Just 
plunk it on your ear and wear it any-
where, and it sells for only $14.95. The 
radio comes with a regular silver oxide 
hearing aid battery good for 100 hours 
of entertainment. New batteries which 
can be slipped in easily are available at 
drug stores for about 50 cents. The mini 
AM Radio (Stock No! 42-275) is avail-
able by mail postpaid from Edmund Sci-
entific Co., 380 Edscorp Bldg., Barring-
ton, NJ 08007. 

LED Digital Clock 
Micronta's Digital Electronic Alarm Clock 
features a large, easy-to-see light emit-
ting diode (LED) digital display, 24-hour 

CIRCLE 11 ON READER SERVICE COUPON 

alarm, and slim, modern styling for wall-
mount or desk-top use. The large digital 
display shows the hour and minute, while 
a smaller digital display, which may be 
switched off if desired, reads seconds. 
The clock's accuracy is determined by 
the AC power line frequency which is 
automatically corrected over a period of 
days for precise time-keeping. The 24 
hour alarm function eliminates the need 
for waiting 12 hours before resetting; 
immediately after the unique-sounding 
"beep" tone alarm goes off it can be 
reset to go off again 24 hours later, or 
the snooze button can be pressed for 
extra  10-minute  naps.  The  Micronta 
Digital Electronic Alarm Clock is priced 
at $39.95 and sold exclusively at more 
than 3,000 Radio Shack stores and Au-
thorized Sales Centers in all 50 states, 
Canada and abroad. 

Logic Monitor 
Continental Specialties Corp., producers 
of an extensive line of breadboard proto-
test devices, has developed and is now 
marketing the new Continental Special-
ties Logic Monitor. This compact, self-

CIRCLE 12 ON READER SERVICE COUPON 

NAME _ 

ADDRESS 

CITY 

INTERNATIONAL 
CATALOG 
Your electronics buying guide 
for precision made radio crystals 
and electronic equipment. 

[Rau] 
International Crystal mfg. co., inc. 
10 N Lee Oklahoma City, Okla 73102 

STATE  ZIP 
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LIVE IN THE WORLD 
OF TOMORROW...TODAY! 
And our FREE 180 PAGE CATALOG is packed with 

exciting and unusual y dues in  electronic,  hobby 

and science ite ms -  plus 4,500 finds for fun. study 

or profit ..  for every me mber of the fa mily. 

lor A B ETTE R LIFE 
STA RT S H E RE 

FUEL MISER RECLAIMS HEAT 
Save your 40 % wasted heat to warm 
a basement, garage or rec room at no 
extra cost! Instead of going "up the 
chimney" it goes where you want it. 
Remove part of furnace ex saust pipe, 
slip heat Exchanger in. A: 125° fan 
automat, forces clean air through unit which heats to over 200°F., 
car be ducted to 20 ft. fro -n unit. 110v AC. Inst. 
No, 19,194 Bl (5" DIA.) Slip;  17 lb.  $99.00 FOB 
No. 19,195131 (6" DIA.) Slip;. 17 lb.  $99.90 FOB 
No. 19.19981 ,7" DIA  Shpg. 17 lb.  $(19.11 FOB 

•  •  •  •  •  •  •  •  •  • • • • • • • • • • 
LOW COST 7X 
INFRA-RED VIEWER 
For Infra-red crime detection surveillance, 
security system alignment, LIR detection. 
laser checking, nite wildlife study. any work 
req I R detection & conv to visible spec-
trum Self. cont scope w/everything incl. I.R 
light source, By or 12v power. 5032 I.R con-
verter tube. f/4.5 objective lens. adjust triplet eyepiece Focuses from 10 to 
infinity 

No. 1659 ... (11 a 1414 x 3')   9275.00 Ppd.. 

WITHOUT LIGHT SOURCE 
No. 1648   $225.00 Ppd. 

•  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  • 

ELECTRONIC DIGITAL 
STOPWATCH: $69.95 
A price breakthrough! New pocket size 
4 oz. timer acc. to -I- 2% cf last digit 
(1 100 sec.  increments). Compares 
with others twice the price! Instant 
error-free readouts to 9999.99 sec. 
(over 23/4 hr). Starts, stops, re-starts 
(accumulates). Mechanical pushbutton & electrical remote on offs 
w any 3.5-150v AC/DC soJrce. Plug-in jack. Inc's. 9v batt. Solid 
state. 
No. 1943131  x 41/2 X '/e)  $69.95 Ppd. 
DELUXE 2 EVENT STOPWAT:N (-o- or  0 01 90 OF LAST DIGIT) 
No. I653B1 (PRICE UP IN SE..T.!)  $120.00 Ppd. 

• • • • • • • • • • • • • • • • • • • 
41/4 " ASTRONOMICAL 
TELESCOPE 
See moon craters rings of Ssturn, double 
stars New equatorial mount 110. 1/4 wave 
mirror (Pyrex.) Gives theoretical limit of res-
olution Rack & pinion focusing Aluminum 
tube. 6X finder 1"F L 45X Kellser achroma-
tic eyepiece and Barlow lens t, double & triple power up to 
Chart plus 2 Books 
Stock No. 85,105 
ity.. WITH CLOCK DRIVE 
6 REFLECTOR TELESCOPE (48X to 360X) 
6 WITH CLOCK DRIVE 
3 DELUXE REFLECTOR (30 to SOX) 
STANDARD 3 REFLECTOR   

135X Free Sta 

  (Shipping Wt. 42 lbs.) $149.50 FOE 
  #135.107  $189.50 FOE 

  #85.187  $249.50 FOE 
  *85,086  9285.00 FOE 

#90,162  $ 79.95 Pod 
*85,240  $ 49.95 Ppd 

MAIL COUPON FOR 

GIANT FREE 
CATALOG! 

180 PAGES  • MORE THAN 

4500 U N U S U A L 
B A R G AI N S 

I Completely new 1975 edition. New items. categories, illustra• 
lions. Dozens of electrical and electromagletic parts, access°. 1 ries. Enormous selection of Astronomical Telescopes Unique 
lighting and ecological items. Microscope... Binoculars, Nag-
nifiers. Magnets. Lenses, Prisms. Hard-to-gel surplus bar. 

.   gains. Ingenious scientific tools. 1000's of components. 

1 Please rush Free Giant Catalog "61" 

I Name   

11 Address   

  Slate  7.p 
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WHEN SOU COME TO PHILADELPHIA BE SURE TO SEE 

FREE BICENTENNIAL LIGHT SHO W 

IN BARRINGTON N. I. ONLY 10 MINUTES AWAY AT 

E D M U N D F A C T O R Y S T O R E 

AM RADIO FITS 
IN/ON YOUR EAR! 
Wear it inconspicuously everywhere, 
listen as you work (lawn, yard, office), 
watch (game, beach) or wait. Instant 
music, news, sports. No gi mmick-6 10 
oz. technological wonder w integrated 
circuit, 11 transistors, patented ferrite 

antenna tuner volume dial. Works best outdoors. Uses hearing aid 
batt. (incl)-up to 100 hrs. playing. New batt to slip in avail. at 
drug stores (about 50). No lengthy wires, bulky cases, or power. 
packed! 
Stork No .12.27581 014 .15 Ppd 

•  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  • 

3-CHANNEL 
COLOR ORGAN KIT 
Easy to build low•cost kit needs no 
technical knowledge. Completed unit 
has 3 bands of audio frequencies to 
modulate 3 independent strings of 
colored lamps (i.e. "lows"-reds, "mid-
dles"-greens, "highs"-blues. Just con-

nec hi-fi, radio, power amp etc. & plug ea. lamp string into own 
channel (max. 300w ea.). Kit features 3 neon indicators, color 
intensity controls, controlled individ SCR circuits; isolation trans-
former; custom plastic housing; Instr. 
Stock No. 41.931B)  .$18.95 Ppd. 

•  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  • 

QUALITY DETECTOR 
UNDER $40 
New Edmund developed, fully transis-
torized BFO unit capable of locating 
quarter at 18"-powerful 6 trans. os-
cillator-amplifier circuit. Easily com-
pares to others priced 50 % higher! 
Aluminum pole and housing-not plas-

tic! 6" waterproof search coil (Faraday shielded to elim outside 
interference); long 50 hr battery (9V) life; powerful 2" speaker; 1-
knob on-off tune control. Perfect balance; lightweight (2 lb). Great 
buy! 
Stock No. 80,222 81  $39.95 Ppd. 
DELUXE UNIT W EARPHONES, METER 
No. 00,134 B1 (II" coil) 

•  •  •  •  •  •  •  • 
• • • • • • • 4 169ir r  • 

KNOW YOUR ALPHA 
FROM THETA! 
For greater relaxation, concentration, 
listen to your Alpha-Theta brainwaves. 
Ultra-sensitive  electrode  headband 
slips on, off in seconds-eliminates 
need for messy creams, etc. Atch'd to 
amplifier, filters brainwaves, signals 

beep for ea. Alpha or Theta wave passed. Monitoring button simu-
lates Alpha sound; audio & visual (LE D. feedback. Reliable, easy-
to-use unit comparable to costlier models. Completely safe. Corn 
prehensive instruction booklet. 
No. 1635131 (803x4"; 24 oz.)  5134.50 Ppd. 
LOW COST  STARTER" UNIT 
No. 71.80961  $55.00 Ppd. 
DELUXE "ON" TIME MONITOR MEASURES & RECORDS "e 

•  •  •  •  •  •  • • • • • • • • r  er • 
No. 165281  •  9 ,C) P-d. 

TOTAL KIRLIAN 
PHOTOGRAPHY SET 
Explore "aura" photography w.' su-
perb new self-contained Kirlian Elec• 
trophotography Research Unit. Ter-
rific value-introduced at $99.95 ($140 
in Sept.)! Has everything but vinyl 
photo changing bag. Ideal for color or 

b&w 35mm, sheet or Polaroid fil m for photos up to 5x7" all with-
out ca mera or lens. Variable voltage 12v to 32kv. Ulti mate safety 
design-fully encased in plastic; patented electronics. lnstrs. 
No. 72,104131 (3957ex7 1/2 ")    $99.95 Ppd. 
No. 42.24081 (CHANGING BAG)  $6.50 Ppd. 

COMPLETE AND MAIL WITH CHECK, M. O. OR CHARGE NO 

EDMUND SCIENTIFIC CO. 
How Many Stock No. 

300 Edscorp Building, Barrington, NJ. 08007 

Description  Price Each  Total 

C1PLEASE SEND GIANT 

FREE CATALOG "Br    
. I Charge my BankAwericard • 
:1 Charge my Maste.- Charge •Add Handling Chg.: $1.00 Orders Under $5.00, 500, Orders Over $5.00 

My Card No. Is   11. 2 .1 
Interbank No 

IRM M 
I enclose °check EI money order for TOTAL $ 

Card Expiration Dab. 

30-DAY MONEY-BA:K GUARANTEE. 
You most be sati>fied or return 
any purchase in 33 days for full 
refund.  •$15.00 minimum 

CIRCLE 9 ON READ ER SERVICE COUPON 

Signature_ 

Na me   

Address   

City  State   Zip   
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SAVE muslin's 
OF DOLLARS 
with the Super-sensitive 

S & M A-4, The One Photo-Meter 
That Does It All!! 

TRY ONE —FREE FOR 10 DAYS. 
Use your A-4 Meter with 
dial lights as darkroom 
PROS now do. It's easy to 
use at the enlarger with 
the 5/8 in. high EASEL 
probe to determine accu-
rate exposures for B & W 
and COLOR photos, cor-
rect paper for prints, and 
even ft. candle measure-
ments. 
Use your versatile battery-operated 

A-4 with double sensitivity to do the work 
of several instruments costing Thou-

sands of Dollars. 
Use your A-4 to elimi-

nate waste of films and 
prints, chemicals and 
time, and to increase 
production and earn-
ings. 
Use your A-4 with the 

5/e in. dia. STANDARD 
probe as a LIGHT 
METER. Features? Four 
sensitivity ranges: EV-
EVS-LV settings; ASA 
settings from 3 to 25,000; 

f /stops from 0.7 to 90; exposure times 
from 1/15,000 sec. to 8 
hours. 
Special Graphic Arts 

Applications?  Ground-
glass,  contact  printing, 
color separation, screen-
ing, copying, standard-
izing exposures from 
camera to camera, even-
ness of lighting, film den-
sity readings, etc. 

Make this densi-
tometer with the 
A-4 meter and 
easy-to-build Light 
Source. 

A-4 In Darkroom 
Action 

A-4 In Ground-
glass action 

3 ft. Standard Probe 

3 ft. 
Easel 
Probe 

Uses Plug-In Probes 

Exposure 
Calculator 

3 ft. Mini Probe 

Attn: Wilfred M. Brown 
SCIENCE & MECHANICS 
INSTRUMENTS DIVISION, 
229 Park Ave. South, N.Y., N.Y. 10003 

Send the meter and probe(s) with cable length 
(3-12 ft.) as indicated below. I understand that 
if I am not satisfied, I may return the meter 
within 10 days for a complete refund. 

S & M A-4 Graphic Arts Photo  Meter. 

[j $109.95 with   It. long Standard probe. 
exposure calculator and carrying case and 

manual. 

EXTRA PROBES 

[I] $9.95 % inch high Easel probe with   
ft. long cable 

99.95 ifs  inch diameter Mini-probe with 
  It long cable 

Check or money order enclosed, ship ppd. 

Company Purchase Order attached. 

NAME   

ADDRESS    

CITY 

STATE  71P  

TE75 

Hey, Look Me Over 

powered, se:f-contained, pocket-size unit 
requires no calibrations or adjustments 
as it simultaneously displays static and 
dynamic logic states of DTL, TTL, HTL or 
CMOS DIP ICs. Now it is possible to 
watch signals work their way through 
counters, shift registers, timers, adders, 
flip flops, decoders, and even entire sys-
tems. Excellent for trouble-shooting and 
signal tracing, the Logic Monitor is con-
sidered faster than a scope and safer 
than a voltmeter. Simple to operate, the 
Continental  Specialties  Logic  Monitor 
clips to any DIP IC up to 16 pins. Pre-
cision plastic guides and a flexible plas-
tt web insure positive connections be-
tween  non-corrosive  nickel/silver con-
tacts and the IC leads. Logic levels ap-
pear instantly on 16 large (.125" diame-
ter) high intensity LEDs. Logic "I" (high 
voltage): LED ON. Logic "0- (low voltage 
or open circuit: LED OFF. Selling for 
$84.95 each, the Continental Specialties 
Logic Monitor is available off-the-shelf 
from local distributors or from the manu-
facturer. Complete details are available 
by  contacting  Continental  Specialties 
Corp., 44 Kendall Street, Box 1942, New 
Haven, CT 06509. 

Popeye Hailer 
Just launched by Radio Shack is the 
new Realistic TRM-12 VHF/FM Marine 
Radiotelephone for dependable ship-to-
shore and ship-to-ship communications 
on pleasure boats or small commercial 
vessels. The 12-channel two-way radio 
features switchable power output,  25 
watts or 1 watt for efficient communica-
tions on the high seas or in the harbor. 
Collies equipped with crystals for chan-
nels 6, 16, and 26, plus two National 
Weather Service crystals for instant push-
button weather information. A built-in 
automatic noise limiter reduces ignition 
interference and an adjustable squelch 
control silences receiver between calls. 

CIRCLE 13 ON READER SERVICE COUPON 

Receiver section is dual-conversion with 
ceramic filters. Sensitivity is given as 
0.5 uV for 20 dB quieting; selectivity, 
60 dB at  15 kHz. FCC type accepted, 

Part 83. Includes microphone and built-
in speaker plus rear panel jacks for sec-
ond mike and external speaker. Mount-
ing bracket is designed to hold securely 
in rough weather, yet releases quickly 
for "anti-theft" removal. The Realistic 
TRM-12 VHF. FM Marine Radiotelephone 
is priced at $299.95. Additional crystals 

are available for $15.95 a pair. Realistic 
communications  equipment,  receivers, 
citizens band radios, antennas and ac-
cessories are available from more than 
3,000 Radio Shack stores and Authorized 
Sales  Centers  in all  50  states  and 
Canada. 

Digital Alarm Clock Radio Kit 
The Heathkit GR-1075 AM/FM  Digital 
Electronic Alarm Clock Radio features an 
all-electronic digital clock that reads out 
the time in bright orange digits that dim 
automatically in darkened rooms. A 24-
hour alarm cycle feature means you can 
go to bed at 9 and set the alarm for 10 
without  being awakened  in an  hour. 

CIRCLE 1 ON READER SERVICE COUPON 

Alarm can be set to go off with a con-
trolled-vo:unie electronic "beep," or with 
music from your favorite FM or AM radio 
station. A 7-minute snooze cycle is re-
peatable up to an hour. Another unique 
feature is an internal stand-by battery 
supply (batteries not supplied) that takes 
over in the event of a power failure. Tra-
ditional Heathkit quality has been incor-
porated into the sophisticated solid-state 
circuitry—the entire unit (including clock) 
contains four ICs, 41 transistors, and 35 
diodes. The GR-1075 kit sells for $129.95 
mail order, F.O.B. factory. For more in-
formation, write Heath Company, Benton 
Harbor, MI 49022. 

Automatic Telephone Recordings 
Used with any telephone and tape re-
corder, the TELE-TAPER starts taping 
when the receiver is lifted off the hook, 
steps when the receiver is replaced. Just 
set your recorder on "record" and the 
TELE-TAPER makes your taped record of 

$ TO 
PHONE 

Notisem.  

• TO RECORDER 

dk TELE-TAPER 

.1 11110 m00.1.1 "" mm.  

•TO RECORDER 
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LITERATURE 
LIBRARY 

101. Kit builder? Like weird products? 
EICO's 1975 catalog takes care of both 
breeds of buyers at prices you will like. 

102. International Crystal has a free catalog 
for experimenters ( crystals, PC boards, tran-
sistor RF mixers af amps, and other comm. 
products). 

103. See brochures on Regency's 1975 line-up 
of CB transceivers al scanner receivers (for 
police, fire, weather, & other public service 
emergency broadcasts ). 

104. Dyna mites new B & K catalog features 
test equipment for industrial labs, schools, 
and TV servicing. 

105. Before you build from scratch, check the 
Fair Radio Sales latest catalog for surplus 
gear. 

106. Get Antenna Specialists' cat, of latest 
CB and VHF/UHF innovations: base & 
mobile antennas, test equipment (wattmeters, 
etc.), accessories. 

107. Want a deluxe CB base station? Then 
get the specs on Tram's super CB rigs. 

108. Compact is the word for Xcelite's 9 dif-
ferent sets of midget screwdrivers and nut-
drivers with "piggyback" handle to increase 
length and torque. A handy show case serves 
as a bench stand also. 

115. Trigger Electronics has a complete cata-
log of equipment for those in electronics. In-
cluded are kits, parts, ham gear, CB, hi fi and 
recording equipment. 

111. Midland's line of base & mobile CB 
equipment, marine transceivers & accessories, 
and scanner receivers are illustrated in a new 
full-color 16-page brochure. 

112. The EDI (Electronic Distributors, Inc.) 
catalog is updated 5 times a year. It has an 
index of manufacturers 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. 

113. Get all the facts on Progressive Edu-Kits 
Home Radio Course. Build 20 radios and 
electronic circuits; parts, tools, and instruc-
tions included. 

116. Get the HUSTLER brochure illustrating 
their complete line of CB and monitor radio 
antennas. 

117. Teaberry's new 6-page folder presents 
their 6 models of CB transceivers (base and 
mobile): 1 transceiver for marine-use, and 2 
scanner models  (the  innovative "Crime 
Fighter" receiver and a pocket-size scanner). 

110. CBers, GC Electronic's 8-page catalog 
offers the latest in CB accessories. There are 
base and mobile mikes; phone plugs; adap-
tors and connectors; antenna switchers and 
matchers; TV1 filters; automotive noise sup-
pressor kits; SWR Power and FS meters, etc. 

152. Send for the new, free descriptive bulle-
tin from Finney Co. It features the Finco line 
of VOM multi-testers (and accessories) for 
electronics hobbyists and service technicians. 

128. A new free catalog is available from 
McGee Radio. It contains electronic product 
bargains. 

119. Browning's mobiles and its famous Gold-
en • Eagle base station, are illustrated in de-
tail in the new 1975 catalog. It has full-color 
photos and specificatiin data on Golden 
Eagle,  LTD and SST models, and on 
'"Brownie," a dramatic new mini-mobile. 

120. Edmund Ecientific's new catalog con-
tains over 4500 product; that embrace many 
sciences and fields. 

121. Cornell Electroniii "Imperial Thrift Tag 
Sale" Catalog features TV and radio tubes. 
You can also find almost anything in electron-
ics. 

122. Radio Shack's 197'5 catalog colorfully 
illustrates their complete range of kit and 
wired products for electronics enthusiasts-
CB, ham, SWL, hi-fl, experimenter kits, bat-
teries, tools, tubes, wire, cable, etc. 

123. Get Lafaye)te Radio's "new look" 1975 
catalog with 260 pages of complete elec-
tronics equipment. It has larger pictures and 
easy-to-read type. Over 18,000 items cover 
hi-fl, CB, ham rigs, accessories, test equip-
ment and tools. 

124. Mosley Electronics teports that by popu-
lar demand the Model A-311 3-element CB 
beam antenna is being reintroduced. Send 
for the brochure. 

125. RCA Experimenter's Kits for hobbyists, 
hams, technicians and students are the an-
swer for successful and enjoyable projects. 

127. There are Avanti antennas (mobile & 
base) for CB and scanner receivers, fully de-
scribed and illus:rated in a new 16-page full-
color catalog. 

129. Semiconductor Supermart is a new 1975 
catalog listing project builders' parts, popular 
CB gear, and test equipment. It features semi-
conductors-all from Circuit Specialists. 
130. There are over 350 kits described in 
Heath's new catalog. Virtually every do-it-
yourself interesz is included-TV, radios, 
stereo & 4-channel, hi-fl. etc. 

131. E. F. Johnson's new full-color catalog 
for CB transceivers and accessories is now 
available. Send for a free copy. They also 
have a free broc;vare on their line of scanner 
receivers. 

gm 

II 

150. Send for the free NRI/ McGraw Hill 100-
page color catalog detailing over 15 electron-
ics courses. Courses cover TV-audio servicing, 
industrial and digital computer electronics, 
CB communications servicing, among others. 
GI. Bill approved, courses are sold by mail. 

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

133. Get the new free catalog from Howard 
W. Sams. It describes 100's of books for 
hobbyists and technicians-books on projects, 
basic electronics and related subjects. 

134. Sprague Products has L.E.D. readouts 
for those who want to build electronic clocks, 
calculators, etc. Parts lists and helpful sche-
matics are included. 

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

137. Pace communications equipment covers 
2-way radios for business, industrial and CB 
operations. Marine radiotelephones and scan-
ning receivers are also in this 18-p. book. 

138. Shakespeare's new pocket-size catalog 
lists and describes their full line of fiberglass 
CB antennas, mounts and accessories offered 
in 1975. 

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

145. For CBers from Hy-Gain Electronics 
Corp. there is a 50-page, 4-color catalog 
(base, mobile and marine transceivers, an-
tennas, and accessories). Colorful literature 
illustrating two models of monitor-scanners 
is also available. 

147. Telex's 4-page, 2-color folder illustrates 
their new line of boom microphone head-sets 
for CBers and hams, as well as their line of 
communications headphones. 
142. Royce Electronics' new full-color catalog 
updates information on their CB transceivers 
(base, mobile, handheld). It also describes 
new product lines-CB antennas and a VHF 
marine radiotelephone. 

Electronics Theory Handbook 
Post Office Box 886 
Ansonia Station, Naw York, N.Y. 10023 

Please arrange to have the booklets I have encircled sent to me as soon as possible 
for each group of 5 itens, to cover handling (no stamps please). 

indicate total number of booklets   

Sorry, only 10 circled items maximum 

101 

116 

129 

147 

102 

117 

130 

150 

103 

118 

131 

152 

104 

119 

132 

105 

120 

133 

106 

121 

134 

107 

122 

135 

108 

123 

137 

111 

124 

138 

112 

125 

142 

I enclose 506 

113 

127 

144 

115 

128 

145 

NAME (print c early) 

ADDRESS 

CITY 

ETH-75 

STATE ZIP 

Not Valid Alter November 17, 1975 
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CLASSIFIED MARKET PLACE 
ELECTRONICS THE ORY HANDBOOK -PUBLISHED ANNUALLY. The rate per word for Classified Ads is 95¢ each 

insertion, mini mu m ad $15.00 payable in advance. Capitalized words 40¢ per word additional. To be included 

in  the  next  issue,  write  to:  R.  S.  Wayner,  DAVIS PUBLICATI ONS, INC., 229 Park Ave. So., N.Y. 10003. 

ADDITIONAL INCOME 

HO W would you like to receive 100 letters daily 
each containing $1.00? Will send copy of plan plus 
6 formulas for $1.00. Rush a Dollar to: Robert Wall. 
915 Carlson Drive, Brea, CA 92621. 

AUTHOR'S SERVICE 

PUBLISH  your  own  book!  Joni  our  successful 
authors:  publicity  advertising  promotion,  beautiful 
books All subjects invited. Send for free  manuscript 
report and detailed booklet. Carlton Press. SMT. 84 
Filth Asenue. fir 10011 

AUTO PARTS & ACCESSORIES 

NE W Battery treatment ends cause of battery fail-
ure for the life of  any car $4.98.  MONEY  back 
guarantee. E. BeIcor, 46 North Arlington Ave . East 
Orange. N.J. 07017. 

BLUEPRINTS, PATTERNS & PLANS 

NEW CRAFT PRINT CATALOG-Choose from over 
100 great easy-to-build plans. Send $1.25 (completely 
refunded with your first order). BOAT BUILDER. (CF 
Div.)-229 Park Avenue South. New York, NY 10003. 

WHAT'S going on in housing? Get advice on how 
to economize in modernizing or improving or adding 
space from idea to completion. Working blueprints 
available. Send $1.35 for 110 Better Building Ideas to: 
Davis Publications, Inc., 229 Park Avenue So., N.Y. 
10003. 

BOOKS & PERIODICALS 

HOW  WOMEN :MINK!  Dominate and  win  wo 
man s affections.  Satisfaction  Guaranteed.  $2.95. 
Amendola Transnational. Box 9009.  Pittsburgh.  PA 
15204. 

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. 

BUSINESS OPPORTUNITIES 

I MADE  940.u00.01)  Year  by  Mailorder!  Helped 
others make money! Free Proof! Torrey, Box 318-TT, 
Ypsilanti, MI 48197. 

MAKE  Magnetic  Signs.  Big  Profits.  Details 
Universal, Lenora, KS 67645 

100;  PROFIT Bronzing Baby Shoes, Free Litera-
ture, NBC-DG, Box 570472. Miami FL 33157. 

HOW To Make Money Addressing, Mailing Envelopes 
Offer Details 10, Lindbloom Services, 3636 Peterson, 
Chicago 60659, 

FLASH NOW. "4,0441" FREE Secret Book "2042 
Unique.  Proven  Enterprises."  Fabulous  "Little 
Knowns"  Work  Home!  HAYLINGS-E14.  Carlsbad. 
CA 92008. 

$30.00  HUNDRED  Stuffing 
Stamped Addressed Envelopes. 
Beginners Kit $2.00. COLOSSI. 
Brooklyn, NY 11219. 

Our  Circulars  Into 
Immediate Earnings. 
1433-61 Street. DC 7. 

WE NEED GINSENG GROWERS' $3.000-930,000 an-
nually' We Buy Your Crop. Send $2. For seed sample 
and information. Glass's Ginseng Exchange, Box 336, 
Rochdale Station, Jamaica, NY 11434. 

ESTABLISH Successful Home Mallorder Business! 
Mears, 05363 Essex. Alexandria, VA 22311. 

STUFF ENVELOPES $500'Thousand. Free Supplies. 
Send  stamped  addressed  Envelope.  Mentor  House. 
Dept. 8. SMIO, Minoa, NY 13116. 

GET  Started  in  Mailorder  without  any  Inven-
tory.  U.S.  Drop  Ship  Suppliers  Directory.  $3.00. 
Hemernick.  71  Strawberry Hill  Avenue.  Stamford. 
CT 06902. 

HOMEWORKERS  WANTED.  Addressers-Mailers 
needed. 50 firms listed. Free details. Rush stamped 
addressed  envelope  Malone.  Box 42-DC.  Brooklyn, 
N.Y. 11228. 

DISPOSABLE TOOTHBRUSH. just WET BRUSH 
and  THROWA WAY.  unique product,  NO  TOOTH-
PASTE REQUIRED. We seek enquiries from com-
panies and individuals associated with hotels, mo-
tels. resorts, airlines, hospitals, institutions, schools 
to join our team  Excellent profits on 31.000.  in-
vestment. Write: Roal Inc.. Box 160. Station "M". 
Montreal 403, Que., Canada. 

8250'THOUSAND,  Stuffing  Envelopes.  Free  Sup-
plies, send stamped addressed envelope. Phillips. Box 
733, Idaho Falls, ID 83401. 

NEED MONEY? WORK AT HOME ADDRESSING. 
Mailing  commission  circulars:  information  send 
stamped  self-addressed  envelope.  J&G  Steno  Ser-
vices, P.O. Box 315, Montoursville, PA 17754. 

BE OUR OWN BOSS! Enjoy freedom . .  Prestige 
. . . proaperity.  Easy proven methods show how. 
Free details!! Marketing, 1338 Bennett, Dept. 981-C, 
North Madison, OH 44057. 

BUY IT W HOLESALE 

LIVE better for less! Savings on Food' Exclusive 
Wholesale Plan gives you cost-cutting control. Slash 
Meat.  Produce prices. Thousands of families using 
system. Guaranteed. Food Moneysaver Report. $3.00 
Wall Reports, 915 Carlson Drive.  Brea,  CA 92621. 

CA MPERS, CA MPING EQUIPMENT & 
TENTS 

FILLETING board, knife, combos and related out-
doors equipment. Myhrenhaus. P 0. Box 27031. Gold-
en Valley, MN 55427. 

DETECTIVES 

CRI MEFIGHTERS!  In% estigators-Detectives-Police. 
Catalog $1.00 Refundable. Don Q, Box 548, Seattle. 
Washington, 98111 

DO IT YOURSELF 

APPLIANCE REPAIR. Learn trade or repair yours. 
Send 25, Catalog and principle.  MCS. Box 330047. 
Miami, FL 33133. 

EDUCATION & INSTRUCTION 

ACUPUNCTURE TRAINING Correspondence Course. 
Supplies! Tsang, Box 219 W, Toronto, Canada M6M 
422. 

COLLEGE DEGREES BY MAIL. Free Information 
Write  Success Institute,  1455 North Belford. Dept 
B8ET, Pasadena, CA 91104. 

COLLEGE  Degrees  By  Mail,  Free  Details.  Box 
31900, Pasadena, CA 91103. 

UNIVERSITY  DEGREES  BY  MAIL!  Bachelors' 
Masters, Ph.D.s . . . Free revealing details. Coun-
seling. Box 1425-TE8,  Tustin, CA 92680. 

RELAX' Tense, 'Irritable. on edge? Dr. Gutwirth's 
114 page book tells how to relax by simple exer-
cises. $2 25 (Refund on request).  Wayne MantheY, 
P.O.  Box 207, Concordia, KS 66901. 

COLLEGE DEGREES BY MAIL. Free Information, 
Write:  Degrees, Suite 305G. Rt.  7-251, Tyler,  TX 
75701. 

FARMS, ACREAGE & REAL ESTATE 

GOVERNMENT LANDS DIGEST . . . A monthly 
review of Government Real Estate offerings through-
out  the  U.S A,  . . . Send  $2.00  for  3 month 
trial subscription.  DIGEST. Box 25561-DP. Seattle. 
Washington 98125. 

FORTUNE in DELINQUENT USA tax properties 
Booklet $3.00. LAND, 2960P, Port Richey, FL 33568 

HI-Fl EQUIPMENT 

CANADIANS, Why pay retail for Hi-Fl? Free Dis-
count Stereo and Quad Catalog.  Etco-8.  Box 741. 
Montreal "A." 

HOBBIES 8, COLLECTIONS 

COLLECTORS!  Original  W WII German  Helmets. 
$21.95. Other Military collectibles FREE CATALOG, 
Unique  Imports,  Dept.  ET.  610  Franklin  Street. 
Alexandria, VA 22314. 

HO ME W ORKSHOP SUPPLIES 

NUTS, Bolts, Screws, Washers. Parts Cabinets. As-
sortments of all kinds Say e Money Send 60e for Cata-
log  Nutty Co. 1576SMS, Fairfield. CT 06430. 

HYPNOTISM 

FREE Fascinating Hypnosis Information! Startling' 
DI.MH, Box 487 Anaheim, CA 92805. 

MAGNETS 

MONEY MAKING OPPORTUNITIES 

STUFF MAIL  ENVELOPES!!  $250 00 profit  per 
thousand  possible. Offer  details:  Stamped  self ad-
dressed envelope. Kings, B-21487K-85, Ft. Lauderdale. 
FL 33316. 

STUFF ENVELOPES $500/Thousand. Free details. 
Send stamped  addressed  Envelope.  Mentor  House. 
Dept. 8, SMIO. Minoa. NY 13116. 

$100 00 WEEKLY Clipping Newspaper Articles! De-
tails He and stamped envelope. Sunny. Box 579A, 
Plaistow, NH 03865. 

MAKE Money.  Your old Phono Records may be 
valuable.  Booklet  and  information  $2.00.  Songs  & 
Records. Box 863D, Burbank, CA 01503. 

MAKE MONEY CONSTANTLY PLAYING POKER. 
Become easy winner! Prominent expert reveals inside 
"Know How". FREE list of hundreds low cost self-
Improvement books included. $2.00. House of Cupid. 
Dept. TE. 348 Pearlwood, Chula Vista, CA 92001. 

FAST Spare-Time Cash. Sell Bicentennial Zodiacs. 
other Engraved Metal  Social Security Cards.  Free 
Kit, Sample. Lifetime Products, Box 25489-D. Raleigh, 
NC 27611. 

MAKE EXTRA MONEY.  New booklet shows you 
how to make money  in  your spare time-without 
working. $1.00. Angel Falcon, J. C. Vazquez III A. 
Affionito, P.R. 00609. 

MAKE YOUR CLASSIFIED AD PAY. Get "How to 
Write A Classified Ad That Pulls." Includes certificate 
worth $2.00 towards a classified ad. Send $1 25 (in-
cludes postage) to R. S. Wayner, Davis Publications, 
Inc., 229 Park Avenue South. New York. N.Y. 10003. 

OF INTEREST TO W OMEN 

STUFF  'N'  SERVE  SAUSAGE  KIT.  Homemade 
sausage in your kitchen. Includes seasoning, spices, 
casings, stuffing horn. Makes 10 lbs. Only $5.95. Re 
fills available. C. and L. Watson Sales, 2A H WY. W. 
Box 166B. Foristell, MO 63348. 

PERSONAL 

JAPANESE introductions! Girls' photographs,  de-
scriptions, brochure, details. $1 00. INTER-PACIFIC, 
Box 304 SC. Birmingham, MI 48012. 

"DATE WITH DIGNITY" Professional Matching 
Drawer 6765. Fort Worth, 76115 (817) 921-0281 Anytime 

1000 LONELY LADIES FOTOS in world's largest 
marriage partner catalog-65. Intercontact: Box 737. 
Lauderdale 33302 or Box 12. Toronto M4A 2M8. 

SINGLE? Widowed? Divorced? Nationwide introduc-
tions! Identity. Box 315-DC, Royal Oak, MI 48968 

JAPANESE Girls Make Wonderful Wives  We have 
large number of listings. Many interested in marriage 
Only $1 00 brings application. photos, names. descrip-
tions, questionnaire. Etc. Japan International,  Box 
1181 AA, Newport Beach, CA 92663. 

CONTRACEPTIVES FOR MEN-by mall!  Samples 
and Catalogue-$1 00. POPLAN. Box 2556-Dept. CDG-
1. Chapel Hill, NC 27514. 

X-FILMS-Lovelace, Others. Sample 31 00 (Refund-
able). Action, 217DP, Port Richey, FL 33568. 

BEAUTIFUL MEXICAN GIRLS Wanting American 
Boy-Friends.  Details.  Photos  "Free."  World.  Box 
3876-DC, San Diego, CA 92103, 

ADVICE ON JOB HUNTING. I Have Some Startling 
Information. Not Commonly Known. Price $1 00. (Ohio 
Residents Add 5 Cents Sales Tax). W. J. Wagner, 
Dept. 517, 5715 Chevrolet Blvd., Parma, OH 44130. 

TWENTY  disc,  or  10 small bar  Magnets.  $1.00. 
Magnets,  Box  192-ET.  Randallstown.  Maryland  DATES GALORE' Meet exciting singles-anywhere. 
21133.  Free application: DATELINE, Alpha, OH 45301 

METRIC  OPPORTUNITIES 

METRICS-It's coming profits, Huge potential and 
you. Write: Metri-Systems. 1340-10C Flamingo Place, 
El Cajon, CA 92021. 

MISCELLANEOUS 

DON'T Die Without A Will! Blank Form only $2 00 
-Guaranteed!  Booklet  "Wills  How  To  Make  And 
Break Them" included FREE! Jeri-Lee Sales, Dept. 
8A, 6148 Simpson Ave  St  Louis, MO 63139. 

FOR  the  Garden  enthusiast.  Having  problems? 
Here's a guide to help YOU  select the right plants 
or  vegetables  and  how  to  care  for  them.  Send 
$1.25 for 101 Great Garden Ideas. To: Davis Publi-
cations, Inc., 229 Park Avenue So., New York, NY 
10003. 

PHOTOGRAPHY-PHOTO FINISHING 
& SUPPLIES 

SAVE HUNDREDS OF DOLLARS!!! Make your own 
S & M Densitometer. Send $3.00 for detailed drawings 
and instructions. A must for successful photography 
in your darkroom. Order direct: S 31 M Instruments. 
Dept. ET-8, 229 Park Avenue South. N.Y . NY 10003. 

SURPLUS EQUIPMENT 

GIANT Bargain Packed Canadian Surplus Catalogs 
$1 00  Etco Electronics-DC, Box 741, Montreal "A" 

PLEASE Be sure to include your zip code when 
ordering merchandise from classified advertisements. 
You'll receive faster delivery. 
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Hey, Look Me Over 

the conversation completely automatic. 
With self-contained micro-miniature cir-
cuitry. the TELE-TAPER needs no batter-
ies, and does not interfere with normal 
telephone operation. Simple instructions 
make it easy to install. Ideal for sales-
men, order desks, business people with 
detailed transactions. Records all conver-
sations on your phone. or on extensions 
of your phone at any location, even calls 
handed by an answering service. Com-
plies with FCC regulations and require-
ments of public law governing recorded 
conversations.  $29.95  (DeLuxe  Model 
$34.95) at Magna Sales, 2021 Montrose, 
Chicago, IL 60618. Money-back guaran-
tee of satisfaction. 

New "Big Momma" 
A new mirror-mount CB antenna, 
model M-419 "Big Momma," with 
all the power, reach, and rugged 
construction of her famous twin 
sisters has been introduced by 
Antenna Specialists. The new an-
tenna, especially designed for the 
high  vibration  environment  of 
heavy vehicles such as long-haul 
trucks and  motor homes, fea-
tures the popular "Big Momma" 
heavy duty loading coil and 17-7 
PH sta nless steel whip securely 
affixed to a solid aluminum mast 
with a cast aluminum, vise-like 
mounting bracket. The bracket 
may be pivoted for fastening to 
either the vertical or horizontal 
hollywood  mirror  frame,  and 
holds securely at highway speeds. 
The manufacturer's suggested list 
price is $29.95. Antenna Special-
ists is also making availabOe the 
mirror  mount  hardware  only, 
model M-418, adaptable to any 
existing antenna with 3/11-in., 24 
thread base. It has an SO-239 
connector  for  standard  coax 
cable fittings. For further speci-
fications  contact  The  Antenna 
Specialists Company, 12435 Eu-
clid  Avenue,  Cleveland,  OH 
44106. 

CIRCLE 14 ON READER SERVICE COUPON 

Logic Memory Probe 
A must for every field serviceman for 
fast, accurate testing of logic levels in 
any DTL or TTL integrated circuit system 
such as calculators, numerical control 
systems computers, or telephone sys-
tems. EICO has just released the Model 
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DLP-6 Digital Logic Memory Probe which 
provides detection capabilities for pulse 
durations as short as 50 nano-seconds 
indicating the logic state of any DTL or 
TTL IC circuit. Indicator system consists 
of three light emitting diodes (LEDs). 
Bottom LED lights green for logic 1, cen-
ter LED lights -ed for logic 0, top LED 
lights  yellow to  indicate  positive-  or 
negative-going  transition.  Remains  in 
"ON" state for 200 ns regardless of 
pulse duration. Memory switch causes 
stretch LED to remain on permanently 
after positive o- negative pulse occurs. 
Available in both easy-to-build kit form 

($19.95) or factory assembled ($29.95). 
Write to EICO Electronics Instrument Co., 
Inc., 283  Malta Street,  Brooklyn,  NY 
11207. 

Foam Speaker Grille Kits 
Do-it-Yourself kits featuring sculptur-

ed-foam speake - grilles for replacement 
of conventional ,grille cloth on stereo and 
hi-fi speakers have been developed by 
Republic Systems Corp., 9160 S. Green 
Street, Chicago, IL 60620. In addition to 
providing a modern "sculptured" look to 
speakers, the ne.ni foam grilles also make 
stereo and hi-fi systems sound better. 

Unlike grille cloth, sculptured-foam does 
not distort sounc, even in higher fre-
quency  ranges.  The flexible  urethane 
foam is "acoustically transparent," per-
mitting sound to pass through as though 
there were no grille at all, for purest 
reproduction. Eacii kit contains sculp-
tured foam grille  self-sticking attach-
ment material anc instructions for fast, 
easy installation. Available in 15 x 8-in. 
and 14 x 24-in, sizes, the foam grille 
can be easily cut with household shears 
to fit smaller speakers. The foam grilles 
are a rich black color which blends with 
any sty:e speaker. Grilles can also be 
sprayed with latex paint for any color 
desired. Prices range from $7 to $14.50. 

Magnetic Nutdrivers 
Four styles of magnetic fixed-handle 

nutdrivers, each in two sizes, are avail-

able from  Xcelite.  The  magnetic  line 
also includes two sizes of interchange-
able shanks which fit all their Series 99 
handles, both regular and ratchet types. 
The permanent alnico magnet in the in-
sulated socket holds fasteners firmly for 
easy, one-hand driving or retrieving upon 
removal—cuts lost time, motion or fum-
bling in close quarters.  Styles  range 
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from a 31/2-in, overall midget pocket clip 
to a super long 203 -in, driver, all in 
1:i-in. and 34-in hex openings. Interme-
diate lengths are 7-in. and 10-in. The 
comfort-contoured plastic handles, color-
coded red or amber for easy hex open-
ing identification, are designed for maxi-
mum  torque with  minimum  pressure. 
Write to Xcelite for their catalog. They're 
at Apex, NC 27502. 

Technician's VOM 
A skillful blending of features and per-
formance at an attractive low price will 
make this new RCA volt-ohm-milliameter 
(VOM) a top selling general-purpose test 
instrument in the electronic servicing 
field at a price of only $19.95. Features 
include a non-stick taut-band diode-pro-
tected meter, dual detent function switch 

•i mi t 

% JP 
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for extra long life and sure-snap action, 
a rugged high-impact plastic case in a 
distinctive bright orange color, accura-
cies of -±3 percent DC, ±4 percent AC 
with 20,000 ohms-per-volt DC sensitivity, 
and five functions with one percent pre-
cision resistors on all 19 ranges. De-
signed for general purpose testing and 
servicing applications, the RCA WV-547A 
TECH TOM is available from RCA Elec-
tronic Instrument Distributors or from 
RCA Electronic Instruments, 415 South 
Fifth Street, Harrison, NJ 07029.  • 
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Professional Quality 
PC Board 

3 inches x 9 inches 

11011111 IIIIIIIII ......,„;,: 

-11111 MI 111111111  

Consider These Features 

0 1/16" thick, Glass-Epoxy 
0 2 oz. Copper, solderable 
0 64 tracks, versatile layout 
0 188 drilled lead holes 
0 .125" uniform track width 
0 .090" track spacing 
°Two boards by cutting in half 

Ideal for the — 

. Hobbyist 
0 Experimenter or Builder 
0 Crrcuit Designer 
0 Class Room or Laboratory 

$3.95 each, postage-paid. (Up to  9 
Units) (Illinois Residents add 20c ea. 
—Sales tax.) Write for Quantity Dis-
counts: 

DESIGN TECHNICS 
Box 3366, Merchandise Mart 
Chicago, Illinois 60654 

BEST ELECTRONIC PROJECT BOOKS! 
0 Practical dr. Design for Experimenter. 

ec.  Experimenter's Gdobk. 182 p. 86  s$44;9955 
How to Build Solid-State Audio dir. 320 p. Ilus. $5.95 
RF/Digital Test Equip. You Can Build 252 o. $5.95 
Experimenting With Elect. Music. 180 p.  $4.95 
Pract. Triac/SCR Pro). For Experimenter. 192 p. $4.95 
Electronics For Shutterbugs 204 p 109 il  65.95 
Amateur FM Conversion/Construction Proj.  $55.9955 
Stereo/Quad Hi•Fi Principles/Proj. 192 p.  $4.95 

D Pratt. Test Instruments You Can Build. 204 p. $4.95 
0 Miniature Proj. For Elect. Hobbyists. 168 p.  $3.95 
0 Handbook of IC Circuit Proj 224 p. 136 il.  $4.95 
0 Radio Astronomy for Amateur. 252 p. 88 II.  $5.95 
Pract. Solid•State Principles B. Proj. 176 p.  $3.95 

0 New IC FET Principles/Projects. 154 p. 60 II. $3.95 
0 Basic Digital Electronics. 210 p. 117 il ;i 
0 Solid-State Proj. for the Experimenter. 224 p.  $4:.95 
0 VHF Projects for Amateur/Experimenter. 
Radio-Electronics Hobby Pro). 192 p. 214  .9 

0 Elect. Self-Taught With Experiments & Proj.  $5.95 
0 IC Proj. for Amateur/Experimenter. 192 p.  $4.95 
O Solid-State Or. Guidebook. 252 p. 227 il. 
0 104 Easy Transistor Proj. You Can Build.  $$45t9955 
0 Electronic Hobbyist's IC Proj  Hdbk. 154 p.  $4.95 
104 Ham Radio Proj. for Novice/Technician.  $3.95 
64 Hobby Proj. for Home/Car. 192 p. 159 II.  $4.95 
o Transistor Pro). for Hobbyists/Students $4.95  
R110745  SOinmep•Tler aOnnseIs-tToru bPe rPojreoc)t. s. 19129 2p . p.1 041 25i l. 11.  $4$3 ..9955 

El 104 Easy Proj. for the Elect. Gadgeteer. $5.95  
SEND NO MONEY!  We'll Invoile YOU on 10-DAY FREE W   
TRIAL. lily emir,  to order. IOW: truaranteed—ucol 
by hundreds of thoo,and. to learn. 
TAB BOOKS. Dept. T13-75 Blue Ridge Summit, Pa. 17214j  

TECHNICAL INVESTMENT ADVICE 
Comprehensive Coverage for the 
Sophisticated Market Technician 

Over  20  investment services that  choose 
stocks and ti me their purchases on charts 
and  other  technical  approaches.  Receive 
Short 1-5 issue.current trials to over 20 dif-
ferent  technically oriented invest ment ad-
visory  services fro m SELECT  INF OR M A-
TI ON EXC H AN GE, A merica's leading fin-
ancial  publications  subscription  agency 
covering al most  800 different 'invest ment 
publications. Send your na me and address 
together with this ad and your $18 re mit-
tance to receive all 20 publications. 

D A VIS PUBLIC ATI ONS INC.  Dept. EE56 
229 Park Avenue South 

Ne w York, N. Y. 10003  Package 1111 

'1&*# 
2 41 

ASK HANK, 
"4 HE KNOWS! 

Got a question or a proble m with a pioject—ask 
Hank! Please re me mber that Hank's colu mn is 
limited to answering specific electronic project 
questions that you send to hi m. 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 

Wants to Know 
I was wondering if there's any way to 
increase the transmitting range of a 100 
milliwatt walkie-talkie without adding a 
power amplifier. 

—W. M., Clinton, NJ 

Not much. A few tricks I use are: speak 
clearly into the mike at an angle of about 
45% be sure the antenna is fully extended 
and vertical; transmit from open spaces; 
keep away from buildings and trees; get 
high up in hilly country; use the top of a 
car as a ground plane; and be sure the 
batteries are fresh. 

Go Somewhere Else (Please) 
Ahere in Canada can I purchase the Mal-
lory Sonalert? None of the shops in my 
area have ever heard of this audible 
warning device. 

—R. D., Long Sault, Ont. 

Write to the Editor of Electron magazine 
and maybe he can help you. Electron is 
sold on newsstands throughout Canada. 
It's a good magazine—read it. 

It Takes Some Effort 
Hank, I've decided I would like to go into 
hobby radio. Since the FCC does not per-
mit the use of CB radio as a hobby, what 
type of radio would you suggest I get? I 
thought about ham radio for awhile, but I 
just can't learn the Morse Code. Any 
ideas? 

—T. T., Putney, KY 

I had the same trouble. In fact, I couldn't 
get past 5 WPM until I really pushed my-
self. I have helped youngsters get up to 13 
WPM and never met one who couldn't 
do it when he tried real hard. Pick up 
a taped Morse Code course from your • 
local ham dealer. They come in cassette 
form now. 

Start Today at No Cost 
Right now I am into CB and have tried 
my best to follow FCC rules, but I am 
really disgusted with the whole mess. I 
want to get into SWL but don't know 
much about it. My question is what type 
of rig should I start with and what type 
of investment would this mean? 

—M. C., Fayetteville, AR 

Keep it cheap and sweet. Spend a few 
evenings listening to the broadcast band 
radio especially after the locals go off the 
air. A whole new world appears! The clear 
channel stations bull right through from 
all over the map. Low power stations 

squeak in, but delicate tuning and patient 
listening are required. You will get more 
facts and info when you 'pick up a copy 
of COMMUNICATIONS WORLD at the news-
stand or write direct to this magazine for 
CW and enclose $1.35 in check form. 

DXing the BCB 
Lately I have gotten into medium-wave 
DXing. I logged 31 stations in the last 
week. I am wondering if AM stations give 
QSLs? If they do, how do I get them? 

—K. A., Columbus, OH 

Practically the same way you get them 
from shortwave stations. Send your listen-
ing report to the station in question. Keep 
it brief, but describe in detail what you 
heard during a 15-minute period. Give the 
announcer's name during a newscast or 
guest names on a talk show. Ask for a 
verification. If you get it, good. If not, 
ho-hum. 

What's Black Magic 
How can I convert an AM table radio 
into a 13-30 MHz receiver? 

—B. K., Howick, Que. 

The table AM radio is a masterpiece of 
economic engineering that produces rea-
sonable reception performance from a 
minimum of parts, hence it's cheap. No 
tuned RF stage is used. The antenna sys-
tem is usually a ferrite rod with a tuned 
coil at one end designed for the AM 
broadcast band. Monkey with the radio 
and this engineering masterpiece is not 
worth the parts put in it. 30 MHz, even 
13 MHz, requires special circuitry—tuned 
RF, possibly double conversion, narrow 
band IFs, antenna tuning, and lots more. 
Do yourself a favor, pick up a second-hand 
Hallicrafters receiver and you'll be better 
off for it. 

Beep Beep 
I was wondering if you could design an 
amplifier that could be used to boost the 
output of my walkie-talkie to the legal 
limit of 5 watts? I'd be willing to pay you 
$5 for the service. It should be fairly easy 
to build, and use easily obtainable parts. 

—K. H., 'Carroll, NE 

I can't believe it! Each issue we tell our 
readers we cannot provide a design service 
and each issue a host of readers ask the 
same impossible questions. Also, don't en-
close a return envelope or postage—I can't 
answer the mail. Come on, fellows, give 
me a break. 
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ELECTRONICS 
INFORNIA'TION 
CENTER 

FREE 
TO ALL READERS OF 

ELECTRONICS THEORY 
HANDBOOK 
At no cost to you the 
Editor will have 
information and 
literature about products 
and services advertised 
in this issue sent to you 
at no cost! 

FILL 
OUT 
AND 
MAIL 
, TODAY! 

YOU SIMPLY 
• Tear out the coupon. 
• Circle the number 
under the ad that 
interests you. 

• Circle the number 
identifying products 
mentioned in col-
umns and articles. 

• If you wish, answer 
the simple question-
naire on the coupon. 

• Print or type your 

name and address 
on the coupon. 

• Mail to ELECTRONICS 
THEORY HANDBOOK before 
the expiration date. 

• Please allow 4-6 weeks 
for delivery. 

FILL 
OUT 
AND 
MAIL 
TODAY! 

DO IT TODAY 

ELECTRONICS THEORY 
HANDBOOK wants you to 
get all the product 
information as soon as 
possible—but you have to 
get the ball rolling! 

! FILL 
OUT 
AND 
MAIL 
TODAY! 
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Echo Nut ... Echo Nut 
I just bought an AM/FM 8-track car 
stereo and installed two speakers up 
front. I plan to install two speakers flush 
in the rear. To make it sound more 
"echoey," I want to add a simple rever-
beration system for the rear speakers. 
Would a spring delay unit work good 
for this and what extra do I need to 
power and drive the reverb unit? Where 
can I find all of these parts? What is your 
opinion of this "echoey" sound system 
idea? 

—E. S. V., Grosse Pte. Wds., MI 

I think you flipped your carburetor. Why 
go to the expense of adding quality audio 
reception and playback, then go ahead and 
destroy it. If you like the "echoey" sound, 
ride through a tunnel with the windows 
open! 

Has an Antenna Farm 
I have an antenna for all my radios (CB, 
PB, Air, VHF, SW) except my Am BCB. 
My radio does not have a jack for an 
external antenna, so I was wondering if I 
still could put one on. Is it possible? 

—M. L., Auburn, NY 

I put one on last night, but let's talk about 
your AM radio's antenna troubles. There 
are many gimmicks you can employ to 
attach or couple an antenna to the receiver 
in question, but face it—it is a cheap rig 
designed to be played in the kitchen. Why 

"Her boyfriend is in the fire company. 
Now she will know exactly where 

he is at night..." 

go through a lot pf fuss over a unit that 
wouldn't perform any better with a good 
antenna. 

Some Friend! 
A friend of mine was telling me that the 
police now have a receiver that can pick 
up conversations in the car ahead of 
them if the radio in that car is turned on. 
Have you heard of such a receiver as 
this? If so, how does it work? 

—M. T., Calgary, Canada 

Don't believe everything you hear from 
your friends. The police can hear what 
you say only if they plant a bug in your 
car. Now, why would the police do that 
to a nice kid like you? 

His Cycles Hertz 
I'm  doing  some  loudspeaker  testing. 
Amateur stuff, you know, and I find that 
my signal generator does some strange 
things at low frequencies. I put about 
50 cycles (Hertz to you) in and raise the 
level. Well, as the sound gets louder, the 
frequency jumps to 100 cycles above a 
certain sound level input. My oscillo-
scope says nothing is wrong with the 
generator, but my hearing says yes. What 
am I to believe—my eyes or my ears? 

—IN., Los Angeles, CA 
Your ears, because the loudspeaker is 
doubling the frequency after the level gets 
too high for the cone to faithfully follow 

the 50 Hertz (cycles to you) sweep. This 
is loudspeaker distortion. You'll find this 
distortion decreases as the frequency in-
creases. Hey, fellah, you're beginning to 
get into what's wrong with cheap audio 
systems. Now you'll appreciate the better 
loudspeakers. 

He Wants to Practice 
Enclosed you will find a schematic of an 
electrical stimulator used in acupuncture 
which I took to a radio parts store for 
the parts listed. They supplied all the 
parts listed except the wire coils, and 
they said the coils would have to be 
hand wound. What am I to do? 

—MG., Jacksonville, FL 
I'm not publishing the schematic because 
I don't want to lose any readers. As for 
your patients, Doc, don't build the gadget 
and you won't lose any, either. 

Needs Lots of Work 
Hank, what is the best kind of home 
study course to take? I know very little 
about electronics and want to go all the 
way. 

—IT., Newton Falls, OH 
The best course to take is the one you 
will complete. Too many youngsters begin 
home study courses and quit after a few 
lessons when they discover self-education 
takes work, dedication to their goal, con-
tinuous effort, and drive. Get started and 
stick to it. You'll thank me in 15 years— 
you said all the way! 
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Electronics 
Theory Handbook 

ELECTRICITY, MAGNETISM, 
AND THE 
ATOM 

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, identifiei 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 sound 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-

eled in a straight line and was deflected 
by electric or magnetic forces applied 
perpendicular  to  the  beam.  What 
Thompson did was to use these facts to 
determine for one of the mysterious 
particles comprising the beam of cath-
ode rays the relationship of its mass, m, 
to its electric charge, e. By deflecting the 
beam with a known electric force (Fig. 
1) and then measuring what magnetic 
force applied in the opposite direction 
would bring the beam back to its origi-
nal undeflected position, he could de-
termine the relationship of e to m. He 
established a definite value for e/m and 
thereby "discovered" the electron which, 
as we now know, is 1,837 times smaller 
in mass than the lightest atom, the hy-
drogen atom. It also carries the smallest 
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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. 

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-
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 apart. The greater the 
charge, the further apart the leaves 

Fig. 5. Electron flow in any circuit is from 
negative to positive. 

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 
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connecting leads between the battery 
and lamp. In this instance, the battery 
serves as an electric charge pump—free 
electrons continually developed at its 
negative terminal by chemical action 
flow through the connecting leads and 
lamp back to the positive terminal of 
the battery by the attraction of op-
positely charged bodies. The battery, 
connecting leads, and lamp form an 
electrical circuit which must be com-
plete before the free electrons can flow 
from the battery's negative terminal to 
its positive terminal via the lamp. Thus, 
the battery serves as a source of poten-
tial difference or voltage by continually 
supplying a surplus of electrons at its 
negative terminal. Summing up, we can 
say a flow of electric current consists of 
the movement of electrons between two 
oppositely charged bodies. 
We cannot progress very far into .the 

study of electricity without first becom-
ing familiar with the basic properties of 
electrical circuits. Just as we define dis-
tance in feet and inches, so do we define 
electrical properties in specific terms 
and units. 
Potential. Earlier, we saw that an 

electric charge difference has to exist 
between the ends of an electrical con-
ductor in order to cause a flow of free 
electrons through the conductor. This 
flow of electrons constitutes the electric 
current. The electric charge difference, 
or potential difference, exerts a force on 
the flow of free electrons, forcing them 
through the conductor. This electric 
force or pressure is referred to as elec-
tromotive force, abbreviated EMF. 
The greater the charge or potential 

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

that an electric current consists of a 
flow of charge carriers (generally free 
electrons) between two points of differ-
ent electrical potential. The rate of flow 
of these chages determines the intensity 
or strength of this current flow. Current 
strength is expressed in units known as 
amperes. One ampere of current flows in 
a circuit when 6,240,000,000,000,00°-
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 / 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 electr cal conductors, as their 
atoms readily release free electrons. On 
the other hand, the atoms of such ele-
ments as sulpl:ur 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. Th.; heating, if sufficient, can 
cause a fire hazard, particularly in house 
wiring, and the circuit losses are a waste 
of electrical power. 
Electrical resistance is expressed by 

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

factors beside the composition of the 
material that determine its resistance. 
For example, temperature has an effect 
on the resistance of a conductor. As 
the temperature of copper increases, for 
example, its resistance increases. The 
increase in temperature causes the elec-
trons in the outer ring of the atom to 
resist release to the free electron state. 
This increase in resistance is known as a 

positive temperature coefficient. Not all 
conductors show this increase in resis-
tance with an increase in temperature; 
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 zerti 
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. 

• 
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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. 

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. 

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 cireuit. 
In Fig. 7B we see that the value of 

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

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

ply voltage, the current flowing in a 
circuit will be inversely proportional to 
the resistance in the circuit. 
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: 

. I = 

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: 

R (resistance) = 

E (voltage) 

R (resistance) 

E (voltage) 

I (current) 

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

put your finger over I and read —. 

Covering E or R will yield I x R or  

respectively. 

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. 

+T 

Vv W 
200 OHMS 

VOLTAGE UNKNOWN 

0.5 AMPERE 

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

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-

400 OHMS 

• 
UNKNOWN 
VOLTAGE 

0,3 AMPERE 

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

5 OHMS 

-7- 20 V DC 

UNKNOWN CURRENT 

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

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=I x R 

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? 

Ohm's law for current: I =  - 
R 

I (unknown current)  = 

20 (battery voltage) 

5 (resistance in ohms) 
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15 AMP FUSE r — 
ELECTRIC I 

HEATER 

(20 OHMS) 

L_ 

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

W A 
UNKNOWN RESISTANCE 

20VOC 

0.5 AMPERE 

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

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: 

'  E 
Ohm's law for resistance: R =   

20 (battery 
voltage) 

R (unknown resistance) =   

R = 40 ohms 
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0.5 (current 
in amperes) 

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 (E). 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 

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

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) = 
RI + R2 + R3 + etc. 

where RI, 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. 

 V VV\Ar— A AA AAr-
4011  611 

5.l  Ion ion 

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

Resistances may also be connected in 
parallel in a circuit as in Fig. 16. In 
this case the current flowing in the cir-

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

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 (total) = 
RI X R2 

RI + R2 

Thus, in Fig. 16 the effective resistance 
of RI 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 

RI  2 

E  6 

R2  3 

6 
= — = 
R3  6 

-  = 

-  = 

3 amperes 

2 amperes 

1 ampere 

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

2 amperes + 3 amperes + I 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 
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resistances would be: 

1  1  1  1  1 
— = — + — + — +...---
R  R1  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  18 

This total value of R2 and R3 may be 
considered a single resistance which is 
in series with RI, and forms a simple 
series circuit. This simple series circuit 

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 Maghetism. Some of the 

basic principles and effects of mag-
netism have been known for centuries. 
The Greeks are credited as the ones 

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. 

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= ExI where E = voltage in volts, 
I = the current in amperes. Also: 

E2 
P = and P = I2R 

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. 

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 

who first discovered magnetism. They 
noted that a certain type of rock had 
the ability of attracting iron. Later, the 
Chinese noted that an elongated piece 
of this rock had the useful property of 
always pointing in a north-south direc-
tion when suspended by a string. This 
was the beginning of our compass. 
This strange stone which intrigued 

people over the centuries is actually a 
form of iron ore known as magnetite. 
Not all magnetite shows magnetic prop-
erties. Another name for the magnetic 
variety of magnetite is lodestone—the 
term lodestone being derived from two 
separate words, lode and stone. The term 
"lode" stands for guide, hence lodestone 
means "guide stone." 
All magnets, whether natural or man-

made, possess magnetic poles, which 
are commonly known as the magnet's 
north and south poles. As is the case of 
the electrical charges (which we stud-
ied earlier) between unlike magnetic 
poles and repulsion between like poles, 
it has been found that this magnetic at-
traction and repulsion force varies in-
versely as the square of the distance 
from the magnetic poles. 
The Magnetic Field. We all know 

how a magnet exerts a force of attrac-
tion on a piece of magnetic material 
such as iron or 'steel. Also, when the 
north poles of two magnets are brought 
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 

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

force what resistance is to an electrical 
current. 
Electromagnetism.  Any  electrical 

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

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

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

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

earlier how a current-carrying conduc-
tor will 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-

CURRENT 
DIRECTION  

DIRECTION OF 
mAGNE TIC 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. 

ed through a magnetic  field.  The 
strength of this induced current is pro-
portional to both the speed at which it 
passes through the field and the strength 
of the field. One of the basic laws per-
taining to electromagnetic induction is 
Lenz's 1 , which states: "The magnetic 
action of an induced current is of such 
a direction as to resist the motion by 
which it is produced." 
Fig. 21 illustrates two coils, A and 

B, which are placed in close proximity 
to each other. Coil A is connected in 
series with a switch and battery so that 
a current may be sent through it when 
the switch is closed, and coil B is con-
nected with a current-indicating DC 
meter. When the switch is closed, cur-
rent will flow through coil A, causing a 
magnetic field to be built up around it. 
In the brief instant that the field is 
building up to maximum, it will "cut" 
the turns of coil B, inducing a current 
in it, as indicated by a momentaty 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 

PRIMARY 
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E  _ 
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Fig. 21. Two-care 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. 

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 af 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 inducion is the transformer. 
Transformers find the major application 
in stepping up or down voltage and cur-
rent in countless applications. 
Fig. 22 shows the basic construction 

of a typical transformer. While two 
separate windings are shown here, some 
transformers can have as many as five 
or six windings 
A transformer consists of two or 

more separate windings, electrically in-
sulated from each other. One winding, 
known as the primary winding, is fed 
from a source of alternating current., 
The  alternating  currents  flowing 

through the primary induce a current in 
the secondary winding by virtue of mag-
netic induction. The transformer core is 

constructed from a relatively high per-
meability material such as iron which 
readily conducts magnetic flux between 
the primary winding and secondary 
winding. 
The alternating current flowing in 

the primary of the transformer produces 
a variation in the magnetic flux circu-
lation in the transformer core which 
tends to oppose the current flowing in 
the primary winding by virtue of self-
induction. The counter-EMF is just 
about equal to the voltage applied to 
the primary winding when no load is 
connected to the transformer's second-
ary winding. This accounts for the fact 
that very little current flows through 
the primary winding when no load is 
connected to the secondary. The negli-
gible current that does flow under this 
no-load condition is known as the trans-
former magnetizing current. As the cur-
rent drawn from the secondary winding 
increases, the primary current will ir-
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 

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

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 
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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-
tents 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 cbre. 
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!  • 

Wheatstone Bridge 
BACK IN 1843, Charles Wheatstone 

had a need for a convenient way to 
measure unknown resistances. He solv-
ed his problem by using and publicizing 
a circuit devised by S. H. Christie some 
ten years earlier. This same circuit is 
still widely used today, and, despite 
Wheatstone's earnest attempts to ascribe 
the invention to its proper inventor, it 
is best known as the Wheatstone bridge. 
The circuit Mr. Christie invented in 

1833 is usually shown as a diamond-
shaped cluster of resistors with a bat-
tery across two of the opposite points 
of the diamond, and a meter or other 
detector  across  the  two sremaining 
points. See Fig. I. With this circuit, it is 
possible to determine accurately the 
value of one of the four resistors, pro-
vided value of other three is accurately 
known. 
To understand this bridge, first let us 

consider a familiar circuit, the voltage 
divider. As you probably know, a volt-
age divider is a two-resistor circuit 
which can convert a given voltage to a 
lower voltage. For example, in this cir-
cuit shown in Fig. 2 the output voltage 
will be two-thirds of the input voltage. 
And, if you don't like such low resistor 
values, then look at Fig. 3. This circuit 
will also have an output which is two-
thirds of the input. 
If we apply 9 volts to the input of 

either circuit shown in Figs. 2 and 3, 
the outlut will be 6 volts. For a 90-volt 
input, a 60-volt output results. 
Since the outputs of the two above 

circuits are identical, connecting a meter 
between the two outputs should give no 
reading at all, because the two leads of 
the meter are connected to identical 
voltages. Take a look at Fig. 4. For 

that matter, changing the 9-volt input to 
10, 50, or 100 volts will still give no 
(zero)  meter reading, because each 
voltage divider is providing two-thirds 
of the same number, be it 9 volts, 10 
volts, or whatever. Therefore, both 
meter leads are kept at the same match-
ed voltages, regardless of the input 
voltage, so the meter continues to regis-
ter zero. 
As you have probably already de-

dured, by combining these two voltage 
dividers we have produced a Wheat-

Fig. 4 +9V 

stone bridge. This may be more ob-
vious if we draw the circuit as shown 
in Fig. 5. 
When the resistor values are such 

that the meter reads zero, the bridge is 
said to be balanced. The reverse is also 
true: if the bridge is balanced, we know 
that the left side of the bridge and the 
right side of the bridge are matched 
voltage dividers. 
Using the Bridge. To determine an 

unknown resistance, we could arrange 

  Fig.: 
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the circuit as shown in Fig. 6. 
Since the two uppermost resistors are 

identical (1,000 ohms each), the bridge 
will be balanced only if the two lower 
resistors are also identical to each other. 
Therefore, we can connect an unknown 
resistor to the terminals X and X', and 
adjust the calibrated variable resistor 
until the meter reads zero. At this con-
dition, the calibrated variable resistor is 
identical to the unknown, so the value 
on the calibration dial is the value of the 
unknown resistor. 
Of course, if the unknown turns out 

to be larger than 10,000 ohms (the 
largest value of the calibrated variable 
resistor), no adjustment of the cali-
brated variable resistor will make the 
two lower resistors identical. Hence, the 
bridge cannot be balanced. How, then, 
can the bridge be used to determine the 
value of an unknown resistor greater 
than 10,000 ohms? 
One way to measure a larger resistor 

with this bridge is to change one of the 
upper resistors from 1,000 ohms to 
10,000 ohms as done in Fig. 7. Com-
pare Fig. 7 with Fig. 6. 
Since the right-hand uppermost re-

sistor is now ten times the left-hand 
uppermost resistor, the bridge will be 
balanced only if the lower right-hand 
resistor (the unknown) is ten times the 
lower left-hand resistor (the variable 
one). For example, one condition of 
bridge balance would be as shown in 
Fig. 8. 
On the other hand, a very low value 

of unknown resistor (for example, 69 
ohms) could not be read accurately on 
the above bridge, because it would re-
quire that the 10,000-ohm calibrated 
variable resistor be set to one-tenth of 
69 ohms, or 6.9 ohms. Although such 
a setting is physically possible, it does 
not result in a very accurate reading. 
To measure such low-value resistors, 

we change the upper right-hand 'resistor 
again; this time to 10 ohms. See Fig. 9 
for the balanced condition. 
This immediately suggests a very ver-

satile bridge, which uses a multi-position 
selector switch to select a variety of 
values for the upper right-hand resistor. 
In addition to 1,000 ohms, 10,000 ohms, 
and 10 ohms, which were used in the 
above examples, we can choose 100 
ohms and 100.000 ohms. Fig. 10 illus-
trates such a bridge. 
To use this versatile bridge to mea-

sure low-value resistors, select the 10-
ohm resistor by placing the selector 
switch in the "X 0.01" position, con-
nect the unknown resistor the terminals 
X and X', and adjust the calibrated 

resistor until the bridge is balanced, as 
indicated by a reading of zero on the 
meter. The reading on the calibrated 
resistor's dial is then multiplied by 0.01 
to give the value of the unknown resis-
tor. For example, if the reading is 
3,700, the unknown is 37 ohms. 
Similarly, setting the selector switch 

to -X 100" allows you to measure large 
resistors. If a certain unknown resistor 
results in a reading of 3,700 at balance, 
the unknown is 370,000 ohms. 
Practical Considerations. Although 

this bridge can be built using ordinal), 
5 percent resistors, the errors in mea-
surement will be as large as -±-10%. It's 
better to use 1% resistors everywhere. 
The variable resistor, similarly, could 

be an ordinary potentiometer with a 
hand-calibrated dial. However, this also 
limits accuracy; it would be much bet-
ter to use a resistance decade of the 
type sold by some of the leading elec-
tronic kit  manufacturers. Calibrated 

multi-turn pots are also available. ' 
The meter should be a zero-center 

microammeter (such as the 25-0-25 
microamp type) for the best accuracy. 
However, even an ordinary 0-1 meter 
will suffice if you are willing to trade 
some accuracy to keep the cost down. 

Remember, however, the more sensitive 
the meter, the more accurately you can 
balance the bridge, especially on the 
high resistance ranges. Also, the more 
easily you can burn out the meter when 
the bridge is not balanced! To forestall 
this catastrophe, connect your meter to 
the bridge through a group of normally-
open pushbuttons and resistors (10% 
type), as shown in Fig. 11. 

Pressing the top button will give a 
reading on the meter if the bridge is far 
from balance, but the large value of 
resistance in series with the pushbutton 
will keep the meter from being damaged 
by the large unbalance. Holding this 
button, balance the best you are able, 
and then press the next pushbutton, 
which will further increase the sensitiv-
ity of the meter and permit you,to ob-
tain a better balance. Finally, pushing, 
the last pushbutton connects the meter 
directly across the bridge without any 

protective resistors in series, giving 
maximum sensitivity and accuracy. 
The voltage of the battery used to 

power the bridge is not critical. How-
ever, the lower the voltage used, the less 
sensitive the bridge becomes, especially 
on the high-resistance ranges. On the 
other hand, high voltages force exces-
sive currents through the resistors in the 
bridge, especially on the low-resistance 
ranges. These currents can damage the 
unknown or the calibrated variable re-
sistor. A good compromise for the val-
ues shown is provided by a voltage of 
armind 3 volts. At this  voltage, the 
10-ohm resistor should have a one-watt 
rating. It's important that current peri-
ods be kept short. 
Well over a century separates Wheat-

stone and Christie from the present day, 
but you can bridge those years, elec-
tronically, as you find that their concise 
and clever circuit still does an excellent 
job in the integrated circuit era. 
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All About C-Zn Batteries 
O THERE ARE SEVERAL SOUR( ES 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 
storm. 
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 Leclanche 
cell, named after its inventor. Georges 
Leclanche. 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 Leclanche 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-
clanche. 
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 
gas bubbles polarizes the cell, which, in 
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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. 

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-
clanche 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 (Mn02) 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 urtil a 

load is connected, at which time elec-
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Fig. 3. "Old Faithful" #6 dry cell shown 
here in cross section has been used 
where long life is a must. Though larger 
than AA, C, and D cells, its output 
voltage is still only 1.5V. 
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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 
(Mn02). These electrons are absorbed 
in the reaction and produce manganic 
oxide (Mn203), ammonia (NH3), and 
water (H20). The equation for this 
reaction is: 

_2Mn02 + 2NH4 + 2 electrons 

Mn,03 + 2NH3 + H20 

In addition, the ammonia (NH3) com-
bines with the zinc ion to form a com-
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 1/2 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 

Fig. 5. Checking cutoff voltage 
and current consumption to 
plot capacity of battery for most 
economical operation of signal 
generator. 

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 continpous 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, convergence, 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 
of other manufacturers. 
There is a certain minimum amount 
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Fig. 6. This three-dimensional graph plots 
service life as a function of the initial current 
drain and duty cycle of a typical D-size 
carbon-zinc cell. 

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 
circuit, its current drain, its operating 
cycle, its desired service life, tempera-
tures in which equipment will be usedr 
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 thesi 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 
positi‘e 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: 
( 11 the operating voltage or discharge 
of the cell is not below I 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 he 120'; to 180'>' 
of the discharge, (4) the charging rate 
must be low enough so that the re-
charge takes 1246 hours, (5) the bat-
tery must be put into service soon after 
charging. 

5V/3 A For Digital Projects 
[1] The 5-volt power supply is almost 
the universal power source for digital 

projects. Only problem is the 5 volts 
must be highly regulated, for a power 
line transient riding through the sup-
ply can zap a board full of ICs. This 
supply  gives  you  full  protection 

against transients, as well as provid-
ing tight regulation. The entire regu-
lator is contained in ICI; no other 
components other than the filter ca-
pacitor and rectifier are needed. For 
full 5 ampere output ICI requires a 

PARTS LIST FOR 
5V/3A FOR DIGITAL PROJECTS 

C1-3000-uF, 25 VDC electrolytic 
capacitor 

C2-0.1-uF Mylar capacitor 
C3-500-uF, 10 VDC electrolytic 
capacitor 

D1 -D4—See text • 
F1-1/4 ampere, 3AG 
101-5-volt regulator, LM223 or 
LM323 

S1—Spst slide or toggle switch 

Ti— see text 

heat sink of 30 square inches; but if 
you use a metal cabinet 3 x 4 x 5 
inches or larger the cabinet itself 
serves as the heat sink. Since pin 3 on 
ICI is grounded (to the cabinet), all 
you need is some silicon heat sink 
grease between the IC and the cab-

inet—no insulator. 
Power transformer TI  must be 

rated for the maximum current you 
will use or need. If you want the full 
5 amperes TI must be rated 5 am-
peres. But if you will need less cur-

t 

117VAC 

S I 

D2 \ 
HEAT SINK 
(SEE TEXT) 

ALTERNATE POWER SOURCE 

rent, say 2 amperes, TI can be rated 
2 amperes. 
Rectifiers 01 through 02 are avail-

able with ratings up to 3 amperes in 
the standard coaxial mounting. For 
greater current capacity the rectifiers 
must be heat-sinked (electrically iso-
lated) to the cabinet, or other sink. 
A 10-ampere bridge rectifier such as 
sold by Calectro and Radio Shack 
can be substituted, but make certain 
it is heat sinked to the chassis. 

30 Sq 
HEAT SINK 

ICI 

2 

TO (Cl 

4. 
5VDC 
REGULATED 

3 IS 
CASE 

(Cl 

BOTTOM VIEW 
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Now you can learn Electronics by performing 
more than 200 practical, skill-producing 
experiments...with real electronic 
components...at !me_ in your spare time. 
You learn by doing! This Experimental Laboratory in-
cludes the equipment you'll need — such things as an IC 
(integrated circuit), printed circuit board, FET (field 
effect transistor), photo-voltaic cell, DC motor, micro-
phone, multimeter. and power supply. 
You put theory into practice right in your own home 

. . . as you learn new electronic skills . . . while you go 
right on pulling down your present pay. It's CIE's excit-
ing "Experimental Electronics Laboratory" program . . . 
a unique combination of CIE's special AUTO-PRO-
GRAMMED* Lessons and laboratory equipment. It is 
the practical way to learn Electronics! 

Prepare for a High-paying Career 
You see, when you "learn by doing," you're armed with 

the tech skills and theoretical know-how to meet the 
challenges of a high-paying career in Electronics ... pre-
pared to go after an exciting, rewarding job in fields such 

•  as medical technology, ?ollution control, radio and TV 
broadcasting, computers . . . just to name a few. 
CIE training can be the key that unlocks the door 

to a rewarding career for you. 
When you graduate from any CIE career course that 
includes the Experimental Electronics Laboratory you'll 
not only receive your CIE Diploma, you'll be ready to 
take, and pass, the Government 1st Class FCC License 
exam. (In continuing graduate surveys, close to 9 out of 10 
CIE grads pass.) Important credentials in the job market! 
Find out more. Send for CIE's FREE school catalog 

and complete career information package TODAY. For 
your convenience, a school rep may call to assist you. 
Just mail card or coupon to CIE . . . or write Cleveland 
Institute of Electronics, Inc. 1776 East 17th Street, 
Cleveland, Ohio 44114. 

You learn . 
money-making 
skills... 
with CIE's 
Electronics 
Laboratory! 

With CIE's Experimental 
Electronics Laboratory, you'll 
perform actual expertments,and 
become adept at handling com-
ponents. "Hands on" experience 
helps you learn Thow-and" why." 

• 

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

APPROVED UNDER G.I. BILL 
All CIE career courses are approved for educational 
benefits under the G.I. Bill. If you are a Veteran or 
in service now: check box for G.I. Bill information. 

CIE Cleveland Institute 
of Electronics, Inc. 

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

Please rush me your FREE school catalog and career in-
formation package today. 
I am especially interested in: 
o Electronics Technology  0 Industrial Electronics 
0 FCC License Preparation  0 Electronics Engineering 
0 Color TV Maintenance  0 Other   
Mobile Communications 

Print Name 

TE-03 

Address  Apt. 

City 

State  Zip   Age   

Check for G.I. Bill details. 0 Veteran 0 On Active Duty 
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Extra Life fro m Dry Cells 

0 As YOU THRO W that worn-out battery 
from your transistor radio into the near-
est trash can, have you ever wondered 
if there might be some method of get-
ting a bit more life out of a standard 
battery? Art automobile battery gets re-
charged every time you run the car's 
engine. How would it be if the useful 
life of a battery for your radio could be 
extended in some way? 
Now if you go along to your friendly 

neighborhood radio dealer and ask him 
about it he'll probably tell you that it 
can't be done. Well, after all, he is in 
business to sell you a new battery. Don't 
give up in despair because you'll be 
pleased to learn that dry cell batteries, 
like the one in your radio, can be re-
charged—up to a point. 
It's not too difficult to get several 

times the normal life out of a standard 
battery before it becomes useless. If 
you or the kids use a radio, battery 
powered model, or other battery driven 
appliance fairly regularly, the cost of 
replacing batteries may be starting to hit 
your pocket. So why not scout around 
the junk box and make yourself a bat-
tery charger! This article will give you 
plenty of handy information about in-
side a battery, too. 
Inside the Cell. Many of the batteries 

commonly used today are of the Le-
clanche dry-cell type. Let us take a 
look at the inside of a typical dry-cell 
and see what makes it work. 
As a typical example of construction 

let us take a standard size D flashlight 
cell and saw it in half from top to bot-
tom. The inside will look like Fig. 1. 
Under the paper or plastic labels on 

the outside of the cell is an outer metal 
case which acts as the cathode, or nega-
tive electrode, of the cell. This case is 
made from zinc. 
The anode, or positive electrode, con-

sists of a black mixture which fills most 
of the inside of the cell. This mixture is 
made up from manganese dioxide and 
powdered carbon. The active element in 
the mix is the manganese dioxide but 
this is a relatively poor conductor of 
electric current. Carbon, which is a 
good conductor, is added so that current 
can flow more easily through the cell. 
At the center and running from top 

to bottom of the cell is a carbon rod. 
This rod acts as the anode connection 
out of the cell and is usually capped by 
a cap or plate which serves as the posi-
tive terminal of the cell. 
Between the anode and cathode is a 

thin layer of corn starch impregnated 

with sal ammoniac (ammonium chlo-
ride) which forms the electrolyte of the 
cell. This is the fluid that messes up 
your radio if you leave "dead" batteries 
in it for a long time. Normally the elec-
trolyte is prevented from leaking out of 
the cell by a bitumen or plastic seal at 
the top of the cell. 
To prevent the cell from being short-

circuited, the anode and cathode are 
insulated from one another by fiber 
disks at the top and bottom of the cell. 
Thus the only connection internally be-
tween the anode and the cathode is 
through the electrolyte. 
Some batteries are built in a different 

way, but the materials used and the 
method of operation are similar. Tran-
sistor radio batteries are often built in 
layer form. Each layer forms one cell 
and since they are effectively connected 
in series there would be six layers in a 
normal 9-volt transistor radio battery. 
How it Works. Electricity is generated 

in the dry cell by chemical reactions 
which occur between the anode, cath-
ode. and the electrolyte. If the anode 
and cathode are brought into contact 
through the electrolyte, an electrical po-
tential will be developed between them. 
This potential ionizes the electrolyte. 
The ions in the electrolyte are atoms an 
which there is a positive or 'negative 
charge because they have either lost or 
gained an electron. These ionized atoms 
can then migrate through the electrolyte 
to either the anode or cathode. When an 
external circuit is wired across the cell, 
current flows between anode and cath-
ode and the ions flow through the 

Find all the parts you need for a simple 
charger like this in a well-equipped junk 
box. Table below shows R1/R2 values 
to use. 

type  9  470  10000  10 
6 AA cells  9  120  2700  40 
4 AA cells  6  220  2200  40 
2 D cells  3  68  470  125 
*All resistors are 1/2 watt except the 
68-ohm resistor which is 1 watt. 

electrolyte to maintain it. 
The actual chemical reactions which 

go on inside the cell as it discharges are 
quite complex. In the process the zinc 
in the case dissolves into the electrolyte 
and becomes converted into zinc chlo-
ride and zinc oxide., In time, this case 
gets eaten away and the electrolyte be-
comes ineffective or leaks out (that's 
why some cells are clad in steel). When 
this happens, the internal resistance of 
the cell increases so that it can no 
longer deliver its normal load current. 
For a new cell the output voltage will 
be about 1.5 volts. As the cell dis-
charges the voltage falls until it gets 
below I volt when the cell is considered 
dead and needs to be replaced. 
Recharging? -Ever since dry cells were 

first made there have been various at-
tempts made to recharge them. If a 
direct voltage is applied across the cell 
so that current is driven back into it, the 
chemical reactions that occur in the cell 
-tend to work in reverse (the zinc com-
pounds in the electrolyte are converted 
back into pure zinc which forms on the 
case, and the electrolyte returns to its 
original state). 
Unfortunately, not all of the chemical 

reactions operate in reverse so the cell 
cannot be restored completely to its 
original "as new" condition by recharg-
ing it. In fact, direct current (DC) 
charging makes the zinc "plate-out" un-
evenly. so holes will still appear in the 
case after a time and the cell will 
eventually die. Nevertheless, this type of 
charging can increase the effective life 
of a cell which saves you a few pennies 
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each time. 
In the early 1950s it was found that 

an asymmetric method of charging gave 
better results. In this system the cell is 
charged during the positive half cycles 
of the AC supply and allowed to dis-
charge slightly during the negative half 
cycles. It seems that this makes the zinc 
plate-out more evenly on the cell walls, 
so holes do not form so quickly. The 
cell also charges more efficiently. 
Charger Circuit. The basic circuit for 

a charger suitable for use with dry cells 
is shown in this schematic. A small 
'transformer is used to provide an AC 
supply of 24 volts at about 250 mA. 
Diode DI is a small silicon rectifier 
such as the 1N4001; it half-wave recti-
fies the supply to produce a pulsating 
DC voltage across the cell. Resistor RI 
limits the charging current fed into the 
cell. The second resistor (R2) provides 
the path for the discharge current which 
will flow when the diode stops conduct-
ing during the negative half cycle. The 
value of R2 is adjusted so that the 
reverse (discharge) current is about one 
tenth the forward (charge) current. 
The amount of charging current de-

pends upon the size of the battery and 

varies from abot.t 10 mA for a small 9-
volt transistor battery up to about 125 
mA for a size D flashlight cell. Values 
for RI and R2 for some typical battery 
arrangements are given. 
For other batteries or combinations 

of cells resistors RI and R2 can he 
made variable aid adjusted by experi-
ment. With R2 out of circuit, adjust RI 
so that the curreit into the cell is about 
the same as the current you intend to 
draw from it in use. Reconnect R2 and 
set it so that the reverse current through 
R2 is about 10'; of the current of R I. 
When using size AA or D flashlight 

cells, it is usually convenient to mount 
them into a plastic battery holder. 
These holders Like four or six cells 
which are simply clipped into the holder 
and automatically connected in series to 
the holder terminals. Of course you 
could make your own cell holder and 
save money. 
Charging Technique. Batteries are 

usually rated to deliver their normal 
discharge current continuously for about 
10 hours. When they are used inter-
mittently, say for 3 or 4 hours a day, 
the cells recover between periods of use 
and the life will be extended to a total 

of about 20 to 25 hours. 
When you recharge dry-cells it is 

best to recharge them regularly after 
every three or four hours use. This way 
the cell doesn't deteriorate too much 
before being recharged. It is hest not to 
let the cell voltage fall below about 1.25 
volts before recharging the cell. The 
length of charge is not critical and can 
he between 6 and 12 hours. 
At the end of, a charging session the 

voltage across each cell may be as high 
as 2 volts, but this will fall to the nor-
mal 1.4 to 1.5 volts quite quickly. If 
the cell gets hot while it is being 
charged, the current flowing into it is 
too high and should be reduced! If a 
cell starts to leak electrolyte, throw it 
away. You may be able to charge it, 
but the mess it will make is just not 
worth the trouble. 
How much life can you expect to get 

from a typical dry cell? It depends a 
little on how long the cell was on 
the dealer's shelf before you got it. For 
a standard size AA penlight cell a life 
of better than 100 hours of intermittent 
service can probably be obtained by re-
charging  the  cell  regularly.  That's 
worth a few extra cents for sure!  • 

Resistive Pads 
[1] STOP TO THINK about the various 
meanings the word pad has! A dog has 
several on each paw; a hippy sleeps in 
one; this article was first drafted on one; 
and it's just another name for attenu-
ator. Webster tells us that when some-
thing is attenuated, it is lessened or 
weakened—it is reduced in strength. 
However, attenuation is not a pad's 
primary function. It just happens to be 
a byproduct in most cases. Primarily, a 
pad is used to maintain impedance 
matching. Yet virtually all the pads that 
are used in audio work started out as 
attenuators and owe their design prin-
ciples to attenuator theory. So it's the 
old "Which came first, the attenuator or 
the pad?" paradox, and to resolve it we 
have to start with attenuation. 
Resistance Networks. The simplest 

attenuator is a series resistor in a cir-
cuit. It causes a voltage drop and dis-
sipates a certain amount of electrical 
energy in the form of heat. The DC 
resistance of an ordinary carbon or 
wirewound  resistor  is measured  in 
ohms. 
A coil of wire has a certain resistance 

to the flow of direct current. But it 
has a different sort of resistance to al-
ternating current, and this is called im-
pedance. While impedance is also mea-
sured in ohms, it is measured at a spe-
cific frequency, since it varies with 

changes in the frequency of the attenu-
ating current. When the voice coil of a 
loudspeaker is said to, have an imped-
ance of 8 ohms, i is measured at 1,000 
cycles. At 100 cycles and at 10,000 
cycles, the voice coil's impedance will 
be different. 
In virtually all audio amplifiers, the 

impedance of th,z speaker voice coil 
should "see" an zquivalent impedance 
on the secondary of the output trans-
former. This equality is called an im-
pedance match, and is very important 
for maximum effiziency and minimum 
distortion. The output transformers on 
high-fidelity and stereo amplifiers have 
several taps at ditlerent impedances for 
correct matching with the speaker voice 
coil. 
Attenuators. When an attenuator is 

added to the circuit, naturally it is going 
to cause a change in circuit impedance. 
amount of power transfer, and general 
operating characteristics. A simple at-
tenuator such as potentiometer RI in 
Fig. I can be used as a local volume 
control. It will vary the volume level of 
the speaker. but at the cost of causing 
an impedance mismatch. If the second-
ary winding of the transformer has an 
impedance of 8 Dh ms  and the total 
resistance across 111 is 8 ohms, then 
the transformer side of the circuit is 
perfectly matched with the wiper of RI 

located at point A. But as the wiper is 
moved toward point B, the effective 
resistance connected across the speaker 
voice coil decreases, causing a serious 
mismatch. 
This is where the pad network comes 

in. An ideal attenuator will cause varia-
tions in speaker volume without chang-
ing the impedance (resistance in this 
case) across the transformer of the 
voice coil. A fixed attenuator called a 
"T-pad- is shown in Fig. 2. In this type 

TRA UTDPI'DUIRIMET R 
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Fig. 1. Fader-type volume control for 
loudspeaker uses only one pot—but it's 
not practical in most cases. 

SPAR 

Fig. 2. A fixed T-pad gives equal 
impedance on both circuit ends—winding 
and loudspeaker see equal Z. 
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of pad, RI will equal R2, while R3 is 
some other value selected to match the 
impedance on both sides of the circuit. 
A variable version of the T-pad is 

shown in Fig. 3. This type of attenuator 
is commonly used as a local volume 
control for loudspeakers in high-fidelity 
installations. Generally, its function is 
to balance a system for differences in 
speaker efficiency, room acoustics, and, 
in the case of extension speakers, act as 
a volume control at the speaker loca-
tion. These pads are generally mounted 
on the speaker cabinet. 
Connected a different way, the T-

pad is frequently used as a "brilliance" 
or a "presence" control. Such pads, 
usually factory-wired into a loudspeaker 
cabinet, vary the amount of signal that 
is fed to the high-frequency speaker. 
The three resistors in Fig. 3—R1, R2, 

and R3—are "ganged." They are all 
mounted on the same shaft so that as 
the knob is rotated all three are varied 
by the same amount. The arrows in the 
drawing indicate the direction the wip-
ers (center connections) move when the 
shaft of the pad is rotated clockwise to 
turn up the speaker volume. When the 
knob is turned to the full clockwise 
position for maximum volume, RI and 
R2 are effectively shorted, providing a 
direct connection between points A and 
B with no loss. R3 will offer maximum 
resistance, permitting very little current 
to flow from one side of the circuit to 
the other. In this position, the speaker 
voice coil sees only the impedance of 
the output transformer secondary coil— 
just as if there were no pad in the 
circuit at all. 
In the opposite position, fully coun-

ter-clockwise, RI and R2 are at their 
maximum resistance and R3 is at mini-
mum resistance. In this position, very 
little current can flow through the upper 
leg of the pad because of the high series 

RI R2 

Fig. 3. A variable T-pad gives equal 
impedance at both sides of audio circuit 
and offers complete volume/power 
control. 

52 

Fig. 4. The fixed L-pad has a very low 
energy or insertion loss. It's widely used 
to match two different impedances. 

resistance. Any current flowing in the 
lower half is shorted to the upper 
branch through R3 which has be-
come zero ohms—a direct short. The 
resistances have been selected so that 
the total resistance of the pad 'in this 
position, or any intermediate one, is 
always the same on both sides. This 
way, impedance matching is maintained. 
Matching  Different  Impedances. 

A pad is a versatile device and can be 
used for matching two very different 
impedances. A frequently used con-
figuration is the L-pad, which is simply 
a T-pad with one resistor removed (see 
Fig. 4). An application for this pad 
would be matching an output trans-
former with a 500-ohm secondary to a 
I6-ohm speaker. 
Another way of looking at an L-pad 

is shown in Fig. 5. Viewed this way, 
the pad looks like nothing more than a 
voltage divider, and that's exactly what 
it is! The total resistance of RI and R2 
should equal the nominal impedance of 
the transformer secondary coil. The re-
sistance of R2 alone will equal the im-
pedance of the voice coil. In the case of 
matching a 500-ohm secondary with a 
16-ohm speaker, RI would equal 492 
ohms and R2 would be 16 ohms. 
Naturally, whenever any pad (or at-

tenuator, if you will) is placed in a 
speaker circuit, there will be a certain 
amount of, power loss—the attenuation 
that gives its name to these devices. 

SPKR 

Fig. 5. Here's the L-pad again drawn to 
look like a voltage divider. R2 and the 
speaker impedance are equal, so that 
one half R2 plus R1 should equal the 
transformer's secondary winding. 
Can you prove this statement? 

Tv SET 2 

FROM 
ANTENNA 

300 fl 

Fig. 6. They call it an H-pad because it 
looks like one. With the proper selection 
of resistors, the pad offers 3, 6, 9 or 
more dB loss while isolating and 
matching the antenna from the two 
)elevision sets. 

Fig. 7. L-pads made from variable 
resistors are used to mix two (or more) 
audio signals prior to amplification. 

Even in the case of a pad with low-
value resistors, there will be some loss 
of energy and this is known as "inser-
tion loss." 

Isolating with Pads. Another appli-
cation for the pad is isolating one 
part of a circuit from another. The 
need for isolation arises when a circuit 
has wide variations in impedances (usu-
ally due to frequency changes) and the 
associated circuit must be kept at a 
constant impedance. A typical circuit 
that must frequently be isolated is the 
equalizing network in a high-fidelity 
preamplifier. Another instance is the 
output signal from a program source 
such as a tape recorder that is coupled 
to an amplifier circuit that requires 
constant impedance. 
Effective isolation is possible with an 

H-pad shown in Fig. 6. The network 
resistance is the same at both the input 
and the output, providing good imped-
ance matching. But the resistance of the 
network is high enough to prevent any 
impedance variations from being trans-
ferred from one side to the other. 

The amount of actual attenuation in 
any pad depends on the resistance val-
ues of the total networks. There will 
always be a certain amount of inser-
tion loss, even with the so-called "low-
loss" types, such as the L-pad. 

Signal Dividing. A commonly used 
pad is the two-set coupler for simul-
taneously operating two TV sets from 
the same antenna. The H-pad is usually 
used. Fig. 6 shows how the connections 
are made. The input from the antenna 
is across resistor RI, and the two TV 
sets (or one TV set and FM tuner) are 
conected to the two opposite sides of 
the "H." Even with careful impedance 
matching, the insertion loss is so high 
that couplers of this type are practical 
only in strong signal areas. 
Some manufacturers make "powered-

couplers"—signal dividers with a tube 
or transistor amplifier in the circuit. 
They overcome the insertion loss of the 
resistor network, and in some cases can 
provide enough gain to drive three or 
more TV sets. 

Audio Mixers. A simple resistance 
network is often used for mixing two 
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different signals—such as from two 
microphones or from a microphone and 
a record player—for making home tape 
recordings. Fig. 7 shows a circuit of this 
kind. Resistors RI and R2 are, in effect, 
variable L-pad controls, and can vary 
the amount of attenuation of the input 
signal. R3 and R4 form the other loss 
of the L-pad or voltage divider. Since 

they are of equal resistance, the signal 
voltage at their common point, A, will 
be a mixture of the signals from the 
center taps of both RI and R2. 
While this simple mixer will do its 

intended job effectively, like the H-pad 
TV set coupler. there will be some in-
sertion loss. This loss will be minimal 
if the amplifiers used with the mixers 

have enough gain. Many mixers are of 
the powered type—that is, they have a 
tube or transistor at the output. This 
will provide enough gain to overcome 
the insertion loss of the attenuator. A 
tr4nsistor in the output has the addi-
tional advantage of constant impedance 
and will provide better matching over a 
wide frequency range.  • 

Prefixes and Exponents 
o ANYONE WHO'S DIPPED his little toe 
into electronics is certain to have run 
across such terms as microFarad, 
Henry, and milliAmpere—not to men-
tion megaHertz megOhm, and kilo-
Hertz. The prefixes here, micro-, milli-, 
mega-, and kilo-, are an important part 
of the electronic vocabulary. It follows, 
then, that anyone who wants to be pro-
ficient in electronics will have to de-
velop skill in understanding and using 
them. 
These prefixes are used to change the 

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

ble as 1,000 Volts, and one kiloHertz as 
1,000 Hertz, and so on. These prefixes 
are usually so automatic with electron-
ics aficionados that they will invariably 
refer to a millionaire as a guy who has 
one megabuck! 
The Debit Side. At the other end of 

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

prefix is available, which provides a 
unit only one-thousandth the size of the 
basic unit. A milliAmpere, for example, 
is a thousandth of an Ampere; that is, it 
takes  1000 mA  (milliAmperes)  to 
equal 1 Ampere. 
To handle these tiny slices of units, 

it's wise to spend a few minutes learn-
ing scientific notation, which is designed 
to make it easy to handle very large and 

very small numbers. Once you've mas-
tered thts 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 brDadcasting 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 1300", 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 
hoa you can greatly simplify your fu-
ture work in electronics by thinking of 
the prefix "kilo-" as being replaceable 
by "x 103", thus: 

840 kiloHertz = 840 X 103 Hertz 

ELECTRONIC PREFIXES AND THEIR MEANINGS 

Prefix  Pronunciation Symbol Exponent Example 

tera-  TEHR-uh 

giga-  SIG-uh 

mega-  MEG-uh 

kilo-  KILL-oh 

hecto-  HEK-toh 

deka-  DEK-uh 

1012  

109 

106 

103 

102 

da  101 

Frequency of infrared light is 
approx. 1 teraHertz 

Frequency of TV channel 82 is 
approx. 1 gigaHertz 

Frequency of typical shortwave 
broadcast station is approx. 
1 megaHertz 
lop note on a piano is approx. 
4 kiloHertz 
(not often used in electronics) 

(not often used in electronics) 

deci-

centi-

DES.S-ih 

SENT-ih 

MILL-ee 

micro-  MY-kroh 

nano- NAN-oh 

pico-  PY-koh  P 

femto-  FEM-toh  f 

atto-  A--toh  a 

10-1 A decibel is 1/10th bel 

10-2 Wavelength of TV channel 82 is 
• approx. 30 centimeters 

10-3 Collector current of a typical 
small transistor is approx. 
1 milliAmpere 

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

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

1 0-12  Collector-to-base capacity of a 
good high-frequency transistor is 
approx. 1 pic9Farad 

10-15  Resistance of 6 microinches of 
0000 gauge wire is approx. 
1 femtOhm 

10-i8 6 electrons per second is 1 atto-
Ampere 
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Similarly, a 6.8 megohm resistor, 
measured on an ohmmeter, will indi-
cate 6,800,000 ohms. In this case, the 
prefix "meg-" can be replaced by "x 
1,000,000": 

6.8  meg 
6.8  x 1,000,000 
6,800,000 

Ohms 
Olms 
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 10°, 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-", 
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 10° 

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 33 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 106 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: 

4.8 megaVolts 4.8 X 10° Volts  

2 kilOhms  2.0 X 103 Ohms 

4.8 ± 2 = 2.4 

2.4 X 103 Amperes = 2.4 kiloAmOeres 
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 10°  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 
10° (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 = 2TfL.  ' 

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

XL = 2 x  X (1.5x10°) 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? 

F 
speed olf light  

- 
wavelength 

3.0 x 108 meters per second 

wavelength 

3.0 X 106  
= 1.4286 X 108 Hertz 

2.1 x 10° 

We wish this answer had come out, 
with a "106", instead of a "108", be-
cause we can convert 106 Hertz directly 
to megaHertz. However, we can change 
the answer to 106, 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 10° 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 

Tera to Alto. 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-,  kilo-, and 
mega!) -that we've discussed so far. Very • 
common in, electronics is the micro-
microFarad, which is 10-6 x 10-6 Farad, 
or 10-12  Farad. This is more commonly 
known as the picoFarad. Similarly, a 
thousandth of a microAmpere is 10-3 x 
10-6 Ampere, or 10-9 Ampere. This is 
known as a nanoAmpere. At the other 
extreme, 1000 megaHertz is called a 
gigaHertz. See the table of all these 
prefixes for a rundown of their mean-
ings and pronunciations. 
The jargon of electronics which has 

grown up around their prefixes is just 
as important as the prefixes themselves. 
Here are some examples of "jargon-
ized" prefixes as they might appear in 
speech: 
Puff-a picoFirad (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 gigasecpnds, reply in femt-
Ohms! 
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Fuses and Circuit Breakers 
E FOR TWO si rs or less you can protect 
$500 when you consider that an inex-
pensive fuse protects a costly color TV 
set. Would you believe ten cents worth 
of electric protection saves $35,000? 
Fuses also keep the house from burn-
ing down. The little zinc links can pop 
in picoseconds or broil hours before 
blowing. Hundreds of fuses and circuit 
breakers safeguard electronic equipment 
against shortcircuit damage, momentary 
surges, or slow overload. Pick the right 
one and you'll never put a penny in the 
fuse box, wrap cigarette foil around a 
glass fuse, or jump wire across cartridge 
clips—all dangerous dodges of those 
who refuse to re-fuse. 
Thar' She Blows. Edison made the 

first fuse before 1900 by enclosing a 
thin wire in a lamp base. As an inten-
tionally weakened part of the circuit, the 
wire acted as a safety valve which 
melted from excessive current. Trouble 
was, early fuses were nearly as danger-
ous as the condition they were designed 
to prevent. Fuse wire fashioned from 
copper had to reach a dangerous tem-
perature before blowing. This is now 
cured by changing to metal alloys of 
lower melting point. 
You can see another problem by ob-

serving how a fuse blows. See Fig. I. 
The link begins to overheat in the slim 
center region. Overheating begins at this 
point since the wider ends of the link 
are better able to radiate heat. Soon the 
melted center drops away. 

keeps snapping dangerously across the 
gap. Is that a safety valve? 
Today's fuses are not lethal weapons 

because of certain refinements in con-
struction.  The  larger,  cartridge-type 
fuses contain a powdery filler material 
that quenches the arc through cooling 
and condensing the metal vapor. In 
smaller fuses, sturdy, insulated tubes of 
glass or porcelain provide necessary pro-
tection. See Fig. 2. One manufacturer 
states (with a Gothic turn of phrase) 
that today's fuse won't "belch fire." 
Vengeful Volts. Most talk about fuses 

concerns amperage and how various 
types respond to current flow. Yet all 
fuses are rated by volts. This relates to 
the explosive fu-'y of a fuse gone wrong. 
Although a fuse may have a welNnsu-
lated holder, certain conditions may 
cause voltage to soar dangerously as the 
fuse blows. 
If it's protec:ing a circuit that con-

tains a coil, for example, sudden inter-
ruption may caise an "inductive" kick 
to feed back to the fuse terminals. It 
could be sufficiently high to shatter the 
holder. Voltage ratings assigned to fuses, 
though, are quite ,conservative. 
When a fuse is rated at 125 volts, for 

example, it refers to a standard test 
performed by the manufacturer. He as-
sumes that the fuse will not shatter on 
this voltage when subjected to a short 
circuit with the colossal current of 
10,000 amperes! Unless you're protect-
ing a private power generating plant, 

A 

OVERLOAD  SHORT 
CIRCUIT 

CENTER D O 
MELTS 

ARC 
STRIKES  '..,L.- , I 
ACROSS i_r-77.,  LINK 
GAP  EXPLODES 

, 
ENDS 
BURN 
BACK Dr-- 0 

Fig. 1. Major difference between overload, 
short circuit is amount of time it takes for 
fuse center link to melt apart. 

FILAMENT ORLIN( ELEMENT OR LINK 

Fig. 2. Construction variations between 
various fuse types give each its own 
special set of characteristics. 

This supposedly ruptures the circuit, 
but a second effect takes over. Circuit 
voltage is still applied across the nar-
row gap in the link and it ,strikes an 
electrical arc. This burns back metal 
toward each end until increasing elec-
trical resistance kills the arc. That hap-
pens during a simple overload. But 
everything's vastly speeded up for a 
dead short. 
You can see in Fig. 1 that a total 

short circuit explodes the link. The 
whole center section, in fact, suddenly 
vaporizes. And the vapor itself becomes 
a good electrical conductor—so the arc 

your electronic equipment subjects the 
fuse to a piddling fraction of those 
ratings. Thus circuit voltages may usual-
ly be higher than fuse voltage rating 
without undue hizard. 
Twin Ratings. The job of choosing a 

fuse would be simple if it merely meant 
measuring a circLit you wish to protect, 
then selecting a type to blow on slightly 
higher amperage. A hi-fl amplifier might 
operate with AC line current of 1.4 
amps, but a 1.5-amp fuse would be a 
poor choice. It w Duld cause much "nui-
sance" blowing. Whenever you turned 
on the amplifier, a sudden inrush of 

current (to charge big filter capacitors 
in the power supply, for example) 
might cause the fuse link to let go. And 
some devices, like an electric motor, 
draw starting currents far greater than 
normal running amperage. 
At the other extreme, a delicate test 

instrument might be destroyed if the 
fuse didn't speedily break the circuit. 
These variations introduce time as an 
element that's just as important as the 
number of amperes. Some fuses have a 
built-in mechanism that decides whether 
to blow fast or slow, depending on cir-
cuit conditions. 

But, first, what does a fuse rating 
actually mean? Simply saying that a 
fuse in a car radio is rated at 71/2  amps 
doesn't tell the whole story. The 71/2 -
amp figure means the fuse can carry 
that current indefinitely. Determining 
the current needed to melt the fuse 
must also reckon with overload time. 
A typical automobile fuse might take 

fully four hours to blow when the fuse's 
rated current reaches 110 percent— 
which is amps times 1.1. This would 
happen as the radio drew 81/4  amps 
through the fuse (or 7.5 X 1.1). This is 
not a severe overload and the radio is 
still protected., 
But if a short-circuit caused current 

to zoom to double the fuse rating—or 
200 percent—the fuse promptly pops 
within 20 seconds. Higher percentages 
of overload would even speed up the 
process. Thus the radio continues to 
operate during minor surges. It won't 
blow the fuse unless overload current 
threatens irreversible damage to its 
components. 
Not all devices need this brand of 

protection. To cope with a wide range 
of equipment, fuses are manufactured 
in three broad categories that relate to 
blowing times: Medium Lag, Quick-
Acting, and Time Delay. A look at these 
types reveals that fuses might have the 
same ampere rating but behave in quite 
different fashions. 
Medium Lag. This is the most com-

mon type you're apt to encounter. It 
also goes under the name "Normal Lag" 
or "Standard." This is the fuse for auto 
and other radios, amplifiers, TV sets, 
heaters, and lighting circuits. If you 
want an idea of how such a fuse be-
haves, check the curve marked "Me-
dium" in Fig. 3. It reveals, for example, 
that at 200 percent of rated current 
,(two times), the fuse typically blows in 
about 5 or 6 seconds. The greater the 
overload, the faster the action. 
Common fuses in the medium cate-

gory are the S.F.E. types (for automo-
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Fig. 3. Note how slow-blow fuse 
takes considerably longer time 
for a current surge to open the 
circuit the fuse protects. 
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Fig. 4. The dual-purpose mechanism of a slow-blow fuse allows it to withstand 
momentary surges and overloads, typically up to 400". of rated circuit current. 

biles) and 3AG by Littelf use. There's 
also the AGC type made by Bussmann. 
The letters "AG", incidentally, origi-
nally meant "automotive glass." 
As the "AG" number rose so did 

amperage rating and physical length. 
This was intended to foil any attempt to 
insert a fuse of excessive rating into a 
holder. So many new fuse types have 
appeared, however, that the system is 
all but abandoned. "AG" is no longer 
a reliable index of fuse size. 
Quick-Acting. This fuse category is 

also known as "Instrument" or "Fast-
Acting." As the name implies, this kind 
of fuse blows faster than the medium 
type. It's useful for delicate instruments, 
meters, and other devices that can't 
tolerate even small overload currents 
for any length of time. The fuse ele-
ment is very fine and low mass causes 
it to melt at rates marked "Fast Blow" 
in Fig. 3. Note that at 200 percent 
rated current, the fuse expires in less 
than a second. 

Slow,-Blow. Also known as the "slow-
acting," "time-delay" or "time-lag" fuse, 
this type lets a strong surge through the 
circuit without blowing, but protects 
against shorts and overloads. It is es-
pecially useful for motors, switching 
circuits and TV receivers. Special dual 
construction enables the fuse to operate 
in two ways. 
As shown in Fig. 4, the fuse contains 

the regular fusible link found in other 
types. It is designed to blow only during 
extreme short-circuit conditions. The 
second mode of operation occurs during 
a continuing overload condition, far 
longer than a temporary surge. This 
causes heat to build near the spring por-
tion. If of sufficient duration, the heat 

softens the low-melting solder and the 
spring pulls the link to break the circuit. 
The slow-blow fuse is often applied in 
circuits that can, tolerate currents of 
about 400 percent normal for 1 to 10 
seconds. 
Specials. As you can see in Fig. 5, 

there are many variations in fuses to 
meet special applications. Some fuses 
signal when they've blown, others are 
tightly enclosed to prevent radio-fre-
quency interference pickup (a problem 
in space vehicles). There are sub-
miniature fuses, as well as high-reliabil-
ity types with gold-plated caps that sur-
vive high-G forces. 
One novel type found in many TV 

sets is the fusible resistor, a combination 
of fuse and resistor. It's often used 
where solid-state rectifiers occur in the 
TV power supply. When the set is first 
turned on, a heavy inrush of current 
must be limited by a small-value resis-
tor (usually less than 10 ohms) to pro-
tect the rectifiers. By making a resis-
tance element with fuse-like qualities a 
single component, the fusible resistor 
does the job of two parts. The com-
ponent is often mounted with plug-in 

pins for convenient replacement. 
Circuit Breakers. A leading contend-

er in the fuse field is the circuit breaker. 
See Fig. 6. It's found on many major 
appliances and the newer TV sets. The 
attraction is obvious: you jUst press a 
red button .after an overload. No need 
to hunt for a ruse. 
As you can see by the curve in Fig. 

7, the breaker behaves like a fuse, per-
mitting brief overload current to pass 
but tripping when  the  fault  looks 
serious. 
What happens, though, when a de-

termined TV-viewer sees sound and pic-
ture fade just as the 5:40 comes roaring 
down on Millicent, tied to the track for 
not paying the you-know-what? Our 
viewer leaps behind the set, pushes the 
red panic button—and holds it down in 
an effort to restore the program. If the 
breaker had tripped on a severe short-
circuit, not just a transient, our viewer 
might as well join Millicent. Yet the 
story has a happy ending since the 
breaker is viewerproof. The red button 
must be released before the circuit 
breaker closes. 
The chart in Fig. 8 shows typical 

ratings for several Mallory breakers. 
Note in all units that breaking the cur-
rent is somewhat higher than operating 
current, but allowable surge current is 
much higher than either rating. Tripping 
time is ten seconds or less after break-
ing current is reached. 
The circuit breaker is also replacing 

certain fuses in the automotive field. 
It's chiefly used in high-current circuits 
such as headlights, convertible top mo-
tors, and window motors. The car 
breakers, however, automatically reset 
themselves when the overload no longer 
exists. Not only is it convenient, but a 
hi-metal element of the breaker won't 
suffer a common fault of fuses in these 
circuits—fatigue. Fuses tend to fail when 
cycled repeatedly at high (though nor-
mal) on-off currents. (Fatigue also ex-
plains mysterious fuse failure in radio 
and TV sets when no circuit fault 
exists.) 
How Many Amps? The equipment de-

signer has already done the job of figur-

t till 
Fig. 5. Three different fuse styles are shown, but each has its own current rating. 
NEVER substitute like-styled fuse of higher amp rating for lower-amps-rated one. 
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Fig. 6. Forget thai box of spare fuses you keep at arms distance from your TV. 
Circuit breaker elGminates need for replaceable fuse, can be reset as often as 
needed. Press cylindrically-shaped button located on top of circuit breaker after 
you find fault; your TV is once again protected. Breakers come in many ratings. 

ing the right fuse for his electronic 
gear. Whert the fuse blcws-and the 
fault cured-the replacement fuse may 
merely duplicate the original. But if you 
home-brew equipment, you'll have to 
do some calculations to obtain the fuse 
rating. We've talked of fuse ratings but 
this is not the same as current con-
sumed by the equipment being pro-
tected. To avoid nuisance blowing, the 
fuse almost always should be able to 
conduct more current than is drawn by 
the equipment. 
It is considered good practice not to 

load a medium-blow fuse by more than 
75 to 80 percent of its rating in am-
peres. To translate this into a practical 
value, you must know the number of 
amperes consumed by the equipment 
during normal operation. 
Let's say it is 4 amps. This number, 

therefore, should be 75 percent of, the 
fuse rating. To find the answer, divide 4 
by .75. The result is 5.3 amps, the fuse 
rating. This is an odd value, so select 
the next highest standard fuse size, 
which is 6 amps. 
You'll find suitable types in the cata-

logs to fit into clips, an extractor post 
or to be soldered directly into the cir-
cuit with pigtail leads. Most common 
physical size for electronic gear is the 
glass 3AG or AGC type (1/4 " x 11/4 "). 
If you check commercial circuits, 

chances are you'll find that the fuse is 
operated at 50 (not 75 or 80) percent 
of its rating. This is another way of 
saying the fuse rating s double the load 

current. A car radio, for example, might 
draw 3 to 4 amperes, but the fuse is 
usually 71/2  or 9 amps. 
You can also follow this practice, 

especially if your circuit is subject to 

temporary surges. This may seem like 
overfusing the circuit but the fuse 
should melt before anything is damaged. 
(and it is less subject to nuisance blow-
ing). 
When equipment will certainly cause 

temporary overloads several times nor-
mal circuit current, then choose a time-
lag or slow-blow fuse. Recall that it has 
a dual element to cope with this condi-
tion. It withstands brief overloads of 
several times normal current. With this 
kind of surge protection, it is common 
practice to select the rating of a slow-
blow at a somewhat higher figure than 
the medium type. It should be about 80 
to 90 percent. To convert this into a 
slow-blow fuse rating, measure the cir-
cuit's normal current and divide it by .8 
or .9 for the fuse 'amperage. 
Whore to Fuse. There's some compro-

mise in where to locate a fuse for maxi-
mum circuit protection. Fig. 9, a typical 
full-wave power supply, shows why. The 
fuse is inserted in one leg of the incom-
ing AC power line. Since the fuse is 
situated at the closest point to the power 
source, it provides overall protection. If 
a defect develops in some circuit, how-
ever, there's a chance the fuse will not 
blow for, say. a shorted bypass capacitor 
that doesn't create enough excess fuse 
current. It could burn out a few resis-
tors in the process. The expensive power 
transformer, however, gets a reasonable 
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MALLORY TV CIRCUIT BREAKERS 
Tripping mechanism is temperature-compensat-
ing for constant protection. Normal tripping time 
is 10 seCcrids or less. Twist tab mounting lugs. 

'High Surge Type. Shpg. wt. 3 oz. 

Fig. 7. Curve of circuit breaker 
looks like medium lag fuse 
characteristic curve as shown in 
Figure 3. Current rating toler-
ance of circuit breaker is wider 
than that of normal fuse; 
crosshatching for this particular 
circuit breaker shows about 
20% overall tolerance. 

• Just Reset 

• UL Approved 

-Not a Fuse 

Current-Amps  Current-Amps 
Stock No. Hold Break Net  Stock No. Hold Break Net 

33 F-1-5629 .325  .50  .117  33 F 1567s 1.79  2.75  .97 
33 F 15637 .49  .75  .97  33 F 15696 1.95  3.0  .97 
33 F 15645 .65  1.0  .97  33 F 15694 2.44  3.75 1.05 
33 F 15652 .3  2.0  .97  33 F 15702 2.92  4.5  1.05 
33 F 15660 .46  2.25  .97 

Current-Amps 
Stock No. Hold @reek Net 

33 F 15710 3.25  5.0 -1-.05 
33 F 15729 3.9  6.0 1.05 
33 F1573414.00  2.5 1.29 
*33 F 15744 3.00  5.0 1.29 

Type CBB adapter for bushing mount. Bushing 3/4--320/4" with nut. 
33 F 14798 Net .20 

Fig. 8. Chart taken from Lafayette's Catalog gives brief listing of circuit breakers 
available from Mallory. Note three different amp ratings for each breaker. 
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degree of protection with this system. 
More sensitive fusing occurs in Fig. 

10. With the fuse in the centertap of the 
transformer, it responds only to changes 
in the B+ current. Since this bypasses 
high currents consumed by tube fila-
ments, the fuse can be much smaller 
and is responsive to partial shorts in the 
remaining circuits. A variation of this 
is in Fig. 11: a half-wave supply that 
might be found in an AC-DC table 
radio. Only here there's a fusible resis-
tor of the type described earlier. Since 
you can obtain a fusible resistor locally 
or from electronic parts houses, why not 
modify your table radio today! 
This leaves the problem of fusing fila-

ments. Although a conventional fuse 
can be used to protect the filaments, you 
might borrow a trick used in some cir-
cuits. 
Shown in Fig. 12 is the system used 

in some color TV sets, one of the more 
thoroughly protected  home-entertain-
ment devices. There are no less than 
three techniques to guard against over-
current. In one leg of the primary lead 
is a thermistor. Although it is not a 
breaker-type device, it prolongs the life 
of the circuit by slowing the inrush of 
current when the set is first turned on. 
It might present 120 ohms when cold, 
thus limiting current, but electrically 
disappears when hot since it sinks to just 

1.5 ohms after circuit warmup. 
Next site of protection is a circuit 

breaker in the power transformer sec-
ondary. It trips during overload any-
where along the B+ leg in the receiver. 
(This is equivalent to the centertap fuse 
shown in Fig. 10.) The filament circuit 
has completely separate protection. It is 
merely a short link of No. 26 wire that 
melts when a short exists along the fila-
ment supply. There's little hazard since 
voltage is only 6.3 VAC and serious 
arcing won't occur. 
Fusing Transistors. There have been 

attempts to protect transistors by fusing, 
but fuses generally will not react fast 
enough. Techniques which use addi-
tional semiconductors (such as diodes) 
provide a better solution. There is, 

PWR 
XFR 

SWITCH 

17 VAC 

FUSIBLE 
RESISTOR 

117 
VAC 

r 7:33V FILAMENTS 
 0   

RECTIFIER  Fig. 10. Secondary of power trans-
.*/  former is fused. Protection is for 

high voltage circuit only; filament 
B+  supply is not fused. 

Fig. 11. Fusible resistor combines surge-
limiting resistor and fuse in one package 
shown here in AC/DC rig's power supply. 

Fig. 12. Three points of protection 
on color TV power supply are 
thermistor in transformer primary 
circuit to limit surges, circuit 
breaker in BA- secondary circuit, 
and wire-type fuse for filament. 

Fig. 9. Fuse in power transformer 
primary circuit protects entire 
power supply including 6.3 VAC 
filament source. However, it's 
possible that short circuit in device, 
while not of sufficiently high 
amperage to blow fuse, will 
damage components in power 
supply—for instance filter capacitor 
or choke. 

though, some consideration in fusing the 
power supply of solid-state equipment. 
Since transistor circuit voltages are sig-
nificantly lower than those encountered 
in tube circuits, the resistance of the 
fuse becomes increasingly important. It 
may be an ohm or less, but this intro-
duces a new element that might affect 
the operation of a delicate circuit. Two 
solutions are possible: use the largest 
fuse size consistent with circuit protec-
tion (since this reduces resistance), or 
install the fuse in the primary side of 
the 117 volts of alternating current. 
Getting Clipped. How a fuse mounts 

is more important than is generally be-
lieved. Much trouble with nuisance 
blowing has been traced to defective 
fuse clips or holders. Poor contact be-
tween clips and fuse produces hot spots 
that blow the fuse prematurely. It may 
also introduce electrical resistance that 
upsets the circuit being protected. 
One manufacturer suggests the fol-

lowing: you should hear a resounding 
"snap" when inserting a fuse into clips 
—it signals good grip strength. And you 
should have to pry a defective fuse from 
its clips. Since dirty clips are a frequent 
cause of trouble, shine them with con-
tact cleaner. Just be sure to remove the 
AC plug from the wall outlet before 
touching any contact with your fingers. 
It helps reduce the con-fuse-ion. 
Always remember: fuses protect valu-

THERMISTOR 

ON-OFF 

117 VAC 

rCIRCUIT  B, BREAKER 

FIL FUSE 

#26 
WIRE 

6.3V 
FILAMENTS 
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able equipment from going up in smoke  By overriding an existing fuse circuit  you may be putting, a hole in your 
and eliminate dangers to human life,  with a penny, jumper, or oversized fuse,  pocketbook—or one in the ground. • 

Parallel Resistance No mograph 
fl 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-jug 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 
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 RI 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 

\ 

3̀s 
-s-

Rt 
RI R2  

- 
RI + R2 0 

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. 

5 

R2 IN OHMS 

10 



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 RI 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 -R1 
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 RI 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 RI or the R2 scale for the 
known resistance value. Next locate the 
resistance of the desired resistor value 
on the Rt scale. Then lay a straightedge 
between the two points, and read the 
value of the required parallel resistor 
on the remaining scale. 
Typical Problems. A typical problem 

will serve as an example that should 
bring everything into sharp focus now. 
Let's suppose that we have two resistors, 
100,000 ohms and 47,000 ohms, con-
nected in parallel in a project that's 
breadboarded and now ready for final-

izing. With this parallel combination in 
the circuit our little jewel works fine, 
but the combination is bulky, unsightly, 
and expensive for quantity production. 
So obviously it's desirable to replace the 
bulky parallel resistor combination with 
a single fixed resistor. 
Using the Equivalent Resistance No-

mograph, locate the 100,000-ohm value 
on either the RI or R2 scale (we used 
the RI 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 RI. 
Now lay a straightedge across the 

nomograph so that it intersects the 100,-
000 and 47,000-ohm points on RI 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.  • 

Power Supply Basics 
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.  sir 
Super Supplies. That danger is gone, 

thanks to power supplies. Now a re-
ceiver takes raw electricity from the 
utility company and converts it to fila-
ment, plate, or bias voltages. It does the 

same for transistorized circuits. Or it 
perhaps participates in the growing 
trend to 3-way operation, where you use 
the same device at home, in a car, or 
carry it as a portable. The supply not 
only powers the equipment in the home, 
it also recharges the portable batteries. 
Cost is low because AC power is priced 
about 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 

Fig. 1. Schematic of typical 
power transformer, showing 
voltages and [IA color-coding 
of windings. 
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100 to 250 volts for operation, while 
transmitting tubes may need a  
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 

Fig. 3. Full-wave rectifier is a 
pair of diodes driven alterna-
tively to take advantage of both 
halves of AC ir put voltage. 

located in on  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). Second.y, those wide spaces be-
tween pulses a:-e 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 

Fig. 2. Half-wave rectifier, 
showing how diode produces 
pulsating DC output by 
repelling electrons when plate 
is driven negative. 

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. 

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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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-
complish the same rectifying action. 
They're several hundred times smaller 
and much cooler in operation. Instead 
of a huge 5U4 vacuum-tube rectifier in 
your TV set you're now more apt to 
find a pair of tiny silicon diodes. 
Circuits using these semiconductors, 

though, are similar to those of vacuum 
tubes. As shown in Fig. 4, diodes can 
be used in equivalent half- and full-
wave arrangements. 
Unlike  tubes,  though,  solid-state 

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

arrangement is the full-wave bridge 
(Fig. 5). Though it uses four diodes, it 
offsets this disadvantage by an ability to 
produce the same output as a regular 
full-wave supply without a centertapped 
transformer. It accomplishes the feat by 
operating one pair of diodes during each 
half cycle. And as one diode pulls cur-
rent out of the load, its partner pushes 
urrent into it. 

Fig. 5. Solid-state bridge 
rectifier provides full-wave 
rectification with center-
tapped transformer by using 
four diodes. 

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 I 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 choRe 
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 

FILTER 
RESISTOR 

BLEEDER 
RESISTOR 
AND 
VOLTAGE 
DIVIDER 

250VDC 
(8.1.) 

100VDC 

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 scond output volt-
age from the supply. Now the bleeder 
becomes a voltage divider. As such, it 
can supply the designer with multiple 
output voltages for operating various 
devices in a circuit. 
Voltage Regulation. A ham who's 

received a "pink ticket" from the FCC 
for chirpy signals, a color TV that's 
gone fuzzy, a shortwave receiver that 
won't stay on frequency—all may suffer 
from a problem in voltage regulation. 
Line-voltage fluctuations or other elec-
trical swings can cause poor, unstable 
operation. So the engineers have come 
up with methods for "stiffening" a 
power supply. 
If, say, line voltage changes from 

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

ode found in the power supply of many 
CB transceivers. Since these rigs can 

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

PULSATING DC 

CAPACITOR 

"VALLEYS'. SMOOTH DC 
( FILLED IN  OUTPUT--
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Scope photos, from left to right, show (a) 60-Hz line “Atage, (b) output from half-wave rectifier with negative portion 
eliminated, (c) ripple voltage from half-wave rectifier at same frequency as AC line voltage, (d) frequency of ripple voltage 
from full-wave rectifier double that of AC line voltage, (e) final DC output from power supply with no ripple voltage. 

" VOLTAGE -.I 
DROP 

II-15VDC 9.1 VOLT 
ZENER 
DIODE 

9.1VDC : 
REGULATED 
OUTPUT' 

Fig. 8. For more efficient regulation than 
produced by bleeder resistor, zener 
diode shunted across DC output will 
hold voltage to specified I mit. 

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 i:s 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 resir.or 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 "flOack" 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. • 

Electro motive Force Multiplier 
o WHEN YOU NEED a power supply for 
a high voltage, low current application, 
your best bet is a voltage multiplying 
type power supply. They are simple. 
They are inexpensive. And you can de-
velop almost any voltage you want by 
selecting the transformer used and cas-
cading basic multiplier stages. The only 
limiting factor is the ratings of the com-
ponents you can obtain. 

Fig. 1. The half-wave power supply. 

Basically, a voltage multiplier circuit 
consists of simple, inexpensive diodes 
and capacitors connected in such a way 
as to develop a DC output voltage that 
is some'multiple of the peak value of 
the input voltage. Only one diode and 
one capacitor are required for each time 
you want to multiply the voltage. As a 
safety factor, a transformer should be 
used to isolate the power supply from. 
the line voltage. But part of the beauty 
of using voltag: multipliers to obtain 
high voltage is that you don't have to 
begin with an expensive high voltage 
transformer. 
How It Works. Voltage multiplier cir-

cuits will operate with any type of wave-
form as the input. The only factor that 
might be considered is the switching 
time of the diodes used. The rise time 
and fall time of he input signal must be 
slower than the time that the diodes re-
quire to reverse conduction—sort of like 
the frequency response of an amplifier. 

However, since most power supplies op-
erate from 60-Hz power, this factor will 
not affect most experimenters. The rea-
son the frequency of the input is inter-
esting is because the ripple content of 
the power supply output can be reduced 
by operating the circuit at a higher fre-
quency. 
Referring to Fig. 1, note that the ba-

sic voltage multiplier circuit is none 
other than our old friend the humble 
half-wave power supply. This simple 
circuit forms the basis for a complete 
family of voltage multiplying circuits, 
and is shown both in the standard sche-
matic format and a simplified form th:. 
will facilitate the development of ad-
ditional multiplier circuits. 
With little or no current required 

from this power supply, the value of the 
DC output voltage will approach the 
peak value of the AC input voltage. For 
example, if T1 were simply an isolation 
transformer, with primary and second-
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Fig. 2. Basic voltage doubler circuit. 

ary voltages of 117 Vrms, the theoreti-
cal DC output from a half-wave power 
supply would be 1.414 x 117, or about 
165.4 VDC. , 
In practice, because of circuit losses, 

the actual output voltage will decrease 
as more current is required from the cir-
cuit. We will discuss how to estimate 
the output voltage of a given circuit 
shortly. 
Double Up. By adding a second diode 

and capacitor combination to the basic 
half-wave circuit, as shown in Fig. 2, it 
becomes a voltage doubler circuit—ef-
fectively multiplying the peak value of 
the input voltage by two. Notice that 
the new diode, D2, and capacitor, C2, 
are connected in series (cascade) with 
the original diode, DI, and capacitor, 
Cl, and are between them and the 
transformer, Ti. 
The circuits shown in Figs. 1 and 

2 are the basis of all voltage multipli-
cation. The voltage tripler circuit shown 
in Fig. 3 is merely the doubler circuit 
shown in Fig. 2 connected in cascade 
with the half-wave circuit shown in 
Fig. 1. Likewise, the quadrupler circuit 
shown in Fig. 4 is simply two doubler 
stages connected in cascade. To multi-
ply a voltage five times just cascade 
two doubler circuits with a half-wave 
circuit. To multiply a voltage six times 
just cascade three doubler circuits. And 
so on. As most things are, it is simple 
once you see the patterns involved. 
The Fog Lifts! Notice the basic pat-

tern that forms voltage multiplier cir-
cuitry. Beginning with the half-wave 
circuit shown in Fig. 1, and moving 
from the load toward the transformer, 

each additional stage of multiplication 
is simply a diode and a capacitor con-
nected as follows: The diode that is 
being added to the circuit has its cath-
ode connected to the anode of the pre-
vious diode, and its anode connected to 
the "opposite" side of the circuit; the 
capacitor being added is connected to 
the anode of the previous diode on one 
end, and to the transformer at the other 
end. Notice also that the capacitors be-
ing added alternate from one side of 
the circuit to the other. 
This basic pattern can be continued 

working voltage (WVDC) of all capac-
itors should be at least 1.414 x 200 x 
2, or 566 volts. Most transformers will 
satisfy your requirements as built, but it 
is always good practice to verify the 
voltage rating of the windings to pre-
clude problems. 
At voltage values of 1000 volts or 

more, special consideration should be 
given to wiring insulation and physical 
spacing of all components to prevent 
arcing within the power supply. 
As load requirements increase, ade-

quate ventilation must be considered. 
The diodes, and to some extent the 
capacitors, dissipate heat because of 
forward-drop, switching, and leakage 
losses. This heat must be removed to 
prevent the diodes from going into ther-
mal runaway. 
Capacitor values should be as large as 

practical, but some values may become 
too expensive to be considered for your 
application. Though filtering and regu-
lation will be improved by using large 
values of capacitance, there is a point 
beyond which the improvement isn't 
worth the cost. The optimum value of 
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Fig. 3. Voltage tripler circuit—basic half-wave and a doubler. 

until the input voltage has been multi-
plied as many times as desired. The ul-
timate value will, of course, depend 
upon the voltage ratings of available 
components. 
Component Ratings. When building 

voltage multiplier circuits there is one 
basic rule to follow: all components 
should be rated for at least two times 
the peak value of the input voltage. 
For example, if the secondary voltage 
of T1 is 200 Vrms, the peak-inverse 
voltage (PIV) of all diodes and the 
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C4 I C2 
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Vo  662 VDC 
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C3  I  Cl 

Fig. 4. Voltage quadrupler circuit—two voltage doublers. 

capacitance can be calculated using (for 
you math whizzes) 

C = 
N3 Io 

720 (NV —V0) 

For simplicity, all capacitors should 
have the same value and voltage rating. 
The value computed using formula 
number (1) is not absolute; the nearest 
value available at your parts house, or 
found in your junk box, will suffice. 
Determining Output Voltage. The 

output voltage of any multiplier circuit 
with a load is a function of the input 
voltage, the source impedance, the ca-
pacitor values, the forward voltage 
drop of the diodes, and the frequency 
of the input voltage. By assuming that 
the diodes are ideal (no voltage drop 
across them in the forward direction) 
and if the values of all capacitors are 
made equal (generally the best way to 
go) the approximate output voltage 
from a given circuit can be calculated 
using 

(1) 
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Ns   
Vo = NV,    lo  (2) 

720(C) 

if the input frequency is 60 Hz—as, 
will be the case in most instances. 
If you have decided to use a specific 

circuit configuration (say a tripler), 
know the output voltage that you want, 
and have selected the capacitors that 
you "must" use, you can calculate, the 
required input voltage using 

N3 Io 
V0 + 

V IN (PEAK) =  N 
720(C) 

(3) 

In formulas (1), (2), and (3): 
C = the value of the capacitors used 

in the voltage multiplier circuit. All ca-
pacitors should have the same value. 
10 = the amount of current required 

from the power supply. 
N = the, number of diodes used in 

the voltage multiplier circuit. 
Vo = the output voltage expected 

from the voltage multipler circuit. 
V, = the peak value of the trans-

former secondary voltage. 
If a negative output voltage is desired 

merely reverse all the diodes in a volt-
age multiplier ircuit. All other consid-
erations remain the same. 

If the math leaves you cold, you can 
still build voltage multiplier circuits by 
making some educated assumptions. 

Use the largest values of capacitance 
that you can locate, say 10 to 20 micro-
farads, and assume that the voltage 
output will be approximately 70 percent 
of the theoretical value if the power 
supply were unloaded. This procedure 
will provide vaild results, and the pow-
er supply output will be within normal 
tolerances for most applications. 

One last word of caution. These 
supplies can add up to a lethal dose of 
the old EMF. Take care.  • 

The Superheterodyne Circuit 
El 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 ilivver 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 
aits 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 radip 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 cn 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 
couldn't help but ruin the radio's selec-
tivity. It loaded the tuning circuit, in-

creasing the listener's chances of pick-
ing up stations other than the desired 
one. 
Matters improved with the TRF re-

ceiver. It aimed for, and hit, sharper 
reception dead center, by adding more 
tuned circuits. This feat wasn't practical 
with crystal sets, because this circuit's 
inherent losses ran too high to gain any 
benefit from any additional coils. 
The invention of the triode vacuum 

tube gave engineers the perfect am-
plifying device. Circuit losses could now 
be overcome with ease; the TRF took 
over where the cat's whisker left off, 
dooming the crystal set to mantelpiece 
and museum. 
Three or four amplified radio-fre-

quency stages were customarily added 
prior to the TRF's detector, all the while 
adding to selectivity's cause. However, 
all wasn't perfect in TRFville. 
The amount of noise introduced by 

the tubes limited the number of TRF 
stages. So the Silver-Masked Tenor's 
strains could still be heard with those 
of the Clicquot Club Eskimos—but not 
by his choice, or that of the listener. 
Pitching the Low Curve. The public 

soon learned that these newfangled 
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-shapech 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 
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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 circuies 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. 
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 p.roduce a 
third signal is known by members of the 
Frequency Fraternity as mixing, hetero-
dyning, or beating. And some engineers 
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TUNING 
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TO 
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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 

2nd RF AMP 

TO DETECTOR 

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 interniediate, or IF, fre-
quency. It always remains the same no 
matter what station you tune to. If you 
sweep the dial across the broadcast 
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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. 
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band in one continuous motion, the IF 
frequency remains constant. How's this 
accomplished? 
It's done by tuning the incoming sig-

nal simultaneously with the ,local oscil-
lator. That's something akin to the me-
chanical rabbit which paces greyhounds 
at a race track. In the superhet a ganged 
tuning capacitor performs this dynamic-
duo feat. 
Take a close look at the tuning ca-

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

More Muscle, Too. When we convert 
each incoming station's frequency to 
the same IF, we gain another ad-
vantage besides better selectivity. A fix-
ed-tuned amplifier always operates at 
higher efficiency than one which needs 
to muscle a multitude of frequencies. 
There are fewer technica 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 (1)10 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 rectifiei 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 su:h as filters may appear 
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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. 

in ham and SWL rigs. 
If you can follow our basic block 

diagram you'll have the key to virtually 
any solid-state superhet. In order to 
further simplify matters, many resistors 
and capacitors not essential to our tour 
through solid-state superhet country 
have been omitted. 
Leading the pack on our superhet 

speedway is the antenna tuning circuit. 
Loopstick antenna LI grabs the RF sig-
nal out of the ether, and also serves in 
partnership with the tuning cariacitor 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, 
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-
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tive-going voltage which increases pro-
portionately with rising signal strength. 
But before AGC can control receiver 
gain, it's filtered for pure DC in a re-
sistor and capacitor network. 
The result is a DC signal which can he 

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 
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Fig. 5. Our schematic of a transis orized 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. 
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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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Fig. 7. Mixer is superhet's weakest link as 
signal handler. Too strong input signal can 
develop image frequency. Too much 
local oscillator signal pumped into mixer 
has same effect. 

of those undesired signals finding easy 
routes to travel through your receiver. 
Take a look at our image explanation; 
you'll see the receiver is tuned to a de-
sired signal of 8000 kHz. 
The local oscillator generates a fre-

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

tenna tuning circuit to completely re-

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

the antenna circuit, so the image is 
greatly attenuated. 
While high IF frequencies work well 

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

iii entertaMment 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 Al its multiple..ed 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 he doing something right. Every 
cars several million superhets are sold 
in the U.S. Not had for a circuit that 
might ha‘e gone the way of the hip flask, 
eh?  • 

How Superhets Grew Up 
0 MAJOR EDWIN ARMSTONG was too 
busy to take time to contemplate the 
superior performance of his newly de-
veloped radio receiver which was spread 
out on the laboratory table before him. 
He and his assistants had been in 
France only a short time but they had 
already witnessed the war devastation 
wrought upon the countryside. But at 
this time they were probably too far 
from the front lines to feel the earth-
shaking rumble of the German Army 
Big Bertha guns which gave evidence of 
the last desperate attempt by the enemy 
to stem the sweep of the American Ex-
peditionary Forces across France. The 
year was 1918 and World War I would 
soon be drawing to a close. 
Armstrong called his new radio a 

superheterodyne and his genius helped 
save the day for the Allies. When 
American troops jubilantly landed on 
French soil they were hopelessly unpre-
pared with any type of electronics whiCh 
would intercept those faint German 
communications  signals.  Armstrong, 
with a host of significant radio develop-
ments already to his credit, was com-
missioned to go to France and solve the 
problem. 
Those first scenes in that French 

radio laboratory with its vast array of 
radio components and with those large 
electron tubes glowing like embers un-
der a witches' caldron, must have look-
ed as impressive as a Saturn V launch. 
But the code signals that filled the room 
were a far cry from what was to come 
—for the days of radio broadcasting as 
we know them were a mere two years 
away. Little did Armstrong realize that 
he had created the most important radio 
circuit the world had ever seen. For 
every present!day TV set or radio bears 
his mark—they all use that same basic 
,circuit concept born in the mind of 
this great radio genius. 
At the Beginning. Let's take a look 

at sOme of the things that led Arm-
strong down the path of the superhet. 
First of all, the early radio 'designers 
quickly found out that it wasn't easy to 
build an RF amplifier that would work 
at high frequency. By high frequency I 
mean 1500 kHz—the top of the broad-
cast band! This was mostly blamed on 
the tubes available at that time, triodes, 
which had so much 'interelectrode ca-
pacity that the plate energy would sneak 
back across to the grid and force the 
circuit break into Dscillation. At the low 
end of the broadcast band, the RF am-
plifier was OK; but as the frequency 
increased, so did the whistles and 
screeches. 
Armstrong reasoned that if the tubes 

worked well at low frequency, why not 
somehow convert the high frequency 
antenna currents to a low frequency 
within the radio receiver. He already 
knew that if two RF signals were 
mixed together their frequencies magi-
cally add and sibtract to produce, 
among other things, a frequency which 
is the difference frequency between the 
two. Why not make some kind of an 
electronic lash-up which would mix the 
incoming antenna signal with one gen-
erated in the radio set to produce a low 
frequency difference? Then follow this 
up with a narrow band RF amplifier 
that would amplify this nice low fre-

quency without problems with oscilla-
tion. 
Well, the Major did just that and let's 

take a look at one of Armstrong's first 
circuits. This is shown in simplified 
form in Fig. I and we see the oscillator 
tube VS with its associated components. 
It is made to oscillate by feeding plate 
energy back to grid circuit and tuned 
by the L2-C2 combination. These oscil-
lation currents are induced in the pick-
up coil LI which is connected in series 
with the loop antenna. This arrange-
ment allows the incoming signal from 
the loop, tuned by CI, to be mixed 
with the oscillator frequency tuned by 
C2 and fed to the control grid of V1— 
the mixer stage. The voltage variations 
in the plate circuit of VI are a mixture 
of the radio station's frequency plus 
those produced by the oscillator which 
combine to produce the difference of 
the two. 
How It's Done. The mixing opera-

tion can go something like this. If CI 
(see Fig. 1 ) is tuned to the station fre-
quency of 1000 kHz and C2 to 1100 
kHz, the difference frequency from the 
mixer is 100 kHz. Transformers Ti, T2, 
and T3 are wound to resonate at 100 
kHz and, together with V2, V3, and 
V4. constitute an amplifier adapted to 
amplify this 100 kHz difference signal. 
This section of the receiver was called 

The 1925 battery-operated 
Remler superhet was made 
available to advanced 
experimenters in kit form only. 
It featured eight triodes and 
required a magic touch 
to make it work. 
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Fig. 1. An early superhet circuit varies very little from circuits used in modern 
receivers. The local oscillator stage, V8, pumps the mixing signal to the antenna: a 
great idea at the time, but the circuit radiated some of the signal into the ether. This 
would cause considerable noise and jamming with today's billions of receivers. 

the intermediate frequency amplifier, or 
IF amp. After demodulation in V5 and 
after going through audio amplifiers V6 
and V7, out comes the voice program. 
For every new setting of the mixer tun-
ing, the oscillator is tuned exactly 100 

kHz above it. So the purpose was ac-
complished—the mixer-oscillator combi-
nation converted every incoming signal 
to a nice comfortable low value that 
made the IF amplifier feel at home. 
Results. The circuit's sensitivity and 

selectivity proved to be astounding. 
Coast to coast reception became a real-
ity with the. superhet. One proud owner 
of that period bragged that his set 
would amplify a weak signal so well 
that if a fly walked on the antenna wire 
it would come out of the speaker 
sounding like a jungle war dance. 
Problems. With the coming of the 

radio broadcasting era in 1920, you 
would think that the superhet would 
naturally be the only way to build a 
radio receiver. But all was not rosy in 
superhet town. For one thing it was too 
expensive! A good triode cost about 
$6.50 per copy and, considering an 8-
tube lineup, that would take a small 
bundle for tubes alone, taking into ac-
count what the dollar was worth in 
1920. In fact, there were only a few 
components that were available for less 
than a $5 bill. Transformers, tuning 
coils, variable condensers, etc., all fell 
into this high-price bracket. Besides, 
the circuits were complex and difficulty 
arose from the fact that the oscillator 
was separately tuned because ganged 
tuning capacitors had not yet been in-
vented. This allowed the operator to set 
the oscillator to a frequency on either 
side of the incoming signal which 
placed every station at two points on 
the oscillator dial. For example, the 

mixer tuned to 1000 kHz and the oscil-
lator to either 900 kHz or 1100 kHz 
would give a difference of the required 
100 kHz, so the station would show at 
both points. 
Another problem reared its ugly 

head. The mixer was very broad in its 
tuning and powerful off-frequency lo-
cals could come pounding in even with 
the mixer set at 1000 kHz. If the oper-
ator had chosen the 1100 kHz spot for 
the oscillator and a powerful local was 
also broadcasting on 1200 kHz, it too 
could make its way into the mixer and 
produce the required 100 kHz which 
would really make a cat fight in the 
speaker. This latter problem, where the 
difference frequency is produced by a 
station you don't want, is called an 
image, and plagues low cost superhets 
more or less to this day. You might be 
able to teach a little old lady to work 
all the levers on her Stanley Steamer, 
but there would be no chance to expect 
her to puzzle out the oscillator tuning. 
Because of this and other problems, the 
ultra-sensitive and selective superhet 
was temporarily left to the very ex-
perienced experimenter or radio ama-
teur. 
, The TRF Had Its Day. With the sky-
rocketing popularity of radio broadcast-
ing, the home entertainment center fea-
tured not the superhet but instead a 
tuned radio frequency receiver—TRF 
for short. Early radio magazine ads 
showed home life on a cold snowy 
night with a warm fireplace crackling 
and everyone seated comfortably around 
the TRF and listening attentively while 
Dad readjusted the three main tuning 
dials. Outside was a massive long wire 
antenna installation carefully rigged to 
hold up one or more strands of copper 
wire at a great height. 

Regeneration. The radio usually was 
a 5-tube set with a tunable low cost RF 
amplifier. It was an instrument to be-
hold by those just introduced to the 
electron art. but with all its•squeals and 
whistles it left a lot to be desired. Arm-
strong was one of the first to recognize 
that in order for the superhet to make 
its appearance in the living rooms of 
America he had to reduce its cost and 
simplify its tuning. He began work, de-
termining to reduce the number of tubes 
without chopping the performance. One 
way was to make the mixer tube also 
double as an oscillator. Consider the 
circuit shown in Fig. 2. Here the mixer 
stage is also made to oscillate by virtue 
of the plate signal fed back to the grid 
circuit through the inductive coupling 
of 1.1 and L2. If Cl is tuned to say 
1100 kHz, then any 1000 kHz broad-
casting signal that can struggle info 
broad tuning LI will also be impressed 
on the grid and we have a resulting 
difference frequency of 100 kHz. It is 
then fed to the IF amplifier in the usual 
way. What's wrong with this scheme is 
that Cl is actually detuned from the 
desired 1000 kHz broadcast station so 
we lose sensitivity. 
Next let's try the circuit shown in 

Fig. 3. Here the oscillator is set in mo-
tion by using the same general scheme 
of inductive plate to grid feed-back 
through T2. The radio station's modu-
lated signal comes in on T1. Notice 
that LI and L2 are connected in series. 
We can tune the LI-Cl combination to 
1000 kHz and the L2-C2 combination 
to 1100 kHz. We then have in the plate 
circuit of VI the 1000 kHz signal from 
the radio station plus the 1100 kHz 
feedback oscillator output which com-
bine to give us our good friend the 100 
kHz difference frequency. It sounds 
easy but it turns out that it was practi-
cally impossible to tune. In reality, the 
tuning of C I and C2 are only 100 kHz 
apart and if you change the setting of 
Cl it interacts to alter the tuning of the 
12 and C2 network and vice versa. So 
you would have to be an expert to keep 
up with that tuning marathon. 
Armstrong's staff finally came up 

with the solution to the dilemma. They 
used the same circuit as in Fig. 3 except 
that C2 is tuned to produce an oscilla-
tor frequency exactly half of that used 
during the marathon bout. In other 
words, with Cl tuned to the usual 1000 
kHz, C2 is tuned to 550 kHz instead of 
1100 kHz. But why do that? Well, oscil-
lator circuits in those days were rich in 
harmonics, so appearing at the IF trans-
former is not only the 1000 kHz com-
ponent hut also the second harmonic of 
the oscillator frequency. or 1100 kHz, 
which produces the nice 100 kHz need-
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Fig. 2. Don't confuse this circuit with a regen receiver—actually, it is a superhet-type. 
Capacitor Cl is tuned to 100 kHz aboc e the antenna signal and mixed in the first stage. 

ed for the IF amplifier. This placed the 
mixer tuning and oscillator tuning far 
apart in frequency by a factor of 100% 
and therefore practically no interaction 
exists between the two. So now we have 
a satisfactory mixer and oscillator in the 
same tube! This was a major receiver 
circuit breakthrough.  . 
More Tricks. Armstrong wasn't satis-

fied, with this. He needed .to sharpen up 
the tuning of the mixer to eliminate the 
image frequency problem mentioned 
earlier. An RF amplifier ahead of the 
mixer was in order, but how to get it 
without adding another tube? He solved 
this by going ahead and adding the RF 
tube ahead of the mixer but also let it 
double as an IF amplifier. Armstrong 
was getting tricky. 
Refer to Fig. 4 and we will see how 

he did it. The modulated signal comes 
in on the loop which is tuned to our 
usual 1000 kHz station by Cl. This is 
amplified by RP amplifier VI and is fed 
through L3 to the input of the second 
IF transformer. (Note how V2 is by-
passed.) Since the 2nd IF transformer 
is tuned to pass 100 kHz only, the 1000 
kHz signal can't get through and stops 
there. Notice that while this was going 
or the RF energy is also passed induc-
tively to L4 and mixes with the oscilla-
tor frequency by virtue of the same 
hookup shown in Fig. 3. C2 is tuned to 
550 kHz and the components of the 
station signal and the 2nd harmonic of 
the oscillator show up in the plate cir-
cuit of V2. Obviously a 100 kHz dif-
ference is generated, which is routed 
back to the .primary of the I st IF trans-
former. It passes this frequency real well 
and impresses it back on the grid of 
VI. Now, VI is looking at two signals, 
the modulated station frequency at 1000 
kHz and the 100 kHz difference. Tube 
VI amplifies both signals just 'fine and 
passes them on through L3 again and 

to the 2nd IF transformer which passes 
the 100 kHz component real well. The 
IF amplifier gladly amplifies it before 
passing it on to the following vacuum-
tube stages. 
So  Armstrong  now  had  another 

breakthrough. He had succeeded in in-
corporating all the virtues of a well-
designed superhet by using six battery-
powered triode tubes. In conjunction 
with the packaging engineers of RCA, 
this circuit made its appearance in 1924 
as the Radiola Superheterodyne. It 
sported a built-in loop antenna making 
the big long-wire antenna unnecessary. 
You might say this was the beginning 
of public acceptance of the superhet. It 
wasn't low cost ($286 without batter-
ies); but thousands were sold because 
affluence was becoming more common 
in the dawn of the great business boom 
of the mid 1920s. It was not too diffi-
cult to tune, although the separate oscil-
lator tuning caused repeat points for 
every station. However, careful adher-
ence to the instruction book reduced 
this. So now the little old lady with the 

Stanley Steamer could easily tune in 
these distant stations and have no diffi-
culty in separating the Merry Old Chief 
of the Kansas City Night Hawks from 
Harry Reser's Clicquot Club Eskimos. 
A New Dawn! The introduction of 

the Radiola Superheterodyne in 1924 
breathed new life into the radio fan 
fraternity. The radio magazines of the 
day now featured a vast array of super-
het circuits encompassing all sorts of 
theoretical advantages.  Gerald Best, 
McMurdo Silver, Robert LaCault, and 
Jackson Pressley were some of the 
popular figures who offered design in-
novations. The public's hunger for se-
lective reception of distant stations 
spawned bigger and better sets. Compe-
tition among radio manufacturers was 
bringing down the price of tubes and 
parts, so one didn't have to be quite as 
economically minded when cooking up 
a super circuit. Our friend the radio 
experimenter now bragged that his set 
tuned so sharply that when tuning in a 
duet, it came through as a solo! Super-
het kits began making their appearance 
with easy step-by-step instructions for 
the 'not-so-learned radio fan. 
With the advancing state of the art, 

the operating frequency of the IF am-
plifier started to increase. Instead of the 
popular 50 kHz and 100 kHz, in the 
early days, values of 175, 262, and 370 
kHz made their appearance to help re-
duce image frequency. It is a well-
known fact that 455 kHz is the popu-
lar one today. How' did we ever settle 
on that value? This is kind of a mystery, 
but one reason already mentioned is to 
help reduce image frequency. For ex-
ample, go back to the case of tuning the 
mixer to a 100 kHz station, the oscilla-
tor would be tuned to 1455 kHz to 
produce a difference of 455 kHz. Now, 
if the mixer also allowed a 1910 kHz 
signal through, it would produce a 455 
kHz difference and would come through 

COMBINATION MIXER AND 
2ND HARMONIC OSCILLATOR 

B+ 

CONVENTIONAL 
IF AMPLIFIER 

TO NEXT 
STAGE 

Fig. 3. Once you read the text explanation on how this circuit works, it will be difficult 
to understand that it works at all! Tuned circuits 1.1-C1 and L2-C2 interact, making it 
practically impossible to tune the receiver. Armstrong had to tune L2-C2 to half the 
desired mixing frequency to obtain the second harmonic for signal mixing. 
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on top of the 1000 kHz station. But it 
would be a pretty lousy mixer that 
would be so broad as to allow this to 
happen. 
But there is a bit of folklore that had 

more to do with pegging 455. and it had 
something to do with harmonics. No-
tice that the second harmonic of 455 
KHZ is 910 kHz. In the late 1920, 
there were no U.S. stations broadcast-
ing on 910 KHZ. It was reserved for 
the Canadians. Legend has it that 455 
was selected to protect the IF amplifier 
against  interference.  An  improperly 
shielded 455 kHz IF amplifier would 
easily let a 910 kHz (2nd harmonic) 
station get through if you had a power-
ful one nearby. So, unless you lived on 
the border, this arrangement would help 
protect against that problem in your 
early superhet. 
Bye-Bye  TRF.  With  the  further 

loosening of the economy, the general 
public began finding out about the 
superhet and the TRF began losing fa-
vor. In the late '20s the superheterodyne 
circuit fluorished. with the appearance 
of the big $400 consoles which featured 
a single tuning dial and tremendously 
improved audio quality. 
Since necessity is the mother of in-

vention, when the bottom dropped out 
in 1929 the radio designer had to come 
up with something that could be had 
for a few bucks. Next came the en-
trance of the cathedral-shaped table 
radio. 
Radio designers now had to resort to 

all kinds of tricks in order to drastically 
reduce cost but still maintain good 
selectivity and tone quality. 

One of the marvelous examples of 
such a play is the 1931 vintage Philco 
Model 80. All the superhet action is 
done with two tetrode tubes! Add a 
.pentode audio stage and a power supply 
rectifier (4 tubes total) and you have 
a very fine set to sell for about $19.95. 
The circuit is shown in Fig. 5 and it 
operates something like this: connected 
to the plate of the 236 mixer-oscillator, 
VI, is an oscillator coil with its tank 
circuit tuned 455 kHz higher than the 
incoming signal. This energy is trans-
ferred by pickup coil L2 in series with 
the cathode bias resistor RI, so the 
plate current in VI will vary at the 
oscillator rate. Also, the plate is varied 
by the incoming signal on the grid so 
we end up with the difference frequency 
of 455 kHz which is passed on to the 
IF transformer. They couldn't afford an 
IF amplifier tube, so they made up for 
it by introducing a little positive feed-
back in the 2nd detector by virtue of 
coupling coil L3. Believe it or not, even 
though the actual circuit contains 8 
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Fig. 4. Here is a circuit that defies analysis at first glance. The combination mixer and 
2nd harmonic oscillator circuit operates like the circuit in Fig. 3. This receiver circuit 
was first used in 1924. 
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Fig. 5. Now the superheterodyne circuit is shaping up to resemble the circuit used 
today. One-knob tuning was now a reality with the invention of the ganged tuning 
capacitor. This circuit was used in the 1931 Philco Model 80. The tetrode and 
pentode vacuum tubes were relatively new. A rectifier tube, not shown, provided DC 
voltage, eliminating the need for expensive wet-cell batteries. 

trimmer capacitors which needed peak-
ing up, the Philco Model 80 home re-
ceiver really performed with the one-
dial tuning at that. 
By now the little old lady with the 

Stanley had lost all her money in the 
stocket market crash. She may be forced 
to drive a used Model T Ford, but 
she's fortunate in one way—she only 
needs a $20 bill to get a first class table 
model superhet that would eat alive her 
old Radiola Superheterodyne. 
The radio development that finally 

sounded the death-knell to the TRF 
radio and made the superhet the front 
runner for good and ,all was the advent 
of the pentagrid converter tube. One 
of the first was the type 2A7 and was 
basically two tubes in one and allowed 
the mixing and oscillator action to hap-
pen in one envelope. All previous at-

tempts described so far using conven-
tional tubes depended upon the signal 
frequency and oscillator frequency be-
ing impressed on the same control grid. 
This arrangement loses efficiency as the 
oscillator frequency goes up because the 
signal and oscillator voltages get out of 
balance. The pentagrici tubes provided 
electronic shielding between the two 
functions and eliminated all the loading 
and detuning problems. The type 2A7 
was the grandfather to the 6K8, 6SA7, 
6BE6, etc., which were so popular in 
the twilight hours of tube-type super-
heterodyne radio. 
History will certainly call Edwin 

Armstrong "Mr. Superheterodyne." His 
contributions were a major factor in 
leading the way to awaken the giant 
that we have come to recognize as the 
fabulous electronics industry.  • 

52 
ELECTRONICS THEORY HANDBOOK 1975 



BUILD IT YOURSELF & SAVE 
get more for your money with over 350 Heathkit products 

Heathkit Solid-State AM Portable. ..14.95 

Great kit for beginrers — 2 evenings  • 
gets it together. 8 transistors, 4 diode  1 
circuit with 31/2" speaker has RF stage  '  / • 
for extra sensitivity. Neat "domino' . 
case styling in hi-impact plastic, 4" H 
x 8" W x 2" D. Requires 9v, battery. 
Kit GR-1008, 2 lbs., mail.  ,7, \ 

Heathkit Windshield Wiper Delay...14.95 

Ends constant turning on and off of 
wipers. Front panel control of normal 
or delay modes; sweep period adjust- 
able from .5 to 10 seconds, delay be-
tween sweeps adjustable from 5 to 30 
seconds. Molded plastic case for on or 
under dash. Kit CH-1068, 2 lbs., mail. 
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...,,..I'l 
- ....-• 

Heathkit Ultrasonic Burglar Alarm.. .54.95 

Styled like a book titled "The Infor- 
mer," its soundless signal fills a room; 
any movement triggers it to turn on ex- 
ternal alarm or light. Has automatic or 
manual reset and time delay to let you 
enter without setting it off. Kit GD-39, 
5 lbs., mail. 

Heathkit Digital Car Clock/Timer...62.95 

4 electronic digits with automatic dim-
ming. AM-PM indicator. Quartz crystal 
accuracy. 20-hour timer reads minutes  

and seconds to 9:59 and hours and  il.' if-13 3,1 
minutes to 19:59. Use either function  - • 
without disturbing the other. Kit GC- '''''"• ,, 
1093, 2 lbs., mail. 

Heathkit Digital Alarm Clock...59.95 

Electronic digits glow brightly to tell 
time to the second in 12 or 24 hour 
format. Electronic "beep" wakes you 
— with repeatable "snooze" switch.  la e5 co  
Black plastic cabinet with teak-finish 
vinyl decorator panels. Kit GC-1005, 
4 lbs., mail. 

Heathkit 3-in-1 Tuneup Meter.. .29.95 

Checks dwell angle on 4-cycle, 3, 4, 6, 
or 8 cyl. engines with conventional ig-
nition. Shows RPM to 4500. Measures 
voltages to 20VDC. Use with 6 or 12v. 
systems, pos. or neg. ground. Powered 
by engine under test. Kit CM-1073, 5 
lbs., mail. 
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Heathkit Portable Emergency Monitor. ..54.95 

Handy 152-174 MHz FM receiver lets 
you listen in on all the action  Fire, 
Police, Weather. Hi-sensitivity solid- 
state circuit with built-in antenna and 
speaker. Uses 6 "C" cells, not sup- 
plied. Kit GR-88, 5 lbs., mail. 

Heathkit CD Ignition System...39.95 

Improves performance, saves plugs & 
points, extends tune-up miles on cars,  — 
trucks, I/O & outboard engines. Use  
with conventional battery/distributor/ 
coil, neg. gnd. systems. Has override 
switch. Easy to build & install. Kit CP-  i 
1060, 4 lbs., mail. 
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Heathkit Fish Spotter' Sounder. ..69.95 

Spots single fish and schools down to 
240'; doubles as depth sounder. Solid- 
state circuit with noise rejection; bright 
flash you can see even in sunlight. 
Uses 2-6v. batteries, not supplied. Kit 
MI-2900, 9 lbs., mail. 

Heathkit Garage Door Operator.. .114.95 

Powerful 1/4 hp. chain drive operates  . 
7' stnd. track doors by radio control.  . 
Self-locking, automatic reversing. Ad-  .---- ---0 / , 
justable "privacy" tone coding. Kit  —  7 . . ...0—• 
GD-309A inc. mechanism, receiver &  ./  , 
1 transmitter. Kit GD-309B @ 129.95  .0.. --
has 2 transmitters. Both 51 lbs., mail.  OP 
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Heathkit Treasure Finder... 69.95 

Finds metal objects as small as a dime. 
Stays silent until object enters field of 
coils.. meter and speaker or optional 

scoping shaft. Uses 9v. battery, not 
ear-phone indicators. Solid-state. Tele- 6  4 1  

supplied. Easy to build. Kit GD-48, 6 
lbs., mail. 

Heathkit Electronic Photo Timer... 35.95 

What well-equipped darkrooms need...  , . .., -  
split-second timing of exposures. 2 J.  ,.% ' ..... , .....  , 
ranges: 0- 9.9 secs. in 0.1 sec. steps &  . A  .7 
0-99 secs. in  1 sec. steps. Has AC out- .." ' •:-  ...........- ... .. ..... 
lets for enlarger and safelight. Accu-
racy repeatable to 2%. Kit PT-15, 4  If 
lbs., mail. 
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See these and over 
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products including 
Color TV, Organs, 
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INSIDE LB RADIO 
A special theory section offering all you need to know about Citizens Band radio! 

For 1975, ELECTRONICS THEORY HANDBOOK brings you 
the big roundup on Citizens Band radio theory—how it 
works and why, and how you can get the most out of CB. 
Among the subjects we will explore in depth are: 

• AM and SSB. Amplitude modulation and single-
sideband compared and explained. Which is best for you? 
Why 23 channels? 

• Receivers. What makes the big difference? Explore the 
famous dual conversion receiver. Learn why single con-
version has its place in today's CB transceivers—and why 
it will stay. Full information about IF filters: tuned, 
crystal, mechanical, and ceramic. 

• Transmitters. What does more power mean in terms of 
signal? How to tune your transmitter for maximum com-
munications performance. And plain talk on the im-
portance of a matched transmission and antenna system. 

• Modern Circuits. Find out how a full-23 CB set of 
today does away with over $100 worth of crystals—with-
out any loss of frequency stability. Frequency synthesis is 
the answer; how does it work to your benefit? Find out 
how noise is limited and blanked out for more reliable 
communications. 

• Talk Power. What electronic techniques increase 
range? We show the smart CBer how to get his message 
through and across more miles without risking the wrath 
of the FCC. Discover how easy it is to understand how 
clippers, compressors, and other talk power boosters are 
used. 

• The Windup. What makes a mobile run? Learn how 
you should use and install transceivers for maximum 
performance. Find out all about antennas, both base and 
mobile. And—the final adjustment—modulation. 

[=1 THE CB TRANSCEIVER is truly an 
amazing device. Dollar for dollar it is 
the best value in consumer-type elec-
tronic equipment. Organized around two 
basic design systems—amplitude modu-
lation and single sideband—the modern 
CB transceiver can be specifically tail-
ored to a given level of performance or 
operating convenience by adding a dol-
lar or so of parts here, fifty cents worth 
of hardware there. No other consumer 
device can be so easily expanded to 
meet the needs of the user. Whether 
you are a hobbyist or a business-only 
CBer, that black box called a trans-
ceiver can do exactly what you want it 
to do when you want it to. 
The CB transceiver can provide gen-

eral, or blanket, communications over a 
general area, provide pinpoint line-of-
sight communications, keep you inform-
ed of emergency situations, record mes-
sages while unattended, substitute for a 
telephone across impenetrable moun-
tains, function as a pocket-phone, and 
. . . well, anything you can think of 
in the way of personal communications 
can probably be handled by the modern 
CB transceiver. In short, the CB trans-
ceiver is a sort of universal "communi-
cator" in that it can be made to meet 
any operating needs. 
The exact facilities delivered by your 

present CB transceivers, or models you 
might be considering adding to your 
CB station, depends on the perform-
ance and features of small, individual 
"modules" which the manufacturer has 

plugged together at the factory. Using 
more or less basic circuits he can build 
upward from a three-control black box 
(channel selector, volume, and squelch) 
to one of those gold-plated specials with 
everything except running water. 
In this article we're going to look into 

those "modules," for by having an un-
derstanding of how CB transceivers 
work you'll be able to purchase a CB 
transceiver having all the features and 
performance needed for all your appli-
cations. As a side benefit, by knowing 
the in and outs of your CB transceiver, 
you'll be able to handle operating and 
minor repair problems which might 
come your way. 
Two CB Systems. There are presently 

two distinct and separate types of trans-
mission systems in use: AM, or ampli-
tude modulation, and SSB, or single-
sideband. They are incompatible with 
each other, meaning an AM station can-
not "work" a sideband station and vice 
versa. Only if the individual transceivers 
have both AM and SSB can they work 
all CB stations. 
In the amplitude modulation system 

the voice energy, termed modulation, is 
impressed on the radio frequency car-
rier generated by the transmitter. In the 
process of combining the audio modu-
lation and RF carrier, new frequencies 
called sidebands are generated. These 
sidebands are equal in frequency to: the 
RF carrier plus the modulating frequen-
cies, and the RF carrier, frequency 
minus the modulation frequencies. 

The maximum amount of undistorted 
modulation that can be impressed on 
the RF carrier is one half of the carrier 
power input, which, of course, also 
means one half the carrier power out-
put. If the CB transmitter takes 5 watts 
input, the maximum amount of modu-
lation is 2.5 watts. If the transmitter has 
80% efficiency—actual output power di-
vided by input power—there will be 4 
watts carrier output power and 2 watts 
of modulation divided between two 
sidebands, so that each sideband has 
only 1 watt of modulation power. 
One Does The Job. The AM receiver 

responds only to the energy in one side-
band; it requires the carrier and other 
sideband for restoration of the signal 
back to audio, but only one sideband 
conveys intelligence. (The other side-
band can be eliminated at the transmit-
ter with very little audio loss at the 
receiver.) Therefore, of the entire 7.5 
watts of energy put into the transmitter, 
1 watt of RF output power, at most, is 
converted back to an audio signal at 
the receiver. 
The advantage of the AM system lies 

primarily in the fact that circuits are 
relatively simple, and it is quite easy to 
build a good communications system at 
a rather low price—as evidenced by 
some rather noteworthy CB transceivers 
in the $100 price range. It is the easiest 
system to use, requires no adjustments 
other than selecting the desired channel, 
and will generally give years of trouble-
free operation even under the most se-
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vere handling. 

Disadvantages to the AM system are 
excessive channel bandwidth and sus-
ceptibility to interference. Though only 
one sideband is needed to transmit in-
telligence, the AM signal has two side-
bands, one sideband taking up space 
that could be used by another station. 
Though this is really of no concern to 
the average user, the citizens band is 
fast becoming saturated with stations 
fighting for the available channels; if 
the second, unneeded, sideband were 
eliminated, the citizens band could ac-
commodate twice the number of inter-
ference-free signals. As far as interfer-
ence is concerned, an AM receiver is 
particularly susceptible to heterodyne 
interference, the whistle caused when 
two stations try to use the same fre-
quency simultaneously. The interfering 
station's signal strength need be only 
1/100 that of the desired station to 
cause objectionable interference. 
A Solution?—Single Sideband, or SSB 

as it is termed, utilizes the principle that 
only one sideband is required for trans-
mitting intelligence. By eliminating the 
carrier and second sideband at the 
transmitter, all the intelligence-carrying 
energy goes into the entire signal trans4 
mitted by the station. This means that 
the transmitter input power allowed by 
the FCC, 5 watts average DC power, 
goes into, the modulation energy. This 
is four times greater than the 1.25 watts 
of power input for one sideband of an 
AM signal. 
To digress for a moment, you'll often 

find SSB transceivers rated at 10 watts 
P.E.P., or 15 watts P.E.P. This does not 
mean 10 or 15 watts power input. The 
P.E.P. stands for Peak Envelope Power, 
which when integrated over the com-
plete cycle comes out as 5 watts average 
power input, which is the same thing 
the FCC means when they specify 5 
watts DC power input. 
All the RF energy radiated from the 

SSB transmitter is sideband energy, and 
since the power input of the sideband 

•  energy is four times that of the AM 
sideband input, the signal at the receiv-
ing station is four times stronger than 
that of an AM transmitter. The only 
problem is that the receiver hears the 
sideband signal as monkey chatter or 
Donald Duck: completely, but com-
pletely unintelligible. 
As we've said, a carrier is necessary 

at the receiver for converting the signal 
back to audio. With a sideband receiver, 
the carrier is reinserted at the receiver 
by a separate oscillator which is part of 
the receiver's detector. (The detector 
doesn't care where the carrier comes 
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Fig. 1. This block diagram of a modern single sideband transceiver clearly shows the 
additional circuitry required over amplitude modulation. 

from as long as one is there.) 
23 Times SSB=46. If we backtrack, 

we see that the SSB signal uses only the 
radio frequencies that are needed for 
one AM sideband—it could be the upper 
or lower sideband frequencies. This 
frees the frequencies needed by the un-
used AM sideband for another SSB 
station; and, in fact, two SSB stations 
can share the san-e channel without in-
terference, one using the upper side-
band frequencies, the other the lower 
sideband frequencies. If all CB stations 
were SSB the present 23 channels could 
provide 46 communication channels. 
Single Sideband offers several advan-

tages over AM. First, there's the matter 
of working range. The intelligence-car-
rying part of the signal is four times 
stronger than AM; added to signal en-
hancement by the process of SSB detec-
tion in the receiver, an SSB signal is the 
equivalent of 8 to 10 dB more effective 
than an AM signal. The effect at the 

receiver is as if an AM station were 
running almost 50 watts input power. 
Also, there is no carrier, so there is no 
heterodyne "whistle" interference if all 
stations using a channel are SSB. The 
interference between SSB signals sounds 
like chatter, which is not as annoying 
as a constant background whistle. 
Since highly selective filter circuits 

are required for the generation of an 
SSB signal, these same filter circuits are 
sitting there, available for receiving, so 
you'll find that SSB transceivers feature 
high selectivity (adjacent channel inter-
ference rejection). 
Since SSB requires considerable pre-

cision circuitry, as you'd expect, SSB 
rigs are not cheap. Unlike AM trans-
ceivers, which can be stripped of cir-
cuits to the bare bone and still deliver 
excellent overall performance, SSB re-
quires sophisticated circuits for both 
budget and higher priced models—the 
differences in price generally reflecting 
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operating convenience features rather 
than performance. 
Figures 1 and 2 give a good illustra-

tion of the difference: Fig. 1 is a basic 
AM mobile transceiver; Fig. 2 is a basic 
mobile SSB transceiver. If we consider 
that each individual circuit function is a 
module or building block, you can see 
that many more modules or building 
blocks are required for SSB. While the 
simplified AM transceiver can be pro-
duced as a reliable, low cost unit suit-
able for mobile operation, the basic SSB 
transceiver requires considerable circuit 
refinement and precision for fuss-free 
operation. The extra circuitry required 
for SSB is reflected in its substantially 
higher price compared to AM CB trans-
ceivers; however, because SSB trans-
ceivers must be built with a high degree 
of precision, all SSB models are inher-
ently "gold-plated specials" offering the 
highest level of performance. 
Of all the circuits that go into a CB 

transceiver—whether AM or SSB—it is 
those which make up the receiver sec-
tion that most directly determine the 
final communications performance, for 
it is the receiver which determines if 
you can hear the other station—and if 
you can't hear 'em you can't work 'em. 
The receiver must perform two basic 

functions. First, it must receive the 
weakest signals possible, for the better 
the weak signal reception the greater 
the overall communications range; sec-
ond, the receiver must be responsive 
only to the desired signal, rejecting all 
signals—such as atmospheric noise or 
radio transmissions—other than those 
appearing on the tuned channel. 
Receiving the signal is primarily the 

job of those circuits we group as the 
front end, which consists of an RF pre-
amplifier broadly-tuned for maximum 
gain at the CB frequencies, a mixer, 
and a crystal controlled oscillator. A 
typical front end block is shown in 
Fig. 3. 
Just What Happens? The RF ampli-

fier amplifies the weak received signal 
to a usable level, discriminating against 
those signals which lie outside the citi-
zens band. Unfortunately, an amplifier 
tuned to 27 MHz isn't too effective at 
discriminating between CB signals and 
signals close to the citizens band; in 
fact, it has no discriminatidn at all 
against adjacent or alternate CB chan-
nels. If an RF amplifier were used to 
provide all the receiver gain, the user 
would hear every signal on the band— 
all at the same time. So, it becomes nec-
essary to convert the 27 MHz CB signal 
to a lower frequency signal, for the 
lower the frequency of a radio ampli-

fier, the greater is its inherent discrimi-
ation against adjacent and alternate sig-
nals. If the tuned frequency of a radio 
frequency amplifier is made sufficiently 
low (or with the use of special filter 
devices) it is actually possible to com-
pletely separate two adjacent signals, 
such as from channels 9 and 10. The 
lower frequency amplifier which pro-
vides selectivity and gain is called the 
intermediate frequency, or IF, ampli-
fier. 

How It's Done. The front end com-
ponents termed the mixer and oscillator 
convert the 27 MHz RF amplifier's out-
put to the IF frequency. Assume the de-
sired signal is 27.065 MHz (channel 
9), and the IF frequency is 455 kHz. 
We would select a crystal for the oscil-
lator that would produce an oscillator 
output frequency 455 kHz above 27.065 
MHz (27.520 MHz). We could also 
use an oscillator frequency 455 kHz 
below channel 9; it wouldn't make any 
difference for this simple illustration. 
Now, both the RF amplifier output of 
27.065 MHz and the 27.520 MHz os-
cillator are fed into the mixer where 
they beat together to produce new fre-
quencies equal to the sum and differ-
ence of the two input frequencies. The 
output of the mixer will consist pri-
marily of four signals: the original 
27.065 and 27.520 MHz, the sum of the 
two which is 54.585 MHz, and the dif-
ference of the two which is 455 kHz. 
(Aha!) The mixer's output is then fed 
to a circuit tuned to 455 kHz. Of the 
four mixer output signals, only 455 
kHz is passed by the tuned circuit; this 
is the signal which is fed to the IF am-
plifier. 
The IF Amplifier provides most of the 

receiver's gain and all selectivity. IF 
amplifier systems used in CB equip-
ment are either single or double con-
version, though there have been a few 

models in the past which went so far as 
triple conversion. The important point 
to bear in mind about single vs. double 
conversion is that it really bears no re-
lationship to receiver performance other 
than image rejection. 
A simplified single conversion IF 

consists of an amplifier and a tuned 
circuit, as shown in Fig. 4. The input 
tuned circuit is really the same tuned 
circuit as used for the output of the 
front end. The IF amplifier's output 
tuned circuit feeds the detector, which 
separates the modulation from the radio 
frequency signal, passing the modula-
tion on to audio amplifiers and, finally, 
to the loudspeaker. 
The selectivity of the IF amplifier is 

determined by the tuned circuits; great-
er selectivity is attained by using more 
tuned circuits. 'Additional tuned circuits 
are generally added in conjunction with 
more amplification, and a typical IF 
section from a moderate cost CB trans-
ceiver would more likely resemble Fig. 
5—two IF amplifiers with three tuned 
circuits. This arrangement is commonly 
used, and provides some 20 to 25 dB 
adjacent channel rejection. 
To attain even greater selectivity re-

quires more tuned circuits, of a type 
which are relatively expensive. Recent 
developments in mechanical and crystal 
filters (and ceramic tuned circuits) al-
low extra selectivity to be built into a 
receiver at substantially reduced cost 
and complexity compared to specially 
coupled tuned circuits. The most com-
mon super-selective device is the me-
chanical filter—which is found in every-
thing from budget prieed walkie-talkies 
to high performance base stations. As 
shown in Fig. 6, the mechanical filter 
can be "dropped" into an existing IF 
amplifier design, and though easily add-
ed to the design, the filter increases ad-
jacent channel rejection from some-
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Fig. 3. Here is a block/flow diagram of a typical Citizens 
Band radio RF front end. The week signals from the antenna 
are amplified and one is selected for amplification by the 
intermediate frequency (IF) amplifier that follows. 
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thing like 25 dB to 45 dB or better. 
In some CB transceivers the entire 

IF amplifier looks like not much more 
than a single transistor. The "transistor" 
is, in fact, an integrated circuit which 
represents not only all the IF amplifi-
cation but the detector too. The only 
thing the IC doesn't have is tuned cir-
cuits for the necessary selectivity. The 
selectivity is almost always accomplish-
ed through a mechanical filter, so that 
the entire IF "strip" boils down to one 
small package for the mechanical filter 
and one for the IC. (That's a whopping 
savings on components.) 
Double Conversion. The important 

justification for a double conversion IF 
strip is for the reduction of image in-
terference. Double conversion means 
two IF frequencies; for example, the 
27 MHz CB signal might be stepped 
down to 10 MHz and then to 455 kHz. 
Most of the amplification and almost all 
the selectivity is contributed by the sec-
ond (low frequency) IF amplifier. Fig. 
7 shows a typical double conversion IF 
amplifier. Note that the first IF is sim-
ply a mixer—it is not even an amplifier; 
it functions as an intermediate step for 
the signal between the front end and 
the second IF. 
Fig. 8 shows how image interference 

is created, and why double conversion 
is needed if the interference is to be 
effectively suppressed. As you recall, we 
said the IF frequency—the mixer's out-
put—was created by beating together the 
desired signal coming from the RF am-
plifier and the output of the oscillator 
which is higher (or lower) in frequen-
cy. As shown in Fig. 8, if the desired 
signal is 27.065 MHz and the oscillator 
output is 27.520 MHz the difference 
frequency produced by beating the sig-

nals together in the mixer will be 455 
kHz. 
But if a signal of 27.975 MHz also 

gets through the RF amplifier it will 
also beat with the oscillator signal in 
the mixer, producing a 455 kHz output 
for the IF amplifier. The IF amplifier 
cannot tell which is the desired and 
which the interfering signal, so it ampli-
fies both; and the receiver's output is a 
jumble of interfering signals. The inter-
ference signal of 27.975 MHz is called 
the image signal and is always separated 
from the desired signal by two times 
the IF frequency. 
The interfering image signal gets 

through the RF amplifier because the 
amplifier cannot effectively discriminate 
between two close frequencies; as we 
said, practically all of the receiver's se-
lectivity comes from the IF amplifier. 
To get around the problem of image 

interference we go to double conver-
sion, and it works as shown in Fig. 9. 
In Fig. 9, the input to the first mixer 

is 27.065 MHz; the oscillator is 37.065 
MHz, producing an IF frequency of 10 
MHz. Therefore, the image frequency 
must be 47.065 MHz. Although an RF 
amplifier's signal rejection is not out-
standing near the desired frequency 
(27.065 MHz) it can effectively reject 
an interfering signal 20 MHz higher in 
frequency (47.065 MHz). That part of 
the 47.065 MHz image frequency signal 
that does get through the RF amplifier 
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455 kHz -t-
455 kHz 
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Fig. 8 shows the relationship between the 
oscillator, desired, and image signals. 

is so sharply attenuated that it causes 
virtually no interference to the desired 
signal. (An example of typical image 
rejection . performance  specifications 
would be nominally 15 to 20 dB for 
single conversion IFs and 60 to 80 dB 
rejection for double conversion. You 
can see that double conversion IF sys-
tems offer considerable image rejection 
advantages.) 
The first mixer's output signal of 10 

MHz beats against an oscillator signal 
of 10.455 MHz in the 2nd mixer, pro-
ducing the desired IF output of 455 
kHz, which is fed to the IF amplifier. 
Selectivity. The receiver's adjacent 

channel rejection, known as selectivity, 
is determined, as previously stated, by 
the IF amplifier; the exact degree of 
selectivity is determined by the number 
and type of tuned circuits, mechanical 
or crystal filters, etc. In a typical AM 
receiver the carrier signal, which is the 
modulated IF output from the mixer, is 
positioned in the center of the IF selec-
tivity passband so the adjacent channel 
on each side of the desired signal re-
ceives the same degree of attenuation. 
See Fig. 10 for the selectivity curve of 
a typical high-performance receiver. 
Note that unwanted signals -±10 kHz 
from the center (IF) frequency are at-
tenuated 60 dB. In a receiver without 
some form of high selectivity device 
such as a mechanical filter, the signals 
from adajcent channels might be at-
tenuated only 20 to 30 dB. 
Single  sideband  (SSB)  receivers 

might use the type of carrier position in 
the center of the IF selectivity curve 
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Fig. 9. To get the image out of the 
CB band and into a relatively 
unused portion of the spectrum, 
double conversion is used. 
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Fig. 10. IF response for AM reception 
covers both sidebands. 
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Fig. 11. For SSB reception narrow 
curve shifts to upper (or lower) 
sideband. Unused lower sideband 
can be used by another transmitter. 

(passband), but they more likely will 
position the carrier to either side, using 
the entire passband for just the one 
sideband used, as shown in Fig. 11. 
Note that in Fig. 11 the interference 
from the higher adjacent channel has 
60 dB 'attenuation while the interference 
from the lower adjacent channel isn't 
even in the IF passband. (The position 
of the SSB carrier signal—on the high 
or low side of the passband—depends 
on whether the received signal is using 
the upper or lower sideband.) 
Because the IF passband accommo-

dates only the sideband representing 
carrier modulation, it is possible for an-
other station using the same center fre-
quency to transmit on the opposite side-
band, producing little interference. For 
example, assume the desired signal is 
transmitting with the upper sideband as 
shown in Fig. 11. You will note that the 
entire sideband (modulation) fills the 
IF passband, while virtually no pass-
band is left for a lower sideband. If 
another station using the. lower side-
band comes on the channel, very little 
of the lower sideband modulation gets 
through the IF passband. Another re-

ceiver tuned to the lower sideband will 
receive this second signal; similarly, it 
would not receive the upper sideband 
signal. 

Unlike receivers, which can be es-
sentially similar up to the detector in 
both the AM and SSB rigs, there's a 
world of difference between AM and 
SSB transmitters; except for the oscilla-
tor (the circuit that generates the crys-
tal-controlled  operating  frequency) 
there's no similarity between the two. 
Amplitude Modulation (AM) trans-

mitters are the easiest to design, adjust, 
check, and service, for there is little 
that can go wrong. In fact, between the 
least expensive and most expensive CB 
transceivers there might be little, if any, 
difference in the transmitter circuits. 
Fig. 12 shows the block diagram for a 
solid-state "single channel" transmitter 
—single channel meaning a transmitter 
with from one to five or perhaps eight 
channels. In these models the user adds 
channels by plugging in transmit and re-
ceive crystals for the desired channel 
coverage. The transmitter line-up usual-
ly consists of a crystal controlled oscil-
lator, a buffer amplifier to prevent 
changes in the antenna circuit from re-
flecting back to the oscillator, and an 
RF power amplifier, which amplifies 
the miniscule RF drive from the oscil-
lator to about 3 watts RF output. In 
some transmitters the buffer amplifier is 
eliminated and the oscillator feeds di-
rectly into the RF power amplifier, just 
as is done in tube-type transmitters. 
High efficiency amplifiers, known as 

class "C" amplifiers, have efficiencies in 
the order of 80 percent, so if the DC 
power input to the RF amplifier is 5 
watts the RF output will be about 4 
watts or slightly less depending on the 
overall design parameters. 
Final Amplifier Facts. In modern CB 

transceivers the RF amplifier feeds into 
a pi-network, bandpass, or low-pass fil-
ter before the signal is fed to the an-
tenna. Any of these filters sharply at-
tenuates the television-interference-pro-
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Fig. 12. This basic AM transmitter without 
crystal snythesizer is used in most 3 to 6 
channel sets, although sometimes without 
a buffer. 

ducing harmonics caused by the distor-
tions of class C amplifiers. In addition 
to the harmonic attenuation produced 
by the RF amplifier's filter, additional 
attenuation of TVI (television inter-
ference) is generally secured by plac-
ing a notch filter—tuned to the second 
harmonic of 27 MHz—at the transceiv-
er's output jack. 
In the days when the vacuum tube 

was king, virtually all CB transceivers 
had the RF amplifier tuning controls on 
the rear apron, accessible to the user for 
so-called "peaking" of the transmitter. 
Because solid-state devices are extreme-
ly critical in regard to tuning, virtually 
all modern CB transceivers now have 
factory  adjusted  transmitter  tuning 
which is usually sealed, or located in-
side the cabinet. As a general rule, the 
factory tuning cannot be improved, and 
"tweaking" the transmitter tuning con-
trols can easily result in destruction of 
the RF amplifier transistor! 
The TVI filter is something else. 

Maximum attenuation of harmonic in-
terference is generally attained when 
the filter is specifically adjusted for the 
particular transmission line and antenna 
used, so you'll usually find the TVI fil-
ter tuning available on the rear of the 
transceiver. 
When the transmitter has full 23-

channel coverage, a crystal synthesizer 
is almost universal, and the basic trans-
mitter is very similar to the arrange-
ment shown in Fig. 12. The major dif-
ference is thej synthesizer, a device that 
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BALANCED 
MODULATOR 

4 

AUDIO 
AMP 

SIDEBAND 
F I LTER MIXER 

HIGH FREO 
OSC. 

LINEAR 
AMP 

Fig. 14. Circuitry required to filter out the carrier and one, or the other, sideband is 
more costly but worth every penny in terms of improved communication capability. 
Sideband filter is usually the crystal type. 
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Fig. 13. A filter in series with the RF path 
removes those spurious signals produced 
by crystal synthesizers. The filter can be 
the LC type. 

"beats" the outputs from two or more 
oscillators so that something like half 
the required 46 crystals are needed for 
full 23-channel coverage for both the 
transmitter and receiver. In the most 
modern transmitters, fewer than 15 
crystals are needed for full-23 coverage. 
The problem with "beating" the out-

puts of two or more oscillators is that 
the resultant output contains the fre-
quencies needed plus many which are 
not needed; these are known as spuri-
ous signals. If these spurious signals 
get through the transmitter to the an-
tenna they will cause interference to 
other radio services. The spurious sig-
nals are eliminated by passing the out-
put of the crystal synthesizer through a 
bandpass or tuned filter which allows 
only the desired 27 MHz signals to pass 
on through the RF amplifier. A typical 
synthesizer transmitter arrangement is 
shown in Fig. 13. 
Single Sideband. SSB has no re-

semblance to AM transmitters other 
than that it is a way to carry modula-
tion to a distant point without the need 
for wires. SSB transmitters are highly 
complex, and would require so many 
different circuits that it would appear 
to be prohibitively expensive. Fortu-
nately, as we'll show, a substantial part 
of the amplification required for SSB 
transmitters invqJves the same type of 
circuitry as needed for an SSB receiver; 
so that in CB transceivers, where both 
the receiver and transmitter are in the 
same cabinet, it is possible for both the 

receiver and transmitter to share one 
of the most complex and costly circuits, 
thus making the whole bit economically 
feasible. 

There are several types of SSB trans-
mitter design. One of the most popular 
and easiest /o understand is the so-call-
ed filter SSB generator, for which a ba-
sic arrangement is shown in Fig. 14. A 
low frequency output from the crystal 
synthesizer is fed into a balanced modu-
lator where it combines with the mod-
ulation from an audio amplifier. The 
balanced modulator's output consists of 
both modulation sidebands but virtually 
no carrier; the carrier is suppressed in 
the modulator. This RF signal is then 
passed through a highly selective IF am-
plifier which sharply attenuates the un-
desired sideband. The IF amplifier 
might have a crystal or a mechanical 
filter; either type is adequate as long as 
the selectivity is such that only the de-
sired sideband can pass through. In CB 
transceivers the :ransmit IF amplifier is 
also used as the receiver IF amplifier; 
this is the reason why SSB transceivers 
have such high 7eceiver adjacent chan-
nel rejection. 
To Complete the Cycle. The output 

of the IF amplifier, which now consists 
of only one modulation sideband, is fed 
into a mixer where it beats with a sig-
nal from a crystal controlled high fre-
quency oscillator. Of the many different 
frequencies appearing at the mixer's 
output, one is a CB frequency cor-
responding to a single modulated side-
band. The other mixer output frequen-
cies are attenuated by a balanced mixer 
design, or the mixer's output is passed 
through a 27 MHz bandpass filter. The 
mixer's 27-MHz signal is then fed to a 
linear amplifier, for we cannot use an 
ordinary class C amplifier which would 
distort the RF signal, since that would 
also distort the modulation. 
Linear amplifiers have an efficiency 

in the range cf 50 to 70 percent. 
Though this is less than the nominal 
80 percent efficiency of class C ampli-

CARRIER 
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SIDEBAND 
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AM S GNAL 
CONSISTS OF BOTH 
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LO 

DSB SIGNAL 
DOUBLE SIDEBAND 
SUPPRESSED CARRIER 
(OUTPUT OF BALANCED 
MODULATOR 

SSB SIGNAL 
SINGLE SIDEBAND 
(OUTPUT OF SIDEBAND 
FILTER AND TRANSMITTER) 

Fig. 15. In the process of removing the carrier signal in SSB transceivers, an 
insignificant part of the sidebands are sacrificed as depicted by the V-shaped gap 
in the double sideband signal representation, above. 

fiers used in AM transmitters, the mod-
ulated RF output of SSB is actually 
greater than the modulation energy of a 
class C AM output. 

Since without modulation there is no 
RF output from the transmitter, power 
input to the final RF amplifier cannot 
be calculated by multiplying the applied 
DC voltage by the average DC current; 
the DC current varies with the modula-
tion. As a general rule it is nearly im-
possible to measure the equivalent aver-
age DC power input of a linear ampli-
fier because the test will usually result 
in destruction of the amplifying stage. 
Instead, SSB transmitters—because of 
their linear amplifier—are rated in P. E. 
P., meaning peak envelope power, 
which is the input that would be in-
dicated by a voltmeter and a milliam-
meter if the amplifier were driven con-
tinuously by a single RF signal with a 
peak amplitude within the limits the 
amplifier could handle (with allowable 
limits of distortion). Now that's a real 
mouthful, but it means you'll probably 
blow the amplifier if you try it. 
To Calculate SSB Power. Quite often 

the differences in P.E.P. input power 
ratings between two or more CB SSB 
transmitters is more a question of how 
the manufacturer chose to calculate the 
value rather than any effective differ-
ence in RF power output. More than a 
numerical value supposedly representing 
power output, the important point to 
keep in mind about P.E.P. meter read-
• ings is that a meter, any meter, cannot 
represent anything about SSB P.E.P. 
other than to indicate that some energy 
is going into the amplifier or .some en-
ergy is coming out. 
Single sideband CB transceivers also 

feature the AM mode of operation, so 
a single unit can be used to communi-
cate with all CB stations. AM is easily 
obtained in an SSB transceiver by sim-
ply re-introducing the carrier. As we 
said, the output of the balanced modu-
lator consists of two sidebands and a 
suppressed carrier. By deliberately un-
balancing the modulator the carrier is 
not cancelled, and the degree of carrier 
insertion can actually be controlled by 
design. Since the sideband filter follow-
ing the balanced modulator has only 
sufficient bandwidth to pass one side-
band, either the filter must be switched 
out of the circuit or the modulator's 
output must be routed around the filter 
so that the entire AM signal—which is 
twice the bandwidth of an SSB signal 
—can be transmitted. Some SSB/AM 
transceivers have been seen which in-
corporate a separate high-level AM 
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modulator such as used in standard AM 
rigs. 

Don't Touch. The best tuning advice 
concerning modern solid-state trans-
ceivers, whether AM or SSB, is don't 
touch! if the manufacturer doesn't pro-
vide a user adjustment control such as 
an antenna loading control, you will get 
optimum results with the factory tuning 
if you have a halfway decent antenna 
system. Actually, not only can a high 
standing wave ratio, say, 3:1, reduce 
the power output through normal SWR 
losses, it can also have such a drastic• 
effect on the operating characteristics 
of a solid-state amplifier that the mod-
ulation turns to "mush." (This is not 
necessarily true of tube-type rigs which 
can absorb a high SWR without sub-
stantially affecting the modulation char-
acteristics.) 
The modern solid state rig delivers 

its maximum RF output and optimum 
talk power when working into a load 
impedance as close as possible to 50 
ohms—meaning an SWR as close as 
possible to 1:1 (Yes, 1.3:1 or 1,5:1 is 
the same as 1:1, for CB use.) Because 
the antenna system directly controls the 
transmitter's performance, and because 
the antenna system is almost completely 
dependent on user installation and ad-
justment, as much time and effort as 
possible should go into securing the 
best possible antenna installation: no 
transmitter can be effective if you can't 
get the signal out. 
So far in this article we've shown 

how the transmitter and receiver cir-
cuits work, and we've discussed how a 
specific design might be of particular 
importance to your CB application. A 
common thread when discussing these 
circuits has been crystal controlled sin-
gle frequency vs. frequency synthesiz-
ers. In this 'section we'll go into the why 
and how of single frequency and syn-
thesizer oscillators; we'll also look at 
noise limiters, because if you can't hear 
through the noise you might as well go 
look for a telephone. 
The least expensive form of frequen-

cy control in transceivers of substan-
tially less than full-23 coverage (say, 6 
channels) is the crystal controlled os-
cillator. Each channel r-quires two 
crystals, one for the receiver oscillator 
and one for the transmitter. You usual-
ly buy these crystals in matched pairs 
for a particular model transceiver or a 
particular type of transmitter. Many 
crystals work in many different models. 
A pair of crystals usually costs well un-
der $10, and if all you need is single 
channel coverage you don't pay for 

coverage you don't need. Similarly, if 
you need coverage on two or three 
channels, again, you have a minimum 
investment. 
Mushrooming  Bucks?  But what 

about the CBer who wants full-23 cov-
erage? If we stick with designs requir-
ing a pair of crystals for each channel, 
the rig would require at least 46 crys-
tals, and their basic price would add at 
least $100 to the total transceiver cost! 
We cut selling prices of modern 23-

channel CB transceivers by using a 
crystal synthesizer to reduce the total 
number of crystals needed for full cov-
erage. It is possible—as we mentioned 
in previous installments—to mix the out-
puts of two oscillators, or signals, to-
gether to produce a third signal (this is 
the principle of superheterodyne re-
ceivers). By extensive use of oscillator 
output mixing, or' eating" as it is com-
monly termed, we can secure full-23 
coverage with only 16 crystals; fewer 
if we're willing to use some tuned, rath-
er than crystal-controlled, low frequen-
cy oscillators. 
Fig. 16 shows .how a typical crystal 

synthesizer works. Oscillator  1 has 
twelme switch-selected crystals; oscillator 
2 has two crystals selected by switch 
SI b, which is controlled by switch Si a; 
oscillator 3 also has two crystals, select-
ed by switch Sic. At all times switch Si 
determines which crystals are used for 
all three oscillators. 
For illustration, assume we want to 

receive channel 1, which is 26.965 MHz. 
Channel selector SI will select the 
38.275 MHz crystal for osc. 1; the 

11.310 MHz crystal for osc. 2; and the 
11.765 MHz crystal for osc. 3. The sig-
nal arriving at the receiver's antenna is 
26.965 MHz 

Here's How. First, the received signal 
of 26.965 MHz "beats" in the first 
mixer with the 38.275 MHz signal from 
osc. 1. One of the products of beating 
the two signals is a mixer output of 
11.310 MHz (the difference between 
38.275 and 26.965 MHz). Then the 
11.310.MHz signal is fed to mixer 2 
where it beats with the 11.765 MHz 
output from osc. 3. One of the output 
signals of mixer 2 is 455 kHz (the dif-
ference between 11.765 and 11.310 
MHz), which is fed to the receiver's IF 
amplifier. Note, incidentally, that be-
cause of the two required receiver mix-
ers the receiver is automatically double-
conversion. 
For the transmitter channel 1 signal, 

the outputs of oscillators 1 and 2 are 
beat in mixer 3. The difference between 
38.275 and 11.310 MHz is 26.965 
MHz, so this mixer output becomes the 
drive signal for the transmitter. 
Note that the 38.275 MHz crystal 

also serves for channel 5 when Sib 
switches in the 11.260 MHz crystal for 
osc. 2. Just for fun, take time out to 
figure which crystal combinations serve 
for what channels. 
If you've done the pen and pencil 

work, you'll discover a frequency com-
bination which isn't an authorized CB 
frequency. Generally, the transceiver's 
channel selector will have an uncali-
brated blank space for this frequency. 
And if you're on your toes you should 
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Fig. 16. Both the transmitter and receiver share a common frequency determining 
system of crystals, switches, and oscillators. See text.  - 
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be asking about • the other output fre-
quencies from the mixers; after all, 
we've been referring only to the differ-
ence frequencies. What of the sum fre-
quencies, and the signal fundamental fre-
quencies? Normally, the signal and sum 
frequencies lie outside the bandpass of 
the succeeding circuits and are not a 
problem. For example, the total signal 
output of mixer 1, when the receiver is 
tuned to channel 1, is 26.965 MHz, 
38.275 MHz, 65.240 MHz (sum) and 
11.310 MHz (difference); obviously the 
other signals are so far removed from 
the desired 11.310 MHz that they will 
be filtered by the normal tuned circuits 
of the mixer 2 input. 
Keeping It Clean. When there is the 

possibility that harmonics of the mixer's 
output will beat with any other mixer 
output signal, including harmonics of 
harmonics, which could cause interfer-
ence problems, the mixer's output will 
be passed through a bandpass filter to 
remove everything except the desired 
signal. 
A logical question at this point is: 

"Where are the savings? Isn't the cost 
of the extra oscillators and mixers equal 
to or greater than the cost of the un-
needed crystals?" The answer is no. A 
double-conversion receiver requires two 
local oscillators and two mixers—no 
more than used for a crystal synthe-
sizer. The transmitter would still re-
quire an oscillator so the only "extra" 
stage is the mixer which often replaces 
a buffer amplifier; so again there are no 
extra circuits. When the mixer does not 
replace a buffer, it's ap extra, but the 
cost of one transistor and a few com-
ponents is actually less than the cost of 
one crystal—and the synthesizer saves at 
least 30 crystals! 
To further reduce costs in this age of 

the shrinking dollar, some manufac-
turers now replace the two crystals 
needed for the receiver (osc. 3) with a 
fixed-tuned circuit, reducing the total 
number of crystals to 14. Savings are 
reflected in a lower transceiver price. 
One manufacturer goes so far as to 

provide  optional  full-23  coverage 
through the use of a synthesizer. The 
rig is sold with the necessary crystals 
for oscillators 2 and 3, but only one 
crystal for osc. 1, which therefore pro-
vides coverage for two channels. The 
user can purchase crystals for addition-
al channel coverage as required; but 
keep in mind that (generally) one ad-
ditional crystal provides transmit and 
receive for two channels. The cost ad-
vantage is obvious. 
Noise Limiters. Frequencies assigned 

a 

DESIRED MODULATION 

RECE VED NOISE 

TOTAL RECEIVER OUTPUT 
BEFORE NOISE LIMITING 

W 
OUTPUT FROM NOISE LIMITER 

Fig. 17. Impulse type noise depicted here 
in (b) is formed by both man-made sources 
(auto high voltage ignition) and natural 
(lightning). 

to the citizens band are among the 
noisiest in the whole radio spectrum. 
Everything from automobile ignition 
systems and med:cal equipment to the 
neighbor's sewing machine and electric 
drill produce enough hash to _literally 
drown out a weak CB signal. Most 
noise is primarily impulse noise—sharp 
noise spikes received simultaneously 
with the desired signal, and all CB trans-
ceivers incorporate some sort of device 
to attenuate or actually remove the noise 
impulses. 
The simplest form of noise limiter is 

the so-called floating series or parallel 
type, and it's unimportant to know pre-
cisely how they work; rather, it's im-
portant we know their limitations. 
Both limiters do exactly what they 

say: they limit the amplitude of the 
noise impulses to a tolerable level. Fig. 
17 shows how they work. Fig. 17a is 
the desired modulation from the re-

ceived signal. Fig. 17b shows, sepa-
rately, the noise impulses received along 
with the signal. Fig. 17c is the resultant 
audio output before processing by a 
noise limiter. Fig. 17d is the final audio 
heard in the speaker after limiting. 
Note that the combined unlimited 

output shown in Fig. 17c has noise 
pulses of greater amplitude than the de-
sired modulation: it is these high level 
impulses that create the "grind" which 
irritates the listener and obscures the 
intelligence. 
When limiting is applied for noise 

reduction, the maximum amplitude of 
the signal is allowed to approach be-
tween 50 and 80 percent of the maxi-
mum peak value; everything above this 
ceiling is clipped off the signal, as 
shown in Fig. 17d. In this manner the 
noise impulses are limited to a maxi-
mum value equal to the maximum peak 
modulation level. Since the modulation 
itself is peak limited, some distortion is 
added to the signal; but more impor-
tantly, the noise "grind" is sharply 
reduced. 
Old Days. Some early gold-plated-

special CB transceivers employed an 
adjustable noise limiter whereby the 
limiting ceiling could be established by 
the user. Naturally, the lower the ceil-
ing the greater the noise reduction, and 
the greater the audio distortion. Opera-
tors using maximum limiting for maxi-
mus noise suppression also suffered 
maximum audio distortion, and their 
complaints of "excessive distortion" to 
the manufacturer's resulted in the elimi-
nation of the adjustable limiting feature. 
Today most CB transceivers use a 
"floating" limiter which automatically 
establishes an acceptable limiting level 
depending on the strength of the re-
ceived signal. It's not the best limiting 
but it's not the worst—it's adequate for 
most users. 
Ultimate noise suppression is obtained 

from a "noise suppressor," a special 
type of circuit which actually punches a 
"hole" in the received signal where a 
noise pulse normally would be. These 
holes have little effect on modulation 
distortion, but are almost 100 percent 
effective at reducing sharp impulse 
noise. Some manufacturers have de-
scribed their ordinary noise limiters as 
"suppressors," but that's like comparing 
watermelons with lemons. 
And Today.... There are several types 

of noise suppressor circuits; the easiest 
to understand is the "RF suppressor" 
shown in Fig. 18. (All suppressors work 
on essentially the same principle.) 
Note that in addition to the receiver's 
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normal front-end (RF amplifier, oscil-
lator,.and mixer), a 25 MHz RF ampli-
fier is also connected to the antenna. 
The noise impulses received at 25 MHz 
are essentially identical to the noise im-
pulses at 27 MHz; since there is little, if 
any, broadcasting activity around 25 
MHz the output of the 25 MHz ampli-
fier will be noise. (The actual "noise 
frequency" is selected for an unused 
part of the radio spectrum.) 
The output of the 25 MHz amplifier 

is rectified into DC voltage pulses cor-
responding to the received noise impuls-
es. This voltage (or .current, depending 
on receiver design) is used to bias the 
receiver IF amplifier to cut-off, so no 
signal can pass through the IF amplifier 
when a noise  impulse  is received., 
(Often a separate noise-gate is inserted 
in the IF amplifier which is "closed" 
by the DC voltage pulses.) Each time 
the IF amplifier is cut off, a "hole" is 
punched in the received signal. Since 
the noise impulses are of very short 
duration in relation to the modulation, 
there is little, if any, distortion added to 
the received signal. 
The noise suppression rectifier is usu-

ally designed only for sharp impulse 
noise. Long-term noise would produce 
a cut-off which would interfere with the 
received signal. To accommodate both 
short and long duration noise a noise 
suppressor is teamed up with a limiter, 
so the limiter can handle long duration 
noise. Together they provide the best 
possible noise suppression, though the 
extra circuits needed for the suppressor 
do increase the selling price. 
Final Limiter Facts. A question often 

asked by many readers is, "Why do 
some transceivers have noise limiter 
switches?" The switch really serves no 
useful purpose unless you're operating 
on a mountain miles from man-made 
noise sources, and even then the normal 
atmospheric background noise might 
still require noise limiting. The only 
purpose of the noise limiter switch is 
to convince the user the noise suppres-
sion circuits are really working. No 
matter how bad the noise interference 
might be on your transceiver, it would 
be a lot worse without some form of 
noise reduction. 
Only one manufacturer ever pro-

duced a CB rig without a noise limiter, 
and that was a mistake in design: the 
design engineer simply forgot about the 
noise limiter until after the unit went 
into production! Attempts to add a 
limiter to the finalized printed circuit 
board produced barely perceptible noise 
reduction and the transceiver was a 
failure—the few early purchasers quick-

ly spread the word and an informed 
CBer wouldn't touch one with a 15-foot 
pole. Effective noise limiting is the first 
consideration in any transceiver design. 
Everything considered, the most im-

portant characteristic of a given CB 
communications system is the modula-
tion. In fact, modulation is the most 
important characteristic of any system 
which relies on the human voice for 
transmitting intelligence—CB, amateur 
radio, military, or space exploration. 
The most sensitive receiver is worthless 
if an incoming S9 signal is garbled, or 
masked by noise and distortion. The 
most powerful transmitter is similarly 
worthless if there isn't enough modula-
tion to get the intelligence-carrying 
voice over the atmospheric or man-
made noise level. 
If we assume that a transmitter's basic 

modulation system is distortion free, 
there exists a fixed limit to the amount 
of modulation that can be impressed on 
the carrier signal. If we attempt to ex-
ceed the limit of modulation by simply 
turning up the modulation level, say by 
increasing the gain of the microphone 
preamplifier, we then generate excess 
distortion which will tend to garble the 
voice when the received signal is weak. 
When the received signal is strong, dis-
tortion often appears to be increased 
talk power because there appears to be 
more modulation. It is this characteris-
tic of apparent increase in the talk 
power of strong signals that often gives 
the CBer a false sense of accomplish-
ment. He fails to realize that when the 
signal strength falls into the noise level 
the audio becomes almost unintelligible; 
it might sound to the ear as though a lot 
of talk power existed, but the truth is, 
little in the way of intelligence is 
extracted by the listener. 
The fixed limit of modulation for an 

AM or SSB transmitter is termed 100 
percent modulation. Actually, there is a 
condition known as 100 percent nega-

AUDIO 
OUTPUT 

Fig. 18. Perhaps the finest form of noise 
eliminator in CB is the RF-type employing 
a separate front end at 25 MHz that listens 
for "noise." 

tive modulation, as well as a condition 
of 100 percent positive modulation. Fig. 
19 shows how modulation is handled 
for AM transmitters. Assume the car-
rier wave produced by the transmitter 
is 10 volts. If we impress a 10 volt 
'peak-to-peak audio sine wave on the 
RF carrier, at the positive peak of the 
sine wave, the output voltage would be 
20 volts peak—twice the RF level. When 
the positive peak is twice the quiescent 
RF value we say the modulation is 100 
percent .positive. Note that at the nega-
tive peak (trough) of the sine wave, 
the RF output voltage has been driven 
precisely to zero output; when the RF 
output is zero we say we have 100 per-
cent negative modulation. The receiver 
strips away the RF in the detector, and 
what remains to be fed to the speaker 
is a sine wave which is a replica of the 
original sine wave modulation. 
Moving On. But look what happens if 

we increase the modulation voltage as 
shown in Fig. 20. The positive peak 
simply increases the RF output more 
than twice the quiescent value. No 
great problem here, even though the 
FCC does not allow greater than 100 
percent positive  modulation of CB 
equipment. But now look at the nega-
tive modulation. The carrier has been 
driven to zero output (cutoff) for an 
extended period. The recovered wave-
form at the receiver no longer repre-
sents the original sine wave modulation: 
it is distorted. The greater the degree 
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Fig. 19. When modulation is any 
value up to 100 percent positive 
and negative, the recovered 
audio in the receiver is an exact 
reproduction of the modulator's 
input—the voice. Distortion is 
minimal and maximum 
intelligence is received. 
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Fig. 20. Excessive distortion in 
your transmitted signal is caused 
by overdriving the modulator, 
which, in turn, can overmodulate 
the carrier. Overmodulation 
sause: the carrier to be "pinched 
off" during excessive negative-
going portions of the modulating 
signal as shown. Actually, since 
over 100 percent modulation on 
the positive peaks can increase 
talk power without introducing 
distortion, the FCC allows some 
services to engage in this 
"selective" overmodulation. 

of excess  negative  modulation,  the 
greater will be the distortion. 
In addition to modulation distortion, 

the transmitter now produces sideband 
interference which doesn't exist if the 
modulation is limited to 100 percent. 

, Up to 100 percent modulation, the side-
bands are exactly as wide as the highest 
modulating frequency. If the modula-
ting frequency is 3000 Hz, there will 
be a sideband 3000 Hz above and be-
low the carrier frequency. That's as it's 
supposed to be. But when the RF signal 
is driven into negative overmodulation, 
the clipping produces harmonics of the 
3000 Hz modulation; therefore, the 
highest modulation frequency becomes 
that of the harmonics: 6000 Hz, 9000 
Hz, 12,000 Hz, and higher. The greater 
the  degree  of overmodulation,  the 
greater the harmonic sidebands. These 
sideband frequencies now extend the 
carrier signal into adjacent channels, so 
the overmodulation (in addition to the 
signal's distortion) now interferes with 
users of other CB channels. 
Since exceeding the  100 percent 

modulation limit results in severe modu-
lation distortion and sideband interfer-
ence, how then can we increase the talk 
power of a CB transceiver and still 
maintain no higher than 100 percent 
modulation? The answer is in the sev-
eral varieties of talk power boosters. 
What Should You Boost? Talk power 

boosters depend on two characteristics 
of the human ear. First, intelligence is 
carried predominantly by the higher 
voice frequencies; the lower frequencies 
provide the essential tone characteristics 
by which we can recognize the speaker. 
They convey little intelligence, yet they 
use the most modulation power. Sec-
ondly, the ear is primarily sensitive to 
average, not peak, power; yet the peak 
power of the human voice is 10 to 100 
times that of the average power (10 dB 
to 20 dB higher). For most applications 
it is accepted that peak power of the 
voice is considered to be 10 dB higher 

than average power. 
Though the ear responds to average 

power, it is the peak modulation power 
which determines the percent modula-
tibn of the tranimitter. 
A first step to increasing talk power 

is the suppression of those frequencies 
which require modulation power but do 
not contribute niuch to intelligence. By 
eliminating the frequencies below. ap-
proximately 300 Hz and above 3000 Hz 
—either at the microphone or through 
preamplifier design—better than 80 per-
cent of the intelligence is preserved, 
while the power-hungry lower frequen-
cies are eliminated. (The telephone is a 
good example of this technique; its 
"tinny" sound might not be natural, but 
most of the message gets through with-
out much power behind it.) We can 
now raise the level of the 300 to 3000 
Hz frequencies and still stay within 100 
percent modulation, thereby increasing 
talk power at the receiver end of the 
system. 
What Can You Chop? Next, we chop 

oft the peaks of the signals, for they 
contribute very little, if anything, to 
what the ear senses. The earliest form 
of clipping was a device called, . . . you 
guessed it, a clipper. Fig. 21 shows 
how it works. The audio signal is passed 
through the clipper and the peaks are 
e'iminated. If this signal were fed to a 
transmitter, we might get anywhere 
from 10 to 50 percent modulation de-
pending on the amount of clipping, 
called clipping depth. So we increase 
the signal level by exactly the degree of 
clipping, thereby raising the average 
voice level some 6 to 10 dB. But what 
of the harmonics caused by the clipper? 
Since we're distorting the modulation 
waveform through clipping, won't har-
monics be generated which will cause 
sideband splatter? The answer is no. 
The output of the clipper is passed 
through a filter which attenu,ates all 
signals above 3000 Hz, thereby reduc-
ing or eliminating the harmonics and 

rfd 
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BASIC VOICE SIGNAL 

FILTER 

OUTPUT FROM CLIPPER 

OUTPUT FROM FILTER 
MODULATES TRANSMITTER 

Fig. 21 illustrates the action of a clipper 
circuit on .a speech waveform. 

their interference. 
But clippers are difficult to adjust to 

precise operating level, difficult to main-
tain once in adjustment, and good filters 
cost money. Thanks to modern solid 
state devices we can accomplish the 
same ends through compression, a form 
of automatic electronic microphone gain 
control which suppresses the peaks and 
boosts the weaker voice sounds without 
generating excess distortion. Not only 
is the compressor basically efficient and 
inexpensive, there is no need for signal 
filtering. 
Voice Cinch. Fig. 22 shows how a 

compressor works. The compression am-
plifier normally works at maximum gain 
so the weaker sounds get maximum am-
plification. As the voice tends to get 
louder, electronic feedback control auto-
matically reduces the amplifier's out-
put so that the strong voice sounds are 
not much louder than the weaker 
soimds. Everything is now at more or 
less the same volume level, and the sig-
nal peaks of the stronger sounds have 
been eliminated. If this compressed 
modulation is applied to the transmitter 
so that the strongest sounds are at 100 
percent modulation the weaker sounds 
will similarly be at 100 percent modu-
lation, or close to it. Through one de-
vice we have substantially increased the 
average voice power and brought up 
the weaker voice sounds to 100 percent 
modulation—that's what talk power is 
all about. (It's the same technique used 
in making TV commercials, and is the 
reason the commercials sound so much 
louder than the normal program level.) 
Combine a limited frequency re-

sponse with compression and you end 
up with a transmitted signal that comes 
in like gang-busters on a wave of audio. 

" 
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AUTOMATIC VARIABLE 
GAIN AMPLIFIER 
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Fig. 22 looks as though our draftsman hits 
the bottle too much! Actually, it's a 
freehand reproduction of a typical voice 
waveform passed through a compressor. 

Whisper or Shout? Back in the early 
days of CB, very few transceivers in-
corporated a talk power booster such 
as a clipper or compressor; most were 
only available as optional accessories. 
As solid-state devices were improved, 
compressors were designed into some 
of the higher priced rigs; these talk 
power boost circuits were called range 
gain, range boost, or some such similar 
term which implied extra range through 
extra talk power. On the other side of 
the coin, however, some manufacturers 
tried to take advantage of the reputa-
tion of true talk power boosting devices 
by simply providing tremendous micro-
phone preamplification, which saturated 
the following amplifier; in effect, the 
saturated amplifier functions as a clip-
per, but there is no harmonic filter. The 
signal is heavily distorted and when re-
ceived at "S9" sounds terrific, but at 
low signal strengths the modulation is 
garbage. Many inexpensive transceivers 
still try getting away with this trick, and 
the only way to avoid garbled modula-
tion is to drop the voice level to a 
whisper. 
On the other hand, some CB trans-

ceivers do not have 100 percent modu-
lation limiting at the lower voice fre-
quencies, so the microphone preampli-
fication was designed to be low to pre-
vent overmodulation; with these rigs, 
you virtually must scream into the mike 
to get sufficient modulation on the 
carrier. 
How to Add Talk Power. If your 

present transceiver doesn't already have 
some form of built-in talk power boost-
er, you can easily add your own; several 
microphones are available which have 
some form of talk power amplifier built 
into either the case or the base. 
For example, the Turner +3 stand 

base microphone and M+3 mobile 
microphone both have built-in preampli-

fiers and compressors. Other micro-
phones such as the Shure 444T have 
built-in preamplifiers with output con-
trol for providing "extra" gain for those 
transceivers which require a shout for 
full modulation. Bear in mind, however, 
that a modulation meter must be used 
with amplified mikes to avoid over-
modulation—not every transceiver which 
makes the claim to 100 percent modu-
lation limiting really has it at all fre-
quencies. 
If your rig is putting out just the 

right amount of talk power for you, 
there's always the possibility of getting 
better sound quality with a better mike. 
CB transceivers are usually supplied 
with the least expensive microphone, 
and the sound quality isn't all that good 
to begin ,with. Every microphone manu-
facturer has a communications micro-
phone line with sound quality ranging 
from just passable to superb. You can 
always upgrade your station with a 
quality communications mike from As-
tatic, Electro-Voice, Shure, Turner, etc. 
For those of you who would like hands-
free operation, Telex has a line of head-
phones with attached boom micro-
phones. 
SSB Is a No No. While talk power de-

vices are very effective for AM trans-
mitters they can often result in the de-
struction of an SSB transmitter. In par-
ticular, the steep wavefronts caused by 
a clipper can attempt to drive an SSB 
RF amplifier towards infinite power out-
put—it does nothing for the modulation 
and can destroy the amplifier. Compres-
sors which work on the voice's dynamic 
range—boosting the lower volume but 
not affecting the signal peaks—offer 
some slight advantage in SSB, but not 
too much. Best SSB talk power boost is 
attained from compression built into the 
RF amplifiers of an SSB transmitter, 
and most better units already incor-
porate this feature. The best way to 
upgrade typical SSB transceiver 'modu-
lation is to upgrade the microphone, 
and that's assumihg the modulation 
needs an extra push. Most SSB rigs are 
premium models to begin with, and they 
provide the best SSB modulation pos-
sible for the particular transceiver. 
Summing Up. If your transceiver al-

ready incorporates a talk power booster, 
you are probably already getting opti-
mum modulation, and accessory equip-
ment can only make things worse. If 
your modulator runs barefoot with 
nothing to give your voice an extra 
push, .a compressor, an amplified micro-
phone, or just a better mike will work 
wonders toward getting your signal out 
above  the  noise  level.  Remember, 

maximum modulation makes a very 
heavy contribution towards getting your 
CB message through. 
We've looked at the circuits and fea-

tures that go into the typical AM and 
SSB transceivers, and now it's time to 
put it all together in terms of consistent 
"10-4" contacts. 
First, and most important, you get 

the most from the transceiver itself by 
keeping your hands off the innards. 
Unlike  older  tube-type  transceivers 
which had user adjustments for RF out-
put tuning and loading, the modern 
solid-state transceiver has sealed RF out-
put tuning controls—sealed in the sense 
that they are inside the cabinet and not 
readily accessible to the user. The rea-
son for this is two-fold: FCC regula-
tions absolutely prohibit anyone except 
licensed technicians from adjusting fre-
quency-determining circuits, and solid-
state circuits are so finicky with regard 
to tuning that the slighteg error can 
often destroy the RF output transis-
tors or turn the modulation into mush. 
Regardless of what you have read to 

the contrary, the factory tuning for 
solid-state transceivers is optimum for 
a 50-ohm antenna system—you can't do 
better, and later we'll show you how to 
transfer all the RF power output into 
the antenna system. 
Along with sealed adjustments for the 

final RF amplifier, the modern trans-
ceiver also has sealed "control" circuits. 
The transmit-receive relay is no longer 
an open frame construction which per-
mits so-called cleaning of the relay con-
tacts. Modern relays have plastic dust 
covers and any service you attempt on 
the contacts is certain to cause damage. 
Similarly, except for the few transceiv-
ers that ,permit the user to plug in spe-
cific crystals, crystals are generally 
soldered into the circuit. Even where 
the crystal is the plug-in type, re-
moving and re-inserting the crystal does 
not clean anything; more than likely it 
will loosen the crystal socket's spring 
contacts, causing intermittent failure 
when the transceiver is subjected to vi-
bration—such as in a mobile installation. 
In short, other than for a major repair, 
there is no reason to remove a trans-
ceiver from its cabinet. 
Pack It In. The first step in equipment 

installation is to install the transceiver— 
and there's no need to go into "keep 
the rig away from radiators," or "use a 
firm under-dash mounting." Any place 
you could mount an ordinary radio is 
suitable for a CB transceiver. If a mo-
bile transceiver has two power leads— 
one positive and one negative—just make 
certain the negative lead is secured to 
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the car body; if necessary, scrape away 
any paint that might serve as an insu-
lator and use a lockwasher to secure the 
wire. There's no need to run the ground 
lea'd all the way to the battery. The car's 
electrical system gets its ground through 
a ground-strap from the battery, and if 
it's good enough for the rest of the car, 
it's good enough for the CB rig. (The 
positive power can be taken off the ig-
nition switch terminals, the accessory 
fuse block terminal, or even the ciga-
rette lighter power wire.) 
If your CB transceiver doesn't have a 

negative power wire it means the ground 
connection is made through the trans-
ceiver's cabinet, so be certain at least 
one mounting screw between the trans-
ceiver and dashboard is free of paint, 
and use a lockwasher. 
Don't depend on the antenna system 

coaxial cable shield to provide the 
ground connection. Often, the shield 
connection works loose at the antenna 
end and you wind up with a consider-
able voltage drop through the shield— 
with resultant intermittent operation or 
reduced RF power output. (Receivers 
always seem to work.) 
Base Antennas. You've got to work 

really hard to louse up a base station 
antenna system. The gain type antenna— 
greater than 1/4  wavelength—is always 
50-ohms impedance, as are coaxial an-
tennas and almost all directional beams. 
A handful of inexpensive ground plane 
antennas might be somewhat less than 
50-ohms impedance, but they're close 
enough, and we'll show later how to 
check them out. 
All you have to do is secure the 

antenna to a mast (ordinary TV an-
tenna mast is fine), connect the coaxial 
cable, tape the cable to the mast at 
several points so it can't sway in the 
wind, and run the line down to your 
rig. For cable runs up to 50 feet, ordi-
nary. inexpensive RG-58A 'U is per-
fectly satisfactory; the difference in RF 
losses between RG-58A/U and RG-
8U (or some super low-loss coaxial 
cable) doesn't amount to a flea's whis-
per up to 50 feet. Actually, there isn't 
much difference in effective line losses 
up to 100 feet, but 50 feet is a good 
limit for the fussy CBer. 
Quite often moisture can work its 

way into an antenna cable connection 
between the shield and the inner con-
ductor's insulation at the antenna con-
nection, or water can get into a coaxial 
connector (if your antenna uses one). 
Not only does the moisture corrode the 
shield and its connection, it upsets the 
system's SWR (standing wave ratio). 

The problem can be avoided by packing 

MAST 

GROUND 
ROD 
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Fig. 23. Though few CBers bother to 
ground their antenna system, for your own 
safety the supporting mast should be 
connected through (at least) #8 copper 
wire to a coppei• rod driven into the 
ground. TV supply stores generaly stock 
the ground rods. Grounding the antenna 
system should be standard practice even 
if it isn't the highest structure in your 
neighborhood. 

the connection with General Electric 
RTV silicon rubber adhesive. Use only 
the G.E. product. Some similar adhe-
sives are virtually dead shorts at RF 
frequencies. 
Okay, you've got the antenna up, its 

coaxial cable is connected at both the 
antenna and transceiver ends and you're 
ready for operation. Right? Wrong! The 
system will work all right but you 
haven't made safety provisions. 
Antenna masts should always be 

grounded with, generally, No. 8 copper 
wire to a Foprer ground rod (which 
you drive into the ground with a ham-
mer), as shown in Fig. 23. Yes, yes— 
it's quite true that, (a) the masts for 
the TV antenias next door aren't 
grounded and, (b) you have no inten-
tion of stringing a ground wire down 
the side of the house. Neither attitude 
is correct, but that's the way things 
usually are. However, keep in mind 
that the new FCC regulations permit 
antenna heights to 60 feet for some CB 
antenna types (non-directional). If you 
use a tower or a high mast your CB 
antenna is probably going to be the 
highest point in your neighborhood, and 
you know what lightning usually seeks 
out . . . the h ghest point, or easiest 
path, to ground. If your CB antenna is 

king of the hill, it had better have a 
ground! 
For those still too stubborn to go 

through the grounding procedure, there 
should be at the very least a solid (No. 
8 copper wire) ground between the 
metal transceiver cabinet and a water 
pipe. A device known as a "blitz-bug," 
which connects between the coaxial 
cable and the transceiver's antenna jack, 
also provides lightning protection as well 
as a "bleed" for high electric charges 
that might build up during an electrical 
storm. The device provides a ground for 
the coaxial shield (and transceiver cabi-
net) as well as a "spark gap" for the 
cable's center conductor. 
Mobile Antennas. Now here's some-

thing that can often create enough prob-
lems to drive the strongest person up 
the wall. The average full length whip 
antenna (108 inches) mounted on the 
rear bumper or fender uusally has an 
impedance of 25 to 35 ohms, not 50 
ohms. The shorter "loaded" whips, such 
as used in the center of the roof, often 
have a matching coil as part of the 
antenna which provides the 50-ohm 
matching impedance. 
Here's another rub: a 50-ohm anten-

na might not be 50 ohms where you de-
cide it should be installed. Regardless of 
the actual or rated impedance, maxi-. 
mum power transfer from the trans-
mitter occurs if a 1/2 -wavelength match-
ing section of coaxial cable is used be-
tween the transmitter and your mobile 
antenna. For RG-58A/U cable, a 1/2 -
wavelength at the CB frequencies is 12 
feet. Without getting too technical, the 
matching section is needed because, 
should there be a mismatch between the 
transmitter output and antenna (as 
there would be if the antenna were any-
thing other than 50 ohms), the SWR 
factor could cause the impedance look-
ing into the transmission line to be 
considerably beyond the value into 
which the transmitter could efficiently 
transfer its power output. A half-wave-
length transmission line (or a multiple 
of a half-wavelength) acts as a repeater 
transformer which transfers, at the in-
put to the line, exactly what appears at 
the output where the antenna is con-
nected. (Excess coaxial cable can be 
coiled in the trunk.) 
Most mobile antennas which employ 

loading coils (or "matching" coils) are 
supplied with the appropriate length of 
matching transmission line. If you make 
your own antenna, however, from "bits 
and pieces," or use a full length 108-in. 
whip with bumper or body mount, make 
certain your RG-58A/U transmission 
line is 12 feet. 
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Getting the Soup Out. The SWR 

meter is the best and possibly only de-
vice available to the CBer which indi-
cates directly whether the power com-
ing from the transmitter is reaching the 
antenna. (Once it gets to the antenna 
you can be reasonably certain it's being 
broadcast to the waiting world.) The 
SWR meter works on a very simple 
principle. If all the power coming 
from the transmitter flows into the an-
tenna, none is reflected back to the. 
transmitter. If the antenna is not the 
same impedance as the transmission 
line, all the energy is not absorbed by 
the antenna; rather, some is reflected 
back to the transmitter in proportion to 
the degree of mismatch. The SWR me-
ter indicates this reflected power in 
terms of SWR (actually, VSWR); in 
fact, some SWR meters have two cali-
brations—one in SWR such as 2:1, 3:1, 
etc., the second in terms of actual for-
ward and reflected power. 
Fig. 24 shows how much power you 
lose through an antenna mismatch. Note 
that the total loss depends on the origi-
nal loss in the transmission line; for 
example, RG-58A/U can have a loss of 
3 dB per 100 feet. This means that if 
your transmitter puts out 4 watts of RF 
into a perfectly matched antenna system 
with 100 feet of RG-58A/U, 2 watts 
maximum would actually get to the an-
tenna. But look what happens (Fig. 
24) if the SWR is 3:1. You get an 
additional loss of 1 dB, and under opti-
mum conditions with a 3:1 SWR only 
1.6 watts gets to the antenna; and as the 
SWR increases, less and less power 
reaches the antenna. It's obvious from 
Fig. 23 that the SWR should be less 
than 1.5:1 (2:1 worst-case) if you want 
essentially all the transmitter's "soup" to 
get to the antenna. 
To check SWR you need only install 

an SWR meter or "bridge" between the 
transmitter output and the transmission 
line as shown in Fig. 25. However, the 
SWR meter readings are invalid if the 
transmission line is an exact half-wave-
length or multiple because, as we've 
said, a half-wavelength line behaves as a 
"one to one" matching transformer. 
You could have a 10:1, 15:1 or 20:1 
actual SWR and still get a 1:1 SWR 
reading with a half-wavelength line. So 
you must be certain to "break up" or 
"tune out" a half-wavelength line. This 
is done by inserting a 1/4 -wavelength 
section of transmission line after the 
NN/It meter as shown in Fig. 25. 
Tuning Out. Install coaxial connec-

tors (solderless type is okay) at both 
ends of a 6-foot section of RG-58A/U. 
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Fig. 24. All transmission lines 
have an inherent minimum line 
loss when perfectly matched to 
the antenna. The greater the 
inherent "matched" line loss, 
the greater the additional loss 
caused by the SWR, and the 
greater the SWR, the greater the 
additional SWR loss. An SWR of 
2:1 should be the maximum 
acceptable value for CB. 

Connect the SWR meter to the trans-
mitter using the smallest length of co-
axial cable (6 inches at most). Connect 
the 1/4 -wavelength section to the SWR 
meter and, using a "splice" connector, 
connect the 1/4 -wavelength line to the 
transmission line. Measure the SWR 
and note the reading. Then remove the 
1/4 -wavelength line and again note the 
reading. If there is no difference be-
tween readings, or very little difference, 
the meter reading is the SWR. If there 
is a wide difference between readings, 
the higher reading is the SWR, or ac-
tually lower than the true SWR. 
If there is no difference in readings 

and the SWR is less than 1.5:1, you 
have a great antenna system. If the 
reading is between 1.5:1 and 2:1 you 
have a fairly good antenna system. Keep 
in mind that some directional antennas 
are optimum at 2:1. If the reading is 
greater than  2:1  there's something 
wrong at the antenna if it's a base 
antenna. If you cannot lower the SWR 
by "retuning" the antenna try to use 
a multiple half-wavelength transmission 
line. Prepare 12 feet of RG-58A/U 
with solderless connectors at both ends. 
Install this length between the SWR 
meter and transmission line. Note the 
SWR reading. Cut off 3 inches from the 
72 -wavelength section and again note 
the SWR. Keep removing 3-inch sec-
tions until you have attained the lowest 

possible SWR. Leave the section in the 
line, remove the SWR meter and con-
nect the 6-in. SWR connecting cable to 

the  trimmed  1/2 -wavelength , section 
(with a coaxial connector). You will 
now have a matched antenna system 
which is optimum for the particular 
antenna. 
Using the 1/4 -wavelength section, test 

your mobile installation's SWR. Again, 
the higher of the two readings more 
closely approximates the actual antenna 
match. If your mobile antenna has some 
form of tuning adjustment, use the 
transmission line arrangement that gives 
the highest SWR reading and tune the 
antenna for minimum SWR. Get it as 
low as possible and then remove the 
SWR meter and the 1/4 -wavelength sec-
tion so that the transmission line is 
exactly 12 feet. If you want to keep the 
SWR meter in the line permanently, 
measure the distance from the output 
jack of the SWR meter all the way back 
to the transmitter's output jack and trim 
this amount off the coaxial transmission 
line; the total length of the transmission 
line, plus the SWR meter, 'plus the 
SWR meter's connecting cable to the 
transmitter should equal 12 feet. If 
your transmitter has a built-in SWR 
meter forget it; use 12 feet of coaxial 
cable. 
If your mobile antenna cannot be 

tuned because it is a standard length 
whip, you might wind up with an SWR 
as high as 3.5:1, and there is nothing 
you can easily do to correct it. If the 
SWR meter shows close to 1.2:1 with 
the 12-foot cable its as good as you're 
going to make the system, short of re-
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Fig. 25. If there is substantial change in SWR readings when a V.-wavelength section 
of coaxial cable is installed between an SWR meter and the transmission line, the 
antenna is not 50 ohms. If the reading is the same, everything is well matched. 

TRANSMITTER 

ANTENNA 

COAXIAL TRANSMISSION LINE 

SWR 
METER 

CB 
MATCHER 

Fig. 26. After the antenna system is tuned, this is the correct instrument arrangement 
for adjusting an antenna tuner (CB matcher). Adjust the matcher for minimum SWR 
between the transmitter and matcher, coincident with maximum forward power. 
Best results are attained if the transmission line is 12 feet or an exact multiple of 
twelve feet such as 24,36, etc. And remember, a matcher cannot improve what is 
already an excellent antenna system. All coaxial transmission cable is 50-ohm. 

placing the antenna. 
Another Step. Now just because you 

have attained a low system SWR by 
trimming the coaxial cable to a half-
wavelength or its multiple does not 
mean the transmitter is putting out all 
the RF power it's capable of delivering. 
If the antenna is actually 25 ohms the 
transmitter will put about 50 percent to 
75 percent of its potential power into 
the antenna systems depending on the 
design of the transmitter output circuit. 
The only way you can get maximum 

power output from the transmitter when 
the actual transmitter to antenna mis-
match is greater than about 2:1 is by 
using a matching device that will make 
the antenna system appear as a 50 ohm 
load to the transmitter. Such a device 
often goes under the description of CB 
Antenna Tuner, CB Matcher, CB An-
tenna Matcher, or some similar term. 
The important part of the description is 
"CB." Antenna tuners or couplers de-
signed for other communications servi-
ces can be "Iongwire" matching de-
vices; for CB we need a device that 
matches a transmitter to a transmission 
line, not a transmitter to a random 
length of wire. 
The CB matcher (at least those pres-

ently available) makes the overall an-
tenna system load appear as 50 ohms, 
so the transmitter delivers all its poten-
tial energy into the matcher. The match-
er then couples all this energy into tbe 
antenna system. If the transtnission line 
is a half-wavelength or multiple, all the 

energy flows into the antenna. This is 
true for base and mobile antenna sys-
tems. 
Keep in mind, however, that the 

matcher does nothing if the system is 
matched to begin with, for it cannot 
improve what is already optimum. You 
know it will work for you if, (a) add-
ing a 1/4 -wave ength section changes the 
SWR reading and, (b) if the transmis-
sion line is a half-wavelength or multi-
ple. You must have both conditions. 
If you use a matcher, the transmis-

sion line is measured from the output 
of the matcher to the antenna, with the 
SWR meter between the transmitter and 
the matcher—using short connecting 
cables as shown in Fig. 26. If you can 
set up this type of installation after you 
have adjusted the antenna system for 
minimum SWR, adjust the matcher for 
minimum SWR between the transmitter 
and matcher (which will usually also 
correspond to maximum forward poArer 
output). 
And Then Modulation. Your final ad-

justment is the modulation. All CB rigs 
will work if you talk into the mike, but 
the clarity of the modulation will be 
determined by the overall microphone 
gain built into the transceiver. Too 
much gain and you get distortion, even 
with so-called compressors, for they 
have an optimum working range. Some 
CB rigs do not have modulation limit-
ing, and too high a voice level produces 
excessive distortion. Too low a voice 
level will barely be heard. Somehow, 

somewhere, borrow a modulation meter 
—it doesn't have to be laboratory grade. 
Hold the mike in your normal position 
and speak in a normal voice. Is the sig-
nal less than 100 percent modulated? If 
so, either raise your voice level or use 
an amplified mike (sea next caution.). 
If the 'meter indicates 100 percent mod-
ulation try lowering your voice. Does it 
still indicate 100 percent modulation? 
Reduce your voice level still further. If 
a whisper still produces 100 percent 
modulation you can be certain the dis-
tortion at normal voice level will turn 
your signal into hash or mud when it's 
coming in just above the noise level. 
Have a technician reduce the overall 
microphone sensitivity so your normal 
voice level just about produces 100 per-
cent modulation on peaks. If your rig 
has a built in compressor, "range boost-
er," talk power booster," or some such 
similar compression device, you'll find a 
moderate to loud voice level will give 
100 percent modulation. This is normal. 
You have problems only when you 
must shout or whisper for 100 percent 
modulation. 
The Last Word. This in-depth article, 

while giving you all you need to know 
about citizens band radio theory, is, at 
the same time, not the whole story of 
CB. No one article could ever hope to 
satisfy the avid CBer, and something 
new is happening in CB every day. So 
for the latest CB info, for a wealth of 
CB transceiver test reports, for a bonus 
copy of the completely updated FCC 
CB rules and regs, and for much, much 
more, watch for the 1976 CB YEARBOOK 
on your newsstand. And keep up with 
CB in the pages of ELEMENTARY ELEC-
TRONICS every issue!  • 

Don't sit back...REACT! 
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Inside AVE 
A W ORLD 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 to 
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 
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. I. 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-

RADIO CARRIER 

TRANSMITTER 

STRONG 

RECEIVER 
DIODE 
DETECTOR 

DIODE 
LOAD 

AVC 
FILTER 

AVC VOLTAGE 

WEAK 

MODERATE 

STRONG 

-2VDC 

-4VDC 

-8VDC 

Fig. 1. Diode detector develops AVC voltage in typical tube-type receiver. For 
simplicity's sake, carrier is shown unmodulated but is assumed to originate in 
three fixed levels, 

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 
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 

Fig. 2. Some receivers—this Hammarlund, 
for one—permit operator to control 
AVC rate. 
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Fig. 4. As in tube sets, AVC in solid-state 
circuit is tapped from diode detector. 

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. I, 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 
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 flaw in either direction, 
depending on whether an npn or a pnp 
transistor is beirg 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 showr 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 :he negative direction. 
This indicates al 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 
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 

tiescribed to this point works well for 
table and other consumer type rtidios. 
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. 
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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. 
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A scope's-eye view of AVC: actual photos of oscilloscope screen reveal role of 
AVC in receiver circuit. AVC is best defined as DC voltage which varies in 
accordance with strength of RF carrier. 

FILTER HORIZONTAL  \ PICTURE 
PULSE MODULATION 

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. 

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 
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 
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. 

How Squelch Works 
El You W ON'T  FIND  a knob marked 
"Squelch" on your AM radio or TV set. 
But just about every CB receiver now 
manufactured sports one of these handy 
controls. The reason is that squelch can 
silence static that's heard in a speaker 
when no signal is being received, mak-
ing it the greatest boon to noise-pollu-
tion elimination since the invention of 
ear muffs. Only an incoming message 

trips the squelch noise mask so you're 
spared the static crashes, atmospherics 
and other electronic egg-scrambling dur-
ing standby periods. Why is no squelch 
needed for regular radio or TV? Unlike 
mobile communications, the incoming 
signal is constant, so steady broadcast 
signals keep the receiver free of back-
ground noise. 
And that's the starting point for un-

derstanding how a squelch circuit func-
tions.  The  receiver can  sense  the 
presence of a signal, then automatically 
control the audio stages. As we'll see, 
squelch can also work the other way— 
sense the noise or static—and similarly 
regulate  the  audio.  Finally,  there's 
"tone" squelch, sometimes termed "se-
lective call." In this specialized circuit 
not only is noise silenced, but also the 
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Fig. 1. Dotted lines on typical CB block diagram trace path of AVC voltage fed 
back to RF amp to control sensitivity and to squelch amp to open audio amp. 

stations on the channel you don't wish 
to hear. 
Stealing AVC. Simple squelch cir-

cuits are little more than electronic 
switches tripped by the receiver's AVC 
(automatic volume control)  voltage. 
The overall idea is shown in the block 
diagram of Fig. 1 which represents a 
typical CB receiver. An incoming sig-
nal from the antenna passes through 
various stages until it reaches the de-
tector where it's converted to audio. In 
the detector, too, a portion of the car-
rier signal (which is AC) is converted 
to DC by a diode rectifier. Since the 
DC signal will vary in strength with 
the carrier, it's used to protect the re-
ceiver against overload or excessive vol-
ume changes. This is the AVC voltage 
and, as shown by the dotted line in 
Fig. 1, is fed back to earlier stages in 
the receiver. If an incoming signal rises 
in strength, AVC is returned in a direc-
tion which reduces the RF (and some-
times the IF) amplifier gain. 
If there is no signal in the receiver, 

there is no AVC voltage. Why not use 
AVC to directly control—or squelch—the 
audio along with earlier RF receiver 
stages? Squelch is, in fact, a brand of 
automatic volume control. The pitfall in 
using AVC directly to develop squelch 
action is that AVC changes too gradu-
ally, and over too limited a range. For 
squelch to do its assigned job, it should 
create an all-or-nothing effect on audio. 
Thus, AVC may start squelch action, 
but additional stages are needed to im-
part the snap. 
As seen in the block diagram of Fig. 

1, this will occur in a "squelch" stage 
connected to AVC voltage, and also to 
the auaio amplifier to be. controlled. 
Let's trace how a typical squelch cir-
cuit might appear in both tube and 
transistor CB receivers. 
Bottled Squelch. A tube variety is 

shown in Fig. 2 and its operation boils 
down to this: AVC voltage is greatly 
boosted by an amplifier, then the mag-
nified voltage controls the grid bias of a 
regular audio stage. Since AVC ampli-
fied voltage now swings over a much 
larger range, the audio tube switches 
briskly on and off. Let's trace it in some 
detail in Fig. 2. First, there's the con-

ventional audio amplifier shown con-
nected to the detector. Since all audio 
signals must pass through it, the ampli-
fier handily serves as a controlled stage. 
The other stage (near the bottom of 
the diagram) is the squelch control, 
nothing more than a DC amplifier. Note 
that the tube grid of the squelch con-
trol is operated by AVC voltage—and 
that the plate of this stage also connects 
upward to the arid of the audio am-
plifier. 
Circuit action mainly occurs at the 

variable resistor which serves as the 

cuts off any audio amplification through 
the stage. So the speaker is effectively 
silenced. 
Now to see what happens when a 

signal arrives and trips open the squelch. 
Since an incoming carrier produces neg-
ative AVC voltage, it also cuts off cur-
rent flow through the squelch tube. This 
kills the voltage drop across the squelch 
variable resistor and that 80 volts shown 
jumps up to 100 (the supply voltage). 
Since the controlled audio stage also 
receives 100 volts on its grid, that high 
negative bias developed earlier disap-
pears. This places both grid and cathode 
at 100, so the grid bias now drops to a 
relative value of zero volts. The audio 
stage can now amplify and the receiver 
is unsquelChed. 
For the system to operate properly, 

you must set a squelch with care. Tt:e 
usual problem results when the knob is 
set too high and weaker stations cannot 
activate the squelch. As you can see in 
Fig. 2, a high setting could place the 
audio grid too far into the negative re-

Fig. 2. In tube-type CB rig, change in AVC voltage (when carrier is received) lowers 
voltage across iquelch control, opening audio clamped by higher voltage. 

squelch adjust (a frpnt-panel knob). As 
you can see, a valtage of 80 is at one 
side of the resistor, while 100 appears at 
the opposite end. The reason for the 
drop is current flowing through the 
squelch control tube. Assume there's 
no negative AVC voltage on the control 
tube grid; the resulting tube current 
flow produces the 20-volt drop shown 
across the variable resistor. The voltages 
are next applied to the audio amplifier. 
Note that 100 volts go to the tube 
cathode and 80 to the tube grid. 
This set of voltages cuts oll the audio 

amplifier completely—no audio signals 
can pass. The reason is, the tube is now 
experiencing a relatively high negative 
grid bias. How does a negative charge 
develop from +80 and +100? It appears 
because grid voltage is always measured 
with relation to the cathode. Thus, if 
the cathode operates at +100 volts, and 
the grid at +80, the grid will appear to 
be relatively 20 volts negative. This is a 
substantial amount of grid bias and it 

gion and prevent the receiver from un-
squelching except for strong signals. 
The technique for adjusting a squelch 
is to wait until no signal is being re-
ceived, then rotate the knob until the 
background noise just disappears. 
Transistorized, Tool The solid-state 

version of a squelch circuit is shown in 
Fig. 3. The idea in this circuit is based 
on the forward and reverse character-
istics of a silicon diode we call the 
squelch diode. When the diode is biased 
in the reverse direction, it presents an 
extremely high internal resistance and 
blocks the flow of audio between the 
detector and following audio stages. 
Consider, first, how the receiver is 
squelched during a no-signal period. 
Note that the squelch diode in Fig. 3 Is 
receiving two voltages (besides the au-
dio from the detector). The one from 
the left is control voltage tapped from 
the collector of an IF amplifier stage. 
This transistor not only operates as an 
IF amplifier, but also serves to drive 
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Fig. 4. Most sophisticated squelch: noise-operated rather than carrier derived. 
Filter separates white noise from other noise to develop squelch volts. 

the squelch circuit (much like the 
squelch control tube did earlier). When 
no signal is received, collector current is 
high in that stage, and a corresponding 
voltage drop occurs across resistor R 1. 
A sample of this drop is fed back to one 
side of the squelch diode for biasing. 
Notice that a second bias voltage also 
reaches the diode from the squelch ad-
just potentiometer. The net effect of 
these connections is a reverse-bias con-
dition on the diode; the control voltage 
makes the cathode relatively positive 
with respect to the anode. Now the 
speaker is silent since nothing can get 
through the audio section. But when a 
signal enters the receiver, the IF ampli-
fier conducts less current (because AVC 
voltage is being developed) and the col-
lector voltage drop across R1 is great-
ly reduced. This makes the squelch di-
ode relatively negative on its cathode— 
causing a forward bias condition. The 
diode's resistance plummets and the re-
ceiver is opened up for audio. 
These squelch circuits are common 

in CB equipment and they do the job. 
But as the clerk in the discount store 
says, as you examine a sale-priced item, 
"Let me show you something better!" 
In the more expensive communications 
gear, the squelch will act snappier and 
have a more sensitive threshold for 
awakening on weak signals. 
Noise Is Nice? One of the deluxe 

squelches is the "noise-operated" type. 
Circuits described earlier are carrier-
derived, but a noise-derived system is 
more sophisticated. As shown in Fig. 
4, the action begins by tapping a sam-
pling of signal from one of the IF stages 
in the receiver. Assume at this time that 

no station is being received so the sig-
nal is only atmospheric noise or other 
background static. This is fed down to a 
filter which sharpens the response to 
the steady "white" noise component 
rather than the clicks, clonks or other 
transients that might trip the squelch at 
the wrong time. The noise amplifier, as 
the name implies, boosts the noise level 
to a working value. Notice that the 
manually-adjusted squelch potentiome-
ter is also at the input to the stage. It 
allows the operator to choose the op-
erating threshold of the circuit. 
Next, the amplified noise signal is 

rectified by a diode acd smoothed to 
pure DC so it can exercise circuit con-
trol (as AVC did in the simpler squelch-
es). But first the DC is applied to a 
switching transistor to obtain the neces-
sary snap-action. The switching transis-
tor stage is little more than a conven-
tional amplifier, but with almost no bias 
on its base terminal. This causes the 
transistor to operate wide open and 
saturate rapidly on an input signal. The 
result of the DC signal, therefore, is a 
rather high positive voltage at the out-
put of the switching transistor (at the 
emitter). This is sent up to the audio 
section as the control voltage and the 
stage is clamped shut . . . nothing can 

be heard in the speaker. When an IF 
signal arrives due to a transmission from 
a CB rig, however, white noise disap-
pears, no DC occurs, and the audio 
stages are released for amplification. 
As you can see, the noise-operated 

squelch has more stages than simpler 
versions, but its excellent control action 
has led to wide application in higher-
priced equipment. You can set the 
squelch to awaken these receivers on 
weak signals. 
Selective Call. Squelch circuits may 

silence a speaker between incoming calls 
but they're non-selective. You hear not 
only your own units, but anyone else 
who happens to speak on the same 
channel. Where CB is used in a busi-
ness establishment this can prove dis-
tracting to office workers. They'll hear 
every bit of chit-chat on the channel. 
They may be cured by the specialized 
squelch known as selective call. It re-
lies on a tone-code signal sent by the 
calling station, and a special decoder in 
the receiver to activate the audio stages. 
The  most popular technique  for 

achieving selectivity is shown in Fig. 
5: the reed relay. The reed is a short 
strip of metal which resembles, and 
behaves like, the reed of a harmonica. 
Its valuable quality is that when it's set 
into motion (plucked), the reed vibrates 
very precisely on one resonant frequen-
cy, usually a few hundred hertz per 
second—a tone you can hear. How it 
operates is shown in the simplified dia-
gram of Fig. 5. All incoming audio— 
noise, voice, etc.—is applied to the relay 
coil where turns of wire change the 
audio currents into corresponding mag-
netic fields. Poised just above the coil 
is the metal reed which starts to vibrate 
under the pull of various magnetic fields 
from the coil. The total movement, how-
ever, is not sufficient to cause the reed 
to strike the lower contact connected 
to the B+ voltage. But when a station 
sends the correct tone, the reed com-
mences to vibrate at its resonant fre-
quency. Motion is so great that the reed 
repeatedly strikes the lower contact 
and sends pulses of B+ voltage down to 
the charging capacitor. There the pulses 
are stored and shaped into a steady DC 
control signal which fires (turns on) 
the control stage. The audio amplifier 
is now activated and the calling unit 

VIBRATING REED 
8+  LOWER 

CONTACT 
AUDIO 

CHARGING CAPACITOR 
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Fig. 5. Tone squelch, also called selective call, employs discrete tone signals 
to trigger squelch. By coding two or more tones, selective call is established. 
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is heard. Only one reed is shown here, 
but in practical circuits it usually takes 
a combination of two reeds to create a 
code that won't cause false responses 
when the band is crowded with hetero-
dynes that could simulate a single cod-
ing tone. 

Similar circuits find their way into 
other applicatio is. If you're watching a 
black-and-white movie on a color TV 
set, you won't be dkturbed by a shower 
of colored confetti. Color receivers have 
a "color killer" which squelches any 
chroma feedthrough during B&W re-

ception. And if you tune a recent FM 
stereo receiver, chances are you'll hear 
no noise between stations as you tune 
thanks to another squelch-type circuit. 
Squelch is working all out for you when 
you hear nothing! Just be sure that 
your receiver is not turned off! 

Single Sideband 
ASK ALMOST ANYONE in Citizens 

Radio what the maximum transmitter 
power is and he'll say, "Five watts." 
And the number of CB channels as-
signed by the FCC is, as everyone 
knows, 23. Yet an increasing number of 
manufacturers are talking about trans-
mitter power well over 5 watts and rigs 
that communicate on 46 channels! Is 
this a case for the Better Business 
Bureau? Not at all, since there's truth 
in all these claims. The reason is a spe-
cial method of transmitting and receiv-
ing known as SSB, or single sideband. 
Nearly a dozen CB manufacturers now 
offer rigs that fall in the sideband cate-
gory. 
Sideband is so efficient and powerful 

that military services adopted it decades 
ago for long-distance voice transmission. 
The American Radio Relay League says 
that hams started using it back in 1933, 
and today it's the major mode for phone 
(voice) operation. Many hams, in fact, 
slyly ridicule regular AM as Ancient 
Modulation. Telephone companies have 
used sideband for point-to-point radio 
for years, and recent FCC regulations 
say that everyone on the 2-3 MHz ma-
rine band must switch to sideband 
within a few years. Citizens Banders 
got into sideband about eight years ago, 
and recently the number of CB sideband 
sets has multiplied in the marketplace, 
with an ever-increasing variety of in-
teresting features being offered. 
If sideband's so good, why doesn't 

the FCC make it the rule of realm? 
There are good reasons that delay a 
complete  changeover  from  regular 
AM to sideband. For one, sideband is 
more complex than regular AM and is 
priced higher. A sideband receiver must 
be extremely stable for good reception. 
It requires extra circuitry and controls, 
like a speech "clarifier," since side-
band is more critical to tune. Also, a 
sideband signal is not compatible; on a 
standard receiver it sounds like a dys-
peptic Donald Duck. But the benefits of 
sideband for many operators could ul-
timately  outweigh  its  shortcomings 
simply on an ability to double the num-
ber of channels that can be assigned a 
given band. There's also the sideband 
signal's excellent ability to penetrate 
interference. 

Conventional AM. To grasp the mys-
teries of sideband, begin with regular 
AM. Sideband is, in fact, a form of 
Amplitude Moiulation, but with major 
electronic surgery. Many students of 
radio have been brought up on the basic 
picture of AM shown in Fig. 1. It shows 
a radio carrie: produced by an oscil-
lating crystal, then amplified in a final 
radio-frequency stage of a transmitter. 
As the name implies, the carrier bears 
the voice or intelligence over long dis-

tances. (It takes carrier frequencies far 
higher than audio to create electromag-
netic fields that leave the antenna.) 
Note that an audio signal from the mike 
(after amplif cation) is joined to the 
carrier in the final RF stage. Since 
audio is delivered as a varying voltage 
to the tube p.ate, voice frequencies ap-
parently  cor.trol  the  amplitude,  or 
strength, of the emerging carrier. This 
creates the classic AM signal: 
Upper sideband—The audio tone and 

carrier add Cl kHz  27 MHz) and 
create 27.001 MHz, the upper side-
band; 
Lower sideband—The tone and carrier 

also subtract (1 kHz — 27 MHz) and 
create 26.999 MHz, the lower side-
band; 
Carrier—The third product is the RF 

carrier, which emerges without a trace 
of modulation on 27 MHz. 
Thus a CB rig's output is actually a 

three-part affair. The surprise, in terms 
of a conventional textbook picture of 
an AM signal, is the carrier: it contains 
none of the modulation. It is a steady-
state RF waveform which remains con-

Fig. 1. This is how AM works. 
The carrier wave, generated by 
a fixed-frequency crystal 
oscillator, has its amplitude 
modulated by the audio signal. 
The modulated carrier is 
transmitted at crystal frequency. 

slant in amplitude while the sidebands 
pulsate in step with the modulating 
signal. 
Missing Links. But that's only part of 

the picture. A closer look at an AM sig-
nal would reveal that it actually consists 
of three, not one, basic components. 
The reason is that audio within the final 
stage is actually mixing with the carrier. 
Assume, for example, that audio is a 
tone of 1 kHz (which may also be writ-
ten as .001 MHz) and this intelligence 
is modulated onto the 27-MHz CB radio 
carrier. As shown in Fig. 2, audio and 
radio mix in the final amplifier and 
three distinct signals go to the crystal 

Fig. 2. When analyzed, the AM 
signal is found to be a combi-
nation of an unmodulated 
carrier plus sidebands. The 
sideband frequencies are equal 
to the carrier frequency plus 
and minus tie audio frequency. mic 
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Fig. 3. The power distribution in an 
AM signal shows how much is wasted in 
the upper and lower sidebands. 
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Fig. 4. One sideband receives all the 
power once used by the suppressed carrier 
and the other sideband. 
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Fig. 5. This balanced modulator sup-
presses the RF carrier by cancellation 
in the plate circuit. 

that produced it. And once it leaves the 
final stage it serves no further purpose. 
It has already done its job in the RF 
amplifier—mixing with audio to create 
sidebands,  which  actually bear the 
modulation. Another surprise is that 
one sideband is also useless. Since up-
pers and lowers are mirror images of 
each other—and carry identical audio— 
one can be cast aside without losing a 

syllable. (That's why conventional AM. 
the sideband supporters say, transmits 
a lot of air pollution.) 
Puckered-Out Power. To heap an-

other indignity on old-time AM, let's 
see how much power it wastes. As 
shown in Fig. 3, if a CB transmitter is 
putting out 3 watts of RF power, then 
two watts fall to the carrier. The re-
maining watt then divides between the 
two sidebands. Thus, fully two-thirds of 
the transmitter RF power is lost. When 
the duplicate sidebands arrive at the 
receiver, they add their voltages so 
there's no power loss here. But even 
though both sidebands can be ultimately 
used in receiving, there's still a major 
disadvantage in transmitting upper and 
lower, as shown in a moment. 
Suppressing the Villains. Now take 

the array of signals and let's repackage 
them in far more efficient fashion. As 
shown in Fig. 4, the same three RF 
watts have been completely jammed 
into the upper sideband. The carrier is 
now considered suppressed, its energy 
poured into the upper sideband. Simi-
larly, the lower sideband is suppressed 

and its energy also shifted to the upper 
sideband. Now, every bit of RF wattage 
is serving the cause: to send maximum 
voice power without violating FCC 
power restrictions. Before seeing how 
this three-into-one package is created, 
note another important benefit in Fig. 
4. The signal—now single sideband—is 
far narrower than the original. It's 
about 3 kHz wide instead of 6 or more 
kHz. This is behind the claim that side-
band takes 23 channels and doubles 
them to 46. It's possible for two inde-
pendent sideband stations to operate on 
the same assigned channel; one selects 
the lower sideband as the other trans-
mits on the upper position. Since they're 
several kHz apart, there's no mutual 
interference. What's more, these sta-
tions will not produce those annoying 
heterodynes usually heard on a busy 
band. Sideband stations transmit no car-
riers to create this type of interference. 
Because of its efficiency, it's generally 

stated that single sideband will have 
about 8 times the effectiveness of an 
equivalent AM signal—and occupy half 
the bandwidth. Before seeing how the 
receiver is adapted for SSB reception, 
consider the basic transmitter circuits 
that create the sideband signal. 
Signal Splitting. A popular circuit for 

producing sideband is the "filter" meth-
od. It begins by suppressing the carrier 
in the balanced modulator stage shown 
in Fig. 5. Although there are various 
ways to construct the circuit, the idea 
is to take the carrier, which alternates 

between plus and minus, then rearrange 
it to cancel itself out. Note in Fig. 5 
that a crystal is generating the RF car-
rier and feeding it to the grids of a,pair 
of triode tubes. The key action is that 
the signal is applied in push-pull (one 
grid is driven positive while the pther 
is driven negative), much like push-
pull audio in a hi-fl amplifier. But the 
big difference is at the output connec-
tion. In conventional push-pull, the load 
is split so signals add in the output. In 
the balanced modulator, though, tubes 
are connected in parallel. The net effect 
is that each tube contributes a signal of 
opposite polarity—and the result is can--
cellation in the load. So push-pull in, 
and parallel out, phases out the carrier. 
Add Audio. Now to introduce the 

voice intelligence. Let's modify the bal-
anced modulator by adding a screen 
grid, which is a convenient point for 
introducing audio. Tracing the action 
in Fig. 6: when no audio occurs, there 
is no RF output because of the phasing-
out process just described. But start to 
speak and audio is applied to the screen 
grids. The tubes are now unbalanced 
at an  audio  rate.  Unbalance  oc-
curs as audio drives one screen more 
positive than the other, and unequal 
tube currents result. Now the RF signal 
sees an "unbalanced" modulator. This 
means the RF signal can no longer can-
cel itself completely in the output, so 
some carrier signal appears. That car-
rier, however, flows exactly in step with 
the voice, or rate of unbalance. The 
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Fig. 6. The audio signal causes 
a double sideband to appear 
in the output. The filter then 
removes one of the sidebands. 

Fig. 7. This is the type of filter used 
to remove the unwanted sideband from 
the RF output signal. 

• 
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Fig. 8. Filtering circuit uses a 4-diode balanced modulator. The RF signal is 
generated by one of the two crystals, one for each sideband. The RF is fed up to 
the center of the modulator, and phasing of the signal cancels the RF. 
But when audio is applied to the modulator, the resulting imbalance allows RF to 
appear in the output. This RF is a double-sideband signal, minus the steady 
carrier. To get rid of one sideband, the composite signal passes through the filter. 
The resulting single-sideband signal is heterodyned in the transmitter's later 
stages, up to the final operating frequency of 27 MHz. 

total effect is the appearance of the 
two RF sidebands—and a suppressed 
carrier. 
Filters. There remains another major 

step. We want single, not double, side-
band, so one sideband is passed through 
an extremely sharp filter with very high 
attenuation on the undesired sideband. 
One example is the Collins unit in Fig. 
7, an electromechanical device which 
resonates very sharply on a single fre-
quency (the desired sideband) and re-
jects the unwanted signal. Fig. 8 shows 
the actual circuitry. 
This signal processing is done at very 

low-level stages in the transmitter and 
it wins sideband's great power efficiency. 
By eliminating carrier and sideband 
early in the circuit, these unwanted com-
ponents never reach later stages for am-
plification. Only the desired sideband is 
boosted in the final tube or transistor 
and all the wattage goes into talk power. 
Receivers. A conventional receiver 

picks up sideband as sheer gobblede-
gook. The reason is that the carrier is 
missing. The detection process in any 
receiver is exactly the opposite of modu-
lation back in the transmitter, even for 
conventional AM signals. Recall that 
the carrier originally mixed with audio 
to produce sidebands. The identical mix-
ing must be repeated in the receiver to 
convert the sideband back to audio. 
Since no carrier is supplied with an SSB 
signal, the receiver must "reinsert" it 
for sideband detection. This is easily 
done by switching on the receiver BFO 
(beat-frequency oscillator), the same 
type used to make code signals audible. 
The receiver, therefore, supplies a "lo-
cal" RF carrier to beat, or heterodyne, 
against the incoming sideband. The mix-
ture of the two recovers the original 
audio frequency. It is far more efficient 
for the receiver to supply a carrier of 
a few milliwatts than to use the power-
ful, but wasteful, carrier sent with a 
regular AM signal. 
One reason why sideband is more 

difficult to tune than a standard signal 
is because of that local carrier. The re-
ceiver must supply an extremely accu-
rate frequency so sideband and local 

carrier mix to create the original fre-
quency. This is never a problem in 
regular AM because you're always re-
ceiving the original carrier (the one 
that produced the sidebands) and fre-
quency error can't occur. But the SSB 
receiver must be very accurately tuned. 
Unless you're within less than 100 Hz 
(cycles)  of  the  correct  frequency, 
speech is inverted or unintellible. Fine 
control over the local frequency is done 
with the "clarifier" knob adjusted by 
the operator. 
Another special quality in receiving 

sideband is selectivity. To fully exploit 
the system's ability to reject interference 
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Fig. 9. Single-sideband transceiver by 
Tram gives choice of either sideband on 
any Citizens Band channel. 
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and noise, a receiver must narrow its re-
sponse to signals of about 3 kHz in 
width. This is the approximate width of 
one sideband, and broader response by 
the receiver admits unnecessary noise 
and adjacent-channel interference. Such 
sharp selectivity in the receiver is usu-
ally obtained by crystal or mechanical 
filters. 
Commercial Circuits. How the Tram 

Company achieved sideband operation 
in its Titan III is shown in Fig. 9. Note 
that a knob (Receiver Mode Switch) 
on the front panel allows the operator 
to choose upper or lower sideband on 
any channel, as well as regular AM for 
transmitting to CBers not equipped for 
sideband reception. Fig. 10 is a block 
diagram a the same rig's transmitting - 
arrangemcnt for CB Channel 11. As 

shown, the carrier is generated at about 
6 MHz, then balanced out. The crystal 
filter chops away either sideband, and 
the final transmitting frequency is ob-
tained by mixing the sideband up to 
27 MHz. The reason for all these steps 
is that a sideband is easier to generate 
and filter at relatively low frequency of 
6 MHz, then boosted to the final value 
by further mixing. 
Another item peculiar to sideband 

because a carrier-less operation is the 
rating of the final power amplifier. In a 
regular CB set, output wattage is easily 
figured by measuring the voltage an4 
current in the final transmitter stage, 
then multiplying the two figures for a 
rating in watts. Sideband, however, pro-
duces an RF signal that's varying at an 
audio rate, so the method of measure-
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ment is different. It's done by using the 
peak value of signal as a reference. The 
power rating, therefore, is always great-
er than the customary five watts. It's 
always understood, though, that side-
band measurements refer only to in-
stants of peak  power.  The letters 

"P.E.P." (peak envelope power) quali-
fy the rating. 
So the next time you hear a signal on 

the air that sounds like the Martians 
have landed in Grovers Corners, N.J., 
attribute it to single sideband. It's taken 
a long time to catch on in CB, probably 

because CBers like to talk to other 
operators and sideband isn't compatible. 
Everyone has to have the same receiv-
ing capability. But the powerful boost of 
sideband, its narrower bandwidth and 
ability to cut through noise and inter-
ference should guarantee it a position 
among conventional AM sets.  • 

Facts on Frequency 
IT WAS 4:00 A.M. and the thermom-

eter read 15 degrees below zero. The 
squad car had to deliver the package 
without delay! Thanks to the flashing 
red light and the 2-kHz note screaming 
from the siren, the three miles from the 
bus terminal to police headquarters 
were covered in only 21/2 minutes. The 
chief rushed out to get the package. 
He likes his coffee hot. 
So the siren gave out a 2-kHz note. 

Is that anything like say, the 60-Hz 
current which lights a table lamp or, 
maybe, the 27.155-MHz carrier a CBer 
sends out from his 5-watt rig? The an-
swer is yes—and no! No, because the 
siren note is actually a disturbance of 
the air which surrounds the whirling 
siren. The 60-Hz current which lights 
the lamp is actually a disturbance of 
electrons in the lamp cord. And the CB 
carrier is actually a disturbance in the 
electro-magnetic field which surrounds 
the transmitting antenna. But the an-
swer is also yes because, in spite of their 
apparent differences, the siren note, the 
60-Hz current, and the 27.155-HMz 
signal all have something in common— 
the characteristic way each of these 
"disturbances" go through their vibra-
tions. 
Bouncing Air. If analyzed scientifi-

cally, each type of disturbance is seen 
to be a repetition of identical actions. 
When the siren gives out a constant 
howl, tiny air particles are forced to 
collide and spread apart—in steady 
rhyhm. If the howl is a 2-kHz note, 
the colliding and .spreading takes place 
2000 times a second. Although the in-

dividual air particles move hardly any 
distance at all in their back and forth 
motion, the rhythmic collisions of these 
particles radiate from the siren in all 
directions, from particle to particle. 
This radiation is, of course, "sound" 
and travels through air at a speed of 
about 1100 feet per second. 
Bouncing  Electrons.  Alternating 

current flows back and forth through 
a wire because electrons, in varying 
quantities, are made to push one an-
other first in one direction and then the 
other—in steady rhythm. If this AC is 
60-Hz current, such back and forth mo-
tion takes place 60 times a second. The 
individual electrons don't move very 
far along the wire in either direction 
but their "bumping" travels through the 
wire at a speed of almost 186,000 miles 
per second. Naturally, this bumping ac-
tion is made to change directions in 
step with the electrons that cause it. 
Bouncing Fields. Basically, a radio 

signal is a disturbance in which the 
electric and magnetic fields surrounding 
a transmitting antenna are distorted, 
first in one direction and then the other 
—in steady rhythm. If this signal is a 
27.155-MHz CB carrier, these fields are 
forced to change direction 27,155,000 
times a second. This rhythmic, field-
reversing action radiates from the an-
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Whether you're trying to 
graphically picture ripples on 
a sylvan pond, or the unmodu-
lated carrier of a Citizens 
Band RF voltage, the familiar 
sine wave is all you need to 
draw. All sine waves have peaks 
culminating in "maximum 
forward" points and "maximum 
negative" points, each occurring 
once each cycle. 

TIME 

tenna at the speed of light, 186,000 
miles per second. 
Feel the Vibrations. Now—it's the 

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

. scribe  how  each  disturbance  goes 
through its vibrations, let's use a help-
ful mathematical tool—the graph. The 
ancient Chinese said that a picture is 
worth a thousand words and that's 
exactly what a graph is and it's worth. 
More important, a graph provides us 
with a lasting picture, a permanent rec-
ord, of how these vibrations change 
their speed and direction. 
Our graph is set up in the usual man-

ner. First there are the two reference 
lines, the "vertical axis" and the "hori-
zontal axis." In our graph, the horizon-
tal axis is made to show the passage of 
time. How the vertical axis is used de-
pends on which type of -disturbance we 
are portraying. For the 2-kHz siren 
note, the vertical axis is made to mea-
sure how far each air particle moves 
during its back-and-forth motion. For 
the 60-Hz AC current, the vertical axis 
measures how many electrons are in 
mass movement along the wire during 
their forward-and-reverse motion. As 
for the 27.155-MHz signal, this axis 
tells how much and in what direction 
the electric and magnetic fields are be-
ing distorted. 
So much for the preliminaries. Next 

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

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

we have been discussing is something 
very special! It is fundamental to many 
different areas of science and engineer-
ing. It is the famous sine curve. The 
current leaving a simple AC generator 
varies according to a sine curve. So does 
the output of a vacuum-tube or tran-
sistor oscillator in an AM radio. Even 
the pendulum on a grandfather's clock 
swings back and forth in accordance 
with a sine-curve pattern. 
But it must be understood and under-

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

ics must not be misled because of this), 
there are sine-curve relationships in 

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

point, the true meaning of "frequency" 
should become clear. It doesn't matter 
if we are talking about sound waves, 
AC current, or radio carriers. Fre-
quency is the number of times these 
various disturbances repeat their vibra-
tions during one second. From a graphi-
cal standpoint, frequency is the number 
of times each complete cycle of sine 
curve is repeated during one second. 
Either way you look at it, frequency 
can be classified by its number of "cy-
cles per second." As everyone should 
now know, however, this once common 
designation for frequency has been re-
placed by, si-nply, "hertz" (Hz) in 
honor of that great German scientist of 
the Nineteenth Century, Heinrich Hertz. 

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

disturbances really so different from 
each other?  (After all,  electronics 
wouldn't be electronics without sound 
and radio signals!) They are different, 
but not as much as you would think. 
With the aid of a "transducer," one 
type can be transformed into another! 
Thus, 1 a microphone will change 2-kHz 
sound waves into 2-kHz alternating cur-
rent in a wire. A loudspeaker will change 
the AC back into sound waves. A re-
ceiving antenna will change 27.155-
MHz  electromagnetic  energy  into 
27.155-MHz alternaiing current (AC) 
in a wire (the antenna feedline, that is). 
A transmitting antenna will make the 
opposite change. 
That's it. If the interrelation between 

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

Oscillating A mplifiers 
O As ANY SLIGHTLY CYNICAL experi-
menter can tell you, if you want an 
oscillator, build an amplifier—it's sure to 
oscillate. Conversely, if you want an 
amplifier, (this same cynic will tell 
you), build an oscillator—it's sure to fail 
to oscillate, and you can then use it as 
an amplifier! This is well known as a 
corollary to Murphy's famous law, "If 
anything can go wrong—it will!" 
Our informed cynic must have had 

long and unhappy experience with neg-
ative-feedback amplifiers, which are 
known to have at least two outstanding 
characteristics: 
1. They function beautifully if care-

fully designed and built. 
2. Otherwise, they oscillate! 
Why do they oscillate? Or, more ba-

sically, how does a feedback amplifier 
differ from an oscillator? 

The fundamental block diagrams of 
an oscillator and an amplifier with feed-
back bear a st:-ong resemblance to each 
other, as you can see from Fig. 1. From 
a block diagram viewpoint, both dia-
grams are ye." similar. Both contain 
some type of amplifying device, and 
both have part of their output signal 

fed back to their input. There are only 
two major differences between them: 
1. The amplifier with feedback con-

tains an inverting amplifier; the oscilla-
tor contains a non-inverting amplifier. 
2. The oscillator doesn't have an in-

put. 
The circuit action obtained from 

Fig. 1 
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these two circuits is entirely different. 
In the amplifier with feedback, the out-
put waveform is upside down with re-
spect to the input, so when it is fed 
back to the amplifier input, it cancels a 
portion of the input waveform. The 
output is therefore less than it would 
be without feedback. See Fig. 2. 
The feedback signals from inverting 

amplifiers are not "in phase" with the 
input signal and subtract (or reduce) 
the input signal level to the amplifier. 
When a feedback signal does this, it is 
called negative feedback. 
So Why Negative Feedback? Of 

course, if you merely want the biggest 
possible gain for your money, negative 
feedback's not your game. However, 
negative feedback offers other advan-
tages, which can be summed up by 
saying  that the  amplifier's  output, 
though smaller, is always nearly con-
stant for the same input signal. For ex-
ample, if the amplifier weakens with 
age, and the output tries to drop, there 
is less signal to be fed back; hence there 
is less cancellation, and the output is 
restored almost to its former level. Sim-
ilarly, if you feed a high-frequency sig-
nal through the amplifier—so high in 
frequency that the amplifier can barely 
amplify it—the resultant drop in outpiit 
rdduces the fed-back voltage, produces 
almost no cancelling feedback signal, 
and keeps the output nearly the same 
as it was at lower frequencies. More-
over, any clipping or other distortion 
of the waveform inside the amplifier 
produces an output waveform which 
does not match the input; hence the 
non-matching part is not cancelled, and 
the distortion is removed, or at least 
greatly reduced. Without this action, hi-
fi amplifiers would not exist. 
So the loss in output you obtain from 

negative feedback rep'ays you by pro-
viding less distortion, better long-term 
stability, and better frequency response 
—that is, the best and most uniform 
output in response to all input frequen-
cies. 
On the Flip Side. The oscillator, on 

the other hand, is not supposed to give 
the best output from all input frequen-
cies, but is instead made to give an out-
put at a single frequency—with no in-
put at all. It's not surprising that the 
opposite type of internal amplifier (non-
inverting) is used to obtain this op-
posite result. See Fig. 3. 
In the oscillator, any output at all 

(probably the result of some random 
noise in the internal amplifying device) 
is fed back, non-inverted, to the input, 
where it does not cancel but instead 
serves as the signal at the input. This 
feedback signal causes an even larger 
output, which results in an even larger 
signal fed back, further reinforcing the 
input signal, and so on. 
You guessed it—this type of feedback 

signal is commonly referred to as posi-
tive feedback. In theory, the output 
waveform should continue to get larger 
forever. In practice, the amplifier is lim-
ited in the maximum size of the signal 
it can deliver, so the output waveform 
stops growing in this amplitude. As it 

stops to grow, so does the positive feed-
back signal. Now the signal reduces 
rapidly and the positive feedback sig-
nal lends a hand until the signal can 
get no lower. This is the beginning of 
the first cycle of many to follow. 
All well and good, you say, but if 

the major difference between feedback 
amplifiers and oscillators is the invert-
ing or non-inverting nature of their in-
ternal amplifiers, why does an amplifier 
sometimes oscillate? What turns an in-
verting amplifier into a non-inverting 
one? 
To answer this question, first observe 

that an inverting amplifier, in passing a 
sine-wave signal, effectively shifts the 
signal's phase by 180° as shown in Fig. 
4. We say effectively, because it doesn't 
really shift the timing by delaying the 
signal (which is what a real phase-
shifter does) but, by turning the signal 
upside down, the amplifier makes it 
look like a signal which has been de-
layed (phase-shifted) by 180°. 
A real phase-shifter, on the other 

hand, is normally nothing but a fistful 
of judiciously connected resistors and 
capacitors (and, sometimes inductors) 
which can be designed to give a 180° 
phase shift at a single frequency, such 
as 1,000 Hz, for example. In contrast 
to an inverting amplifier, it provides this 
phase shift by actually delaying the 
signal. See Fig. 5. 
What happens if we combine, an in-

verting amplifier and a 180° phase-shift-
er? Take a look at Fig. 6. 
This combination will shift the phase 

of a given frequency by a total of 360° 
(an entire cycle) so the output is iden-
tical to the input. In effect, this corn-
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bination (at 1,000 Hz) will behave the 
same as a non-inverting amplifier. See 
Fig. 6. 
Therefore, if we build a feedback am-

plifier which contains the normal in-
verting amplifier but also (inadvertent-
ly) contains a 180° phase-shift network, 
the resultant circuit will oscillate at the 
particular frequency, (1,000 Hz in the 
figure) for which the phase-shifter pro-
vides 180° phase shift. See Fig. 7. 
How can one "inadvertently" make a 

phase-shifter? It's easier than you might 
think. The circuit shown in Fig. 8A will 
provide 60° phase shift at 1,000 Hz. 
Three such networks connected in a 
"ladder" (see Fig. 8B) will proved 3 x 
60° = 180° of phase shift. (But not at 
1,000 Hz. Because of the way the net-
works load each other, the 180° shift 
occurs at 707 Hz. However, if an am-
plifier were located between each net-
work, then the amplifier will oscillate 
at 1,000 Hz.) This network, if dropped 
into a normal feedback amplifier cir-
cuit, will convert it to an oscillator. 
This circuit (Fig. 9) is known as a 

phase-shift oscillator and is widely used 
in electronics. 
Of course, when you set out to build 

a phase-shift oscillator, you deliberately 
insert a phase-shifter to make the circuit 
oscillate. How could one ever inadvert-
ently place such a circuit in a feedback 
amplifier, thereby producing unwanted 
oscillations? 
Phase-shift circuits can "hide" within 

an amplifier, posing as other circuits. 
For example, vacuum-type amplifiers 
often have grid circuits arranged as 
shown in Fig. 10A. Does that resistor/ 
capacitor circuit look familiar? In form, 
it's just like the phase-shift circuit 

above. And transistor amplifier circuits 
often take the form shown in Fig. 10B. 
Again, the coupling/biasing network 

looks just like the basic phase-shifter 
network. At some frequency, this net-
work will provide 60° of phase shift. If 
we use three su:h identical networks in 
a three-stage anplifier we have a 180° 
phase-shift network "buried" inside the 
amplifier, masquerading as three normal 
coupling networks. If this three-stage 
amplifier is used as part of a feedback 
amplifier arrangement,  the  amplifier 
will oscillate at some frequency, and 
be quite useless for the purpose for 
which it was intended. 
More Trouble. This is not the only 

way an amplifier can get into trouble. 
There are other types of phase-shifters 

than can creep into amplifiers, unrecog-
nized, and drive the unwary experiment-
er up the nearest wall. This circuit 
(shown in Fig. 11A) can also produce 
a phase-shift of 60° at 1,000 Hz. Three 
of them, can produce the 180° phase-
shift required for oscillation. See Fig. 
11B. This particular network can in-
vade amplifiers in an even more insidi-
ous fashion. The "masquerading" part 
of the circuit is shown heavy in Fig. 
11C. The .dotted capacitor doesn't ap-
pear physically in the circuit, because it 
is the so-called "stray capacity" associ-
ated with wires, sockets, terminals, etc. 
Three of these circuits hiding in an am-
plifier, can produce an unwanted oscil-
lation. See Fig. 12. Since the stray ca-
pacities are so small, this "osc-plifier" 
will oscillate at a very high frequency; 
often so high that it is undetected as an 
oscillation. However, such oscillation 
can make an amplifier behave erratical-
ly; sometimes distorting, sometimes not; 
sometimes overheating, sometimes not. 
Fig. 7 and Fig. 12 have a lot in com-
mon. 
Are feedback amplifiers the only cul-

prits in this oscillating-amplifier busi-
ness? Absolutely not! Often, so-called 
"straight"  amplifiers—with  no  inten-
tional  feedback—will  gaily  oscillate 
away. But watch that word intentional. 
Close inspection of these misbehav-
ing circuits usually uncovers an unin-
tentional feedback path hiding within 
the amplifier. Consider the innocent-
looking circuit in Fig. 13. This is an 
ordinary two-stage amplifier, obviously 
assigned the task of converting a small, 
positive-going signal into a large, posi-
tive-going signal. To help it along, the 
designer has even provided a decoupl-
ing network, RI and Cl. At high fre-
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Fig. 9 

INPUT  OUTPUT 

quencies, C 1 acts like a short circuit, 
effectively isolating (de-coupling) the 
amplifier's power bus, Ecc 4-, from the 
main power bus, Ecc  But, at low 
frequencies, the capacitor acts like an 
open circuit—it just isn't there! A small 
part of the output voltage now appears 
across RI, and is coupled through the 
amplifier's power bus back to the input, 
arriving there with the same polarity as 
the normal input. True, the signal un-
intentionally fed back isn't very large, 
because the unintentional feedback path 
provides substantial losses for this stray 
signal. For example, the signal may ar-
rive back at the input 100 times smaller 
than it was at the output. However, if 
the amplifier has a gain of 101, it makes 
an even larger output signal out of the 
fed-back signal, which then is fed back 
as an even larger voltage and oscillation 
begins. 
Careless construction can get you 

into trouble, too. The amplifier shown 
in Fig. 14 is trying to convert a 10-
millivolt input into a 200-ma signal 
needed by the load, R2. The builder has 
tied all ground returns to a heavy 
ground bus, and returned this bus to 
ground at only one point. Unfortunate-
ly, that single ground wire has to carry 
both the tiny input signal and the large 
output current. And, since every wire 
has some resistance, the actual circuit 
includes an 0.06-ohm resistor that does 
not appear in the original construction 
schematic diagram, but must be con-
sidered and is shown in Fig. 14. 
Again, an uninvited, unintended feed-

back path has appeared, coupling the 
output hack to the input. In the sketch, 
the  large  output  current,  flowing 
through the tiny ground-lead resistance, 
produces a voltage which is even larger 
than the original input voltage. And, 
since this voltage is also connected to 
the input (through the bias resistor 
R3), the fed-back voltage appears unin-
verted (and uninvited!) at the input, 
and will cause the amplifier to oscillate. 
What is to be done to convert these 
oscillators back into well-behaved am-
plifiers? 
The general rule is divide and con-

quer. In the example just above, we can 
conquer the oscillation by dividing the 
ground returns, making sure that the 
high-current output circuits and the 
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sensitive input circuits have their own 
private and individual paths to the pow-
er supply. See Fig. 15. 
Short leads to the input connector 

are also helpful in squashing oscilla-
tions. 
The  misbehaving  decoupling  net-

work, RI and C2 in Fig. 13, can also be 
brought under control by dividing the 
network into two decoupling networks 
as shown in Fig. 16 below. 

The stray capacities causing the un-
welcome phase shifter to hide in the 
best divide-and-conquer approach to this 
amplifier are harder to exorcise. Your 
amplifier is to put feedback around 
only a pair of stages instead of three or 
more. This way, there are only two 
pairs of stray Rs and Cs lurking in the 
amplifier, and it takes at least three such 
pairs to make an oscillator. 
The coupling capacitors, which com-

bined to make a phase shifter in the 
very first example, can be prevented 
from ganging up on the amplifier and 
making it oscillate by making the prod-
uct of each capacitor times its associa-
ted resistor (called the "RC product") 
5 or 10 times larger or smaller than 
the other RC products. For example, 
in a three-stage feedback amplifier 
which has all its base resistors the same 
values, you could make the three coupl-
ing capacitors 2 uF, and 10 uF, and 

50 uF, respectively. Again, you have di-
vided the coupling capacitors into three 
widely-separatec values, and conquered 
the oscillation. 
All three problems and solutions are 

by no means a comprehensive list of all 
the ways an amplifier can get into trou-
ble, nor of all the tricks of the trade 
that can be used to bail them out. For 
that matter, we've said nothing at all 

about the opposite problem—how to per-
suade a balky oscillator to "take off" 
and do its thing. But we've said enough 
to indicate that the cynic mouthing 
Murphy's law would be well-advised to 
look to his basic theory and construc-
tion, because both amplifiers and oscil-
lators answer to certain basic circuit 
laws, and will behave themselves impec-
cably if those laws are not violated. • 

Taking the Ga mble Out of Gain 
fl GAMBLERS AND AMPLIFIERS have one 
thing in common: their goal is to get 
more out than is put in. But, while suc-
cessful gambling requires the smiles of 
Lady Luck, amplification is not a mat-
ter which should be left to chance. All 
too often, however, amplifier circuits are 
used whose actual gain is a complete 
unknown until the circuit is actually 
built and tested.  • 
And gain is not the whole story. The 

bias, or DC operating point, must also 
be known and predictable, or the ampli-
fier may clip and distort the signal it is 
passing. In extreme cases, it will fail to 
pass a signal at all. Again, we often see 
amplifier circuits whose DC operating 
points are left to chance, or are "tweak-
ed" into place only after the circuit is 
built and fails to operate correctly. 
Such gambling with gain and bias is 

unnecessary. Very simple and straight-
forward methods can be used to pre-
dict the gain and DC operating condi-
tions of an amplifier, making its be-
havior a matter of logic, not luck. 
These techniques succeed because they 
make the gain and DC operating points 
depend upon resistor values, which are 

predictable, instead of depending upon 
transistors and ICs, which are notori-
ously unpredictable, even at the present 
state of the art. 
In the following paragraphs, we shall 

give examples of both long shots and 
ssure things in the amplifier world, and 
show how to convert a long-shot risk 
into a much more reliable amplifier. 
Russian Roulette Special. If you 

like to gamble, the circuit of Fig. I will 
give you a lot of gain—if it works at all! 
But even if you get it working, the first 
hot day may send it into raspy distor-
tion as the hot transistor shifts its DC 
operating  point,  brutally  destroying 
your clean hi-fl signals. And even if 

you can get it to keep its cool, you will 
find that the resistor values shown won't 
work if you change transistors, or if 
you try to build another identical cir-
cuit. In brief, this circuit requires, first, 
that you hand-tailor it to fit each and 
every transistor, and second, that you 
keep the circuit's transistor cool. 
So in spite of the high gain available 

from this circuit, it represents a bad ; 
gamble—a real long shot—because it 
may not work at all, or it may work 
one day and not the next, or it may 
work with one transistor and not an-
other. Even if Lady Luck smiles on you 
and the circuit works, you cannot read-
ily predict how high the gain will be. 

Fig. 1. This circuit is not too 
hot because even if you get it 
to keep its cool, replacing 
resistor R1 is necessary when 
you change the transistor. The 
author calls this circuit the 
"Russian Roulette Special." 
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risk somewhat by following the step-by-
step design arrangement given below: 

1. Choose your power supply voltage. 
In Fig. 1, we chose 20 volts, a good 
round number. For most transistors, 
values below 2 volts will, make for a 
difficult design. In no case should the 
voltage chosen be greater than the 
value given in the transistor data for 
BVceo (Breakdown Voltage; Col-
lector-to-Emitter, with the remaining 
electrode (base) Open). 
2. Second, choose the current desired 
in the transistor. For economy, espe-
cially for battery operation,  this 
should be as small as possible. How-
ever, many small transistors do not 
operate well below 0.5 milliampere; 
often the transistor databook will in-
directly recommend a current by say-
ing something like "Beta (or hfe) is 
35 at Ic = 2 mA." This is a broad 
hint that the particular transistor type 
you're considering has been manu-
factured to work best at 2 mA. Under 
no circumstances should you choose 
the current value given under "Maxi-
mum Ratings." This is the red-line, 
never-exceed value of current; one 
increment beyond this value and the 
transistor may vanish in a puff of 
silicon smoke! If in doubt, 1 or 2 mA 
is a reasonable value for small transis-
tors. In our example, we chose 1 mA. 
3. Having chosen the current, calcu-
late R2, the collector resistor, with 
the formula 

R2  — 500 x E 

Ic (mA) 

A Better Gamble. If you don't like 
long shots, you can add one resistor to 
the Russian Roulette Special and im-
prove its reliability considerably. But, 
as in most gambling operations, the pay-
off—in this case, the gain—goes down. 
Take a look at Fig. 2 and you will see 

that it is just the Russian Roulette Spe-
cial with a resistor added in the emitter 
circuit. 
The gain of this circuit is, for all 

practical  purposes, completely  inde-
pendent of the transistor. In fact, the 
gain is simply the value of the collector 
resistor, R2, 10,000 ohms, divided by 
the value of the emitter resistor, 2,000 
ohms. Therefore, the gain is 10,000/ 
2,000 = 5. A one-volt signal applied to 
this circuit can be relied upon to pro-
duce a five-volt output signal, every 
time. 
The new emitter resistor also does 

nice things for the DC operating point, 
by making it more predictable and less 
susceptible to high temperature difficul-
ties. Although this circuit is still not the 
best we can do, it is a much better bet 
than the Russian Roulette Special shown 
in Fig. I. 
The Sure Thing. Adding yet another 

resistor, R4, to the circuit of Fig. 2 
gives us Fig. 3, which is a real sure 
thing in the amplifier world. 
lust as for the circuit of Fig. 2, the 

gain of this circuit is R2/R3. Since the 
value of R2 has to drop a little for this 
circuit—for reasons explained below— 
the gain of this circuit is 9,100/2,000 = 
4.55. Note that, just as in Fig. 2, the 
transistor has nothing to do with this 
value of gain. Only the fixed resistors 
determine the gain, which is just the 
way we like it. 
The DC operating point of this cir-

cuit is extremely stable and predictable 
—far better, even, than the circuit of 
Fig. 2—and is determined by the resistor 
values only. 
Putting It Together. If you're a com-

pulsive gambler, or for some reason like 
to play Russian Roulette with your am-
plifier designs, you may opt for the 
simple but unreliable circuit of Fig. 1. 
In such a case, you can reduce your 

Fig. 3. Stibility is the name of 
the game played with gain. 
The addition of R4 removes the 
circuit's tendency to self-
destruct like the one shown in 
Fig. 1. Gain is still the ratio of 
R2/R3, but notice value is 
lower, with a loss of some gain. 

Fig. 2. This circuit amplifies the 
input signal, and the amount 
of gain is not a function of the 
transistor, but the ratio of 
resistances R2 and R3. In this 
case, gain is 5. 

500 X 20 
R2 =  1  — 10,000 ohms 

4. For the next steps, you need a volt-
meter, an ohmmeter, a 2-megohm po-
tentiometer, and a resistor somewhere 
between 10,000 and 100,000 ohms. 
Put the circuit together with the pot, 
resistor, and voltmeter as shown in 
Fig. 4. 
5. Adjust the potentiometer in Fig. 4 
until the voltmeter reads one half the 
supply voltage-10 volts, in this case. 
6. Without disturbing the potentiome-
ter setting in Fig. 4, remove the pot 
and its associated resistor and mea-
sure their combined value with the 
ohmmeter. 
7. Use the value obtained in step 6 
for the RI of Fig. 1. 

To complete the design, Cl and C2 
should be chosen to have values in the 
100 uF region for most audio work, 
with voltage ratings equal to or greater 
than the power supply voltage. 
If you ever have to replace the tran-

sistor, you will probably have to repeat 
steps 4, 5, 6, and 7. 
The above effort, which includes all 

that playing around with meters and 
pots, yields you an amplifier of unpre-
dictable gain and doubtful reliability. 
The circuit of Fig. 2, though better, 
offers not enough real improvement to 
warrant a detailed discussion. Fig. 3 is 
the circuit that removes us from the 
ranks of risk-takers, so we should next 
see how this superior circuit may be 
designed, step-by-step. 
No-Gamble Gain: Here's the step-by-

step procedure that is foolproof. 
A. Select the supply voltage and 
transistor current just as in steps 1 
and 2, above. 
B. Select a DC voltage, smaller than 
the supply voltage, which you want 
to appear at the emitter. In the 
example in Fig. 3, we chose 2 volts. 
If this voltage is chosen too small 
(less than 1/20th the supply voltage), 
gain predictability and bias pre-
dictability will be poor. If chosen too 
large (more than half the supply 
voltage), then so much of the avail-
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Fig. 5. With the gamble gone, 
go for more gain. With addition 
of R5 and C3, the circuit's 
gain is effectively increased to 
34.9—that's an improvement 
over 4.55. R5 is effectively in 
parallel with R3 reducing 
the overall emitter resistance 
to only 261 ohms. 

1-20VDC Fig. 4. Adjusting pot until 
voltage across transistor is 
one half of power supply is a 

ADJUST  sure way of discovering value 
POTENTIOMETER of R1 in Fig. 1. Be sure 
FOR IOVOLOTN DC  potentiometer resistance is 
READING   
VOLTMETER  maximum and decrease slowly, 

never zxceeding one half 
collecor voltage. 

+ 20 VDC 

R5 = 30011 

C3 = 200p.F 
3VDC 

able voltage is "used up" on the 
emitter that there's very little left to 
produce signal output. So, it's a trade-
off between good stability and a large 
output. A good rule of thumb is to let 
about one-fifth to one-tenth of the 
supply voltage appear at the emitter. 
C. Calculate the emitter resistor, R3, 
by the formula 

R3 =  1,000 X E(emitter) 

Ic (MA) 

1,000 X 2  
R3 =  — 2,000 ohms 

1 

D. Add 0.6 volt to the emitter voltage, 
to obtain the base voltage: 

E (base ) = E ( emitter ) -I- 0.6 
= 2 -I- 0.6 = 2.6 volts 

(Note: Use 0.6 volt for silicon tran-
sistors; use 0.2 volt for ger-
manium transistors.) 

E. Calculate R4 by the formula 

10,000 x E(base)  

Ic mA 
R4 — 

10,000 X 2.6 
R4 =  — 26,000 ohms 

(use EIA Value, 27,000 ohms) 

F. Calculate RI by the formula 

R 1 = 10,000 x [E(supply) — E(base)]  

Ic mA 

RI  = 10,000 X (20 — 2.6)  

RI = 174,000 ohms (Use EIA value, 
180,000 ohms) 

G. Calculate R2 by the formula 

R2 =SOO X [E(supply) — E (emitter)] 

Ic (mA) 

R2  = 500 x (20-2) 

1 

- R2 = 9,000 ohms (use EIt value, 
9100 ohms). 

Notice that using up two volts on the 
emitter caused us to have only 18 volts 
left for output. The mathematics then 
forces us to drop the 10,000-ohm col-
lector resistor o 18/20ths of 10,000 
ohms, which is 9,000 ohms. This causes 
some loss of gain (from a gain of 5 for 
the circuit of Fig. 2, to a gain' of 4.55 
for this circuit) which is the price paid 
for stabilizing the amplifier. Again, it's 
just like gambling—when the risk goes. 
down, so does the return. 

Can we hedge our bets? That is, can 
we keep the DC operating point stable, 
and still get more gain? Indeed, we 
can. The circuit of Fig. 5 shows how 
this is done: 

In this circuit, a 300-ohm resistor, 
R5, has been added in parallel with the 
2,000-ohm emitter resistor, R3, but with 
a capacitor C.";. in series with the new 
resistor. Since the capacitor is an open 
circuit to DC, the DC stabilizing effect 
of R3 is unchanged—it's just as though 
R5 weren't there, as far as DC is con-
cerned. Howe‘er, for the signal, which 
is AC, the capacitor looks like a short 
circuit—it looks_ exactly as though R5 
were soldered directly across the emitter 
resistor. 

So, for the signal, the total resistance 

in the emitter circuit is effectively the 
parallel combination of R3 and R5: 

R3 X R5 
R = 

R3 + R5 

2,000 x 300 

2,300 

R  261 ohms 

And, since the gain is given by R2/ 
R3, the addition of R5 in parallel with 
R3 has changed the gain thus: 

Before R5 and C3 were added: 

Gain = (9,100)/(2,000) = 4.55 

After R5 and C3 were added: 

Gain = (9,100)/(261) = 34.9 

The addition of R5, then, gave us 
nearly eight times as much gain, and did 
so without disturbing the excellent DC-
operating-point stability of the basic cir-
cuit. What price do we pay for this im-
provement—that is, beyond the money 
cost of the resistor and capacitor? And, 
if dropping in a 300-ohm resistor yields 
eight times the gain, would a 30-ohm 
resistor give 80 times the gain? 

Obviously, the smaller we make R5, 
the more gain we get, until finally, when 
R5 = 0, we get the most gain we can 
obtain from this transistor. At this point 
—with R5 shorted out, and the capaci-
tor C3 therefore directly across the 
2,000-ohm resistor, R3—the gain is iden-
tical to the gain obtained from the 
Russian Roulette Special circuit of Fig. 
I. It is just as large, and just as un-
predictable. Such a. circuit, with R5 
shorted out and C3 directly across R3, 
is sometimes used to obtain the most 
AC (signal) gain available from the 
transistor, while still preserving the top-
notch DC-operating-point stability of 
the Fig. 3 circuit. Any transistor plugged 
into such a circuit will have the same 
DC operating point as any other tran-
sistor in that circuit, or one like it; 
however, the gain for the signal will 
differ markedly from one transistor to 
another. 

So gambling with gain and bias is 
completely unnecessary, since simple 
methods let us predict accurately the 
exact values of resistors needed to ob-
tain optimum operation and reliability 
from our transistor amplifiers. Hook-up 
a few circuits today and check out what 
you have learned. Don't gamble on your 
memory. 
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The Language of Gain 
El WHEN YOU GLIDE the old heap into a 
gas station and ask the attendant for 
"two bucks worth of hi-test," he's sure 
to know you want high octane gas and 
can part with two dollars. 
But just try to ask for "two liters of 

Ethyl" and you just might end up with 
an empty gas tank and seven or eight 
kittens! 
In this article we want to discuss gain 

—the kind electronics is made of. But 
instead of explaining gain in textbook 
style (to help avoid something akin to 
our two liters of Ethyl misunderstand-
ing), we think we've found a sort of 
black box dialect that'll help you under-
stand electronic terms associated with 
gain. 
Mu, beta, and gm. We know that 

each term describes gain. Why, then, 
such a variety of terms? 
Can a triode have its gain described 

by mu, or can a FET have a beta? Ex-
actly what do all these terms mean? 
Read On. .. . To answer these ques-

tions let us suppose that we concealed 
some type of amplifying device in a 
black box, and sent it to an electronics 
lab with a request that its gain be meas-
ured. The input and output leads are 
brought out and identified, but the lab 
is not told whether the box contains a 
vacuum tube, an ordinary bipolar tran-
sistor, or a FET. We also supply the lab 
with a 2-volt signal source for the input, 
and give them a load resistor to be 
connected across the output leads. 
The lab, to enhance its reputation, 

decides to make four independent meas-
urements and compare the results. The 
entire set-up is therefore handed to the 
first of four lab technicians with the 
only instruction, "measure the gain of 
this box." 
The first tech takes the straightfor-

ward approach and measures input sig-
nal voltage and output signal voltage as 
shown. 
Finding that the black box has a 2-

volt input and a 12-volt output, he takes 
the ratio of these two voltages, and ob-
tains the gain. 

e  (out)  12 volts  
Gain =    = 6 

c (in)  — 2 volts 

INPUT CURRENT 
3 jA 

SIGNAL 
SOURCE 

(2 VOLTS) 

0  

BLACK 
BOX 

OUTPUT CURRENT 
111 0  .360 pit 

'LOAD 
RESISTOR 

The second tech, foe, who measures currents must describe his gain in beta. 

Since this result is the ratio of two 
voltages, it is the voltage gain, and is,. 
usually expressed by the term mu. This 
tech therefore reports the black box has 
a mu of 6. 
Joe Trys. The entire set-up is then 

taken to a second technician, who, look-
ing around his lab bench, finds that he 
does not have at hand any convenient 
way to measure voltages, but has some 
excellent current-measuring devices all 
ready to use. He therefore measures the 
input and output currents as shown. 
A signal current of 3 microamperes 

flows into the box, he discovers, caus-
ing an output signal current of 360 
microamperes. Taking the ratio of these 
two currents, he obtains the current 
gain. 

Gain = 
i (out)  

i (in) 

360 microamps 

3 microamps 

= 120 

Since current gain is usually express-
ed by the term beta, the tech reports to 
his boss that the black box has a beta 
of 120. 
Now, remember that these two num-

bers, a mu (voltage gain) of 6 and a 
beta (current gain) of 120, are meas-
urements made on the same amplifier, 
with the same signal source and the 
same load. The only difference between 
the two measurements is that voltages 
were measured in one case, and currents 
in the other. 
This same setup now is passed to a 

third technician, who, with a mischie-
vous glint in his eye, proceeds to meas-
ure the output voltage and the input 

SIGNAL 
SOURCE 

(2 VOLTS) 

0  0 

> 2 VOLT 
SIGNAL 
INPUT 

0  0 

BLACK 
BOX >12 VOLT OUTPUT 

LOAD 
RESISTOR 

slack box (slang for an unknown circuit) test set-up for voltage measurements. 

current. He gets yet another figure for 
gain. 

Gain= i (in) 

12 volts 

e (out) 

— 3 microamps 

megohms 

Fred's Folly? Hold on there! Gain— 
in megohms? Yes, indeed! Ohm's law 
states very clearly that when volts are 
divided by amperes, the result is in 
ohms. It's perfectly legitimate to express 
the gain of an amplifier in ohms, or 
kilohms, or megohms; whatever the 
ratio of its output voltage to its input 
current yields. 
Does this mean that the amplifier 

can be replaced by a 4-megohm resis-
tor? No, for the 4 megohms defined by 
the ratio is a special kind of resistance, 
called a transfer resistance, meaning 
that it indicates the voltage transferred 
to the output when a certain current is 
applied to the input. It is sometimes 
shortened to transresistance and is also 
called mutual resistance (rm). 
This way of expressing gain is a bit 

unusual, which accounts for the mis-
chievous glint in the third tech's eye. It 
is not found among the more common 
gain expressions given in the first para-
graphs. Nonetheless, it is a perfectly 
valid way to describe an amplifier's gain. 
Sam's System. The fourth technician, 

who now inherits the black box for the 
final measurement, has seen the stir 
created by his colleague's mixed meas-
urement of current and voltage, so he 
decides to try for another flurry, only 
this time by reversing the measurements, 
getting readings for output current and 
input voltage. He obtains yet another 
gain measurement. 

i (out)  360 microamps 
Gain = 

e (in)  2 volts 

Gain = 180 micromhos. 

This is another variation on Ohm's 
law. Just as volts divided by amperes 
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gives resistance (ohms), so the inverse 
(amperes divided by volts) gives con-
ductance—the inverse (reciprocal) of 
resistance. The unit of conductance is 
the mho, which is ohm spelled back-
wards. 
The special conductance used to de-

scribe an amplifier's gain is called trans-
fer conductance, for the same type of 
reason given above for transfer resis-
tance. Similarly, shortened forms in-
clude transconductance and mutual con-
ductance, symbolized as gm. 
So the fourth and final measurement 

on the black box yields an answer of 
180 micromhos for the gain. In sum-
mary then, four different measurements 
on the same amplifier gave the follow-
ing differing figures for gain. 

mu  (voltage gain) = 6 
beta (current gain) = 120 
rm  (mutual resistance) = 4 megohms 
gm  (mutual conductance) = 180 

micromhos 

Whatever device is in the box, it cer-
tainly can use any of the familiar gain 
expressions—mu, beta, or gm—to char-
acterize its gain and, moreover, can 
even have its gain stated by the less 
familiar rm. 

What's Relevant. In general. any de-
vice—triode, pentode, transistor, or FET 
—could theoretically use any of these 
four terms to state its ability to provide 
gain. But, in practice, the technique 
chosen to measure gain depends on how 
relevant one method may be over an-
other. 
For example, a triode's negative-

biased grid, sticking into a stream of 
electrons in a vacuum, draws almost 
no current, and even that tiny current 
it does draw doesn't mean much in de-
termining the triode's output. Since the 
input current is so tiny, and the output 
current so much larger, a triode vacuum 
tube's beta (current gain) is extremely 
large, but it is difficult to measure, it 
would vary widely from tube to tube, 
and doesn't mean much anyway when 
it comes to practical gain calculations. 
On the other hand, the voltage on 

the grid is very easy to measure and is 
very meaningful in controlling the out-. 

put. So, the triode's input signal is al-
ways stated in terms of voltage. 
Similarly, the pentode's grid and the 

FET's gate draw so little current that 
their betas would be astronomical but 
meaningless, while, like the triode, their 
grid or gate voltages are easily meas-
ured and relate closely to the output. 

DEVICE  INPUT  OUTPUT 

Triode  Voltage  Voltage 
Triode  Voltage  Current 
Pentode  Voltage  Current 
Transis7or  Current  Current 
FET  Voltage  Current 

INPUT 
DEVICE  PARAMETER 

Triode  Voltage 
Pentode  Voltage 
Transistor  Current 
FET  Voltage 

OUT/IN 

Volts/Volts 
Current/Volts 
Current/Volts 
Current/Current 
Current/Volts 

WHICH IS 

mu 
gm 
gm 
beta 
gm 

Bet those techs flipped out when they saw how all four circuits could give the same 
results Note that input and output parameters for each circuit are identical. 

Something Different. The ordinary 
bipolar transistor, however, is quite a 
different animal. Instead of having a 
grid in a vacuum or an insulated gate, 
it has an input consisting of a turned-
on  PN  junztion—the  base-to-emitter 
diode. 
This diode is almost a short circuit 

for signals; :nput voltages are there-
fore very hard to measure, never go 
above approximately 0.6 volt, and bear 
a very unwieldy relationship to the 
transistor's output. However, this turn-
ed-on diode draws an appreciable cur-
rent which aso happens to be the pa-
rameter that controls the transistor's 
output. Therefore, the quantity most 
conveniently measured at the bipolar 
transistor's input is current. 
The output circuits of these devices 

are the other half of the story. All of 

E — - - a ir) mil SIGNAL 

I  1 
I  I  1,000-OHM 

L_ 

I  ..161. _J I 
I  I 

_   
TRANSISTOR 

LOAD 

IN-ERNAL 
IMDEDANCE 

- - - -  - - a spO A SIGNAL 

PAEGorsu 

360 VOLT 
SIGNAL 

CIRCUIT EQUIVALENT 
TO TRANSISTOR 

I,000-OHM 
LOAD 

Text shows why pentodes, transistors, FETs are called constant current sources. 

them certainly produce current, but 
three of them—the pentode, transistor, 
and FET—produce it in a most unusual 
way: the same way a very high voltage 
and a very large resistor combine to 
produce current in the following ex-
ample. 
Notice that it would make almost no 

difference in the 360-microampere out-
put signal current if we dropped the 
1,000-ohm load down to 10 ohms, be-
cause the total resistance (internal + 
load) would drop from 1,001,000 ohms 
to 1,000,000 ohms—an imperceptible 
change. An upward change of load 
from 1,000 ohms to, say, 10,000 ohms 
also has very little effect on the 360-
microampere output current, because 
the huge resistance inside the device 
overwhelms the relatively small change 
contributed by the load. So a device 
that has a large internal resistance will 
pump out the same unvarying current, 
almost without regard for the value of 
the external load, as long as the load is 
much smaller than the internal resist-
ance. 
Such devices are called constant-cur-

rent sources, and pentodes, transistors, 
and FETs behave in just this manner to 
provide an output signal current which 
is not influenced by typical load resis-
tors. The current from these devices is, 
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—I 360 uA SIGNAL 

1,000-OHM 
LOAD 

L_  _ J 
TRIODE 

Characteristic low internal 

INTERNAL 

— — — — IMPEDANCE —1 360 t.A SIGNAL 

9.000-OHM  I 

3.6 VOLT 
SIGNAL 

L  -  
CIRCUIT EQUIVALENT 

TO TRIODE 

1,000-OHM 
LOAD 

impedance makes triode gain measurable in mu. 

therefore, the logical parameter to be 
measured. 
The triode, on the other hand, is not 

quite so single-minded about producing 
current as are FETs, pentodes, and 
transistors. Instead of some 1,000,000 
or more ohms of internal impedance, 
triodes run from as low as 5,000 ohms 
equivalent resistance to approximately 
50,000 ohms. 
Since the triode is not a constant-

current device (note that it makes quite 
a difference in the total resistance if the 
load is changed from 1,000 ohms to 
10,000 ohms), we normally try to meas-

ure both current and voltage in char-
acterizing triode gains. 
This accounts for the association of 

beta with transistors, gm with pentodes, 
triodes, and FETs, and mu with triodes 
alone. Note that there is no device avail-
able which is best characterized as pro-
ducing an output voltage in response to 
an input current; hence rm does not ap-
pear as a relevant item in the list. 
The Unanswered Question. So, what 

was in the black box? Actually, no 
present-day device, by itself, could re-
spond to the four tests as described 
above. For example, a vacuum tube 

would not draw in its grid circuit the 
3 microamperes measured by the sec-
ond and third techs, while a transistor 
would be destroyed if we attempted to 
impress 2 volts directly across its input, 
as measured by the first and fourth 
techs. Therefore, the box's contents 
must have included some other com-
ponents. In fact, any of the four circuits 
shown would give the four techs the 
measurements they reported. However, 
only the transistor circuit will work 
with both AC and DC inputs. Coupling 
capacitors are used in the remaining 
three circuits, so only AC measure-
ments are possible with these. 

So we can conclude that mu, beta, 
and gm (and the unfamiliar rm as well) 
all describe gain in their own way and 
can, in general, describe any amplifier's 
gain. The individual peculiarities of 
tubes and transistors cause us to prefer 
certain terms for certain devices, and 
understanding what these terms are 
trying to tell us is very important as we 
learn to speak the language of gain. • 

Op A mp and Diode Circuits 
El THERE ARE A GREAT number of cir-
cuits in use which involve severe com-
promise because of the non-ideal char-
acteristics of the diode. This article pre-
sents a variety of circuits in which the 
operational amplifier and diode are used 
together, so the amplifier can extract 
ideal performance from the diode. 
A basic silicon or germanium diode 

has several outstanding imperfections. 
There is an effective voltage offset. The 
voltage offset varies from diode to di-
ode. This offset is strongly affected by 
temperature. The diode has a nonlinear 
volt-current characteristic. The diode 
exhibits a resistance which varies with 
temperature. 
Figure 1 illustrates all of these char-

acteristics. Note that when the forward 
voltage is below a certain level, but 
greater than zero, the diode does not 
conduct. After the diode begins to con-
duct, it can be seen that the conduction 
is nonlinear. This is shown by the cur-
vature of the lines on the graph. Curve 
No. 1 is a relative representation of a 
diode at a low temperature while curves 
2 and 3 represent the conduction at 
higher and higher temperatures. The 
fact that the curves are not vertical just 
points out that there is a certain amount 
of resistance inherent in the diode at all 
times. As the diodt current increases we 
see the curve becomes more and more 
vertical in nature, which means the re-
sistance of the diode is dropping. 

Get Together. When we combine a 
diode circuit with an operational ampli-
fier, we do it in a manner that makes 
the operation of the amplifier sensitive 
to imperfections in the diode. Generally 
speaking, we can say that the diode im-
perfections are reduced by an amount 
equal to the "open loop" gain of the 
amplifier. This gain, for practically all 
operational amplifiers, is 10,000 times 
or greater. Thus, our diode in conjunc-
tion with an op-amp will exhibit offset 
voltage only 1/10,000, or less, as great 
as normal! 
Figure 2 shows two circuits in which 

a diode has been incorporated. These 
circuits are the same except for the rout-
ing 'of the feedback loop (any circuit 
path from the output to an input; here 
a piece of wire from terminal 6 to ter-
minal 2). Circuit 2a might as well have 
never been built! The diode here is not 
contained within the path of the feed-
back to the inverting input, hence the 
output voltage will be subject to all di-
ode errors in their full magnitude. Cir-
cuit 2b contains the diode within the 
feedback loop. In other words, there 
will be no feedback unless the diode is 
involved. 
Read On. For sake of simplicity, let's 

assume that the amplifiers have zero 
offset voltage and are perfect in every 
other respect and that they have an 
open loop, or maximum gain, of 10,000. 
Circuit 2a is connected with the output 

wired directly back to the inverting in-
put terminal. This means that it will 
exhibit a voltage gain, not of 10,000, 
but of one all the time. If we apply an 
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input voltage to terminal 3 this exact 
voltage will appear at the output ter-
minal of the op-amp, pin 6, and will ex-
actly follow input excursions (within 
the limits of the amplifier). However, 
the voltage present at the output ter-
minal (to the right of the diode), will 
be altered by the voltage drop of the 
diode plus all its other inherent char-
acteristics. Of course, this applies only 
to a positive voltage. A negative output 
at pin 6 will never be passed to the 
circuit output terminal because the di-
ode will be turned off. 
The circuit of Fig. 2b operates dif-

ferently. This amplifier does not always 
operate with a voltage gain of one. Any 
time the voltage at pin 6 is below the 
turn-on level of the diode (approximate-
ly +0.5 volts for silicon) the diode will 
be "open" thereby disconnecting the 
feedback loop from pin 6 to pin 2. In 
this state we have an operational ampli-
fier which is operating at its maximum 
gain of 10,000. This means that any 
input voltage below about +0.5 which 
appears on input pin 3 should be ampli-
fied 10,000 times. 
Keeping in mind that at room tem-

perature a silicon diode will begin to 
conduct at about +0.5 volts, let's com-
pare the voltages that appear at the cir-
cuit output, when an input voltage goes 
from 0 toward a positive value. In cir-
cuit 2a we saw that tie voltage at pin 
6 follows the input voltage exactly. As 
the input (and output) begins to go 
positive from a 0 value, no voltage ap-
pears at the circuit output terminals 
until the pin 6 output has reached a 
level sufficient to start the diode con-
ducting. Regardless of what value of 
output voltage appears at pin 6, the 
circuit output will always be (1) less by 
the diode drop and (2) nonlinear. 
Continuing. Now let's start with zero 

volts at the input of 'circuit 2b and in-
crease it in a positive direction. Any 
positive input value that is very small 
will be amplified 10,000 times. Hence, 
when the input voltage has reached only 
0.05 millivolts the output at pin 6 will 
be 0.5 volts and the cliode will begin to 
conduct. In other words, in circuit 2b 
an output voltage begins to appear at 
the circuit terminals immediately, and 
in circuit 2a, only a'ter the input has 
reached +0.5 volts. For this reason, cir-
cuit 2b is sometimes referred to as a 
"perfect" rectifier. The output curve of 
this circuit is illustrated by the dotted 
lines in Fig. 1. 
Applications  for  Experimenters. 

Try a simple half-wave rectifier. If neg-
ative output from Fig. 3 is desired, just 
reverse the diode. This circuit makes an 
excellent meter rectifier since a linear 
scale can be used cn the meter. The 

f\) 0  

Fig. 3. Meter rectifier also needs a 
ripple filtei to steady the meter. 

100 PF 
8 1.1 

10 K 

TYPE 531 AMP 

Fig. 4. Capacitor boosts high frequency 
response of t le type 531 amp. 

meter can even be connected from out-
put to ground through a multiplier re-
sistor for higher additional ranges. This 
circuit can be used quite effectively for 
low frequency signals. 
Figure 4 shows a circui,t that will give 

excellent high frequency response and 
precision rect.fication. This circuit is 
useful for comparing the voltage at the 
input and output of high quality audio 
amplifiers. 
The circuit in Fig. 5 is deceptively 

simple looking. This metering circuit 
will read AC voltage and + or — DC 
inputs withoLt any "lead swapping." 
On DC, the bridge always routes the 
DC current through the meter in the 
same direction, regardless of the input 
polarity. The circuit operates best using 
low current n-ieters, particularly on AC. 
Variable resistor R is adjusted to give 
the desired full-scale reading. This cir-
cuit will accelt input voltages of up to 
ten volts peak if a ± 15 volts is used 
for the power supply. Higher input 
voltages shou d be divided down with a 
divider. Any type of op-amp can be 
used here, but for high frequency op-
eration an amplifier such as the 709-
type will give good wide-band opera-
tion. Just remember, some types, such 
as the 709,  have to be "compen-

INPUT 

Fig. 5. Basic IC version of the VTVM. 

sated" according to the manufacturers 
instructions. If DC-only or AC-only op-
eration is desired, a low pass RC net-
work or a high pass RC network can be 
inserted in the input lead. This circuit 
also makes an excellent high impedance 
meter similar to the vacuum tube or 
FET voltmeter. The input impedance is 
extremely high permitting it to be used 
with a standard 10-megohm voltage 
divider. For greater accuracy when 
measuring very small voltages, a zeroing 
pot should be used with the op-amp as 
shown. This pot is not necessary when 
handling only higher voltages. 
Figure 6 shows a polarity indicator 

that can be used with the previous cir-
citit to indicate a "negative" input. Lim-
it LED nurrent to 20 mA with a series 
resistor. 
Hold that Sample. A diode can also 

be used with an op-amp to read true 
peak voltage. Peak voltages of pulses 
and other non-sinusoidal waveforms are 
not accurately measured by convention-
al circuits. Figure 7 shows the diagram 
of a simple, positive-peak-reading cir-
cuit. A positive input to ICI will cause 
its output (at the "top" of C) to go 
positive by an amount equal to the peak 
of the input. The capacitor C "stores" 
this value. 
When the input voltage starts to go 

less positive than its most positive value, 
the op-amp output immediately swings 
negative. Diode D2 is now reverse-
biased, and the capacitor with the peak 
value stored in it is isolated from the 
id  I output. Also, IC2, connected as a 
voltage follower, exhibits an extremely 
high input impedance to the capacitor, 
so it will lose minimum charge between 
positive peaks of the input. This IC2 
can also furnish enough power to drive 
a meter or other circuitry. The charge 
on C is "refreshed" by each positive 
excursion of the input waveform. D1 
conducts during negative excursions and 
prevents the output of ICI from "slew-
ing" all the way to the "minus" power 
supply value. 
This extreme excursion would result 

in a slower response'of IC1 to positive 
peaks. For short-duration waveforms, 
the ICI should have a high slew rate. 
A 709 or equivalent amplifier can be 
used here for greatest accuracy of fast 
waveforms. Note that IC2 only handles 
relatively slow inputs and does not need 

FROM OUTPUT  100K 
TERM. OF AMP 
FIG. 5.  1µF 

Fig. 6. A 68-ohm, V2-watt resistor can limit 
light-emitting diode current. 

If 
TYPE 741 AMP. 

LED 
LAMP 
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INPUT 

POWER SUPPLY 
CONNECTIONS 
(2 - 9 VOLT 
TRANSISTOR 
BATTERIES) 

OP AMP CONNECTION TIPS 

}COMMON POINT 
(GROUND) 

531,709,741 

INVERTING  2 
INPUT (—) 

NON INVERTIN 
INPUT AND  INPUT (*) 
OUTPUT 
CONNECTIONS 

531, 709,741 

OFFSET REDUCTION 
CONNECTION 

531, 741 

6 OUTPUT 

TO MINUS OF 
POWER SUPPLY (PIN4) 

FREQUENCY 
COMPENSATION 
CONNECTION 

.005µF 
1.5K 

709 (REQUIRED) 

METAL "CAN" 
TOP VIEW 

8 

531,709,741 

elOOpF 

531 (OPTIONAL) 

741 (NONE) 

MINI DIP 
TOP vlEw 

1 CW -

2 C 

3C 
4C 

• 531,741 

08 

77 
6 
ns 

to have a high slew rate. For best stor-
age, C should be of a very low leakage 
type capacitor  (any of the "poly" 
types). 

When making current measurements, 
the internal resistance of the meter is 
important because it adds to the circuit 
resistance; that tends to alter the circuit 
current while the measurement is being 
made. Ideally, then, a current meter 
with absolutely zero resistance is needed 
for maximum accuracy. This stipula-
tion is a bit hard to meet, especially in 
the case of an AC current meter. 
More Current Facts. Figure 8 pre-

sents a "zero drop" AC current meter. 
In this circuit, the op-amp supplies 
enough current to the meter to keep its 
inverting input at the exact same po-
tential as its non-inverting input. By 
keeping these two terminals at the same 
potential, they are, in effect, shorted to-
gether! 
The full-scale current reading will be 

equal to the FS of the meter itself. The 
meter can be shunted to increase the 
range; however, it must be kept in mind 
that the op-amp has to supply all the 
current flow. This will limit the full-

scale range to that of the op-amp. 
Current multiplication is easily ac-

complished by adding resistors as shown 
in Fig. 8. This scheme will allow much 
smaller currents to be measured than 
the full-scale value cf the meter. In this 
circuit, the current through the meter is 
greater by the rates (R1/R2) than the 
current being measured. These resistors 
directly control the gain of the op-amp 
so it can be set to any fixed amount of 
gain; 10 would allcw a 1 mA meter 
movement to measure 0.1 mA full scale. 
This current meter is not limited to 

AC measurement  but will  respond 
equally well to positive or negative DC 
currents. The polarity indicator of Fig. 
6 can be used with this circuit if de-
sired. 
An important aspect of the preced-

ing current measuring circuits is that 
their input terminals cannot effectively 
be "shunted" to extend the range of 
measurement as with a standard all-
mechanical meter. As mentioned before 
these terminals are effectively shorted 
together; therefore, a shunt would ac-
complish no purpose. 
A rather unusual circuit, which, at 

CIRCUIT 
OUTPUT AND 
AMP INPUT 

AMP OUTPUT 
TERMINAL VOLTAGE 

Fig. 10. Basis for a "zero crossing" 
detector is shown in graph form. 

FROM AMP 
OUTPUT 
TERMINAL 
(PIN 6) 

Fig. 1111..  Differentiator bi-polar output. 

first glance, might appear to be useless 
is shown in Fig. 9. According to the 
previous analysis of how the amplifier 
overcomes the diode offset voltage, the 
two diodes (back-to-back in this cir-
cuit) would appear to be a plain piece 
of wire! With a positive DC output, D1 
will conduct and the voltage will appear 
in its entirety at the output terminal of 
the circuit. Likewise, a negative DC 
voltage will be passed through D2 to 
the output terminal unabated. How-
ever, you can see that the amplifier 
output voltage jumps suddenly at the 
zero crossing of the input voltage as 
shown in Fig. 10. 
With the addition of a differentiator 

to the amplifier output terminal, a volt-
age pulse will be generated whenever 
zero crossing of the input occurs. These 
pulses will indicate, by their polarity, 
the direction of the crossing (from plus 
to minus, or a minus to plus transition). 
We have presented some problems, 

solutions, and simple experiments as-
sociated with the combined use of di-
odes and operational amplifiers. Some 
circuits such as the AC meter can stand 
alone and be useful while the circuit 
of Fig. 9 and Fig. 11 can be used to 
gather information in larger systems 
such as automatic checkout devices or 
industrial process control. We hope it 
has added something more to your 
knowledge of the broad electronic spec-
trum. 
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All About Crystals 
D 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 
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-
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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. 

ra =2111:1  

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. 

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 zrystals, 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 ilstance, 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-

ciple involved is identical to that of a 
pendulum, .vhich 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 the 
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 
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-
!ration is encouraged so that all musi-
:al tones within the range of the in-
strument will be reinforced equally. 
Now, with the principles of resonance 
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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. 

Fl FOF2 

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. 

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 othei 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 

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 
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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 
capaciti we reactance—just like 
an LC circuit. 
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Fig. 8. A view of a mother crystal showing 
X, V. 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. 

(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 
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 plat's 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 43 the crystal surface, 
usually with gold. 
The crystal plate is known as a blank 

when it is sliccd from the raw crystal. 
The blank is cut at a precise angle with 
respect to the cptical and electrical axes 
of the raw cry;tal, 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 n 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-
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-millioh 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. 
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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. 

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 set for 
ham applications. 
Trial 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. 

Like temperature-caused variations, 
frequncy 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, 
hut 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 

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) 
circuit (B) uses crystal for odd 
harmonic feedback. Either circuit 
can be used for fundamental 
frequency operation—just tune. 
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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-
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-

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 competit on where fixed bandwidth is wanted. Trifilar-wound transformer Ti 
(C) can be wound by experimenters of home-brew receivers. 

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-
row reception. When the notch control 
is set to precisely balance out the crystal 
stray capacitanze, 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. These filters pass a band 

of frequencies without excessive loss and 
reject all frequencies outside this band. 
Both circuits make use of matched crys-
tals (XI 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. 
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How Microwave Ovens Work 
O 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. 
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 
temperaturewise. Non-ionizing radiation 
will not chemically alter food, but will 
raise its temperature provided the radia-
tion is of suflicient 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 
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 heating, 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. 
Pour 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 

REFLECTION 
MICROWAVE ENERGY IS 
REFLECTED FROM METALS. 
METALS DO NOT HEAT. 

TRANSMISSION 
MANY MATERIALS 
TRANSMIT MICROWAVES 
AND DO NOT HEAT 

TTABSORBTION THOSE MATERIALS 
WHICH ABSORB MICRO-
WAVES ARE HEATED. 
FOODS RANK HIGH AS 
MICROWAVE ABSORBERS. 

Fig. 2 
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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, 
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 tempera-
ture of about 70°F. (off the shelf). 
Q = 0.75 hs. x 0.9 x (160°F.-

70°F.) 
Q = 0.75 x 3.9 x 90 
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 the time, or 

T = —Q = 63 seconds 
57 

How long would it take if the green 
beans were just removed from a 40°F. 
refrigerator? 
When two fcods 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 (J), waveguide 
(4), the mode stirrer (5), the power 
supply (6), ani 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 
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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 his 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 on  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 
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 2I2°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 

Inside a Microwave Oven 3 ) 

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.  • 

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-lb. roast). The roast should be turn-
ed at least once during this time. Re-
move the foil and cook for an equal peri-
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-

98 ELECTRONICS THEORY HANDBOOK 1975 
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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 
if heated too long. 

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 
of such containers, the total power ab-
sorbed can be considerable. In some 
cases this is a desirable feature since 
foods in these dishes tend to remain 
warm longer after serving. 
Care should be taken not to use 

chinaware with :netallic 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.  • 

Filter Design 
o FILTERS ARE PERHAPS the most wide-
spread type of circuit used in electron-
ics. The tuning circuits which every TV 
and radio set uses to select the desired 
station are filters; the IF circuits which 
shape the bandpass of TV sets are also 
filters, as are the standard roll-off cir-
cuits in tape decks and phonograph am-
plifiers. FM receivers use filters to re-
move the pre-emphasis put into the sig-
nal at the transmitter, while yet another 
type of filter is used at the transmitter to 
provide the pre-emphasis in the first 
place. And, of course, all electronic cir-
cuits drawing power from the AC 
power line use a filter to smooth the 
ripple from the pulsating DC delivered 
by the rectifier. 
Although they are found everywhere, 

filters have long been something of a 
mystery to the experimenter. For ex-
ample, if an experimenter needs to de-
sign a filter for his circuit and turns to 
a textbook for assistance, he will be met 
with a barrage of poles, zeroes, s-
planes,  integro-difierential  equations, 
and a host of other subjects, all of 
which presuppose that he has at least a 
graduate degree in electrical engineer-
ing. So, although these texts certainly 
contain the information for designing 
excellent filters, the techniques are so 
well hidden under the advanced math 
that the average experimenter can't 
make use of them. 
However, there some very simple 

techniques for filter design which may 
be easily used by anyone with a very 
elementary math background to make 
filters usually more than adequate for 
the job at hand. In the following pages 
we shall outline some of these simple 
approaches  to filter  design,  which 
should enable you to "roll-your-own" 
filters as the project requires. 

What Is a Fitter? A filter is an elec-
tronic frequency-sieve. Just as a sieve 
can hold back large particles in a mix-
ture and pass small ones, a filter can 
eliminate the low frequencies in a signal 
and pass the high frequencies. Such a 
filter is called a high-pass filter. Placed 
at the antenna terminals of a TV set, a 
high-pass filter can eliminate the un-
wanted low-frequency interference from 
nearby amateur or CB transmitters, and 
pass the wanted, higher-frequency TV 
signals. 
Unlike a normal mechanical sieve, 

however, a filter can also be built to 
pass "large particles" (low frequencies) 
and eliminate "small particles" (high 
frequencies). Such a filter is called a 
low-pass filter, and can be used, for ex-
ample, to eliminate., the high-frequency 
scratches, pops, and hisses from a rec-
ord reproducing system while passing 

the music signals through to the loud-
speaker. 
A third type of filter is an even more 

clever "sieve," for it eliminates both 
very large and very small particles, (low 
and high frequencies), passing only 
particles of a specific size (signals of a 
particular frequency or group of fre-
quencies). This type is called a band-
pass filter, for it passes only a narrow 
band of frequencies, eliminating signals 
both above and below the desired signal 
frequency. Every radio and TV receiver 
uses a tunable bandpass filter at its in-
put, to select signals from the desired 
station while eliminating all signals on 
higher and lower channels. 
The fourth and final type of filter is 

the opposite of a band-pass filter, be-
cause it eliminates a particular frequen-
cy, while passing all others. This is 
called band-elimination filter, or, if the 
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band eliminated is very narrow, it is 
called a notch filter. 
Complex or Simple. Although there 

are only four basic types of filters— 
high-pass,  low-pass,  band-pass,  and 
band-eliminate—the circuits that can 
perform these functions are many and 
varied. They can be even more complex 
than the low-pass filter shown in Fig. 
IA or they can be as simple as the two-
element low-pass filter shown in Fig. la. 
Measuring a Simple Filter. To under-

stand what a filter is trying to do, let us 
make a laboratory set-tip to measure the 
performance of the very simple filter of 
Fig. le, using the test set-up of Fig. 2. 
Here, a variable-frequency oscillator is 
connected so as to produce any desired 
audio frequency at the input terminal 
of the filter, while an audio frequency 
voltmeter measures the amount of sig-
nal emerging from the filter. Starting 
out with the oscillator set at some very 
low frequency, such as 10 Hz, we find 
that the filter has very little effect, pass-
ing almost the entire oscillator signal 
through to the output meter. This you 
might expect, since the capacitor is al-
most an open circuit at low frequencies, 
and the filter will therefore act almost 
like a series resistor alone, which, in 
this circuit, has negligible effect on the 
signal. 
As the frequency is increased, how-

ever, the capacitor becomes a lower and 
lower impedance, effectively shorting 
out the signal as it emerges from the 
filter. The degree of "shorting out" de-
pends upon the frequency; at very high 
frequencies almost no signal emerges 
from the filter. 
The clearest display of the behavior 

of a filter is made by graphing the re-
sults obtained in the above experiment. 
If we plot the meter reading versus the 
audio oscillator's frequency, we obtain 
the graph of Fig. 3. 
As you can see, the filter is removing 

the higher frequencies, as shown by the 
downward sweep of the graph as the 
frequency is increased. The graph is 
called the frequency response of the 
filter. 
Enter the Decibel. Although the plot 

of Fig. 3 is easily made and understood, 
it is not the most useful way to display 
filter output  versus frequency,  and 
hence is not the way frequency response 
is normally graphed. Usually, instead of 
reading voltage off the voltmeter's scale, 
its decibel scale will be read by the 
experimenter (every good audio-fre-
quency meter has a decibel scale in ad-
dition to its normal voltage scale), and 
decibels will be used on the graph 
instead of volts. Also, instead of mark-
ing off the frequency scale of the graph 
in equal steps of 1.000 Hz, 2,000 Hz, 

3,000 Hz, etc., we mark it in equal 
steps of 1,000 Hz, 10,000 Hz, 100,000 
Hz, etc. When these changes are made 
in the graph, a very useful display re-
suls, as shown in Fig. 4. 
What makes Fig. 4 so useful is that it 

is essentially two straight lines con-
nected by a short curved line, as shown 
in Fig. 5 and for purposes of practical 
design, the frequency response may. be 
approximated by two straight lines as 
shown in Fig. 6. 
Note that in Fig. 6, a corner is 

formed where the two straight lines in-
tersect. A perpendicular line, dropped 
straight down from this corner, hits the 
frequency scale at a point known as the 
corner frequency. This is a very im-
portant frequency, and is generally tak-
en as the cut-off frequency; that is, the 
frequency above which the filter rejects 
signals. The corner frequency for the 
particular filter shown is 5 kHz. Fre-
quencies lower than 5 kHz are passed 
well by the filter; frequencies above 5 
kHz are passed relatively poorly. 
Rules for Cornering. To make the 

straight-line approximation of frequency 
response for a given resistor/capacitor 
low-pass filter such as the one measured 
above, you need know only two facts: 
1. The corner occurs at a frequency 
given by 

159,000 
tc =   

RC 

. . . where R is in ohms, and C is in 
microfarads. 
2. The downward-sloping straight line 
falls off at such a rate that between 
any two decades (such as between 
10 kHz and 100 kHz, or between 250 
kHz and 2,500 kHz) the line will 
drop by 20 decibels. 
Using these two facts, let us draw the 

approximate frequency response of a 
filter with R = 2,000 ohms and C = 
0.22 microfarads. 
First the corner is calculated as 

159,000  159,000 
fc —     — 367 Hz 

RC  2,000 x .22 

As shown in Fig. 7, draw a hori-
zontal line A from the zero dB mark 
out to 367 Hz, then a line B down 20 
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dB, and then a horizontal line C over a 
distance of one decade, from 367 Hz 
to 3,670 Hz. Now draw a straight line 
D from the point where A and B inter-
sect, through the tip of C, as shown in 
Fig. 8. You have now sketched a very 
good approximation to the frequency 
response of the RC low-pass filter. 
Down to Earth. In a real-life situation, 

a filter doesn't lie on a lab bench, driven 
from an audio oscillator and having its 
output measured by a voltmeter, but 
instead resides in a circuit, where it is 
driven by a very businesslike signal 
source with a job to do, and delivers its 
output to a loudspeaker, headphones, 
telephone line, TV picture tube, or 
what-have-you. In such a circumstance, 
our simple RC filter likes to be driven 
from a low-impedance source, such as 
a 6-ohm speaker output, and likes to 
deliver its output to a high impedance 
such as the base of a transistor ampli-
fier or a pair of high-impedance head-
phones. Ideally, the high impedance 
load should be 100 times larger than the 
low-impedance driving source, although 
you can get away with as little as a 10 
to 1 ratio. At this ratio, however, per-
formance can not be accurately pre-
dicted by the simple relationships given 
in this article. 
For a good example of a practical 
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use, consider the case of an SWL who 
would like to drive a 600-ohm headset 
from his 6-ohm speaker output, and 
wants to filter the output to eliminate 
the frequencies above 3,000 Hz. The 
circuit he would use is shown in Fig. 9. 
He must first calculate the value of 

R for his filter, using the fdrmula 

R = 

where Rs is the source impedance, 
6 ohms and RL is the load imped-

- ance, 600 ohms. By the formula, 

R =  Nr6 >—T V--)0 = V3600 = 60 ohms 

(Use the EIA value, 62 ohms) 
He must then calculate the capacity, 

C, through an algebraic rearrangement 
of the equation given earlier for corner 
frequency:  159,000 

C =   
fcR 

where fc is the desired corner fre-
quency,  3,000 Hz 

and R is the resistance above, 62 
ohms 

Therefore, 
159,000 

C —   = .855 uF 
3,000 x 62 

Replacing the 0.855 uF value with the 

nearest EIA value, 0.82 uF, our SWL 
can now build h:s filter. 
Review of Low-Pass Filter. In our 

design of the sinple low-pass filter we 
arrived at the circuit values shown in 
Fig. 10A and the frequency response 
shown in Fig. 10B. 
The filter circuit in Fig. 10A as de-

signed to have a corner frequency of 
3,000 Hz, meanirg that it would pass all 
frequencies below 3,000 Hz rather well, 
but eliminate those above this frequen-
cy. What if we cesired the opposite of 
this effect? What if, instead, we wished 
to pass all frequencies above 3,000 Hz, 
and eliminate those below this fre-
quency? A circui: having .these charac-
teristics is called a high-pass filter, and 
its frequency response would be as 
shown in Fig. 11. 

Flipped Circuit for Flipped Re-
sponse. In one sense, the frequency re-
sponse of Fig. 11 is a flipped-over ver-
sion of the low-pass response shown in 
Fig. 10A. It should not be too surpris-
ing then to learn that the circuit pro-
ducing this flipped-over response is itself 
a flipped-over version of the low-pass 
filter. The two 6r:tilts are compared in 
Fig. 12. 
If the same values are used (.82 uF 

and 62 ohms) in the flipped circuit, it 
yields the same corner frequency (3,000 
Hz) as the low-pass design, except the 
roll-off (the part of the response that 
goes down-hill) goes down to the left 
instead of to the r.ght. Just like its low-
pass cousin, this high-pass circuit likes 
to be driven from a low impedance (the 
same 6-ohm voice coil would do nicely) 
and it likes to drive into a high im-
pedance (the same 600-ohm headset 
would also be suitable). However, the 
SWL who designed the low-pass earlier in 
this article would ae very disappointed 
in this filter. Instead of cutting out un-
wanted high-frequency noise to enable 
him to hear the signal from that distant • 
station, this filter would cut out the 
signal and let him hear the noise! 

Designing by Flipping., If it's a high-
pass filter you need, there is almost 
nothing to the design. You simply de-
sign the "cousin" low-pass, using the 

formulas in the first part of this article, 
and then "flip" it to be a high-pass, as in 
Fig. 12a. Just choose the corner frequen-

cy for the "cousin" to be the same corner 
frequency that you desire in the final 
high-pass. 
For example, let's design a high-pass 

filter to eliminate the hum (60 Hz) on 
a 600-ohm phone line before we con-
nect it into a 100,000-ohm input of a 
public address (P.A.) amplifier. In this 
case, we would chose a corner fre-
quency for our high-pass which was 
well above the 60-Hz hum, to be cer-
tain of eliminating enough of the hum. 
Choosing a 240-Hz corner frequency, 
we proceed to design the low-pass just 
as we did earlier: 
First, compute R as follows: 

R = VRsRt.. = V600 x 100,00 

R = V60,000,000 = 7,750 ohms 

Next, compute C: 

C — 159,000 

fcR 

159,000 
C =    = 0.88 mF 

240 x 7,500 
You would be quick to admit that the 

values 7.750 ohms and 0.0088 uF for a 
resistor and capacitor, respectively, are 
difficult to find. Therefore, select the 
nearest stock EIA values, which are 
7,500 ohms and 0.091 uF. 
Although we designed this using the 

low-pass formulas, we can directly draw 
the high-pass circuit and plug in the 
calculated values. See Fig. 13. 
It is here that the shortcomings of 

these very simple filters first become 
apparent. We tried to make this filter 
eliminate 60-Hz hum from the tele-
phone line, while still passing voice, 
speech, and music well enough to yield 
a good-sounding audio signal. However, 
the roll-off—the sloping part of the fre-
quency response—is so gradual in these 
very simple filters that you must start it 
rolling down very far above the un-
wanted frequency in order to make sure 
that it gets down far enough to be 
effective in eliminating the unwanted 
frequency. In this filter (Fig. 13) we 
started the roll-off on its way at 240 
Hz, which is right in the middle of 
some very important audio frequencies. 
Consequently, some important low fre-
quenies will be lost, and the output of 
the system will sound "tinny." 
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Bell & Howell Schools announces two ways to learn new skills 
in electronics without ever going to class or giving up your job! 

Pick the one 
Here are two fascinating home-learning 

adventures that say, "Don't envy the man with 
skills in electronics.., become one!" 

If you had to drop everything and go off to school to learn new 
skills in electronics, there's a chance you might not do it. But Bell 
& Howell Schools' excellent home training has already proved to 
tens of thousands that you don't have to drop anything...except 
the idea that classrooms are the only place you can learn! 
You can keep your job, your paycheck and your way of life 

while you're learning. Because these programs allow you to pick 
the training schedule that best fits in with your other activities. 
It's that convenient. 

I. AUDIO/ELECTRONICS 
The first learn-at-home program including 

4-channel technology. Explore this totally unique 
sound of the 70's as you experiment with testing 
equipment and build a sound center featuring 
Bell & Howell's superb quadraphonic equipment! t 
Learn about 4-channel sound—without a doubt the most impres-
sive technical advancement in sound realism in years. A develop-
ment by which separately-recorded channels literally wrap a 
room in sound. 
And now, for the first time, you can also discover this latest 

achievement in audio electronics with a fascinating learn-at-home 
program that explores the whole area of audio technology in-
cluding 4-channel sound reproduction. A program that could lead 
you in exciting new directions with professional skills and techni-
cal know-how. 

You actually build and experiment with Bell & 
Howell's high-performance 4-channel audio center 
...including amplifier and FM, FM-Stereo tuner. 
Understanding today's audio technology requires practical expe-
rience with high caliber equipment. And with the Bell & Howell 
amplifier and tuner, you've got the technological tools you need to 
gain the knowledge and skills that could open up opportunities for 

you in the audio field. Of course, we cannot offer assurance of 
income opportunities. 
The sophisticated amplifier gives you the circuitry you need to 

conduct the comprehensive experiments necessary to master 
audio technology Like signal tracing low level circuits, trouble 
shooting high power amplifier stages, and checking the operation 
of tone control circuits. 
You'll investigate the technology behind this amplifier's full 

logic, 4-channel decoder and learn how full logic decoding pro-
duces outstanding front to back separation. 
The tuner you build has both superior performance specs and 

state-of-the-art features such as: all solid state, FET front end for 
superior sensitivity, crystal IF filters for wide bandwidth, and a 
superior stereo multiplex circuit for excellent stereo separation. 

You cover the full range 
of electronic fundamentals. 

But make no mistake. This learn-at-home program is not just 
about 4-channel sound. It covers the full range of elec-
tronic fundamentals leading to understanding audio 
technology. So when you finish, you'll have the occu-
pational skills to become a full-service technician, with 
the ability to work on the full range of audio equip-
ment such as tape recorders, cassette players, FM 
antennas, and commercial sound systems. Get com-
plete information on this unique program by checking 
the appropriate box on the card— mail it today! 

t Cabinets and speakers available at extra cost. 

102 ELECTRONICS THEORY HANDBOOK 1975 



you want! 

s.intilateii I \ test pattern. 

II. HOME ENTERTAINMENT 
ELECTRONICS 

Gain new skills in Home Entertainment 
Electronics in an unusual learn-at-home 
program that includes the new generation 

color TV you build yourself! 
This is the first program of its kind to include the study of digital 
electronics. And what better or more exciting way to learn about 
it than to actually build and test a 25" diagonal color TV employing 
digital electronics? 
You'll probe into the digital technology behind all electronic 

tuning and channel numbers that appear on the screen. An on-
screen digital clock that shows the time to the second. You'll also 
gain a better understanding of the exceptional color clarity of the 
Black Matrix picture tube, as well as a working knowledge of 
"state-of-the-art" integrated circuitry and the 100% solid-state 
chassis. 
As you build this remarkable, new generation color TV, you'll 

not only learn how advanced integrated circuitry works, but how 
to detect and troubleshoot problems in any area. 
Sound good? Then mail the postage-paid card today for more 

details. 

Whichever program you choose, 
you'll get to build and experiment IA ith 
your own electronics laboratory. 

"Hands on" working experience with the latest equipment is the 
key to Bell & Howell Schools' home training. That's why in both 
programs we start you 
off with a set of equip-
ment called the Lab 
Starter Kit, including a 
fully-assembled volt-ohm 
meter designed to help 
you experiment with and 
better understand basic 
electronic principles. So 
you don't just read about 
electronic principles, you 
actually make them work! 
Next, in step-by-step 

fashion, you'll assemble 
Bell & Howell's exclusive 

Electro-Lab' electronics training system. It includes a special 
design console that enables you to assemble test circuits. A 
digital multimeter for accurately measuring voltage, current 
and resistance. And a solid-state "triggered sweep" oscilloscope 
which will allow you to analyze the functioning of tiny integrated 
circuits. Putting these instruments together will give you expe-
rience in wiring, soldering and assembling. Then, further on, 
you'll use the lab equipment for experience in electronic testing, 
troubleshooting and circuit analyzing. 

We try to give more personal attention 
than other learn-at-home programs. 

Both of these programs are designed so that you can proceed 
through them smoothly, step by step. However, should you ever 
run into a rough spot, we'll be there to help. While many schools 
make you mail in your questions, we have a lb11-Free Phone-In 
Assistance Service for questions that can't wait. Bell & Howell 
Schools also holds In-Person "Help Sessions" 
in 50 major cities at 

various times throughout the year. There you can talk shop with 
fellow students and receive additional help front instructors. 
These personalized programs cannot guarantee you a job in 
electronics, but do equip you with important occupational skills. 
The knowledge you pick up will help you look for a job— 
or advance in the one you already have. 

Mail the postpaid card today 
for full details! 

Taken for vocational purposes, these programs qualify for Vet-
erans' Benefits. Send for full details today. 
"Electro-Lah'" is a registered trademark of 
the Bell & Howell Company. 

If card is missing, -'rite: 
An Electronics Home Stuc,, School 

DEVRY 111STITUTE OF TECHIIOLOGY 

el ,,,,,,,_ 

747RI 

BELL s HOWELL SCHOOLS 
4141 Belmont, Chicago, Illinois 60641 



So Watt? 
How big you succeed in electronics 
today—bigger pay...better job... 
personal enjoyment—depends on 
how. far you take the basics! 

'oar reading this page now gives yon 
• -r •• 

the head start you need. And well match 

it with a Special Introductory Offer to keep 011 ahead 

It always has been a matter of knowing 
the basics. Of the thousands of oppor-
tunities that are open to you in the elec-
tronics field today, you can be sure that 
all depend on your understanding of 
basic electronics theory. New electronic 
advances are triggered by yesterday's 
basics ... just as tomorrow's amazing 
breakthroughs will spring from today's 
fundamentals. 
Your taking advantage of the offer shown 
in the coupon below puts you in a better 
position to get the rewards electronics 
gives you today—and will offer you in the 
years ahead! 

For Beginnee or Expart —Elementary 
Electronics is valuable! 
It shows a novice where to begin—an 
expert where to improve. Each issue fea-
tures a Basic Course in an important area 
of electronics. Written by experts in an 
easy-to-follow style, with clear illustra-
tions and diagrams, you get a practical 
understanding of special circuits ... semi-
conductors. .. power supplies. .. trans-
formers ... transistors ... pulse circuitry, 
much more. You'll see general rules of 
electronics, develop trouble-shooting 
techniques, know how to calculate chang-
ing effects. 
You may be earning an income now in 
electronics and hope to increase it soon. 
Or you may be an electronics hobbyist 
looking for new ideas to use at home and 
for recreation. Either way, for pleasure 
or profit, you shouldn't be without 
Elementary Electronics. 
HI-Fl • CB Radio • Shortwave • New 
Products • Projects in every issue! 
You'll find a lot more in Elementary 
Electronics—a fantastic variety of new 

and  exciting electronic  information. 
More on today's CB qctivities and Short-
wave Listening ... expanded coverage 
on Product Testing from batteries and 
cells to stereo ... new Build-It Projects 
for home and shop ... portable music 
centers, weekend experiments, new prod-
ucts, bonus construction projects, elec-
tronic gadgets for fun and profit. 
Try it. Try Elementary Electronics under 
the no-risk subscription offer shown in 
the coupon. Just fill in and mail the 
coupon to Elementary Electronics, P.O. 
Box 2600, Greenwich, CT 06830. Send 
in your order TODAY. 
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PUBLISHER'S DISCOUNT SAVINGS CERTIFICATE 

Gofoodr    $475 off the subscription price of 

up to  ELEMENTARY ELECTRONICS 

El Enter my trial subscription for 9 issues of Elementary 
Electronics, for only $4.97 (Regularly by subscription, 
$9.72) 

El New Subscription  L Renewal Subscription 

Name   
(please print or type clearly) 

Address   

City  State  743  

SEND NO MONEY, WE'LL BILL YOU LATER 
MAIL TO: ELEMENTARY ELECTRONICS 

P.O. Box 2600, Greenwich. CT 06830 H51013 


