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The long awaited and newly revised Sylvania 
Technical Manual is out. Complete and unexpur- 
gated. The fantasy of every Independent Service 
Technician. Written anonymously by an agile team 
of Sylvania engineers. 32,000 components de- 
scribed in breathtaking detail. Including thousands 
of unretoucheddiagramsand illustrations. Discover 
the unspeakable thrill of new color TV Tubes, listed 
as never before. The ecstasy of 28,000 ECG Semi- 
conductors. 

From exotic Deflection Oscillators to a lurid ac- 
count of Transistors and Rectifiers. 

This book has what you want. Components for 
the man who knows what to do with them. 

The 14th Edition of the Sylvania Technical Man- 
ual is not available in any bookstore. Your Sylvania 
Distributor is discreet. Speak to him. 

SYLVAN LA 
GENERAL TELEPHONE & ELECTRONICS 

" "Electrifying 
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Soon after we introduced the 1219 a year ago, 

it drew such comments from the test labs as: "a 
good example of how an already outstanding 

instrument can be further enhanced by imaginative 

engineering." (Julian Hirsch in Stereo Review) 

One example of that imaginative engineering 

is the four -point gimbal suspension of the 1219's 

tonearm. Another is the Mode Selector that shifts 

the tonearm base - up for multiple play, down 

for single play. 
But innovations like these are costly: $175 to 

be precise. 
Which may explain why many budget - 

conscious record lovers, including professionals, 

feel more at home with the 1209 at $129.50. 

Especially because its engineering precision and 

performance offer everything they really need. 

The 1209's low -mass tubular tonearm tracks 

flawlessly at as low as a half gram. Because all 

tonearm settings must be precise at such low 

tracking force, the counterbalance clicks at every 

hundredth gram. Anti -skating is calibrated 
separately for conical and elliptical styli. 

The hi- torque /synchronous motor brings the 

four pound cast platter to full speed in less than a 

half turn. And keeps speed dead -constant no 

matter how much line voltage may vary. 

But since the rest of the musical world is 

not as accurate as the 1209, we added a control to 

let you match record pitch to less fortunate 
instruments such as out -of -tune pianos. 

The cue control is silicone- damped, and eases 

the tonearm onto the record more gently than a 

surgeon's hand. 
As you can see, there's nothing middling 

about our middle -of- the -line turntable. 
However, if by this time you feel you don't 

need even this many features, we suggest the new 

1215 at $99.50. But that's another story, and you'll 

have to write for it. 
United Audio Products, Inc.,120 So. Columbus 

Ave., Mt. Vernon, New York 10553. 
Dual 

If you don't really need the ultimate 
precision of the Dual 1219, we recommend 

the slightly less eminent 1209. 

CIRCLE NO. 112 ON READER SERVICE CARD 
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The sensibly priced tape cassette 
...from MALLORY. 

Just what you've been waiting for. The new Mallory 
DURATAPEt Cassette. 

You get the quality and performance of expensive tape 
cassettes at a nice, lots -less price. But not the poor 
performance or the problems of the special- discount 
cheapies. 

And since they're from Mallory - a company long 
known for quality electronic products -you can expect 
high fidelity, smooth operation, and long reliability. And 
get it ... every time! 

MALLORY 

Batteries Capacitors 

2 

They'll fit any cassette recorder, player, cassette - 
radio. Even the new cassette changers. And you pick the 
recording time: 30, 60, 90, 120 minutes. 

Our DURATAPE'T' Cassettes are tough but we put them 
in unbreakable, easy -to -stack containers just for extra 
protection. Like in the rain or through the mail. 

And we make a head cleanerthat's perfect for Cassette 
Recorders, too. 

You'll find this great new thing in sound wherever 
Mallory products are sold. 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY & CO. INC. 
Box 1558. Indianapolis, Indiana 48208; Telephone: 317.838.5353 

Cassette Tapes Controls Resistors Semiconductors Sonalert® Switches Timers Vibrators ICs 
CIRCLE NO. 125 ON READER SERVICE CARD 
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CONTENTS 

THIS MONTH'S COVER 
shows the control and dis- 
play unit (right) used by pi- 
lot and the navigation unit 
(with inertial platform at 
rear) used in the new iner- 
tial navigation system for 
the Boeing 747 super jet. 
Each plane carries three 
such systems which can 
pinpoint the plane's posi- 
tion without using outside 
signals, and can be coup- 
led to the autopilot to guide 
the jet automatically across 
the continent or around the 
world. Our lead story this 
month covers the system, 
called "Carousel IV," in de- 
tail Cover photo- 
graphs: AC Electronics Div. 
of General Motors and TWA. 
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now there are 3 
Coming Next Month 

time & tool- saving 
Special Issue 

double duty sets 
New PS88 all- screwdriver set rounds out 
Xcelite's popular, compact convertible tool set 
line. Handy midgets do double duty when slipped 
into remarkable hollow "piggyback" torque am- 
plifier handle which provides the grip, reach and 
power of standard drivers. Each set in a slim, 
trim, see -thru plastic pocket case, also usable 
as bench stand. 

PS88 

5 slot tip, 
3 Phillips screwdrivers 

PS120 

IO color 
coded nutdrivers 

PS7 

2 slot tip, 
2 Phillips 

screwdrivers, 
2 nutdrivers 

WRITE FOR CATALOG SHEET N563 

XCELITE, INC., 12 Bank St., Orchard Park, N.Y. 14127 
In Canada contact Charles W. Pointon, Ltd. 

CIRCLE NO. 110 ON READER SERVICE CARD 
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ORTER REAIOMEI 

DIGITAL 
VOICE 

COMMUNICATIONS 

COMPUTER 
MEMORIES 

Don't miss this important issue containing a 24 -pace 
Special Section on the topic of computer memories. 
Specialists from seven companies cover the ground 
in depth. You will be guided in the intricacies by 
Henry T. Meyer of Burroughs, John J. Rienzo and 
Edwin F. Tarbox of Sylvania, Robert N. Noyce of 
Intel Corp., George A. Fedde of Univac Division, Di 
Chen and Obert N. Tufte of Honeywell Research 
Center, Ronald A. Hill of Ferroxcube, and Caryl A. 
Thorn of IBM -each man sharing his particular 
specialty with you. Don't miss this in -depth "must 
save" section. 

Sophisticated pulse techniques, employing solid - 
state circuits, are making possible the reliable trans- 
mission of high -quality speech in digital form. Sidney 
L. Silver explains how it is being done. 

ADDING EXTRA CHANNEL 
FOR IMPROVED 
HI -Fl AMBIENCE 

A third channel, derived from the present two stereo 
channels, can be applied to one or two rear speakers 
for an extra sound dimension and greater ambience. 
David Hafler, President of Dynaco, explains how to 
make the hook -up and why it works. 

GRAPHIC 
COMPUTER TERMINALS 

The first of two -part series which explains how by 
displaying computer output in picture form the user is 
able to quickly interpret the data and act upon it. 
Widely used in busy air terminals, as teaching ma- 
chines, and in R&D laboratories, these video display 
terminals permit good machine -man interfaces, thus 
expediting all communications. 

All these and many more interesting and informative articles will be yours 
in the October issue of ELECTRONICS WORLD . . . on sale September I7th. 
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Put More "GO POWER" into Your Electronics Career 

107E LEi&W) 

from Technician to 

by studying at home with 

GRANTHAM SCHOOL OF 
E N G I N E E R I N G 
"the college that comes to you" 

The GRANTHAM educational program in ELECTRONICS ENGINEERING is designed to 

upgrade electronics technicians to the engineering level, mostly by home study. 

Orantljant $efjoot of engineering 
ryas conferral on 

aolln Ooe 

tryr Dearer of 

ffssociatt in Science in etrttronico Unainuring 

Earn a DEGREE in Electronics Engineering 

While you continue your present employment, you 
can really learn electronics engineering and earn an 

ACCREDITED DEGREE. Upgrade your income and 

prestige by upgrading your electronics education at the 

college level. 

GRANTHAM'S strong- foundation educational pro- 
gram in electronics engineering is designed especially 
for the working technician. This program, offered mostly 
by home -study, leads to non -obsolescent skills -to skills 
based on reasoning -and leads to the DEGREE of Asso- 
ciate in Science in Electronics Engineering (the ASEE 
Degree). 

This accredited degree program consists of four "cor- 
respondence semesters" of 100 lessons each, a total of 400 

lessons. All except the last ten of these lessons are com- 

pleted entirely by correpondence. However, after you have 
completed Lesson 390 you must then attend a two -week 
Graduation Seminar minar at the School. It is during this at- 
tendance that you complete Lessons 391 thru 400 and 
receive your ASEE Degree. 

Accreditation and G.I. Bill Approval 

Grantham School of Engineering is accredited by the 
Accrediting Commission of the National Home Study, is 
approved under the G. I. Bill, and is authorized under the 
laws of the State of California to grant academic degrees. 

Grantham School of Engineering 

c 

z 

ó 
7 
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September, 1970 

Established in 1951 

1505 N. Western Ave. 
Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

CIRCLE NO. 134 

Earn Your FCC License Along the Way 

You have heard and read, over and over again, about how 
important an FCC license is to your success in electronics. 
It is true that an FCC license is important- sometimes 
essential -but it's not enough! Without further educa- 
tion, you can't make it to the top. Get your FCC license 
without fail, and then continue your electronics education 
to earn your degree. It makes good sense to prepare for 
your FCC license with the School that includes the FCC 
license preparation as an incidental part of your degree 
program. 

In the Grantham ASEE Degree program, FCC -license 
and radar- endorsement preparation are integrated into 
the first two semesters for the benefit of those students 
who have never obtained such a license. 

Find out how 
you can advance in electronics 

Mail the coupon below for our free Bulletin 

r- 
Grantham School of Engineering EW -9 -70 

1505 N. Western Ave., Hollywood, Calif. 90027 

Gentlemen: 
Please mail me your free Bulletin which explains how the 

Grantham educational program can prepare me for my FCC 
license and Associate Degree in Electronics Engineering. I 

understand no salesman or counselor will call, 

Name 

Address 

City State Zip 

I have been in electronics for years. 

ON READER SERVICE CARD 
J 
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ALWAYS INSIST 
ON 

*CONTROLLED 

QUALITY 

CRYSTALS 

for your Communications 

THE 

"ON- CHANNEL' 
CRYSTALS by 

Lei CRYSTEK 7-17' 

kflmlB :^ 

cows MIN.,/ 171M41. 

SMOLM LOOM.. 

5lfimlB_= _- 
ante. Law OMML 

N OW YOU CAN 

Z/PORDER 
THE CQC CRYSTALS YOU WANT 

Your electronics dealer has new, 
fast, direct -factory ZIP -Order Pur- 
chase Certificates to enable you to 
get CRYSTEK CB, Monitor or Ama- 
teur Controlled Quality Crystals 
mailed direct to you promptly. Ask 
about them. 

`U- ÇHYSTEK 
TEXAS CRYSTALS 

Div. Whitehall Electronics Corp. 

1000 Crystal Drive 4117 W. Jefferson Blvd. 
Fort Myers, Florida 33901 Los Angeles, California 90016 

CIRCLE NO. 141 ON READER SERVICE CARD 
6 ELECTRONICS WORLD 

ENGINEERING CRISIS 
To the Editors: 

As a senior in MIT's cooperative pro- 
gram in electrical engineering, I must 
take issue with the "Engineering Crisis" 
item in your News Highlights column of 
May, 1970. The writer gives some good 
reasons why students are not being at- 
tracted to engineering in ever -increasing 
numbers today, but recommends that 
engineering schools undertake "excep- 
tional public relations jobs" to help clear 
up the "anti- engineering atmosphere" 
that is springing up. Perhaps the situa- 
tion of five or ten years ago, when the 
demand for engineering graduates was 
very high, could be termed an engineer- 
ing crisis on the college campus; today's 
"engineering crisis," however, is not on 
the college campus, as the writer implies. 

We are entering a period during 
which the growth of the engineering 
profession must be slowed, as industry 
moves away from defense- and aero- 
space- oriented work towards attacking 
problems in the social and environ- 
mental areas. To dump ever -increasing 
numbers of science and engineering 
graduates into the already saturated 
professional labor market would hurt the 
entire profession. Also, the new degree - 
holders would have a hard time finding 
the kind of position they had come to 
expect. This is one part of today's engi- 
neering crisis. 

Engineering schools are bringing their 
curricula up -to -date, but perhaps not in 
the sense envisioned by the writer. Atti- 
tudes of engineering students are chang- 
ing, while in many cases those of recruit- 
ers are not. Company recruiters too often 
look for what might be termed "old - 
style" engineering students. They still 
exist, but their numbers are decreasing. 
Many students who might be interested 
in engineering are now looking for some- 
thing more appealing than the four- or 
five -year, highly competitive "grind" 
which is looked upon favorably by in- 
dustry, and rewards those completing it 
with a position deep inside some large 
team effort -also not terribly appetizing 
to today's student. The new breed of 
engineering student is likely to be a 
broad- minded individual, with interests 
ranging far beyond his professional field. 

Recruiters are too often interested in 
a student's accomplishments early in his 
academic career, and look with distrust 
on a student's indecision regarding a 

professional career. Many recruiters can- 
not properly evaluate students involved 
in new courses of study, pass -fail grad- 
ing systems, and other innovative pro- 
grams, and are more likely to pass up 
such students for those who have stuck 
to a more conventional curriculum. 
Some traditional standards of accom- 
plishment have been replaced as campus 
attitudes have changed, while those of 
industry have not. This is the second 
part of today's engineering crisis. 

KENNETH POGRAN 
Class of '70, MIT 
Cambridge, Mass. 

SCOPES FOR TV TEST SIGNALS 
To the Editors: 

I was very much interested in your 
article entitled "TV's Built -hI Test 
Signals" in the March, 1970 issue of 
ELECTRONICS WORLD. It would appear 
to me that observing the vertical- inter- 
val test signals would be a valuable 
method of checking color TV's -both in 
the home and in the shop -to determine 
whether the troubles are in the antenna 
or in the TV receiver. Making this de- 
termination would save valuable time. 

It is my understanding that a scope 
should have a bandwidth of about three 
times that of the particular signal to be 
viewed. This, I understand, is to reduce 
the inherent errors of the scope. If this 
is true, it would be desirable to use a 
scope having a bandwidth of at least 12 
MHz or better in order to view these 
signals. 

I specialize in master -antenna systems 
and color -TV work. It is for this reason 
that I am highly interested in your 
article. I understand that this wide -band 
scope should be triggered and preferably 
employ a delayed sweep. 

I do not know of any scope under 
$600 that is capable of this. May I hear 
from you regarding the above with any 
suggestions you may care to give. 

L. A. HERRIED, Svc. Mgr. 
Modern Electric Co. 
Vermillion, S. Dak. 

Requirements for the scope are not 
quite as stringent as Reader Herried's 
letter indicates. However, we do agree 
that it would be better to use a triggered - 
sweep instrument with a bandwidth of 
10 MHz. There are several such units on 
the market at well under $600 -or even 
under $400 -both as kits and assembled 
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form. A few manufacturers which come 
to mind are Heath, Leader, Lectrotech, 
and Telequipment. We have reported on 
all these instruments in previous test - 
equipment product- report columns in 
ELECTRONICS WORLD.-Editors 

* * * 

ARMY RADAR TUBE 

To the Editors: 
Thank you for the fine article "The 

Tube Behind the Army's SCR -268 
Radar" by Harold A. Zahl ( which ap- 
peared on page 37 of your June issue). 
It was very interesting and enlightening 
on the history of the VT -127 electron 
tube. 

Having been on active duty in the 
Navy before and during World War II, 
I first came in contact with the VT -127 
while at Treasure Island, California 
Radio Materiél School in early 1941 and, 
later, aboard the USS Biscayne. Four of 
the VT -127's were used in a grid- block- 
ing, pulsed, ring oscillator in the SC- 
series radar built for naval shipboard use 
by General Electric. 

The installation of this radar was very 
evident by the placement of the large 
rotatable "bedspring," multi -horizontal 
dipole, stacked -array antenna on the 
main mast of the ship. 

When using the VT -127 tube, I recall 
that we were required to decontaminate 
the grids after extended use. Again, 
thank you for the fine article. 

GEORGE A. PIIILACTOS, LLDR, USNR 
Western Electric Co. 
New York, N. Y. 

Thanks to Reader Philactos, as well 
as to others who have written to us com- 
menting on the article and on their as- 
socialions with the Army's version of the 
Eimac 100 -TL hang -radio vacuum tube. 
-Editors 

* * * 

MATH FOR THOSE THAT HATE IT 

To the Editors: 
We want to thank Mr. John Frye for 

his excellent comments on the book 
"Math For Those That Hate It" by Roy 
Hartkopf, which appeared in his May, 
1970 article. We are glad to bear that 
the book has created so much interest in 
the United States. 

We would like to tell your readers that 
it can be ordered directly from Tri- 
Ocean, Inc., 62 Townsend St., San Fran- 
cisco, Cal. 94107. This should overcome 
the reluctance some people may have in 
ordering the book directly from Aus- 
tralia. 

ALTHEA TEBBUTT, Export Mgr. 
Rigby Limited 
Norwood, South Australia 

We are sorry that Mrs. Tebbutt neg- 
lected to tell us the postpaid price of the 
book, but we are sure our readers can 
get this information by sending a card 
directly to the above California address. 
-Editors 

September, 1970 

The does -it -all turntable 
at a do- it- yourself price. 

It's the BSR McDonald 310 /X, 
and it's the best buy in automatic 
turntables. Anywhere. 

This is no "little brother" turn- 
table, either. It's got a full -size 

platter, cue and pause control, 
low mass tone arm system and a 

visible stylus pressure indicator. 
And because it's a famous BSR 

Total Turntable, it comes com- 
plete with a tinted dust cover, 
custom molded base and a Shure McDONALD 

M -75 magnetic cartridge -all fac- 
tory- installed and balanced and 

included in the low price. 
The BSR McDonald 310 /X. It's 

perfect for people who want the 
best, no matter how little it costs. 

Send for free full color catalog 
on all our automatic turntables. 
BSR(USA)Ltd.,Blauvelt,N,Y.10913 

CIRCLE NO. 147 ON READER SERVICE CARD 

Precision 5 
Line 

Precision has led the 

field in quality and de- 

pendability for 25 years. 

reatest value in sound 

for every PA application 
Most trouble -free line in the industry, Precision 
offers a complete range of amplifiers in every 

power range including mobile, and a complete line of accessories. 

From the smallest office to large auditorium or industrial installations, 
Precision gives maximum flexibility and performance. 

S-30 M AC 

S-25-30 
60 -100 

0 
9101 KING STREET. FRANKLIN PARK, ILLINOIS 60131 

s 
NAMF 

DIVISION OF PRECISION ELECTRONICS, INC. 

ADDRESS 

CITY STATE ZIP 

wire 
es mi ä'7r, a TT TT MN WI TO r iFN 99 A6` d 

AA 
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firsts 
make learning 
Electronics at home 
fast and fascinating 
give you priceless 
confidence. 

Some NRI firsts in training equipment 

I iiôst to give you Color Television training 
equipment engineered specifically for education - 
built to fit NRI instructional material, not a do -it- 
yourself hobby kit. The end product is a superb 
Color TV receiver that will give you and your family 
years of pleasure. You "open up and explore" the 
functions of each color circuit as you build. 
8 

I òiIosI.,to 
give you transmission lines and 

antenna systems that include experiments not 
otherwise attempted outside of college physics 
laboratories. The experience gained with this kind 
of Communications training equipment is matched 
only by months - sometimes years- of on- the -job 
experience. 

ELECTRONICS WORLD 
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NRI's "discovery" method is the result of over 

half a century of leadership simplifying 

and dramatizing training at home 
The FIRSTS described below are typical of NRI's half century of leadership in Electronics home 

training. When you enroll as an NRI student, you can be sure of gaining the in- demand technical 

knowledge and the priceless confidence of "hands -on" experience sought by employers in 

Communications, Television -Radio Servicing and Industrial and Military Electronics. Everything about 

NRI training is designed for your education ... from the much -copied, educator -acclaimed 

Achievement Kit sent the day you enroll, to "bite- size" well -illustrated, easy to read texts programmed 

with designed- for -learning training equipment. 

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK 

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in 

spare time, have a business of your own or qualify quickly for career positions in business, industry, 

government. And if you enroll for any of five NRI courses in Communications, NRI prepares you 

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a 

more liberal money -back agreement. The full story about NRI leadership in Electronics training is in 

the new NRI Catalog. Mail postage -free card today. No salesman is going to call. 

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016 

APPROVED UNDER NEW GI BILL If you have served since January 31, 1955, 

or are in service, check GI line on postage -free card. 

designed from chassis up for your education 

f liest to give you true -to -life experiences as a 

communications technician. Every fascinating step 
you take in NRI Communications training, including 
circuit analysis of your own 25 -watt, phone /cw 
transmitter, is engineered to help you prove theory 
and later apply it on the job. Studio equipment 
operation and troubleshooting become a matter of 
easily remembered logic. 
September, 1970 

first to give you completely specialized 
training kits engineered for business, industrial and 
military Electronics. Shown above is your own train- 
ing center in solid state motor control and analog 
computer servo -mechanisms. Telemetering circuits, 
solid -state multi- vibrators, and problem -solving 
digital computer circuits are also included in your 
course. 
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What Should 
You Pay for a 

sheaRer 

A.fir . rr 

YOU can pay as little as $10, or as much as $1000 for a 
speaker system. At either extreme, there is little difficulty 

in making a choice. No one expects really high -fidelity sound 
from a $10 box, and if you can seriously consider one of the 
premium -priced systems, your field of choice is not very 
large. However, most of us have limited budgets, and are 
faced with the dilemma of interpreting the specifications (or 
lack of them ) on a number of competing speakers, and hope- 
fully choosing the one that best suits our needs. 

The most obvious external characteristic of a speaker sys- 
tem is its cabinet, or enclosure. Most systems priced below 
$200 (and a few at somewhat higher prices) are in the so- 
called "bookshelf" format. There is little variety possible in 
the styling of a box. Indeed, the grille -cloth pattern is the 
major visual difference among most of them. Bookshelf 
systems can also be installed on the floor in a vertical position, 
but they will do little to enhance the appearance of a well - 
furnished room. 

To meet the demand for speakers that are also attractive 
pieces of furniture, many manufacturers offer a line of styled 
floor -standing enclosures of various designs, sizes, and the 
number and types of drivers used in them. The cabinet often 
represents a large portion of the final selling price, without 
contributing to the sound in proportion to its cost. Over wide 
limits, there is surprisingly little correlation between cabinet 
size and sound, and the choice of a furniture -styled speaker 
system should be made with the realization that equally good 
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Including 
Lab Tests 
of the 
Complete 
AR Loudspeaker 
Line 

LAB TESTEI) 
by 

Hirsch -Houck 

You get what you pay for in terms 
of distortion, bass reproduction, treble 
dispersion, balance, and frequency response. 

sound could be bought for less in a simple box or, in many 
cases, better performance could be obtained for the same 
money by accepting a less attractive cabinet. 

Two -Way Speaker Systems 

Most quality speaker systems use more than a single driver. 
The large radiating surface and cone excursions required 
for good bass performance are simply not compatible with 
smooth, well dispersed high- frequency output. The simplest 
and cheapest solution to this problem is the use of a two -wart 
system, in which a relatively large "woofer" handles bass and 
middle frequencies with high frequencies channeled to a 
smaller "tweeter." 

Two -way systems are available in the lowest priced range 
(under $40) and at prices up to $100 or more. To appreciate 
the reasons for this price spread, let us consider the compo- 
nents of the system. Although almost any speaker which is 
not required to handle high frequencies might be called a 
"woofer" (we have seen the term applied to speakers less 
than 6" in diameter), a good bass speaker must be designed 
specifically for that purpose. Woofers are usually from 8" to 
15" in diameter, with rigid cones suspended in a manner that 
allows considerable axial movement. Not only does this call 
for a compliant suspension of the voice coil and the cone 
edge, but in the interests of low distortion the magnetic cir- 
cuit must be designed so that the voice coil never leaves the 
linear region of the magnetic flux. The size and weight of a 

speaker's magnet and associated struc- 
ture are closely related to its perfor- 
mance and price. 

To convince yourself of this relation- 
ship, compare the prices and weights of 
a number of unmounted speakers as list- 
ed in the catalogues. The weight, of 
course, is only a crude indication of the 
magnetic strength of the speaker, and 
tells little about the quality of its design, 
but the correlation with price will be 
apparent. The magnetic system is one 
of the major cost factors in a loudspeak- 
er design. 

There is no necessary relationship be- 
tween magnet size and cone diameter. 

Fig. 1. Comparative frequency response of the four loudspeakers 
tested. No attempt was made to compare efficiency of sound 
level outputs; curves were superimposed to show same level at 1 kHz. 
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MODEL AR -4x AR -tax AR -5 AR -3a 

Dimensions 
(w x h x d) 

19" x 10" x 9" 24" x 131/2" x 111/2" 24" x 131/2" x 111 /2" 25" x 141/4" x 111 /2" 

Weight (lbs) 18.5 36.5 39 53 

Woofer 8" 10" 10" 12" 

Mid -range - - 31/2" cone 11/2" dome 11/2" dome 

Tweeter 21/2" cone 3/4" dome 3/4" dome 3/4" dome 

Crossover 
Frequency (Hz) 

1200 1400/5000 650/5000 575/5000 

Price ($) 
(in walnut finish) 

63 128 175 250 

Table 1. Some of the important physical characteristics of the loudspeakers used as examples. 

There have been 4" speakers with heavy magnets, and 15" 

or larger cones combined with tiny magnets that would be 

better suited for a portable radio speaker. A speaker with a 

skimpy magnet and a large cone may seem to be a good value, 

but this is an illusion. A powerful magnetic circuit is needed 
for proper control of the voice -coil movement and for good 

efficiency. It is more important to good sound quality than the 

size of the cone. 
All else being equal, the size of the cone is related to the 

low- frequency output capability of a speaker. At one time it 

was widely considered that a 15" woofer was the key to good 

bass response. However, there are 8" and 10" acoustic -sus- 

pension speakers, capable of very large cone excursions, that 
can match all but the best 15" speakers at moderate volume 

levels. Large cones are needed when very high sound levels 

are required, such as in public -address and musical- instru- 

ment amplification. The same benefits can be obtained by 

paralleling two or more smaller speakers, but this particular 
arrangement may be more expensive than using a single 
large speaker. 

The principal weakness of the two -way system is the re- 
quirement that the woofer operate well into the mid -range 
region. The crossover to the tweeter usually takes place be- 
tween 1000 and 3000 Hz. Limiting tweeter operation to the 
higher frequencies allows it to be smaller and to have better 
dispersion characteristics. However, the woofer, if it is de- 
signed to perform well at low frequencies, will tend to have 
irregular response and poor dispersion in the kilohertz range. 
This is, unfortunately, the most critical range for good repro- 
duction, and it is in the mid -range that much of the difference 
between speakers can be heard. 

If the crossover frequency is lowered to 500 Hz, for exam- 
ple, the woofer can operate much more effectively. However, 
the tweeter must now be designed to operate a couple of oc- 

taves lower in frequency, which requires a larger diameter 
or greater excursion capability, or both. This, in turn, impairs 
its performance at very high frequencies, as well as increas- 
ing its cost. 

Three- & Four -Way Systems 

The most common solution to this 
problem is to use a three -way system. 
Some speaker systems selling between 
$100 and $135 are three -way systems, as 
are almost all at higher prices. In the 
three -way system, the lows, middles, 
and highs are handled by separate driv- 
ers. With each driver covering a limited 
frequency range, its design can be op- 
timized. Of course, the three -way ap- 
proach is inevitably more costly because 
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of the additional driver and crossover components. A good 

three -way system is characterized by a smooth, uniform 
over -all frequency response with wide dispersion over most 
of its operating range. 

The crossover network is a basic part of all multi -way 

speaker systems. Usually concealed within the cabinet, its 

presence may not be obvious to you, but it plays a vital role 

and can represent a significant part of the cost of the system. 
In the simplest two -way systems, the woofer is designed to 

have a naturally falling response above the crossover fre- 
quency and the network consists of a single capacitor in series 

with the tweeter voice coil to attenuate the low frequencies. 
Even in this basic form, the cost of the network is a function 
of the crossover frequency, since a lower crossover frequency 
requires a larger capacitor. 

Better control of the woofer performance near the cross- 
over frequency is obtained when an inductor is placed in 

series with its voice coil to roll off the higher frequencies. This 
can be a rather bulky and expensive component if a low cross- 
over frequency is used, which is yet another reason for the 
relatively high crossover frequency employed in most two - 
way systems. 

The basic crossover network has a gradual response slope 
of 6 dB /octave beyond the cut -off frequency. Some speaker 
systems employ more elaborate networks, with a 12 dB /oc- 
tave slope. These use twice as many inductors and capacitors 
and are correspondingly more expensive. There is no clear - 
cut advantage to the more complex networks and it is gener- 
ally agreed that, if the speaker characteristics permit, the use 
of the simpler network results in a smoother transition from 
one speaker to another. Horn -loaded mid -range speakers, in 

particular, must be protected from low- frequency energy, 
and steep crossover slopes are often necessary when they are 
used. 

There are a few four -way speaker systems. The fourth 
speaker is usually a "super- tweeter," operating above 8 to 
10 kHz and its chief contribution is to improve dispersion in 

this region, where conventional tweeters are somewhat direc- 

Fig. 2. Harmonic distortion of the four 
speakers. Note how distortion increases 
as frequency is lowered. Above 60 to 70 
Hz, distortion remains low and differences 
are not significant. The higher quality, 
and more expensive, speakers have lower 
distortion at lowest frequencies and they 
are able to produce substantial output at 
these frequencies. On the other hand, 
if you don't require as much bass, a 

less expensive speaker whose distor- 
tion measures higher at lower fre- 
quencies 130 -50 Hz) has reduced out- 
put at these frequencies so higher dis- 
tortion figures may not be significant. 
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THE FIRST 
CROWN 

PREAMPLIFIER 

What would 
happen to a 
preamplifier design, if the design 
engineer could free himself from 
stereotyped ideas and start fresh 
with only a list of customers' re- 
quests? Well, at CROWN that has 
just happened, and the result is the 
IC150, an exciting "new concept" 
control center with simplified cir- 
cuitry, controls that are easy to 
understand and use, several ex- 
clusive features, unsurpassed qual- 
ity, and - to top it all off - a lower 
price tag. 

Crown Engineers discovered that 
preamp switches don't need to 
pop. . that there is something bet- 
ter than the stereo mode switch. . . 

that the phono preamp can be 
dramatically improved. . .and , that 
by using IC's, a versatile high -qual- 
ity, advanced - performance pre- 
amplifier can be priced to beat 
inflation. 

Of course, the true uniqueness 
of such an innovative design cannot 
be appreciated by reading about it. 
The only answer is to experience 
the IC150 yourself. Let us tell you 
where Crown's "new concept" is 
being introduced in your area. Write 
today for a list of locations. 

World's quietest phono preamp 
Infinitely variable stereo panorama control 
Silent switching and automatic muting 

at turn -on and turn -off 
Integrated circuit modules 
Industry's lowest distortion levels 
Full range tone and loudness controls 
Superior phase response (guaranteed) 
3 -year parts and labor warranty 
Will drive any amplifier 
Priced to beat inflation 

BOX 1000, DEPT. EW -9, ELKHART, INDIANA 46 
CIRCLE NO. 142 ON READER SERVICE CARD 
16 

drivers, and choice of crossover fre- 
quencies, we can roughly estimate the 
nature of the difference among various 
models of a given manufacturer's line. 
Of course, this is not a substitute for 
listening to the speakers, but it may 
help clarify the differences that will be 
heard. 

A Logical Approach 

There are several possible logical ap- 
proaches to choosing a speaker system. 
A reasonable first step is to decide be- 
tween a floor -standing model and a 
bookshelf system. If you have estab- 
lished a budgetary limit for your speak- 
ers, try to listen to several suitably styled 
models priced a bit above what you ex- 
pect to pay. In all probability you will 
prefer the sound of one make over that 
of the others. 

Compare the features of that manu- 
facturer's lower priced models with 
those of the ones you have heard. Since 
some manufacturers have more than one 
line of speakers (bookshelf, console, for- 
ward- radiating, omnidirectional, etc.) 
be sure to compare related models. You 
may find a less expensive unit with the 
same tweeter but a smaller woofer, or 
a different crossover frequency. Often 
the basic sound quality of an expensive 
speaker is available in much lower priced 
units from the same maker, and you may 
not miss the added half octave of bass or 
stronger mid -range of the costlier speak- 
er system. 

When you have found one or more ac- 
ceptable speakers at the price you are 
considering, compare them to similarly 
priced speakers from other manufactur- 
ers. Perhaps you will find one more to 
your liking -if not, you will have re- 
inforced your decision and will have con- 
fidence that you have made the best 
choice. 

Examples of Performance and Price 

To further illustrate the relationship 
between performance and price we 
have chosen the loudspeaker systems of 
Acoustic Research, Inc. and have made 
a complete series of measurements and 
listening evaluations on the AR -4x 
($63), AR -2ax ($128), AR -5 ($175), 
and AR -3a ( $250) . Their physical char- 
acteristics are presented in Table 1, 
which shows how they are related and 
where they differ. The frequency re- 
sponse ( Fig. 1) and distortion measure- 
ments (Fig. 2) for the four speakers 
were made under identical conditions 
and may be used as valid comparison of 
their performance. Fig. 3 shows the 
high- frequency dispersion of one of the 
speakers under test, which is fairly typi- 
cal for the entire group. Tone bursts for 
this loudspeaker, also typical for the en- 
tire group, are shown in Fig. 4. 

The AR -4x is a simple two -way sys- 
tem; all the others are three -way sys- 
tems. It is interesting to see that the top 

three models use the same tweeter, a 3/4" 
diameter dome radiator. The AR -tax 
and AR -5, in addition, share the same 
cabinet and woofer. Their mid -range 
speakers are different and the woofer 
crossover is about an octave lower in the 
AR -5. The top -of- the -line AR -3a has the 
same mid -range and high- frequency 
drivers as the AR -5, but uses a much 
heavier 12" woofer in a slightly larger 
cabinet. This gives it about a half octave 
lower bass and lower distortion at low 
bass frequencies. 

Note that the increased price going 
from one model to the next generally 
buys smoother or wider response in only 
one portion of the frequency range. The 
buyer who is aware of this can usually 
make a more intelligent selection. For 
example, if you are not an organ buff, 
you may save $75 by getting the AR -5 
instead of the AR -3a. The low- priced 
AR -4x has a response curve very similar 
to that of the AR -5 or AR -3a, except in 
the low bass. As might be expected, it 
sounds very much like the more expen- 
sive speakers, but lacks the ability to 
shake the room with its bass output and 
is more directional at high frequencies. 
The AR -2ax and AR -5, despite their 
common components, sound distinctly 
different, with the AR -5 having more 
prominent and well- defined midrange. 

Although we could not test all, or even 
a reasonable percentage of the available 
speakers, the AR line illustrates very 
nicely the manner in which price is re- 
lated to performance in a line of speaker 
systems. Other manufacturers making 
speaker systems in a number of price 
ranges include: Acoustron, ADC, Altec- 
Lansing, Electro- Voice, Empire, Epi- 
cure, Fisher, JBL, Jensen, KLH, Recti- 
linear, H.H. Scott, University, and 
Wharfedale. 

Each of these manufacturer's products 
is governed by the same cost /perfor- 
mance relationship. Remember that the 
sound characteristics among speakers 
from different manufacturers are usually 
quite different even though the speakers 
may be comparably priced. This is an 
expression of their designer's philosophy 
as to what a speaker of given price 
should sound like. This emphasizes the 
importance of listening carefully to the 
products of several manufacturers before 
making a purchase. Once you find a 
manufacturer of speakers whose sound 
pleases you, there should be little diffi- 
culty in selecting one of his products at 
the right price for you. 
(For additional information on the AR 
speaker line, circle No. 1 on Reader Ser- 
vice Card.) 

(Editor's Note: If you found this 
article on speakers helpful, you won't 
want to miss a similar treatment of phono 
cartridges scheduled for our November 
issue. Be sure to watch for "What Should 
You Pay for a Hi -Fi Phono Cartridge" 
by Hirsch -Houck Labs.) 
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By FOREST H. BELT /Contributing Editor news 
Beware Of Overkill 

Although it's rarely wanted, and usually resented, a word of warning is sometimes needed. Warning 

advice is helpful only if it comes before a trouble develops. Here is one for the servicing industry to be 

thinking about. 
The consumer electronics industry is working hard on several fronts to develop competent service tech- 

nicians. We're orienting electronics instructors to teach servicing. We're attracting young apprentices with 

special programs that mix on -job and classroom experience. We're upgrading technicians already in the 

business. This activity is burgeoning mainly because of a much -touted shortage of qualified men to do the 

$600- million -a -year maintenance job home electronics requires. 
Some manufacturers are pushing hard to create "any kind" of technician. just so he gets busy servicing 

right away. These manufacturers think privately that enough warm bodies fiddling with TV sets and hi -fi's, 

even though minimally trained, will drive the cost of servicing down. In other words, they feel (unofficially, 

of course) that if they glut the electronics- repair market with enough "technicians" to make competition 

tough, service prices will be forced back to pre -color -TV levels. 

Hopefully, the service industry is too smart for that. But mistakes have been made before; they might 

be again. The situation bears watching. Leaders must not let happen what has happened in the fields of 

physics and nucleonics. Space and nuclear exploration became big things 15 or so years ago. Colleges and 

universities rushed to emphasize those curricula heavily. and turned out tens of thousands to fill the need. 

Lately, attention is shifting elsewhere -poverty, pollution, social problems. We now have an overabun- 

dance of highly trained, high- salaried physicists, engineers, and scientists. Once -popular space and nuclear 

experts are out of jobs by the thousands. 
An oversupply of service technicians would be equally disastrous to the home- electronics servicing in- 

dustry. Of course, this hasn't happened yet, nor is it imminent. But the possibility should be borne in mind 

as training programs continue to proliferate. 

Pay -TV Keeps Hanging in There 

Despite the adverse legislation over its head (this column. last month. page 6), subscription television 

continues to forge ahead. A new system has been filed with the Federal Communications Commission. A 

company called Vue- Metrics, Inc. wants to use its own coder /decoder system over -the -air. The firm has 

filed an application for channel 23 in Philadelphia. 
The mischievous bill that was introduced by Representative John Dingell appears about to die its de- 

served death. The bill pretended to approve pay -TV, yet regulated it so strictly it couldn't possibly survive. 

The bill has been an effective stall, however. The FCC long ago spelled out how subscription -TV could go 

ahead, and with very reasonable safeguards of the public's "interest, convenience, and necessity." A suit 

filed to block that go -ahead was overruled by the Supreme Court. 

There is no deterrent now, except the hesitancy of pay -TV leaders to proceed under the threat of being 

squelched by Congress. It's really high time the Congress had enough faith and courage in the. American 

way to let the system be subjected to the public market. If it's as undesirable as its detractors say, pay -TV 

would wither away in a very short time. If not, the U.S. public is even now being cheated of the use of an 

important medium of entertainment. 

More News in Color Picture Tubes 

Besides the fast swing to square- cornered color CRT's. the 1971 lines sport some other special features. 

For example, RCA has available the first color set with 110 -degree deflection. It's an 18 -inch model which 

some dealers saw at the Consumer Electronics Show in June. 
The Japanese are not to be outdone. Toshiba has a 15 -inch, 110 -degree version that will be in sets by the 

end of this year. Sylvania has an 18 -inch set in prototype that uses a 110 -degree tube. The wider angle of 

deflection makes the picture tubes shorter -and sets about 4 inches slimmer. One holdback has been de- 

flection components that could sweep that wide angle with acceptable linearity and convergence; that prob- 
lem is solved. Sweep- components makers showed 110- degree color flyhacks and yokes earlier this year. 
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Another color -CRT development is an in -line gun structure Sylvania is experimenting with. General 
Electric already uses the principle in small color tubes for its "PortaColor" models, but no one has applied 
it to large screens before. A major advantage is better convergence and purity, with fewer dynamic con- 
vergence adjustments. Sony has such a simplified convergence arrangement in its color sets using the one - 
gun, three -beam Trinitron picture tube. 

Tuner -Parity Rules Finally Set 

The industry finally got a revised tuner -parity ruling from the FCC. In some ways, the rules are easier 
than they were originally: in other ways. tougher. The time element is easier to meet. The u.h.f. tuning has 
to be as easy as v.h.f. in 10 percent of any manufacturer's models by July 1. 1971; 40 percent by July 1, 
1972; in 70 percent by July 1, 1973; and in all by July 1. 1971 Ruling applies to imports, too. 

For sets with detented tuners. a 6- station detented u.h.f. tuner will be acceptable to the FCC. However. 
the u.h.f. stations must be adjustable by the set owner. without tools. Thus, merely providing six pretuned 
u.h.f. positions is not enough. Some tuners already available meet this criterion. 

A set with detented v.h.f. doesn't have to use detented u.h.f. Push -buttons could be used for u.h.f. sta- 
tions. but "owner adjustable" rule applies no matter what mechanical arrangement is incorporated. 

Tuning aids -such as signal -seeking. automatic fine tuning (a.f.t.), or visual helps to fine tuning -must 
apply to both u.h.f. and v.h.f. The channel indicators must be equivalent for both bands, and the knobs 
must he of equivalent size and shape. 

A few of the color -TV models planned for the 1971 selling season have already incorporated some prin- 
ciples of the ruling. Manufacturers have known for some time they'd have to do something. Electronic tun- 
ing is the simplest way -at least for the viewer. 

Sharp has what seems the easiest to use. It is a signal -seeking u.h.f. /v.h.f. tuner that scans both TV 
bands until it encounters a station. It can be made to scan in either direction -from channel 2 up through 
83 or from the top down. Band -changing is automatic in the scanning process. Scanning is silent and takes 
about half -a- minute from one end to the other. The number of the channel on which the tuner stops flashes 
on a pair of Nixie tubes. Touchbuttons for up or down are operated by body capacitance. 

Motorola took a different approach in some top -of -line models for 1971. The u.h.f. channels are inter- 
mixed with v.h.f. channels on a regular 13- position detented channel selector. The u.h.f.'s take the place 
of unused v.h.f. positions. Behind the dial, the v.h.f. tuner is conventionally mechanical, but u.h.f. is 
varactor -tuned in a separate tuner. 

Tuner Equality Not Enough? 

With tuner- parity rules finally laid down. set manufacturers took a deep breath of relief. The tension re- 
laxed at last. Now they could gird for the push to meet the deadlines specified by the FCC. 

But their relaxation may be short- lived. Now a new bother is shaping up in the tuner field. Cable -TV op- 
erators are making plans to ask the FCC to force television -receiver manufacturers to put 20- channel 
tuners on receivers for cable systems. Just what frequencies are to be involved hasn't been decided. Nor 
has the deadline for making 20- channel receivers. 

Of course. this is so far only wishful thinking. Cable people talking about it at the National Cable Tele- 
vision Association convention in Chicago last June seemed to have tongue in cheek. But that doesn't mean 
there won't be filings and hearings on the subject. Now that the u.h.f. people have pushed tuner parity 
through, why shouldn't cable people try to push their own pet notion through? One difference is, a 20- 
channel cable- oriented tuner will do a lot more for cable than tuner parity is going to do for u.h.f. broad- 
cast stations. 

Flashes in the Big Picture 
First color set to operate from 12 -volt auto power comes from Hitachi; plugs into cigarette lighter or into 

regular 117 -volt house current.... Sylvania joins U.S. manufacturers (Motorola, RCA, Zenith) producing 
solid -state color receivers; 1971 model is due in few weeks.... New Japanese name in U.S. electronics is 
Mitsubishi, selling under ALGA label; interesting twists: some of its large- screen consoles are assembled 
here in the U.S. (this company has been marketing Japanese -designed U.S. -built airplanes that way)... . 

Another name being used is Sanyo, on Craig -Sanyo line of TV sets; Sanyo has for years built private -label 
sets for domestic brands.... Altec- Lansing, important name in commercial sound, gets into high -tag home 
stereo market; unique product is equalizer with 48 individually tuned filters to allow trained hi -fi expert 
to adjust response of stereo speaker systems to suit acoustics of listening room.... Most U.S. color -TV 
manufacturers are now including one -year free service in warranties; plan may extend to other products 
in the near future. 
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"Stop kidding 
yourself about 
your future in 
electronics:' 

You've been working in 
electronics long enough to know 
the facts. Companies are more 
selective in hiring and promoting 
men now than ever before. 
The result: plenty of opportunities 
for men with good technical 
qualifications; almost none for 
those without them. 

Make yourself one of the 
specialists who will enjoy good 
pay and excellent security in the 
years ahead. Supplement your 
experience with more education 
in electronics. You won't have 
to worry about automation or 
advances in technology putting 
you out of a job. 

CREI Home Study Programs 
offer you a practical way to get 
more education without going back 
to school. You study at home, 
at your own pace, on your own 
schedule. And you study with 
the assurance that what you 
learn can be applied on the job 
immediately to make you worth 
more money to your employer. 

You're eligible for a CREI 
Program if you work in electronics 
and have a high school education. 
Our FREE book gives complete 
information. Mail postpaid card 
for your copy today. 

In -depth coverage of solid 
state electronics ... including 
integrated circuits! 

FREE 
BOOK 

= 

...w.. Alva. e.. Uwe Me_ Sr,. Lew.. 

APPROVED FOR TRAINING 
UNDER NEW G.I. BILL 
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"Stop kidding 
yourself about 
your future n 
electronics. 

Men without advanced 
technical education will find 
few oppQrttjnities in 
electronics in the years 
ahead. But industry will 
offer exciting work,good 
pay and excellent securt, to 
tiien who become specialists 
in these key areas: 

Electronic Engineering Technology 
Aeronautical & Navigational 
Television 
Communications 
Nuclear Instrumentation & Control 
Missile & Spacecraft Guidance 
Radar & Sonar 
Nuclear Engineering Technology 
Automatic Control 
Industrial Electronics 
Computers 
Digital Communications 
Electronics Systems Engineering 

Take the advice of men who 
know the electronics industry. 
Make yourself a specialist in 
one of the key areas of 
electronics. Then stop worrying 
about how cutbacks, layoffs and 
contract terminations will affect 
you and your family. If you have 
up -to -date specialized 
knowledge of electronics, you 
can look forward to security and 
excellent earnings when men 
with ordinary qualifications 
are let go. 

But to become a specialist, 
you must supplement your 
experience in electronics with 

more technical education. CREI 
Home Study Programs offer you 
an opportunity to get that 
additional education without 
going back to school. 

You're eligible for a CREI 
Program if you work in 
electronics and have a high 
school education. Free book 
gives complete information. 
Mail postpaid card for your 
copy today. 

APPROVED FOR TRAINING 
UNDER NEW G.I. BILL 

FREE BOOK TELLS ALL ABOUT CREI PROGRAMS. FOR YOUR COPY, 
TEAR OUT AND MAIL POSTPAID CARD OR WRITE: 

uWa.9:l 

CREI, Dept. 1109A, 3224 16th Street, N.W., Washington, D.C. 20010 
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NEWS 
HIGHLIGHTS 

Hope for Stutterers? 
Preliminary test results of a simple electronic device 

shows promise of reducing or eliminating stuttering. Unit, 

called "Speech Rectifier," consists of ear pieces, pocket- 
' size battery -powered sound generator, and throat micro- 

phone. Operates on principle of voice masking; that is, 

speaker is shielded from hearing own voice. For unknown 
reasons, most subjects stutter far less or not at all during 
masking. Subject's voice actuates masking sound, prevent- 

ing him from hearing his own voice and automatically shuts 
off when he stops talking, permitting him to hear others. Of 

54 subjects tested 1 to 24 times, both with and without mask- 

ing, 75 °/o had improvements of 50 0/0 or more when using 

Rectifier. Nearly 1/4 of subjects had improvements of 90 to 

1000/o, that is, stuttering completely or nearly completely 
eliminated. After 14 to 18 sessions 47 °/o of subjects had halt 

the number of blocks even after device was removed as 

compared to their normal speech patterns. Speech correc- 
tion program is being conducted at Speech Rectification 
Center, 1127 Wilshire Blvd, #1500, Los Angeles, Calif. 90017 

by Dallons Instruments, a division of International Recti- 

fier Corp. 

Jobs for Army Retirees 
The Department of Defense has instituted a computerized 

job referral program designed to utilize both government and 

industry in locating a second "career" for military retirees. 
Since average retiree is between 41 and 51, an age at which 
most men find their family obligations greatest, it becomes 
imperative for him to find additional means of support. Pro- 

gram will provide improved means of communicating with 
prospective employers and vice versa. Computerized system 
will match man to job and forward resumés to prospective 
employer. Retirees interested in program should report to 

nearest military installation six months prior to discharge. 
Interested employers are asked to contact Centralized Re- 

ferral Activity, Defense Electronics Supply Agency, Attn: 
DESC -R, Dayton, Ohio 45401 ; or Director, Transitional Man- 
power Programs, Attn: Referral Program Coordinator, OASD 
(M &RA), Room 3D271, Pentagon, Washington, D.C. 20301. 

Cable TV 
Recognizing growth potential of cable -TV industry, RCA 

Commercial Electronic Systems forms new Cable Systems 
Department. W. Thomas Collins, who has served RCA in 

various executive capacities for nearly 20 years, has been 
named department manager. Mr. Collins said RCA is cur- 
rently offering cable operators a complete line of "live" film 
and video tape equipment for color and monochrome pro- 
grams and expects to broaden its product line and extend 
its marketing efforts as new department's plans are activated. 

TV or Not TV? 
That is the question that will not have to be asked about 

color -TV transmission from moon if astronauts are equipped 
with color -TV camera recently demonstrated to press by 
RCA in N.Y. Camera weighing only 10 pounds and measuring 
4 x 61/2 x 161/2 in. was designed by RCA Astro- Electronics 
Division specifically for use on lunar missions. Heart of 
camera is revolutionary Silicon Intensifier Tube (SIT), de- 
veloped by RCA Electronic Components. Tube's imaging 
surface consists of almost 400,000 individual silicon diodes. 

SIT makes camera immune to damage from direct sunlight 
and highly resistant to damage from jolts or vibrations. Sili- 

con target vidicon technology also makes possible the trans- 

mission of color pictures from the moon in dimness of sunrise 

to brilliance of high noon. Two of these cameras have been 

ordered by NASA's Manned Spacecraft Center. 

Improved Tire Tester 
Patent Office awards B. F. Goodrich patent for improved 

version of tire uniformity measuring machine. Original ma- 

chine inspected tires for radial force variation and rejected 

those which failed ride -quality standards. Patent covers 

electronic circuit, used with computer, that enables machine 

to automatically locate irregularities in radial force variation 
and mark tire with paint as guide for later correction. 

Charge 'er Up 
May replace the familiar "service station" cry of "Fill 'er 

up" if some measure of success is obtained with one of the 

large number of electric powered cars being experimented 

with today. Recently General Motors demonstrated an ex- 

perimental electric car powered by six zinc -air batteries and 

eight specially designed Delco -Remy lead -acid batteries. 

Zinc -air batteries give car a range of 90 miles at 55 mi /hr 

and about 150 miles at 30 mi /hr (up to six times range of 

lead -acid battery powerplant of same weight) while lead -acid 

batteries are used to accelerate car to 30 mi /hr from standing 

start in less than 10 seconds. Top speed of experimental car, 

called the XEP, is about 60 mi /hr. Although zinc -air battery 

car offers interesting potential for future urban vehicle appli- 
cations, Dr. Paul F. Chenea, GM vice -president in charge of 

Research Laboratories, feels that, at the moment, this system 

is not practicable for automotive applications. Main dis- 

advantages of zinc -air batteries are weight (1600 lbs), size 

(completely fills trunk), and they must be mechanically re- 

charged (nearly 300 zinc plates and potassium- hydroxide 

electrolyte must be removed and replaced) as opposed to 

electrical recharging. 

Semiconductor Sales 
According to Electronic Industries Association's Marketing 

Servicing Department, U.S. factory sales of semiconductor 
products (monolithic and hybrid IC's and discrete devices) 

during first three months of 1970 registered a 12.3 ° /o gain 

over sales during same period in 1969. Leading this growth 

were sales of linear IC's reaching 11.7 million units at $22.9 

million, up 134.0 ° /o and 80.3 ° /o, respectively, from unit and 

dollar sales last year. 

Electronic Personalities 
After ten years with RCA, Delbert L. Mills, senior execu- 

tive vice -president, Consumer Products and Components, 
retired on July 1, 1970. Mr. Mills, who played key role in de- 

velopment and growth of color television into multi- million- 
dollar industry, has agreed to continue as a consultant and 

member of RCA's Board of Directors.... George W. Steeves, 

rising from stockroom clerk for Radio Shack in 1948 to eastern 

regional manager in 1969, has been named president of 

Allied Electronics, a division of Tandy Corp. His goal is to 

make Allied Electronics "the largest and most profitable in- 

dustrial electronics distributor in the nation." ... Dr. Henri 

Busignies, senior vice -president and chief scientist of Inter- 
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ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 

from the Indiana Home 
Study Institute 

We are proud to announce two great 
new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it. 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 
money -back guarantee. 

In plain language, if you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every - 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. EW -9, P.O. Box 1189, Panama City, Fla. 32401 

CIRCLE NO. 130 ON READER SERVICE CARD 

Build this pipelike 
Schober Recital Organ 

51850! 
*Includes 

finished walnut 
console. (Only 

$1446 if you build 
your own console.) 
Amplifier, speaker 

system, optional 
accessories extra. 

You couldn't touch an organ like this In a store for 
less than $4,000 -and there never has been an elec- 
tronic instrument with this vast variety of genuine 
pipe -organ voices that you can add to and change 
any time you like! If you've dreamed of the sound 
of a large pipe organ inyour ,own home, if you're 
looking for an organ for your church, you'll be more 
thrilled and happy with a Schober Recital Organ than 
you could possibly imagine -kit or no kit. 

You can learn to play it -and a full -size, full- facil- 
ity instrument is easier to learn on than any cut -down 
"home" model, And you can build it, from Schober 
Kits, world famous for ease of assembly without the 
slightest knowledge of electronics or music, for de- 
sign and parts quality from the.ground up, and - 
above all -for the highest praise from musicians 
everywhere. 

Send right now for the full -color Schober catalog, 
containing specifications of all five Schober Organ 
models, beginning at $499.50. No charge, no oblige. 
tion. If you like music, you owe yourself a Schober 
Organ! 

The t9C4 2!' tOrgan Corp., Dept. RN -81 
43 West 61st Street, New York, N.Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE ZIP 
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national Telephone and Telegraph Corp. was given the IEEE Award in International 
Communications "for his outstanding leadership and technical contributions to the 
field of electronic technology and communications techniques." No stranger when 
it comes to awards, Dr. Busignies received the Pioneer Award of the Aeronautical 
and Navigational Electronics Group of the IRE (IEEE) in 1958 for his invention of 
world's first automatic direction finder for aircraft and the David Sarnoff Award of 
the IEEE in 1964 for outstanding achievements in field of electronics. 

Home -Styled Computers 
Desk size, portable (4 pounds) computer designed specifically for home market 

has been developed by Compusad, Inc., 16 Wetmore Street, New York Mills, N.Y. 
13417. Comparable in functions and performance to bulky academic computer 
trainers, unit, called "Compulogical Tutor," has been simplified to a point where any 
member of family, even an 8 -year old, can readily understand its operation. Comes 
complete with all circuits, controls, and logic blocks and will work for months on one 
inexpensive dry -cell battery set (not included). Computer performs add, substract, 
multiply, and divide operations in microseconds. Comprehensive instruction manual 
is included that explains all modern computer concepts (i.e., digital logic, Boolean 
algebra, computer circuits, etc.) and outlines hundreds of specific projects and 
problems (i.e., accounting, economics, finance, etc.) that can be worked on it. May 
be ordered direct from manufacturer for only $69.95 each, postpaid and fully guar- 
anteed. 

Can You Tap This? 
An electronically controlled water tap that can be turned on and off without being 

touched has been developed by Ven /o Sanitair of Venlo, the Netherlands. Unit con- 
sists of chrome -plated arm (tap) with plastic sensor, a small box containing elec- 
tronic equipment, two magnetic valves, and connecting wires. Any movements 
within 1.2 inch of tap causes signals to be developed in capacitance circuits located 
in sensor. These signals are amplified by electronic equipment to operate magnetic 
valves in water supply lines. Movements along right side of tap cause cold water 
to flow; along left side hot water and simultaneously along both sides a mixture. Re- 
peating movement cuts off water supply. Temperature of mixed water can be set by 
stop cocks mounted in front of magnetic valves. Thermostatic control is also avail- 
able. Ideal for industrial sterile rooms, laboratories, operating rooms, and wherever 
aseptic conditions are desirable. For further details write to Netherlands Consultate 
General, Commercial Division, 10 Rockefeller Plaza, New York, N.Y. 10020. 

Talking Computer 
Unlike most talking computers that depend on playback of pre- recorded magnetic 

tapes, Bell Telephone Laboratories' engineers have "taught" computer to convert 
printed English text fed to it via teletypewriter into synthetic speech. Computer an- 
alyzes sentences, assigns stress and timing to each word, and finds phonetic de- 
scription of each word from dictionary stored in its memory. Mathematical 
descriptions of human vocal -tract motions are then computed and used to generate 
electrical speech signals. These signals can then be heard over a loudspeaker or 
telephone. Realizing spoken as opposed to written words take on different meanings, 
depending on function or position in sentence, researchers programmed computer 
to distinguish between such expressions as "a name /an aim" and "a nice man /an 
iceman." Text -to- speech converter was devised by Cecil H. Coker, with help of Mrs. 
Noriko Umeda and other members of Bell Labs' Acoustics Research and Human 
Information Processing Department, at Murray Hill, N.J. Potential use of computer 
seen in such applications as information retrieval, aid for blind, and programmed 
instruction. 

Coming Events 
Latest in measurement, calibration, data acquisition, data transmission, control, 

computation, communications, etc. will be displayed at fourth 1970 Instrumenta- 
tion Fair to be held in Washington Hilton Hotel, Washington, D.C. on September 15 
and 16. Twenty daily one -hour workshop seminars will be presented to give attendees 
opportunity to learn more about application of displayed equipment (computers, 
microwave devices, tape recorders, IC's, etc.). There will be no admission charge 
for qualified persons. Contact Norm Ward, Ad -Tech, P.O. Box 475, McLean, Va. 22101 
(phone 703 -536 -4330) for information.... and for those creative engineers and in- 
ventors who are looking for way to turn their ideas into money, a one -day seminar 
will be given at UCLA to show them how. Seminar, called "Converting Ideas into 
Marketable Products," will be conducted by such experts as a market analyst, a 

patent attorney, and production managers on Saturday, August 29, from 8 a.m. to 
6 p.m. Fee for conference, including lunch, is $45. Write UCLA Extension Continuing 
Education in Engineering and Science, P.O. Box 24902, Los Angeles, California 90024 
(phone 213 -825 -3344 or 825 -1295) for information. 

ELECTRONICS WORLD 
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The current heated debate over the great- 
ness of our Color Crossfire versus our Color 
Vector was not our intent when we engineered 
them. We merely wanted to see that you have 
more than one way to provide outstanding color 
and black and white reception. 

That's why we didn't stop with the Color 
Crossfire-the antenna that pushed the fringe 
farther back than anyone ever thought possible. 
We went ahead with the Color Vector for extra- 

( 

-Äi_,-,--¡í-_ 

ordinary performance from a compact. And we 
build them both so you're not going to be 

called for repairs after every windstorm or 

smog inversion. 

But since both sides stand firm for the finest 
color and black and white TV reception there 
is, and the debate rages on, may we say: 

Gentlemen, please don't fight! There are still 
plenty of roofs left in this country for two 
great antennas... 

The COLOR VECTOR or the COLOR CROSSFIRE from 

CHANNEL MASTAR 
DIVISION OF AVNET, INC. ELLENVILLE, N.Y. 12428 

CIRCLE NO. 145 ON READER SERVICE CARD 
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DUNE BUGGY 
S011ETI_VILS WLIGIIS 

3/4 GRAM 

The "Mint 400" Del Webb Desert Rally 

V -15 TYPE II (IMPROVED) 

RIGINAL V -15 TYPE II 

AO 6O0 

TRACKABILITY CHART (1 GRAM STYLUS FORCE) 

rim I-IVF2E 

The same inertial forces that make a vehicle airborne when cresting a hill 
affect the tracking force of the phono stylus. Record surfaces, unfortunately, 
are a morass of miniscule hills and valleys. When the stylus is nominally 
tracking at 1 gram, this force significantly increases as the stylus enters a 
"hill," and decreases as it begins the downward "plunge." In addition, 
frictional characteristics of the tone arm or record changer mechanism may 
further affect uniformity of tracking forces; however, the Shure V -15 Type II 
Improved Cartridge retains its trackability throughout the audio spectrum. 
It accomplishes this difficult task within a critically determined latitude of 
tracking forces (3/4 to 11 grams) to insure continuous contact with the 
groove walls regardless of the varying tracking forces caused by the hills and 
valleys in a record groove. 

Here is why fractions -of -a -gram are important to record and stylus -tip life: 
3/4 gram tracking exerts a pressure of 60,000 lbs. per sq. in. on the groove 
walls -and this rises to 66,000 lbs. per sq. in. at 1 gram, and 83,000 lbs. per 
sq. in. at 2 grams. At 2 grams you have added over 111/2 tons per sq. in, to 
the groove walls over 344 gram tracking! Think about it. 

V-15 TYPE II (LVIPROVEll 
Shure Brothers Inc., 222 Hartrey Avenue, Evanston, Illinois 60204 

CIRCLE NO. 117 ON READER SERVICE CARD 
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These black boxes make up the inertial navigation sys- unit. At center is the heart of the system, the navigation 
tern. At left are the pilot's links with the all- weather sys- unit, which contains inertial platform and a high -speed 
tern, the mode selector in foreground, and the display digital computer. At right is the backup battery supply. 

Inertial Navigation 
for 747 SUPERJET 
By EDWI N L. HUGHES /Staff Engüneer, Carousel IV Program, AC Electronics Div., General Motors Corp. 

Technical details on system that automatically pinpoints 
jet's position and flies it anywhere in the world, in all kinds of 

weather, without using external radio, radar, or other navigational aids. 

IF missiles and spacecraft can be guided automatically for thousands of miles 

with phenomenal accuracy -why can't the same technology be applied to 

commercial aircraft navigation? Engineers at GM's AC Electronics Div. pon- 
dered that question for nearly a decade and then began serious work on the 
problem early in 1966. Within three and one -half years they saw their dreams 
come true when the Federal Aviation Administration (FAA) certified their 
Carousel IV inertial guidance system as the primary navigation reference for 
the Boeing 747 superjet. FAA certification came late in 1969 and included use 
of the inertial system on the Boeing 747, 707 and the Douglas DC -8. 

The automatic, all- weather inertial system is totally self -contained and is 

completely independent of radio, radar, or magnetic navigation aids, or man's 
oldest guideposts, the sun and stars. The navigator is a derivative of the com- 
pany's experience in designing and building inertial guidance systems for the 
Mace, Thor, and Titan II missiles, the Titan III launch vehicle, and manufac- 
turing the guidance and navigation systems for all of the Apollo command and 
lunar modules. 
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One of the three control and display units in the cockpit. 

Airlines began evaluating the benefits of inertial navigation 
early in the 1960's, with Pan American pioneering the effort. 
Then in mid -1966, Boeing announced its plans for the 747 
superjet, which would include inertial navigation systems as 
standard equipment. AC Electronics was ready to compete 
for the 747 inertial contract, having formed an engineering 
group earlier in 1966 to develop a commercial aircraft inertial 
navigation system. Carousel IV's design and performance 
won the 747 competition. Thus, the 747 became the first 
commercial aircraft to have an inertial system as an integral 
part of its design. 

Benefits of Inertial Navigation 

The benefits of inertial navigation to airlines, to flight 
crews, and to passengers are considerable. In the area of air- 
line economics, inertial navigation means that no human nav- 
igator is required, a considerable cost savings. Navigation 
accuracy is vastly improved when compared with human 
computations, or even Doppler radar. One leading airline 
stated that the inertial navigation system is five times more 
accurate than other forms of navigation. 

The high accuracy of the system translates into more pre- 
cise flight and air -traffic control, which will ultimately pro- 
vide more flight safety for passengers and crews when most 
aircraft are so equipped. When more direct flight paths are 
flown, it also means savings in time, fuel, and aircraft avail- 
ability. 

Looking down into the top of the system's navigation unit. 

DIGITAL 
COMPUTER 

28 

INERTIAL REFERENCE UNIT 

INERTIAL 
REFERENCE 
UNIT 
ELECTRONICS 

Another major advantage of an inertial navigation system 
is that it can provide aircraft attitude information (pitch, roll, 
and heading) superior to that available from standard atti- 
tude instruments. The standard attitude instruments are ac- 
celeration sensitive. In other words, if the aircraft accelerates, 
the attitude data is degraded. The only time the standard 
attitude data is accurate is when the aircraft is flying straight 
and level, neither accelerating nor decelerating. With the 
inertial navigation system the inertial attitude information is 
accurate at all times, irrespective of aircraft motion or acceler- 
ation. In the 747 superjet, the C -IV system acts as the primary 
attitude reference as well as serving as primary heading 
reference. 

Crew convenience and workload were the other important 
considerations in designing inertial systems into the 747. The 
Carousel system makes navigation the simplest it has ever 
been. The automatic navigator provides the flight crew with 
more navigation information than they've ever had and pro- 
vides it more quickly. 

By rotating a control switch, different kinds of information 
can be selected. The most basic information, of course, is the 
present position of the aircraft and this is given to the pilot 
and co -pilot in exact latitude and longitude through a score- 
board readout. This position information is updated every 
six- tenths of a second. 

Other kinds of information the crew can select for display 
are: distance and time to go to a waypoint or to destination, 
track angle of the flight path, ground speed, aircraft heading, 
aircraft drift angle, wind speed and direction, crosstrack dis- 
tance from desired course, track -angle error, and the desired 
track angle. The system also runs a continuous self -check to 
review information displays for their reasonableness and to 
detect any malfunctions. 

The system's wind computation is providing what appears 
to be the finest winds -aloft information that's ever been avail- 
able. Using conventional methods, a navigator or pilot would 
figure winds by computing drift over a period of time, thereby 
obtaining an average wind direction and speed. Carousel IV 
gives an up -to- the -second reading on wind direction and 
speed by continuously computing the difference between the 
ground speed and the air speed. Using this information, it 
automatically compensates for cross winds, when connected 
to the autopilot, thus maintaining the exact ground track the 
crew wishes to fly. 

An unexpected benefit of the inertial system is the speed 
indication it provides 747 pilots while they are taxiing the 
giant jetliners. Sitting three stories above the runway, it is 
difficult to judge taxi speeds. While the airspeed indicator 
does not work precisely at low speeds, the inertial system can 
give accurate ground -speed readings of as little as one knot - 
an important consideration when steering a 710,000 -pound 
aircraft. Pilots also are using the ground -speed indications 
immediately following landing touchdown to determine if 
they are within safe limits for braking the aircraft. 

The automatic steering features of the inertial navigation 
system are almost taken for granted, but have real signifi- 
cance. When the system is connected to the autopilot, it di- 
rects the aircraft to the desired heading, and captures that 
flight path in the proper direction, irrespective of the initial 
direction in which the aircraft was flying. 

To date, Carousel IV has been sold to 24 airlines world- 
wide for use in 747's and for retrofitting into 707's, DC -8's, 
and VC -10's. FAA reliability requirements for inertial navi- 
gation systems call for an in -flight mean- time -between -failure 
( MTBF ) of at least 544 hours. As this article goes to press, 
C -IV systems are accumulating some 60,000 airline operating 
hours per month and have an in -flight MTBF greater than 
1700 hours. 

In the fourth quarter of 1970, as more airlines put their 
747's into commercial operation, the inertial systems will be 
recording more than 100,000 operating hours per month - 
underscoring the fact that commercial inertial has arrived. 

ELECTRONICS WORLD 
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Carousel IV is called an inertial navigator because it uses 

the inertias of masses to measure the magnitude and direction 
of the acceleration of the aircraft. That acceleration is inte- 
grated once to obtain velocity and again to get position. 

Technical Description 

Three accelerometers sense the magnitudes of the three 
components of the jet's acceleration, and three gyroscopes 
control the direction in which the accelerometers' sensitive 
axes point. Fig. 1 is a schematic representation of the accel- 
erometer, which is simply a pendulum suspended in a case. 
The pendulum and its supporting electronics are designed to 

keep the pendulum mass precisely over the sensing coil. If 
the case is accelerated to the right or the loft, the inertia of 
the mass will cause it to tend to lag behind the motion of the 
base. The sensing coil will measure this tendency of the mass 
to deviate from its rest position, and electronic circuits will 
amplify this signal, apply it to the appropriate force coil, and 
restore the pendulum to its normal position. The current 
supplied to the force coil is an accurate measurement of the 
acceleration of the instrument case. 

If the case of the accelerometer were attached directly to 
the aircraft, it Nvould be subjected to rotational accelerations 
and motions. While it is possible to configure a navigation 
system with the accelerometers so fixed, the computational 
problems are severe, and it is common to provide isolation of 
the accelerometers from the rotational notions. This is done 
by mounting the accelerometers on a .stable platform. This 
platform is connected to the aircraft structure through a series 
of gimbal rings, which can move freely with respect to one 
another. Fig. 2 is a simplified schematic of a stable member 
supported by gimbal rings -the outermost ring being pivoted 
about the aircraft roll axis, the middle gimbal being pivoted 
about the aircraft's pitch axis, and the inner bearing or gimbal 
allowing the stable element freedom about the azimuth axis. 

Maintaining the stable element immune to the rotation mo- 
tions of the aircraft requires a sensor which is responsive to 
these rotational forces. A gyroscope is such a device. The 
functional dynamics of the gyroscope (Fig. 3) are not easy to 
explain; however, its operation is not difficult to understand. 
The gyroscope consists of a 'heel which spins about a spin 
axis (SA) at a very high speed (24,000 r /min) inside a single 
gimbal or bearing which is free to rotate only about one other 
axis. 

The physics of the spinning wheel gives it a unique re- 
sponse to rotational input forces. Any angular rotation of the 
gyroscope outer case about the input axis (IA) produces an 
inner case rotation about the output axis (OA). Electronic 
circuitry is provided which senses the location of the inner 
case relative to the outer case of the instrument. The output 
of the gyro sense coil ( amplified) is used to drive a torque 
motor on the gimbal pivot which is parallel to the gyro input 
axis. Any tendency of the stable element to move relative to 
the set of three gyroscopes is thereby sensed and any motion 
is prevented, thus assuring that the accelerometer input axes 
always point in the proper directions. 

There are different types of electronics required to support 
the inertial instruments (the gyroscopes and accelerometers), 
to perform the necessary calculations, and to communicate 
with the flight crew. In addition, electronic power supplies 
are required in support of each of these other functions. 

Unusual Requirements 

There are some requirements which are not commonly 
found in other applications. The system must work with a 
power input of 115 volts, 400 Hz or 28 volts d.c. This results 
in a fairly complex power- conversion system, shown schemat- 
ically in Fig. 4. The a.c. power is converted to nominally 36 
volts d.c. by a transformer /rectifier unit. The 28 -volt backup 
battery is connected into the output of the transformer /recti- 
fier unit through a diode. Whenever the 36 -volt line goes 
below 28 volts, the system automatically draws power from 
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Fig. 1. Schematic representation of an accelerometer. 
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Fig. 2. This is a simplified representation of the gim- 
baled stable platform that is the heart of the system's 
navigation unit. There are three accelerometers which 
sense the magnitudes of the three components of the 
jet's acceleration, and three gyroscopes to control di- 
rection in which accelerometers' sensitive axes point. 

Fig. 3. The gyroscope responds to rotational forces. 
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Numbers at top of display unit are current latitude, longitude. 

the battery. The 36 -volt bus varies as a function of load and 
line voltage. It is further regulated by a series switching reg- 
ulator to provide a 15 -volt ±1 percent output, which drives 
several additional power supplies. 

The basic power for the inertial instrument electronics is 
provided from a d.c. to d.c. converter, sometimes called a 
static inverter; another one is used to support the computer 
electronics; and a third for the control /display unit (CDU) . 

These d.c. to d.c. converters employ power -chopping transis- 
tors to turn the 15 volts d.c. into a 25 -kHz signals. This is 
then applied to power transformers whose outputs are, in 
turn, rectified and filtered. Output voltages range from 5 volts 
to 22 volts for system use. 

There are also precision a.c. power supplies which run the 
inertial instruments. The electric motor for the gyro wheel 
requires a two -phase, 1200 -Hz supply which is precisely reg- 
ulated in voltage, frequency, and phase. Other precision fre- 
quencies are generated for the pickoff systems for both the 
gyroscopes and accelerometers. 

The inertial instruments must be maintained at very pre- 
cise temperatures. Sensors within the instruments measure 
the temperature and compare it to a standard. The error sig- 
nal is amplified and used to drive heater elements on the 
instruments. 

The navigation unit provides pitch and roll attitude signals 
to the aircraft instrument panel. When the inertial system is 
first turned on, it is aligned to vertical and true north. The 
platform will remain so oriented for the duration of the flight 
and synchro transmitters on the gimbal pivots detect the air- 
craft pitch and roll attitude relative to the stable platform 
and transmit that information to the flight instruments. 

The inertial instrument electronics are, in general, special- 
ized circuits which provide unique functions, such as the 
gyro -stabilization electronics, the accelerometer electronics, 
the wheel power, and heater controls. These circuits consist 

of integrated operational amplifiers, discrete transistors, and 
other electronic components. 

Computations are performed in a highly miniaturized gen- 
eral- purpose digital computer which is composed primarily 
of integrated transistor- transistor logic (TTL) circuits. It has 
a conventional four -wire ferrite -core memory. The memory 
requires that some of the outputs from the computer d.c. to 
d.c. converter be regulated as a function of the temperature 
within the computer memory. The switching electronics for 
this memory are both monolithic and hybrid integrated cir- 
cuits. 

Packaging and Components 

All of the above functions must be provided within a pack- 
age having a volume of 0.88 cubic foot and weighing approxi- 
mately 53 pounds. This requires the best in electronic pack- 
aging techniques. The photo of the navigation unit with the 
top removed shows the gimbal structure, containing the in- 
ertial instruments, occupying about half the box. The inertial 
instrument electronics occupies one side of the electronics 
compartment and the digital computer unit occupies the 
other side of that compartment. Extensive use is made of cir- 
cuit boards with IC flatpacks fixed to both sides. The memory 
package contains some discrete components and integrated 
circuits as well as 79,872 individual ferrite cores. And there's 
still room in the navigation unit for extra circuit boards, which 
could be memory cards or other circuitry. 

The control and display unit, primarily a digital device, 
is similarly constructed of circuit boards. In addition, it con- 
tains its own d.c. to d.c. converter. 

The following list indicates the approximate number of 
each type of electronic component in the navigation unit: 
1250 monolithic and hybrid integrated circuits, 350 transis- 
tors, 370 diodes, 1850 resistors, 775 capacitors, 100 trans- 
formers and inductors, and 150 connectors- making a total 
of 4845 components. 

To put this in a more familiar perspective, a typical solid - 
state color- television set has a total of about 500 electronic 
parts, consisting of: 50 transistors, 200 resistors, 200 capaci- 
tors, and 50 coils and transformers. 

In terms of the number of solder connections, the naviga- 
tion unit has about 40,000 as compared to 1250 for the tele- 
vision set. This makes the navigation unit approximately 30 
times more complex than a color -TV set, considering only the 
purely electronic components and their attachments. If the 
svnchros, torque motors, and inertial instruments are includ- 
ed, the complexity is increased even further. 

Reliability by Design 

The Carousel IV in -flight reliability has been achieved by 
several important actions of the designers and builders of the 
equipment. During the design, all of the parts were rated at 
no more than 80 percent of their operating capability and, in 
some cases, 50 percent derating was used. In most cases, it 
was not necessary to add any parts as a result of this derating. 
Secondly, a worst -case analysis was performed to assure that 
under all possible conditions of operating temperatures, cir- 
cuit voltages, and currents, the individual parts would never 

be operated at more than 100 percent of 
their rating. In other words, even in the 
worst possible combination of environ- 
ments, line voltages, and external loads, 
there are no overstressed parts in the 
system. 

The parts used in the system are not 
run -of- the -mill industrial -grade compo- 
nents but, in fact, represent the highest 
reliability components which can be 
purchased. In addition, they are given 
special treatment. The large number of 
integrated circuits in the system have 

(Continued on page 83) 

Fig. 4. Power- conversion arrangement used in inertial guidance system is fairly complex. 
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Calculating 
STRIP -LINE 
IMPEDANCE 

By RONALD L. CARROLL 

A simple, yet accurate, way of determining the impedance 

of various strip -line materials using graph and formulas. 

NY engineer responsible for the efficient transmission of 

waveforms involving low impedances (less than 50 
ohms) must have a working knowledge of strip lines. 

There are several methods of calculating the impedance of 
two parallel conducting plates of equal width, separated by 
a uniform thickness of a dielectric material. Most of these 
methods involve the actual calculation of the inductance, 
which is re- inserted into its parent expressions, eventually 
yielding a resultant value for the impedance. However, the 
following equations will be reasonably accurate in most cases 
of interest. 

Z 
100d (17/K) 

1U 

where: d is the dielectric thickness in inches, w is the strip 

10 

5 

.5 

.2 

Convenient graph for determining Z vs w for various strip- 

width in inches, and K is the relative dielectric constant. 
Since many manufacturers use materials with similar 

dielectric constants, we can further simplify this expression: 

Z = 
?Od 

for commercial "H" film where K is 3.4. 
tc 

185d for phenolic circuit board where K is about 5.0. 
w 

138d for commercial "H" film where K is 9.0. 
w 

By making a plot of Z versus w for your particular d and 
K factor strip -line material, like that shown in the graph 
below, you can easily determine the correct width for your 
required impedance. 

line dielectric thicknesses and relative dielectric constants. 

2 
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Recent 
Developments 
in Electronics 
Compact Display for Air -Force Planes. (Top left) A new display 
unit that can be used to show radar signals or computer data 
is shown here. Taking the place of an existing Air -Force dis- 
play, the new unit weighs about one -seventh as much and 
occupies one -fifth as much space as its predecessor. It also 
draws less power and is expected to be more reliable. The 
basic function of the display is as a remote radar PPI indicator. 
However, by easily replacing some of the printed- circuit boards, 
a computer output graphic -display terminal results. In this 
function, a high -speed character and symbol- writing capability 
is added and a text -editing feature, using a light pen, is in- 
corporated. The new display unit is suitable for a wide range of 
airborne or ground operations. It was produced for the Air 
Force by Motorola. 

Computer Checks 250 mi /h Test Vehicle. (Center) This sleek - 
looking test vehicle, built under contract to the U.S. Department 
of Transportation, uses a linear induction motor which should 
be able to propel it at speeds up to 250 mi /h. If you imagine 
the usual rotary induction motor cut along a radius, unrolled, 
and laid out flat, you can visualize the linear induction motor 
used. Some of the windings are laid out continuously along the 
track while other windings are within the vehicle. When a.c. is 
passed through the vehicle's windings, a strong magnetic field 
is set up between the windings that pulls the vehicle along the 
track at high speeds. Advantages are silence, a lack of pollu- 
tant byproducts, and freedom from vibration. Since thrust is 
provided without need for physical contact, the system should 
work equally well with air -suspension vehicles. Right now the 
test vehicle is being low -speed tested with the help of a mini- 
computer on a 1/4 -mile track at Torrance, Calif. The computer is 
capable of handling 32,000 readings per second from more 
than 100 sensors located on the vehicle. The minicomputer, a 
Varian 620/i, is located in an instrumentation and telemetry 
trailer nearby. Later this year the vehicle will be moved to a 
new large -scale test track near Pueblo, Colorado, for high -speed 
testing by the Dept. of Transportation. 

Medical Data via TV Display. (Below left) A high -speed micro- 
filmed information storage and retrieval system that should 
provide the most advanced medical records system in the 
country is being installed at the Washington Medical Data Cen- 
ter. Hard -to -get information will be immediately available to 
remote locations merely by keying a number. The system, in- 
stalled by Mosler Information Systems, will be tied in with the 
Center's computer. A physician who may wish to review a 
patient's medical records simply keys the request into the 
terminal. The logic and memory of the computer are used for 
indexing, file search, identification, and programming the re- 
quest. The data is presented visually on the TV monitor within 
seconds. Scan and zoom controls on the remote TV camera 
make possible magnification and minute inspection of details. 
Several users can request information at the same time. The 
equipment will also have the ability to make hard copies. 
Other data will also be stored, including scientific articles from 
medical journals and an index of common drugs. The system is 
expected to be fully operational within about 8 months. 

ELECTRONICS WORLD 
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Facsimile Transceiver Uses Phone Lines. (Top right) A new 

facsimile transceiver that is small enough to be carried in an 

attaché case uses ordinary phone lines to transmit pictures. A 

full, letter -sized document or illustration can be sent in just 
four minutes; a shorter message, such as a 16 -line typed 

memo, can be sent in only a minute. The 18 -lb device is con- 

nected to the phone lines by means of an acoustic coupler. 
Special recording paper must be used. The new machine, the 

400 Telecopier, is available from Xerox. 

World's Smallest TV Camera. (Center) What is claimed to be 

the world's smallest commercially available TV camera is 

shown being inserted into boiler tube by workman. The lens, 

lighting unit, and 1 /2 -in vidicon camera tube are all housed 
within a steel case measuring about 1 -in diameter and 5 -in long. 
The companion control unit, containing power, scanning and 

processing circuits, weighs less than 42 lbs and can be carried 
by one man. Broadcast -type line -sync pulses make the camera 
compatible with video monitors and video tape recorders. 
Camera is by TV Equip. Div. of EMI Electronics, Ltd. 

Cartridge Television for Home Use. (Below left) The first U.S. 

mass -produced home cartridge color -TV system, called "Car - 
trivision" has been announced by Avco. The combination unit 
shown, consisting of a cartridge video tape deck and color -TV 

receiver, is expected to sell for $800 to $900. The set will play 
special pre- recorded cartridges in color; it will also record TV 

programs off the air for later playback, without developing or 
processing. The set and the cartridges are expected to be 

available to the public early next year. It was also announced 
that Admiral will be using the new system in some of its new TV 

sets. Although we could get no technical details and were not 
even permitted to examine the cartridge or tape deck, color 
picture quality was good during a demonstration we saw. 

New Control Center for Quotation Network. (Below right) We 

recently visited a highly sophisticated computer complex that 
controls the world's only international stock and commodities 
quotation network. The view shown here is of the control room 
at Ultronic Systems (subsidiary of Sylvania) new Mt. Laurel, 
N.J. complex. The center currently provides in -depth informa- 
tion to subscribers on some 9500 stocks, bonds, and commodi- 
ties. Heart of the world -wide data network is a Univac general - 
purpose computer using two high -speed drum memories. 
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can 

You Learn 

(Iectronìcs 

by 

Name Study? 

Y LOUIS E. FRENZEL, Jr. 

How to decide on course 
and select a school that is 

right for you. Here are 
some practical guidelines 
for making your decision. 

MY answer to that question is simple, "You certainly can." 
A lot of people have learned electronics through corre- 

spondence courses. The question is not whether home -study 
courses are good or not, but rather exactly how does a person 
go about deciding on a course, selecting a school, then follow- 
ing through with it. 

Correspondence courses are an effective and proven meth- 
od of education. The fact that there are currently over 5 mil- 
lion people studying at home should clearly indicate their 
acceptability. Home study is a convenient means of getting 
some extra education. 

If you have considered a correspondence course but can't 
make up your mind as to which course or school to choose 
and how to get the most from it, the seven items outlined 
here can help you make the right decision. 

Item 1: 
Decide whether you really need to take a course. 
If yO(t have considered taking a correspondence course, 

you must have decided that you need to get some additional 
education, most likely job -related. If you are even the least 
bit ambitious, you probably already know that more educa- 
tion is one way to ensure that you will move ahead on your 
job, do a better job, and make more money. Any investment 

34 

you make in education now will certainly pay for itself later. 
Perhaps you are already working in electronics but feel 

that you can do better if you up -grade yourself. The higher 
level job and pay that you desire may be out of your reach 
now because you do not have the education or skills to handle 
it. In this case, a correspondence course can help you. 

Maybe you would like to change your field of specializa- 
tion. Maybe you were a communications technician in the 
armed services but now want to get into computer electron- 
ics. A good correspondence course in this area could be the 
way to go. Another example is a television technician who 
wants to get into the mobile -radio field. While both of these 
jobs are in electronics, skills and knowledge demanded for one 
do not necessarily apply to the other. You may have to learn 
quite a bit of new electronic theory in the new field of special- 
ization. A television technician changing to mobile radio 
would, of course, need to obtain an FCC license. The knowl- 
edge required to pass the FCC license exam is certainly not 
obtained working as a TV technician. For that reason, a 
course in the appropriate field can help you make the change. 

Item 2: 
Set yourself a goal. 
Once you have determined that you can benefit from tak- 
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ing a course, you should set some kind of goal. Ask yourself 
exactly what you are trying to accomplish. What end result 
are you seeking? In the example given earlier. your goal may 
be to obtain an FCC commercial radiotelephone license. 
Look carefully at your own situation and determine what 
your goal will be. If you don't know where you are going, you 
will never get there. 

Item 3: 
Investigate thoroughly all schools offering suitable courses. 
Before you select a home -study school, it is a good idea to 

send inquiries to all schools offering courses in your field of 
interest. You can find many of these schools by thumbing 
through your latest copy of ELECTRONICS WORLD or by writ- 
ing to the National Home Study Council for a list of approved 
courses in this area. Write to all the schools and ask for their 
catalogues. Most home -study schools will send you a com- 
prehensive catalogue describing their courses and the various 
services they offer. (See listing of schools and their addresses 
on this page.) 

Once you accumulate the catalogues and related informa- 
tion, sit down and read them thoroughly. ?Make a table listing 
the advantages and disadvantages (from your standpoint) 
of each school. Compare the schools and courses carefully and 
try to determine which one, in your mind, is the best for you. 
There are many good schools offering courses in electronics 
and your job is to select the best school for you. One may be 
just as good as another, or so it seems from the information 
that you will receive. But keep an open mind, ask questions. 
and read everything you receive thoroughly. If you have 
questions that don't seem to be answered by the material the 
schools send you, then by all means write and ask for answers 
to your specific questions. 

Some of the things to consider in comparing the schools 
are: course content, price, services of the school, and ac- 
creditation. 

Content is important. Just what material is covered in the 
course? Will it help you achieve your goal? Read the lesson 
outlines carefully and be sure that the course contains infor- 
mation on the subjects in which you are interested. 

Price is another important consideration. Since you are 
probably going to have to pay for this 
education out of your own pocket, you 
will want to be sure to get as much for 
your money as you can. Prices of corre- 
spondence courses vary widely depend- 
ing upon just what is included in the 
course. While price is an important con- 
sideration, it should not be the prime 
factor in selecting the course. If it ap- 
pears that the course you are considering 
will help you achieve your goal, then by 
all means take it, if the price is anywhere 
near reasonable. 

Most schools provide some additional 
services for their students. An example 
is the consultation service where a stu- 
dent can write and get the help that he 
needs \vith his studies or with other 
problems related to the field. Other 
schools offer advice on obtaining jobs, 
and many publish a magazine or news- 
letter for their students. Some schools 
even have an alumni association and nu- 
merous other beneficial services. These 
extra services are important points often 
overlooked by those evaluating corre- 
spondence courses. These are quite simi- 
lar to the fringe benefits you get when 
you take a job. Fringe benefits don't 

show up in the pay check, but they do provide many useful 
"pluses" that you might otherwise have to provide for yourself. 

One of the most important things to consider when select- 
ing a school is accreditation. The recognized accrediting body 
for home -study schools is the National Home Study Council. 
This is an organization which investigates schools that apply 
for accreditation and checks their ability to supply the edu- 
cation they offer. When a school is accredited it means that 
it provides beneficial education, properly written courses. 
and has fair business policies. If a school is accredited then, 
generally speaking, you can be sure that you will be getting 
our money's worth. 

just because a school isn't accredited, however, doesn't 
mean that its courses aren't any good. There may be a very 
good reason why a school isn't accredited. Ask about this 
important point if it should come up. 

Item 4: 
Should you select a course with or without training kits? 
One of the things that will probably arise when you are 

deciding on a course is whether to select a course which offers 
training kits or an equivalent course without kits. If you are 
already an electronics technician and work with electronic 
components and equipment, you may not need to take a 
course that has training kits. On the other hand, if you are a 
beginner or are changing fields, then it might be a good idea 
for you to enroll in a course with kits. 

Electronic training kits provide actual hands -on experience 
with electronic equipment. You will work with electronic 
components, tools, and test equipment. You will build cir- 
cuits, run experiments, take measurements, and do many 
other things that von will have to do later on as a technician. 
In many cases you will build useful pieces of equipment that 
you can use later on your job. 

Most home -study schools that supply kits with their courses 
will provide equipment such as v.t.v.m. (or a transistorized 
voltmeter), an oscilloscope, and other useful devices. In a 
television- servicing course you may build a color -TV set. In 
a communications course for an FCC license you may build a 
radio transmitter and other related equipment. If you would 
like to get actual training with equipment that you will work 

HOME -STUDY SCHOOLS 
National Home Study Council 
1601 18th St, N.W. 
Washington, D.C. 20009 

Cleveland Institute of Electronics 
Att: Ralph Schmotzer 
1776 East 17th St. 
Cleveland, Ohio 44114 

Cook's Institute 
Att: Wallace Cook 
P.O. Box 10634 
Jackson, Miss. 39209 

CREI Division 
McGraw -Hill Book Co. 
Att: Norman Cohen 
3224 16th St., N.W. 
Washington, D.C. 20010 

DeVry Institute of Technology 
Div. of Bell & Howell 
Att: Richard Chandler 
4141 W. Belmont Ave. 
Chicago, Ill. 60641 

Grantham School of Engineering 
Att: Don Grantham 
1505 N. Western Ave. 
Hollywood, Calif. 90027 

International Correspondence Schools 
Att: Roy Anderson 
Oak Street 
Scranton, Pa. 18515 

Motorola Training Institute 
Att: John Millet 
1301 Algonquin Road, Dept. 19 
Schaumberg, Ill. 60172 

National Radio Institute 
Div. McGraw -Hill Book Co. 
Att: John R. Thompson 
3939 Wisconsin Ave., N.W. 
Washington, D.C. 20016 

National Technical Schools 
Att: Robert Parma 
4000 S. Figueroa St. 
Los Angeles, Calif. 90037 

RCA Institutes 
Att: Jack Friedman 
320 West 31st Street 
New York, New York 10001 

United Technical Institute 
Div. of Career Academy 
Att: Terry Hueneke 
611 East Wells St. 
Milwaukee, Wisc. 53203 
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with on the job, this is certainly the way to go about it. The 
equipment that you build is a good investment. You are 
getting both theoretical education from the course lessons 
and practical hardware training with the kits. You will learn 
many valuable skills with training kits that you could 
not possibly obtain from textbook study alone. And it's a 
proven fact that you will grasp a subject better if you 
cover it in several different ways. Kit courses give you text- 
book theory, then you back it up by actual demonstration 
with the kits. 

Keep one very important point in mind when selecting a 
school that offers kits. Some kits are simply add -ons, that is, 
you get pieces of equipment to build and that's it. You may 
not actually learn how they work or demonstrate their in- 
ternal circuits. This is fine as far as it goes but then again 
other kits permit you to build a piece of equipment a step at 
a time, learning each of its internal circuits in detail. The 
end result is still a useful piece of test equipment but you 
have learned how it works. Such kits are usually coordinated 
with or keyed to the regular course texts so that they rein- 
force one another. If it's real educational value you want, 
as well as a useful end product, choose this type of kit over 
the add -ons. 

Item 5: 
Enrolling for the course. 
Once you have carefully evaluated all the schools, you 

will now select one and proceed to enroll. Many times the 
enrollment procedure is as simple as filling out your name 
and address on a form and returning it to the school, with a 
very low down payment, in a prepaid envelope. As easy as 
it seems, there is more to it than meets the eye. Most of 
the enrollment forms are, in reality, contracts that obligate 
you to pay the full price of the course even though you may 
decide later that you don't wish to complete it. This is only 
a means of protecting the school. Most home -study schools 
are businesses and cannot afford to lose money on those 
people who are not truly interested in taking the courses 
for which they enroll. As you fill out the application for the 
course, read it carefully to be sure that you understand what 
it involves. 

In any case, don't let this scare you away. Most home - 
study schools are ethical, meaning that if a person should 
legitimately decide later that the course is not for him, they 
offer a means of settling the contract. These settlements are 
usually quite reasonable. If you give full consideration to 
your decision prior to enrolling and you know what you 
want, you will never really need to bother with such refund- 
ing policies. 

Many home -study schools employ salesmen. If a school 
uses salesmen, then you will no doubt be personally contacted 
when you inquire about a course. Most of these salesmen 
will want to visit you to describe their courses in detail. 
The salesmen are also representatives of the schools who 
are authorized to enroll you. Some of these salesmen can he 
quite persuasive so be careful not to be talked into a course 
until you are absolutely certain that it is what you want 
and need. 

Another point to consider, and an important one, is that 
if a school does employ salesmen it means that the course 
will probably cost more than an equivalent course from a 
school that does not. Salesmen must be paid for their work 
and the student pays their commissions through the higher 
price of the course. (On the other hand, schools that employ 
salesmen say that the additional business they get this way 
permits them to keep their prices down.- Editor) 

This is not to say that the salesmen should be avoided or 
that schools that use them should not be considered. But 
you should be aware of these facts so that you can make a 
proper decision. In most cases, the salesmen are honorable 

and quite useful in helping you to reach a conclusion about 
enrolling in a course. Feel free to call upon them for any 
additional information or help you may need before or after 
enrolling. 

Item 6: 
Decide for yourself whether you really want to obtain 

the education you are thinking about. 
A home -study course can be not only an important key to 

your future success, but also an enjoyable experience. The 
course will be worthwhile in preparing you for a better job 
or some other beneficial end results. It can also be worth- 
while if you are especially interested in the subject matter 
and approach it with the right attitude But let's be honest 
about it. Your success with the course is going to be directly 
related to your desire to obtain this education. In other words, 
your decision to take a course should not be based on 
whether or not you can do it, but rather do you really want 
to do it. 

A lot of students find that there is more to a home -study 
course than they originally imagined. You'd better know this 
before you enroll. You are going to have to study to get 
through the course. If you could get through the course in a 
few weeks with some simple reading, it certainly wouldn't 
mean anything. There is more involved in getting a worth- 
while education. 

The home -study schools can prepare excellent, easy -to- 
read textbooks that contain just the information you want. 
You will need to read these textbooks, work the problems, 
and do the studying required to take and pass the exams. 
Schools prepare excellent training kits, but you must build 
them and make every effort to absorb the information that 
they are designed to provide. 

For some home -study courses in electronics, you could 
possibly face a two -year period of study if you work at it 
irregularly. However, remember that you are on your own 
and you must set yourself a study schedule and have the per- 
severance to stick with the program until it is completed. 
If you have the self -discipline to study regularly every day, 
then you can complete most courses in a surprisingly short 
period of time, usually in less than a year. If you are really 
interested in the subject matter, it won't be work for you at 
all. Prepare yourself mentally now before you enroll in the 
course and then you can tackle it with the right attitude. Look 
at the course as a challenge that will prepare you for many 
good things in the future. Most employers are quick to recog- 
nize the fact that anyone motivated enough to put himself 
through a good correspondence course must really have some- 
thing on the ball. 

Item 7: 
A home -study course is a good investment. 
In these days of soaring living costs, inflation, and higher 

taxes, it is increasingly difficult to obtain many of the things 
we really need. For that reason you may find it hard to justify 
spending your hard- earned money on something like a cor- 
respondence course. However, education is one of the best 
investments you can make, maybe the best. Any money you 
spend now obtaining training for your job will earn worth- 
while dividends in the form of higher pay and a better job 
in the future. 

If you compare the cost of home -study education with 
other conventional forms of education, such as resident tech- 
nical schools and colleges, you will find that the cost of a 
home -study course is only a fraction of what you might have 
to pay for other methods of training. You get a tremendous 
amount of education for your money in a carefully chosen 
home -study course. 
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MICROWAVE OVENS 
Revolution in Cooking 
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Part 2- 
Radiation 

Safety 
Radiation profile showing typical micro- 
wave -oven leakage after 100,000 door 
openings. Oven is an Amano RR -2 
with a choke absorber door seal and 
a 275 -cubic centimeter water load. 

By DAN R. MCCONNELL / Product Planning Manager, Microwave Ovens, Amana Refrigeration, Inc. 

Description of the various design features that minimize radiation 
and result in a safe and reliable product which does its job well. 

i 
AST month, in Part 1 of this article, we covered the 

operating principles and basic designs of microwave 
ovens, including the mechanism and techniques of cook- 
ing. Now let us consider the radiation problem and the 
various safety features that have been built into the ovens. 

In October of 1968 Congress passed the Radiation Con- 
trol for Health and Safety Act, Public Law 90 -602. This 
Act authorized the Secretary of Health, Education, and 
Welfare to develop safety standards for commercial de- 
vices that emit radiation of any kind, including television 
receivers, diathermy equipment, and microwave ovens. 

X -rays vs Microwave Radiation 

Color -TV receivers emit very low -level x- radiation as an 
unwanted by- product of the use of very high -voltage tubes 
(to 30,000 volts). Microwave ovens emit no measurable 
x- radiation, simply because the voltages involved are much 
lower (to 6000 volts) . Instead, microwave ovens may 
"leak" some of the microwave energy used in the cooking of 
food. This microwave -energy leakage is "radiation" in 
the sense that all electromagnetic waves are "radiation," 
whether they are AM or FM radio, v.h.f., u.h.f., microwave, 
infrared, visible light, ultraviolet, x -rays, or gamma rays. 
Microwaves are that part of the spectrum where the wave- 
lengths are on the order of the size of ordinary objects. 

In the minds of the general public, radiation generally 
is identified with x -rays and gamma rays. The biological 
hazards associated with x and gamma rays are vastly differ- 

ent from those associated with the lower frequency radia- 
tion and should not be confused. 

X- radiation is classed as ionizing radiation, which is 

cumulative in effect, and possesses no threshold of injury. 
X -rays are of such enormously high energy that they break 
molecular bonds when absorbed by biological tissue. They 
ionize molecules causing a destruction of tissue that is 

neither wholly repairable nor reversible. Not being re- 
pairable means that each successive dose simply increases 
the amount of tissue destroyed. In effect, the damage is 

cumulative. There is no level of x- radiation intensity below 
which there is no damage. There are only levels low enough 
so that accumulation will not be dangerous. X -rays have 
no threshold. 

Microwave radiation, however, is non -ionizing, as is in- 
frared, radio waves, and other lower -frequency radiation. 
The lowest energy x -rays, for instance, have quantum 
energies 100,000,000 times greater than that of one quan- 
tum of 2450 -MHz microwave radiation. In effect, micro- 
wave radiation does not possess sufficient quantum energy 
to ionize the molecules of biological tissue, and does not, 
therefore, produce irreversible damage. With no irreversi- 
ble damage there is no cumulative effect. Present knowl- 
edge indicates that damage due to microwaves in biologi- 
cal tissues occurs through the thermal effects; i.e., results 
of heating. Such thermal effects do have a threshold in- 
tensity below which no biological damage is incurred. 

In terms of microwave -radiation safety, one can there- 
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C-.004 mW/cm2-30" 

8-.01 mW/cm2-20" I 

A-1 mW/cm2 -2" 

Fig. 1. Examples of microwave- radiation power densities at 
various distances. Leakage occurs only around the door seal. 

fore define a maximum permissible exposure level at a 
level lower than the threshold by a suitable safety factor, 
such as 10. It should be possible, in principle, to design a 
microwave oven so that no one could be reasonably expected 
to be exposed to a hazardous level of microwave radiation. 
Before discussing safety levels and the principles of safety 
design, hazards of high- intensity fields should be identified. 

The most important high- intensity hazard is that of cata- 
racts of the eves. A number of researchers have demon- 
strated the ability to produce cataracts in the eyes of labo- 
ratory animals. The lowest recorded level of power density 
producing a cataract in one dose is 120 mW /cm= main- 
tained at the surface of a rabbit's eye for 35 minutes. The 
lowest multiple- exposure level ever claimed for producing 
a cataract is 80 m\V /cm -. In all cases, levels of more than 100 

Fig. 2. Nardo 8100B electromagnetic radiation meter recom- 
mended for microwave oven leakage measurements. The probe 
of the instrument has 2 -in spacer for checks at this distance. 
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mW/cm2 require long exposures to produce cataracts. In 
fact, the HEW summary report "Biological Aspects of 
Microwave Radiation" (TSB -68 -4) states: "It has been 
established that a power density of 100 mW /cm0 applied 
directly to the eye can be tolerated for hours at a time." 
Since any competent microwave -oven design can limit leak- 
age to a few mW /cm2, measured 2 inches (5 cm) from the 
unit, it is clear that there should he no risk of cataract 
production. 

The second so- called hazard is the heating of testes. The 
lowest level at which a heatirig effect has been noted is at 
10 mW /cm2, requiring 60 minutes to observe a temperature 
change of 1 °F. This low -level effect cannot be interpreted 
as a hazard to health. The effects are roughly comparable 
to those resulting from a hot bath or restrictive clothing. 

An alleged third hazard includes effects upon the central 
nervous system (headaches, nausea, dizziness), as claimed 
by Russian, Czech, and Polish researchers. The adverse 
effects are subjective and psychological and occur only for 
long- duration ( such as 8 hours) exposures. The belief in 
the existence of these effects is based mostly on epidemio- 
logical studies. No mechanisms for these effects are known. 

This research has been the subject of extended contro- 
versy in this country for several reasons. The experiments 
have been criticized for a lack of statistical control. Reports 
have been incomplete to the point that many important pro- 
cedural details are unknown. Russian instrumentation is sus- 
pect. Measurement standards and simple definitions are 
unknown. The result is that Russian work has been impos- 
sible to duplicate in this country, and their claims remain 
controversial and unaccepted. Many Western researchers 
are investigating the same area now, and it is hoped that 
some of the confusion will be eliminated. 

Safety Standards 

Safety standards must take into account the thresholds 
for damage and add some safety factor to allow for other 
thermal stresses and for uncontrolled populations. In 1961 
the three U.S. Military Services enacted a safety standard 
of 10 mW /cm" for prolonged whole -body exposure. This 
standard specifically incorporated a safety factor of ten from 
the approximately known threshold of cataract hazard. In 
1966 the U.S.A. Standards Institute recommended a safety 
level of 10 mW /cm2, whole -body radiation (entire body 
immersed in the field), as averaged over any 0.1 -hour pe- 
riod. In effect, this means that for prolonged exposure (great- 
er than 0.1 hour) the radiation- protection guide would be 10 
mW /cm2. For a shorter period of exposure, higher levels 
are permitted. 

(Editor's Note: Federal public health officials, taking a 
very cautious approach, have proposed a tighter standard 
maximum limit for radiation. This new standard, for ovens 
made after July 1, 1971, is one -half the present value, or 5 
mW /cni2 at any time for ovens in the consumer's hands and 
a maximum of 1 mW /cm2 at the point of manufacture.) 

Certain special conditions relate to the nature of the leak- 
age of microwave energy and the nature of the use of the 
oven. The only significant leakage occurs around the door 
seal so that the energy radiates from a slit. A person stand- 
ing in the radiation field is essentially exposed only in "partial 
body" rather than whole body. Furthermore, the fields di- 
minish in intensity approximately by the square of the dis- 
tance from the source. The duration of a person's presence in 
the field is normally very short. The normal position of a 
person in relation to the range means that the sensitive areas 
( the eyes and testes) are much more than 5 cm (2 inches) 
away from the door seal. 

In the example in Fig. 1, suppose that the power density, 
as measured 5 cm from the door seal, is 1 mW /cm0. A per- 
son's head would be approximately 50 cm from the seal or 
10 times the distance at the point of measurement. Apply- 
ing the inverse -square rule would mean that the power den- 
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sity at head height would be about 0.01 mW /cm2, a negli- 
gible amount. 

The Russian standards for radiation safety in fact limit 
the power density to 0.01 mW /cm- for prolonged exposure, 
to 0.1 mW/cm2 for periods up to two hours daily, and to 
1.0 mW /cm2 for periods up to 20 minutes per day. It is in- 
teresting to note, however, that the Russians do not possess 
instrumentation capable of measuring the fields at 5 cm 
and relate their standards to typical average immersion in a 
field. Under their interpretation, the person in our example 
whose head is 50 cm from the U.S. point of measurement, 
would be considered to be subjected to an acceptable field 
of 0.01 m \V /cm- even for eight hours continuous exposure. 
If the exposure is only for 'rs hour, a level of 1 m\V /cm2 
would be permissible at the head location. This corresponds 
to levels of leakage far above present industry standards. 

To the author's knowledge there is, at present, only one 
commercially available instrument that is capable of meas- 
uring, with reasonable accuracy, in the "near field," close 
to the radiating aperture, and only one instrument that 
meets the measurement requirement of the proposed govern- 
ment standard. This instrument is the Narda 8100B electro- 
magnetic radiation meter shown in Fig. 2. This instrument 
is strongly recommended for use in accurately measuring 
the leakage levels from a microwave oven. (For more de- 
tails on this instrument, see the "Test Equipment Product 

Report" in last month's issue.- Editor) The use of neon 
lights or similar devices is not recommended for even the 
crudest of measurements. 

Designing for Safety 

Knowing the safety levels for microwave leakage, what 
design approaches are capable of producing an oven whose 
initial leakage is comfortably lower than the safety level? 
The desired design should be essentially free from deteri- 
oration over the life of the product. In discussing design 
approaches we will consider (1) door -closure systems, (2) 
viewing screens, and (3) door -interlock switches. 

It is most important that the microwave oven "contain" 
the magnetron power. Yet a means for inserting the food for 
heating via a door is necessary. Besides the fundamental 
frequency, the magnetron may have harmonic- output power 
which also must be contained within the oven. Spurious - 
frequency radiation just outside the assigned band and 
harmonic energy can cause interference with communica- 
tions. 

The simplest of door seals is the contact door. A flat door 
surface making metal -to -metal contact may be used. The 
larger the contact surface the better the seal. A variation of 
the contact door would be a convex metal spring strip be- 
tween door and oven (Fig. 3A). This gives linear contact 
that maintains an intimate metal -to- (Continued on page 72) 

Fig. 3. Various door seals designed to contain the microwave energy and prevent leakage. (Al Simple metal -to -metal contact 
using metal spring strip. (B) Compressible tube covered w;th metal screen or braid. ICI Simple quarter -wave choke seal 
puts short circuit on opening and prevents leakage. 113) A choke -absorber door seal acts to attenuate harmonics as well. 
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Direct vs Reverberant 
Sound 

for Stereo Speakers 
By GEORGE L. AUGSPURGER /Technical Director, lames B. Lansing Sound, Inc. 

Controversy continues over the best type of speaker for home 
stereo. A hi -fi speaker system operating as a diffuse sound 
source, rather than a directional one, is preferred by author. 

CURRENT interest in "omnidirectional" or "reflective" 
loudspeaker systems has produced weighty theoretical 

discussions, most of which concentrate on the relative 
importance of direct sound and reverberant sound. One group 
of experts argues that the major distinction between a home 
listening room and a concert hall is the greater ratio of rever- 
berant-to- direct sound in the latter, and that the way to make 
a home music reproducing system more lifelike is to increase 
the proportion of reverberant sound. The opposing group 
insists that the reverberant characteristics of the performance 
environment are present in the recording itself, and that any 
additional reverberation in the listening room can only con- 
taminate the accuracy of the reproduced sound. 

Both groups are fond of mathematical demonstrations and 
authoritative references. Dr. A. Bose (The Bose Corp.), with 
the aid of higher mathematics and an MIT computer, dem- 
onstrates that a direct -to- reverberant ratio of 1:9 not only is 
desirable for music reproduction, but is one of the attributes 
of a perfect reproducing system. Don Davis (Altec Lansing), 
by setting forth some critical distance calculations, proves just 

Fig. 1. The solid arrow indicates direct sound. Dashed arrows 
show reverberant sound which reaches listener after reflections. 

t9 
LISTENER 

SOUND 
SOUE 

\\ 

I 

/ 
, 

as convincingly that, if one listens to recorded music ill the 
reverberant field, what one hears bears "... no relation to the 
signal originally recorded." (See "Is Omnidirectionality De- 
sirable in a Loudspeaker ?" in August, 1970 issue of ELEC- 
TRONICS WORLD. ) 

An hour or two of actual listening in various acoustical 
environments is enough to demonstrate that neither argu- 
ment matches up very well with the real world. One reason, 
perhaps, is a general failure to allow for how the ear differ- 
entiates "direct" from "reverberant" sound. 

On the surface, the definition is utterly simple. Sound that 
reaches your ears straight from the source obviously is direct 
sound. That which arrives after having been reflected from 
various room surfaces is reverberant sound ( Fig. 1) . For prac- 
tical purposes, however, we have to go a step further and de- 
termine what proportion of the sound is perceived by the ear 
as contributing to the "direct" impression, and what propor- 
tion contributes to the sensation of reverberation, or hangover. 

To begin, one can do no better than quote from the founder 
of modern architectural acoustics, Wallace C. Sabine, who 
lists among the criteria for good hearing the requirement that 
'.. . the successive sounds in rapidly moving articulation, 
either of speech or music, should be clear and distinct, free 
from each other and from extraneous noises" ( "Collected 
Papers on Acoustics," Harvard University Press, 1922). 

Another famous acoustician, Dr. Vern Knudsen, has long 
emphasized the fact that early reflections are beneficial -they 
are interpreted by the ear as contributing to the direct signal 
from the source -and that it is the later arrivals which blur 
and confuse articulation. 

Early and Late Reverberant Sound 

What we really need is a way to separate "early" from 
"late" reverberant sound. There is no hard and clear division 
between the two categories, but it is generally agreed that 
sound impulses which arrive within 60 milliseconds or so of 
the direct sound are lumped together with the direct sound as 
far as the human ear is concerned. 

In a highly reverberant room, such as a gymnasium or 
indoor swimming pool, one doesn't have to be very far from a 
source of sound for most of the energy to arrive later than 
60 milliseconds. In such a situation, articulation is lost and 
intelligibility is almost zero. 

But many home listening rooms have reverberation periods 
of less than a second rather than several seconds. It turns 
out that, in a room having a reverberation time of 1.25 sec- 
onds or less, early sound always predominates over late 
reverberation, no matter what the directional characteristics 
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of the source. This point is nicely explained by Michael 
Rettinger in his book "Acoustics -Room Design and Noise 
Control" (published by Chemical Publishing Co., Inc., New 
York, 1968) . 

The importance of early vs late sound, rather than direct 
vs reverberant sound, explains why, on the one hand, a small, 
dead listening room cannot be made to sound like a large 
auditorium, no matter what is done with reflected energy, 
and why, on the other hand, the sonic characteristics of a 
recording are not totally lost in a normal listening room, no 
matter how non -directional the loudspeakers may be. 

Which Speaker to Use? 

If this is the case, why does a non- directional loudspeaker 
system sound different from a directional one, and which is 
better? 

With present -day recording techniques, there is no way to 
include complete directional information in the recording 
itself; there is nothing that tells the loudspeaker in what direc- 
tions the signal is to be projected. Stereo helps, of course, 
but to replicate the sound field perceived when listening to a 
live performance would require 30 or 40 channels rather 
than two or four. Moreover, we know from practical experi- 
ence that while a pair of very directional loudspeakers can 
produce an excellent, three -dimensional stereo image at a 
given listening location, the image is lost as soon as the lis- 
tener moves. If we want to enjoy stereo reproduction from 
more than one location, we must choose loudspeakers that 
are not too directional. 

What about the opposite extreme? Some of the new non - 
directional speakers systems advertise perfectly balanced 
stereo anywhere in the room. It seems to nie that if one hears 
exactly the same sound everywhere, then by definition, one 
is not hearing stereo at all. 

Ideally, all listeners within a reasonable area should be 
able to localize the sound from individual channels without 
zeroing in on two precise points in space. This effect requires 
loudspeakers whose characteristics are not those of a spot- 
light (directional source), or those of a naked light bulb 
( omnidirectional source) , but rather those of a distributed 
or indirect source ( Fig. 2) . 

One way to produce a spacious, distributed source is to 
combine several transducers in a large speaker system. The 
kind of directional field produced by a large system is quite 
different from that of a bookshelf loudspeaker, even if their 
response curves are almost identical. A conventional 10 -inch 
woofer and 2 -inch tweeter cannot duplicate the complex 
three -dimensional sound field produced by a grand piano, for 
example, even if the system has perfect frequency response 
and no distortion. To reproduce a large sound source, a single 
large speaker system will do a better job than a single small 
speaker system, all other factors being equal. (Better than 
either would be a great number of small sound sources, each 
driven from an independent recording channel.) The point of 
this paragraph is not to argue whether or not conventional 
small speaker systems are "better" or "worse" than conven- 
tional big speaker systems, but simply to point out that aud- 
ible differences may exist solely as a result of their sound - 
distribution characteristics. 

Another way to achieve a diffuse source is to employ loud- 
speakers aimed toward reflecting surfaces. Some non- direc- 
tional speaker systems depend on adjacent room walls as re- 
flective elements. Others, such as the JBL "Paragon," utilize 
reflective surfaces as part of the speaker system itself. 

Diffuse Sound Sources 

Recently, JBL has announced several new loudspeaker sys- 
tems utilizing still a different approach involving the appli- 
cations of multiple radial slots as sound sources. In the basic 
approach, Fig. 3, the slots act as diffraction sources, radiating 
most of the sound energy outward and upward, while main- 
taining essentially uniform response in all directions. 

Fig. 2. Simplified representation of (A) directional sound 
source, (B) omnidirectional source, (C) diffuse source. 

Characteristics of different non -directional loudspeaker 
systems vary greatly, but insofar as they try to achieve a 
non- localized, diffused sound source, they have certain 
audible characteristics in common. 

1. While conventional speaker systems tend to create a 
stereo image within the confines of the listening room, diffuse - 
source loudspeakers can produce the illusion that sound is 
coming from an imaginary space behind the speaker systems. 
The effect is almost as if the room had somehow been in- 
creased in size. 

2. Properly designed diffuse -source loudspeakers can create 
a stereo image that remains steady when the listening loca- 
tion is changed. That is, if one is listening to a string quartet 
and moves closer to the imaginary cello, one still hears the 
other instruments in perspective. This is not the same thing 
as having the stereo image follow you around the room, 
as with the recruiting posters -"Uncle Sam wants you! ". Nor 
is it the effect of losing one channel altogether, as happens 
when very directional speakers are employed. 

3. Because only a small proportion of the sound energy 
is projected forward, diffuse- source loudspeakers can fill a 
room with sound without blasting any particular listener. 
This attribute is especially appreciated by women. 

The preceding characteristics will be considered beneficial 
in most home listening situations. But, as one might expect 
in an imperfect world, diffuse -source speakers have draw- 
backs as well. Their sound is influenced more by the room's 
distinctive acoustical qualities (Continued on page 81) 

Fig. 3. In new JBL "Aquarius II" loudspeaker system, only very 
high frequencies are front -radiated. Most of sound emerges 
from radial diffraction slot around rear edge of enclosure. 
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The 
Amplified 

ZENER 
By C.J. ULRICK 

Small, low -power zener plus inexpensive transistor, when properly 
connected, can simulate most large, expensive high -power zeners. 

FOR the average experimenter, the zener diode is still the 
best choice to provide voltage regulation. Zener diodes 
are simple, compact, easy to install, and the smaller 

sizes are inexpensive. The shunt connection required by these 
diodes is not very efficient, but this does not usually disturb 
the experimenter. But there are times when a lot of power 
must be regulated, and one of the large 10- or 50 -watt rated 
diodes is needed. It is here that the experimenter balks; he 
can afford the 400 -mW and 1 -watt diodes, but the cost of a 
10- or 50 -watt device may be prohibitive. Luckily, one of the 
smaller diodes and an inexpensive power transistor can be 
connected to simulate just about any larger zener diode. 

How It's Done 
The basic principle is shown in the simple shunt regulator 

of Fig. 1. Here the components in the dotted box are used in 
place of the large zener. The circuit works like this; current 
drawn from the unregulated input voltage will cause a drop 
across the series resistor and provide the lower, regulated 
output level which is determined by the voltage rating of the 
zener and the base -emitter forward drop of the transistor. 
There is a low- current path from ground through the tran- 
sistor base -emitter junction and the zener; this current will 
control the much larger current in the collector circuit. 

If the output voltage tends to increase, the zener will cause 
an increase in the base current which will, in turn, increase 
the collector current, thus pulling down the output voltage 
by increasing the drop across the 6 -ohm series resistor. Since 

(A) 

(D) 
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the change due to the transistor current was in the opposite 
direction from the original deviation of the output voltage, 
the deviation is canceled and the output is regulated. As 
usual with shunt regulators, the transistor carries the highest 
current when there is no load and the least current when the 
load current is maximum. It turns out that the current drawn 
from the unregulated supply is constant, and this allows the 
supply to be simpler and thus cheaper than it would be if it 
were used with a series regulator in which the current de- 
mand varies with load current. 

The 75 -ohm resistor from base- (Continued on page 63) 
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Fig. 1. Schematic of simple shunt regulator circuit. Compo- 
nents in box are used to simulate large (10- to 50 -W) zener. 

(B) 

(E) 

(C) 

Fig. 2. Circuit schematics of various 
shunt regulator types. (Al Grounded - 
collector "p -n -p" for positive output, 
(B, C) "n -p -n" and "p -n -p" configura- 
tions, respectively, for higher output 
voltages than available selection of zen - 
ers, and (D, El Darlington "n -p -n" and 
"p -n -p" cascade types, respectively, 
for increasing amplification factor. 
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The Scheiber 
4- CHANNEL 
STEREO SYSTEM 
By MILTON S. SNITZER / Technical Editor 

Some technical details on fully compatible 4- channel system 
that has been causing much excitement in the hi -fi industry. 

WEV 

recently attended an impressive demonstration of 
N 4- channel stereo conducted by Advent Corp. The com- 

pany has signed an agreement with Peter Scheiber, President 
of Andiodata, Inc., to complete commercial development, 
grant licenses, and begin production and marketing of the 
Scheiber System of compatible 4- channel sound. Even though 
only two channels were being used on a stereo phono disc and 
a stereo cassette tape, we were able to hear sounds separately 
from the four loudspeakers positioned at the corners of the 
listening room. 

Part of the demonstration was an A -B test between a selec- 
tion recorded on four separate tracks on a 4- channel reel -to- 
reel tape recorder, which was then fed to the four speakers, 
as against the same source with the Scheiber encoder and 
decoder inserted. The encoder combined the four original 
channels into two, such as would be found on a stereo disc or 
stereo broadcast. Then, the two channels were decoded and 
separated into the four original channels. When we switched 
back and forth, with the Scheiber circuits in and out of 
the chain, we found a remarkable similarity to the straight - 
through 4- channel program. We definitely heard four chan- 
nels in both cases and, although these were not absolutely 
identical with what we heard without the Scheiber circuits, 
we came away convinced that the circuits do well what they 
are supposed to do. The A -B test was not really a fair way of 
checking the new system since the original tape was mastered 
without using the new circuits. Had these been used by the 
recording engineer in the first place, a closer facsimile would 
have resulted. 

The important thing about the Scheiber System is that it is 
completely compatible. Any record, 2 -track tape in any for- 
mat, or stereo -FM broadcast, which has been encoded can 
be played by all existing stereo equipment today and normal 
2- channel stereo will result. If the owner of a stereo system 
wants to buy the decoder, he can do so, and by connecting it 
to the extra stereo amplifier and two speakers required for all 
4- channel systems, can retrieve the 4- channel information 
from the compatible source. 

Advent expects to make both the encoding equipment, 
which it will market jointly with A((rliodata to professional 
users, and a decoder which will he Inw keted at first through 
audio specialist stores. 

System Block Diagram 

Although complete technical details on how the system 
works are still not available, the two block diagrams shown) 
here have been released along with some technical informa- 
tion. Because of the intense interest in this technique, we 
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would like to pass this on to our readers. The encoder (Fig. 
1A) takes the four original signals, phase- splits the two rear 
channels, and combines them all in a resistor matrix. Matrices 
of this type are commonly used in color -TN' sets to derive the 
three colors required from two different chroma signals. The 
two output signals from the matrix, A and B, have the com- 
position shown to the right of Fig. 1A. 

The decoder ( Fig. 111 ) is set to operate in such a way that 
when the ratio of front left (FL) to rear right (RR) is 2.41 
to 1 (which occurs when A = B or B = 0) or when the ratio 
FL to RR is 1 to 2.41 (which occurs when A = -B or A = 0), 
the gains of all four channels after matrixing are down 3 dB 
referred to the maximum. 

If a signal occurs solely in the FL channel, the dematrixed 
outputs will have unity signal in FL, equal reduced signals 
in front right (FR) and rear left (RL) , and no signal in RR. 
The large ratio between FL and RR is sensed by the differ- 
ential amplifier and applied to the gain -control amplifiers to 
turn off FR and RL and increase the gain of FL and RR pair 
to the 0 -dB level. A signal appearing (Continued on page 69) 

Fig. 1. Block diagrams of (Al Scheiber encoder and (B) decoder. 
The decoder is inserted into the playback system between the out- 
put of a 2- channel preamp and four power amps and speakers. 
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IC 
Capacitance 
Meter 
By H.A. WITTLINGER 
RCA Solid State Division 

Design and applications of a tester with 
range of up to 10 F that can also test 
new high -C, low -voltage disc capacitors. 

Meter being used to check unknown capacitor across its terminals 

MANY electronics enthusiasts accumulate a large number 
of capacitors whose values cannot be determined. The 

integrated- circuit capacitance meter to be described permits 
rapid and accurate identification of these capacitors. The 
meter restricts the applied voltage to a maximum of three 
volts so that some of the newer high -capacitance, low -voltage 
disc ceramics can be measured within their operating voltage 
limits. 

Circuit Operation 

Fig. lA shows the basic circuit configuration used in the 
capacitance meter. The square -wave generator is stable in 
both frequency and amplitude. The unknown capacitor, Cx, 
is placed in series with the generator, a switching diode 
network D1 -D2, and a current meter. 

(A) (e) (C) 

Fig. 1. IA) Basic circuit of capacitance meter. (B) Charging 
and IC) discharging of the unknown capacitor is shown. 

Table 1. Meter -amplifier current and oscillator frequency. 

METER 
RANGE 

METER -AMPLIFIER 
FULL -SCALE 

CURRENT 

OSCILLATOR 
FREQUENCY. 

10 pF 10 AA 460 kHz 

l00 pF 10 µA 46 kHz 

1000pF 10 AA 4.6 kHz 

0.01 AF 100 AA 4.6 kHz 

0.1 AF 100 AA 460 Hz 

1µF 100µA 46 Hz 

10µF 500 µA 23 Hz 

°Based on 2.2 -volt signal (due to diode drops). 
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Operation begins when the oscillator output is at +3 volts. 
In this case, the generator may be replaced by a 3 -volt bat- 
tery, as shown in Fig. 1B. If the voltage drops across the 
diodes are neglected, the capacitor charges to +3 volts. When 
the oscillator output drops to zero, the generator may be 
replaced by a short circuit, as shown in Fig. 1C. This condi- 
tion results in a current flow through the meter. If the entire 
operation occurs only once, the meter is momentarily de- 
flected upward and then returns to zero. But, when the oper- 
ation occurs repeatedly, a steady reading is observed on the 
meter. 

If the capacitor is allowed to charge and then discharge 
fully every cycle and there is negligible leakage, the average 
current, I, is directly proportional to the capacitance C, the 
frequency f, and the amplitude of the generator V: that is, 
I = CVf. 

Another approach involves the basic relation Q =CV, 
where Q is the charge on capacitor C resulting from a volt- 
age V. If the capacitor is charged or discharged over a given 
time t, both sides of the equation may be divided by t and 
Q/t = CV /t. Because the current is the rate of change of 
charge (1 = Q /t), it may be substituted into the left side 
of the equation, as follows: I = CV /t. Because frequency f 
is equal to 1 /t, substitution in the right side of the equation 
yields I = CVf. 

The equation for the meter operation must be dimension- 
ally consistent; with the current given in amperes, capaci- 
tance in farads, voltage in volts, and frequency in hertz. 
From the basic equation for the meter, it can be seen that the 
range may be extended to a capacitance ratio of one million 
to one (10 picofarads to 10 microfarads full -scale ) by changes 
in both frequency and current -meter sensitivity. Table 1 

shows the approximate frequency and meter sensitivity for 
each range. 

IC Generator 

It is important to use a stable oscillator because a 1- percent 
change in either frequency or amplitude results in a 1- percent 
change in the current. 

A multivibrator -type of oscillator is a reasonable choice for 
the generator because it has the square -wave output desired 
to insure that the capacitor is fully charged and discharged 
every cycle. However, the conventional multivibrator circuit 
shown in Fig. 2 has several disadvantages for this application. 
First, the firing threshold of the circuit and thus the charge 
on the multivibrator timing capacitor vary directly with the 
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temperature- sensitive base -to- emitter voltage VBE of the 
transistors; therefore, operating frequency is temperature - 
dependent. Second, two sets of timing capacitors and resistors 
must be switched in the circuit to accommodate different 
frequencies. An additional disadvantage is a potential start- 
ing problem; instead of oscillating, both transistor circuits 
may remain saturated. 

A more suitable circuit for the generator is an astable 
multivibrator using an operational amplifier, as shown in 
Fig. 3A. An operational- amplifier configuration is used to pro- 
vide high gain and consistent switching threshold. In addi- 
tion, the square -wave output swings from the supply voltage 
VCe to ground and requires only a single RC time constant 
to determine frequency. The frequency is also independent 
of supply voltages, as will be discussed later. 

The circuit of Fig. 3A operates as follows. When the out- 
put of the amplifier is in the high state (V), resistors R,. 

and RI, are in parallel and both connect to V,.,.. When in the 
ground -output level, Ra and R, appear in parallel connected 
to ground; thus, the non- inverting input (NI ) is switched 
between the two states, as defined by the equations in Fig. 3B, 
while the inverting input (I) switches exponentially between 
the two conditions. 

When the non -inverting input is high, C charges toward 
V,.,.. When the capacitor voltage reaches V,.,.Ra/ (Ra R, /R.) , 

the amplifier output switches low and the capacitor discharges 
toward ground until the inverting input reaches V,.,. R,, 

(Re Ra/Rh). At this point, the entire cycle repeats itself. 
Because existing monolithic operational amplifiers do not 

meet requirements for this meter, a custom operational am- 
plifier was designed using two RCA- CA3046 integrated - 
circuit transistor arrays. Fig. 4 shows the circuit, in which 
transistors Q1A and Q2A comprise a differential amplifier 
and Q3A couples the collector output and level -shifts the 
signal to the base of Q5A. The resistor network R3 and R4 
provides further level -shifting, while capacitor Cl aids in 
speeding up the signal transfer to the base of Q5A. Transis- 
tor Q5B of the second array drives the feedback signal back 
to the oscillator input. 

Up to this point, the oscillator is complete. The remaining 
transistors in the second IC array further decouple the oscil- 
lator from the load and provide a lower output impedance to 
speed up the capacitor charge and discharge cycles. Transis- 
tor Q4B serves as an inverter to drive the emitter -follower 
Q3B. The low emitter -follower output impedance helps in 
the initial positive swing, while R9 continues to pull up the 
output beyond saturation of Q3B. Two transistors, Q1B and 
Q2B, connected in parallel, provide lower impedance in the 
negative direction. Unlike conventional transistors, IC tran- 
sistors on the same chip have excellent VBE matching and 
may be connected in parallel without the current -hogging 
problems associated with discrete devices. This matching 
characteristic also provides excellent frequency stability of 
the circuit with temperature. 

One of the advantages of this oscillator is its independence 
of input -voltage changes. Typically, the oscillator frequency 
varies less than 0.13 percent for each percentage change in 
supply voltage. Because the supply voltage is set by the me- 
ter during calibration, the influence of 
oscillator- frequency changes as a result 
of supply voltages on the capacitance 
reading is minimal. 

Meter Amplifier 

The meter amplifier uses two CA3046 
transistor arrays in a circuit especially 
designed to operate a rugged 1 -mA me- 
ter. An advantage of this meter amplifier 
is its low idling power of about 2 
watts. The The open -loop voltage gain of the 
amplifier is greater than 10,000 which 
removes all gain errors from the circuit. 

Inside view of meter shown here just prior to final assembly. 

4 Vcc 

Fig. 2. Simple astable 
multivibrator circuit has 
drawbacks for this use. 

Fig. 5 shows the meter -amplifier schematic, in which the 
two IC transistor arrays form a differential -input amplifier, 
a two -stage d.c. amplifier, and an emitter -follower output. 
Transistors Q1C and Q2C form the differential amplifier, for 
which Q5C is a constant -current source. Transistors Q3C 
and Q4C comprise input emitter -followers to reduce the 
amplifier input current to less than 10 nanoamperes. Because 
this value is only 0.1 percent of the minimum full -scale 10- 
microampere signal current, negligible error is introduced 
by the amplifier input current. 

Transistor Q4D is used both to level -shift the collector 
signal of Q2C and to reduce loading of the 100k -ohm collec- 
tor resistor, R3. Q1D and Q2D are common -base d.c. ampli- 
fier stages, and transistor Q3D is an emitter -follower output 
stage that drives the meter. The RC networks R5,C1 and 
ß7,C2 compensate for phase shifts within the amplifier by 
providing two controlled phase shifts that allow closure of the 
feedback loop to provide unity gain without any oscillation. 

When no meter -deflecting signal is present, the total cur - 

Fig. 3. (A) Basic IC oscillator. 113) Signal levels at inputs to the oscillator. 
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Fig. 4. Schematic diagram of the IC generator section, which employs two IC transistor arrays. 

rent from both the 3 -volt and 4.5 -volt terminals is approxi- 
mately 530 microamperes, with about 60 microamperes be- 
ing supplied by the constant -current transistor Q5D to keep 
Q3D in class -A operation. At full -scale meter deflection, the 
current to the output stage Q3D increases by the meter cur- 
rent and rises to 1.06 milliamperes. The output stage also 
supplies the current to the feedback path, which adds to the 
1.06 milliamperes. 

Resistor R9 limits the maximum current that may be sup- 
plied to the output stage to approximately 2 mA. Resistors R1 
and R2 set the base reference voltage to the constant -current 
transistors Q5C and Q5D. The respective emitter resistors 
R4 and R10 set the operating current for each transistor. 

Fig. 6 is the schematic of the capacitance meter with the 
circuits for the IC generator and meter amplifier represented 
by two triangles, ¡Cl and IC2, respectively. A 910 -ohm re- 
sistor (R22) placed in series with the meter sets the full -scale 
meter deflection at approximately 1 volt. This resistor also 
minimizes the effects of the meter resistance temperature 
coefficient which, for an uncompensated meter of 100 ohms, 
is approximately 0.4 ohm per °C. 

Construction 

The entire generator and meter amplifier is built on a single 
PC board. This instrument uses a sloping -side type of cabi- 
net. Before the front panel was drilled, the back cover was 
cut off. This arrangement helps during assembly and battery 
replacement later on because only two screws have to be 
removed to open the back cover and replace the batteries 
installed on the cover. 

RI 
43k 

R2 
20k 

Fig. 5. Schematic of the meter -amplifier section 
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3 1 14 

R3 
100k 

0 +3V 

OUTPUT 
TO 

UNKNOWN 
CAPACITOR 

A small triangular- shaped hole is cut above the range 
switch to serve as both a pointer and an "On -Off" indicator. 
A piece of bright orange paper is mounted on a piece of thin 
plastic that fits around the "On -Off" switch so that it shows 
when the switch is in the "On" position and provides a posi- 
tive "On" indication. 

The most critical aspect of construction is to assure that 
there is minimum internal coupling between the two test ter- 
minals. A grounded piece of aluminum is located on the rear 
side of the front panel to minimize coupling between the two 
terminals. A ground terminal on the front panel may be used 
to extend the generator test terminal by use of low- capaci- 
tance coaxial cable (such as RG58A /U, or equivalent). For 
the input terminal to the meter amplifier, only an insulated 
lead is recommended because stray capacitance on this line 
appears as a shunt for the unknown capacitance and reduces 
sensitivity, especially on the lowest range. For example, stray 
capacitance of 2 picofarads on the meter input results in a 
reading of only about 1 pF for a 2 -pF capacitor placed across 
the "unknown" terminals. For the meter described, stray 
capacitance has been about 2 pF; therefore, for the lower 
capacitance ranges, when the leads are extended beyond the 
front panel, the meter -amplifier input lead should be kept 
short, even if the generator lead has to be made slightly long- 
er. On the higher ranges this problem becomes less significant. 

Placing the "unknown" terminals lower on the front panel 
than shown in the photo makes it easier to place the unknown 
capacitor across them. Separation between the terminals on 
this unit is about 3/4 inch to accommodate standard double - 
banana -type connectors. If it is more convenient, the gener- 

, which also uses two IC transistor arrays. 
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ntor terminal may be moved toward the center of the panel 
for more separation. 

Two large rubber feet are used on the front bottom of the 
instrument and two smaller ones on the back to raise the 
front panel and make it easier to use. 

Operation 

Two momentary-contact push- button switches are located 
on the front panel to calibrate the meter and check the con- 
dition of the negative supply. As pointed out earlier. the 
accuracy of the meter is directly dependent on the amplitude 
of the generator output. Therefore. when the "Cal" button 
is depressed, a potentiometer is used to set the generator 
supply voltage with the aid of the meter. The "Test' button 
only monitors the negative battery_ condition to see that it is 
above a 2.8 -volt threshold. 

«'hen there is no capacitance across the test terminals. the 
meter should read 0 -!- one small division. On the lowest ca- 
pacitance range, any stray capacitance between the unknown 
terminals is indicated if the precautions outlined previously 
are not followed. 

High -capacitance. love- voltage disc capacitors. suitable for 
many bypassing applications (such as emitter bypassing or 
coupling capacitors in low -voltage equipment) are available. 
These devices are made up of a special ceramic dielectric 
material that exhibits high leakage re- 
sistance. Such capacitors are manufac- 
tured under the tradenames Ultra -Kap 
(Centralab), Magnacaps (Mallory), and 
Hypercons (Sprague) . The insulation 
resistance of these units varies consider- 
ably, and for some manufacturers may 
be as low as 2000 ohms for 2.2 -pF, 3 -volt 
units. Although no units have been mea- 
sured with this lots an insulation resis- 
tance, such a unit will read low on the 
meter. 

These low -voltage capacitors may be 
used in this instrument for supply by- 
passing, but they should have a voltage 
rating of at least 10 volts to assure lower 
leakage resistance. For critical locations 
such as the frequency -determining ca- 
pacitors (C2, C3, and C4) and in the 
meter- amplifier feedback loop (C7, C9. 
C10, and C11), low- leakage units are 
recommended. 

Three low- leakage, low-cost tantalmn 
capacitors are used in the locations men- 
tinned above. The 150 -pF capacitor, C9, 
may be replaced by a low -leakage elec- 
trolytic to obtain about a 2:1 cost saving. 
However, leakage resistance in an elec- 

instead of 10 pA (as on the previous range). leakage resis- 
tance of about 300k -ohms results in a 2 percent of full -scale 
reduction in the reading. The last range ( 500 pA full-scale) 
can tolerance shunt resistance on the order of 50k -ohms for 
a 2- percent reduction. These lirai- (Con linttr(l on page 84) 

Component side of PC board with frequency pots and four IC's. 

Fig. 6. Complete diagram of capacitance meter. Each IC symbol shown 
is actually composed of two separate integrated- circuit transistor arrays, 
along with their associated RC components as diagrammed in Figs. 4 and 5. 
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trolytic may reduce the meter sensitivity 
and, if the leakage varies with applied 
voltage, the scale will become nonlinear. 

"Leaky" unknown capacitors may 
produce readings on the meter below 
their actual values. There are two 
sources of error: the RC discharge time 
constant composed of the unknown ca- 
pacitance and the leakage resistance, 
and the loading of the oscillator, which 
reduces the charging voltage. On the 
lower capacitance ranges of 10 pF to 
0.001 pF (frill- scale), a leakage resis- 
tance of about 3 megohms results in a 
reduction of 2 percent of the full -scale 
reading. The next three ranges, from 
0.01 to 1 pF, are also affected primarily 
by the time -constant error: however. 
because the meter sensitivity is 100 1tA 
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Electronic 
Fuel Injection 

Reduces 
Air Pollution 

By FRED W. HOLDER 

By doing away with carburetor and injecting 
fuel directly and automatically, auto exhaust 

emissions are reduced without need for any 

power- consuming smog -control devices. 

A Bendix engineer is shown testing an intake manifold equipped 
with the EFI system to make sure Electronic Control unit is 

metering proper air -fuel mixture into each of the cylinders. 

IN 1952, Bendix engineers at Elmira, New York built an 
electronically controlled fuel- injection system using vacu- 

um tubes. This system gave substantially improved engine 
performance over systems using carburetors to meter fuel. 
The advent of the transistor aided in their research so that by 
the late 1950's the company had built about 100 electronic 
fuel -injection systems. Unfortunately, this system was ahead 
of its time. The solid -state electronic components needed 

INJECTOR 

INTAKE MANIFOLD 

CYLINDER 
HEAD 

INTAKE 
VALVE 

PISTON 
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for the system were much too costly; the system was shelved. 
The Bendix concepts emerged again when Robert Bosch 

of Germany introduced an advanced production model of 
the Bendix electronic fuel- injection (EFI) system on the 
1968 Volkswagen 1600 Series. (The VW system was described 
in the November, 1968 issue of ELECTRONICS WORLD. ) 

The Bosch fuel -injection system, produced under Bendix 
license, permitted the VW to meet exhaust- emission standards 
without the need for power- consuming smog- control devices. 
The increasing air -pollution problem and the more stringent 
Governmental regulations on exhaust emission require more 
precise fuel metering for gasoline engines. With lower priced 
electronic components now available, the Bendix system has 
been revived to help meet these emission standards. The 
Bendix Automotive and Automation Company has an EFI 
system under development similar to the Bosch system, but 
specifically designed for U.S. automobiles. 

In this article, we will review briefly how the Bendix 
EFI system works. We will also cover exhaust emission 
standards for the future and show how fuel injection is 

expected to aid in meeting these requirements. Finally, we 
will discuss the benefits to the auto owner. First, however, 
let's see how the EFI works. 

EFI Operation 

In the Bendix EFI, fuel is pumped from the gasoline 
tank through a filter to a common line which supplies all of 
the injectors. A regulator maintains a constant pressure to 
the injectors, which are located so that they spray fuel 
directly at the intake valve, as shown in Fig. 1. By controlling 
the time the injectors are open, the amount of fuel delivered 
to each cylinder can be precisely metered. Electromag- 
netically actuated injectors provide the means for electronic 
control. 

An electronic control unit determines the basic engine 
needs from various sensors and generates a "timing pulse" 
signal for each injector. The sensors include a manifold 
pressure sensor, a full -load enrichment switch, a coolant 
thermistor, and an engine -speed (r /min) sensing unit. Using 
information from these sensors, the control unit determines 
the correct "pulse width" or "open time" for the injectors. A 

throttle transient -enrichment switch on the fuel- injection 
system senses how much extra fuel is needed for acceleration 
and varies the amount of time the injectors are open. 

'Fig. 1. Cross -sectional view showing how injectors on the 

Bendix EFI are arranged to spray fuel directly at intake valve. 
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Grouped injection in which fuel is injected to a group of 
cylinders at the same time is used with this EFI system. For 
example, the injection grouping for a typical eight -cylinder 
American car with a firing order of 1- 8- 4- 3- 6 -5 -7 -2 would be: 
Group One containing cylinders 1 -8 -7 -2 and Group Two 
containing cylinders 4- 3 -6 -5. See Fig. 2. Tests conducted by 
the company have shown that this method yields virtually 
all of the advantages of a fully timed fuel -injection system, 
but permits the use of a much simpler and less costly control 
system. 

A small additional injector is mounted in the throttle 
body to discharge the additional fuel needed to ensure rapid 
cold starts. A mechanical temperature -sensitive bypass valve 
is used to supply the extra air required for smooth idling 
while the engine is cold. The electronic fuel pump is turned 
off by the control unit if the engine stalls or if the ignition 
switch is left on when the engine is not running. 

The trigger unit and the electronic control unit form a 
single, compact package. The electronic control unit package 
measures only 332 inches on each side; a significant reduction 
in size from the foot -long unit used on the VII'. The trigger 
unit can be driven by the mechanical fuel pump eccentric 
or other indicator of engine phase and speed. 

The pressure sensor, consisting of a variable -inductance 
transformer operated by an evacuated pressure- sensitive 
capsule, measures absolute pressure in the intake manifold 
and provides the primary information concerning engine load. 
The full -load enrichment switch, on the other hand, senses 
vacuum and provides enrichment for full -power operation 
whenever manifold vacuum drops below a preset level; thus 
permitting enrichment for full -power operation at any 
altitude. 

An engine equipped with carburetors might operate better 
it it had all of these sensing devices helping to meter the 
fuel. Unfortunately, a carburetor has only the air flowing 
through it, an approximate temperature measurement, and 
the driver's demands to determine the amount of fuel needed 
at any given time. As a result, another method of fuel 
metering is needed. Time's auto writer, Dan Fisher, pre- 
dicted in an article (January 11, 1970) in the Los Angeles 
Times, "Fuel injection will probably be adopted in most 
domestic passenger cars as a primary weapon against air 
pollution within four years." 

Fuel Injection's Answer to Pollution 

To better understand why fuel injection is considered the 
answer to immediate pollution problems from exhaust emis- 
sion, let's take a look at the California emission require- 
ments for 1972 and 1974 and then see how fuel injection may 
help meet them. 

Fig. 3 shows a comparison of the California pollution -con- 
trol requirements for the three major combustion by- products: 
hydrocarbon, carbon monoxide, and oxides of nitrogen. In 
Fig. 3, the 1972 and 1974 standards are compared with the 
pre- emission control levels. It is anticipated that these re- 
quirements, spelled out for California, will be adopted as 
Federal law in the near future. In an attempt to meet these 
emission -control objectives, automotive engineers are look- 
ing at fuel- metering systems, evaporative fuel systems, the 
combustion chamber design, cam design, air -intake mani- 
fold, ignition system, exhaust manifold, and crankcase -emis- 
sion controls. 

One of the key steps in reaching the emission goals will 
be the development of a device that can accurately control 
the air -fuel ratio of an automobile engine. In Fig. 4, the 
hatched curves illustrate the effect of air -fuel ratio on ex- 
haust emission under road operating conditions. The air - 
fuel ratios are listed along the horizontal scale of the graph. 
The vertical scale represents the relative concentrations of 
the three primary contaminates: hydrocarbons (HC), carbon 
monoxide (CO) , and oxides of nitrogen (NO) . Automobiles 
using pre -emission carburetors are operating in the 14.5 
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Fig. 2. Injection timing chart for a typical eight -cylinder 
American car having a firing order of 1- 8- 4- 3- 6- 5 -7 -2. The 
fuel is injected to each group of cylinders at the some time. 
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Fig. 3. Graphs showing California's pollution control require- 
ments that must be met by automobile manufacturers in 1970's. 

Fig. 4. Three 
curves showing 
effects of air - 
fuel ratios on var- 
ious exhaust emis- 
sion contaminants. 
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From the curves of Fig. 4, we can see that the three con- 
taminates can be significantly reduced by running the engine 
very lean at approximately 19 to 1 air -fuel ratio. The curves 
also show that if a reactor is used, (Continued on page 68) 
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Digital 
Instru 

By DONALD L. STEINBACH / Research Engineer, Sr. 

Lockheed Missiles & Space Co. 

1 

NI? TCHAs'1 EI) circuits :ore divided into two major clr_ssifi- 

cations: digital uud linear. Linear IC's include amplifiers, 
multipliers_ :uul other devices whoS(' 011tp11t is some algr°Izruic 
function of tic input; the input and output signals may be 
of any amplitude within the operating reg'ou of the device. 
Digital IC's include llip- flops, gates, zinc', other devices whose 
output is soul(' logical function of die input; the input and out- 
put signals lure ahem s considered to be at one of two distinct 

Four digital IC families 
available to digital instrument 
designers and some salient 
features. Here's how one 

manufacturer classifies 
these IC logic families according 
to performance, packaging, 
and operating range. 

Motorola's MRTL MC9760P BCD -to- decimal de- 

coder- driver IC capable of driving a cold - 

cathode gas -filled indicator tube directly. 

levels or states, commonly called "high" and "low" or "1" and 

An individual IC usually represents one small stage in a 

complex system. That IC stage, like the total system, must 
meet certain specified functional, performance, cost, pack- 
aging, and environmental requirements. IC's have relieved 
the designer of considerable routing circuit design, and freed 
him to concentrate on optimizing system performance and 

Fig. 1. Schematic diagrams showing the differences between equivalent typical discrete component gate and typical IC gate 

circuits. Note the multiple -emitter transistors in the IC TTL gate and that CML is also called ECL lemitter- coupled logic). 

DISCRETE DCTL 

DISCRETE "TL 
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IC RTL 
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contemplate more complex systems; the designer, in return, 
must work within the framework of a vendor catalogue from 

which he attempts to select packaged circuits that satisfy his 

requirements. 
Although linear IC product lines are finally beginning 

to expand significantly, a tremendous variety of digital 
IC's have already appeared, consistent with the system de- 
signer's requirements and the manufacturer's capability. 
Since most of the IC's used in the devices covered in this 
series of articles are digital, the balance of this article will 
be devoted primarily to that topic. 

The ideal digital IC would have infinite speed, no propa- 
gation delay, complete immunity to noise in the presence 
of a signal, dissipate no power, and drive arbitrarily large 
loads. In absence of a "utopian" digital IC, the user is con- 
fronted by a wide variety of products, each of which opti- 
mizes one or more parameters at the expense of the others. 
Product tradenames are sometimes confusing, but fortunately 
all digital IC's are readily classified and any product line 
may be reduced to a few lowest common denominators. 

All digital IC's are derived from one of two basic logic 
forms -called "saturating" and "nonsaturating" to describe 
the operating regions of the active elements. These are 
further divided into four universally accepted logic families. 
DCTL ( direct -coupled transistor logic) , DTL (diode - 
transistor logic ) , and TTL ( transistor -transistor logic) are 
saturated logic forms; CML ( current-mode logic) is the 
nonsaturating logic form. These four terms describe the 
general circuit configurations as shown in Fig. 1. Note that 
TTL is a modification of DTL, and that DTL is the only con- 
figuration that uses diodes instead of transistors to perform 
logical operations. The terms DTL and TTL (or T2L or TCL) 
are widely used in vendor literature, but CML is usually 
called ECL (emitter -coupled logic) since that terminology 
more accurately describes the usual circuit configuration. 

DCTL rarely appears in its "pure" form, because of the 
difficulty of achieving equal current sharing when DCTL 
inputs ( transistor bases) are connected in parallel, and the 
low noise immunity associated with DCTL. DCTL in its modi- 
fied form has resistors in series with the transistor bases 
and is called RTL ( resistor- transistor logic) . IC manufac- 
turers offer variations of the four logic families (DCTL or 
RTL, DTL, TTL, and CML or ECL) , and some add their 
own totally undescriptive Madison Avenue mnemonics for 
reasons best understood by their advertising people. 

In general, ECL is capable of very high operating speeds 
-followed by TTL, DTL, then RTL. (DTL flip -flops are gen- 
erally faster than RTL flip -flops, but the propagation delay 
of an RTL gate is usually less than that of a DTL gate.) High 
speed and low power dissipation are mutually exclusive; 
ECL power dissipation is several times that of RTL. Neither 
ECL nor RTL will tolerate as much external electrical noise 
as DTL or TTL. Unfortunately, not all of the various IC 
families will interface directly, but inter -family translators 
are available. 

As one might expect, RTL IC's are quite inexpensive, while 
some ECL IC's are up in the thirty -dollar class. Most IC's 
are available for operation over various temperature ranges, 
with different package configurations available in each tem- 
perature range. Naturally, devices operating over wide tem- 
perature excursions are the most expensive. 

A Typical Product Line 

There isn't room in this article to discuss each digital IC 
produced by every manufacturer. It is informative, however, 
to look briefly at how one manufacturer divides the four logic 
families, and to examine the impact of performance, pack- 
aging, and operating temperature range on price. 

Motorola's line includes a large selection of digital IC's in 
all four logic families. RTL, DTL, TTL, and ECL appear 
in the Motorola literature under their trademarks as MRTL, 
MDTL, MTTL, and MECL, respectively. A fifth Motorola 
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+vcc 

LOGIC SYMBOL 

Fig. 2. This schematic diagram of an IC Schmitt trigger shows 

how an IC device sometimes uses a different circuit design ap- 
proach than discrete component counterpart. Most obvious dif- 
ference is dual signal /gating inputs and the diode and transis- 
tor in the emitter circuit of Q1 and Q2. Note the logic symbol. 

family, MHTL, is a variation of MDTL. Each family is 

further subdivided as follows: 
A. MRTL 

1. Medium -power MRTL IC's, MC900 /MC800 Series 
2. Low -power mW MRTL IC's, MC908/MC808 Series 
3. Plastic MRTL IC's (low -power and medium- power) 

MC700P /MC800P Series 
4. Commercial MRTL IC's (low -and medium- power) 

MC -700 Series 
B. MDTL 

1. MDTL IC's MC930/MC830 Series 
C. MTTL and MHTL 

1. (a) MTTL IC complex functions, A IC5400F /MC- 
7400F Series 

(b) MTTL IC's, \IC5400F/MC7400F Series 

Fig. 3. Schematic diagram and logic symbol of the (left) in- 
verter and (right) buffer. The buffer and inverter perform 
same logic function, but the low output impedance of buffer 
makes it suitable for driving large and /or capacitive loads. 

+vcc 

A r B 

LOGIC SYMBOL 

A B 

LOGIC DIAGRAM 
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Fig. 4. Photomicrograph of Motorola's MRTL MC780P decade 
up- counter digital IC that operates at frequencies to 4 MHz. 

Fig. 5. This 14 -pin plastic dual in -line package (DIP) is used 
for popular MC700 /MC9700 series of resistor- transistor logic. 

(c) MTTL IC's, MC7400P, MC5400L /MC7400L 
Series 

2. MTTL I IC's, MC500 /MC400 Series 
3. MTTL II IC's, MC2100 /MC2000 Series 
4. MTTL III IC's, MC3100 /MC3000 Series 
5. MTTL IC complex functions, MC4000 Series 
6. MHTL IC's, MC660 Series 

D. MECL 
1. MECL I IC's. AIC300 \IC350 Series 
2. MECL II IC's, AMC1000 \IC1200 Series 
3. MECL III IC's, MC1600 Series. 

Each subdivision or series represents a difference in per- 
formance or intended market: Commercial MRTL IC's are 
not available in small quantities, MHTL ( Motorola High - 
Threshold Logic) is designed for applications where high 
electrical noise immunity is of prime importance, MECL III 
represents the state -of- the -art with FF toggle frequencies 
greater than 300 MHz, etc. 

Single -unit prices range from 51.00 for a MRTL dual 3- 
input gate and 81.30 for a MRTL JIi flip -flop, to 837.50 for a 
MECL III dual Type -D flip -flop. Variations in packaging 
and temperature range account for significant price differ- 
ences among otherwise identical devices: a \IECL II gate 
(chosen at random) costs $4.10 for a -.55° C to +125° C 
device in a 14 -pin ceramic flat package, $2.4.5 for the same 
temperature range in a 14 -pin dual in -line ceramic package, 
and $1.50 for a 0° C to +75° C device in a 14 -pin dual in- 
line plastic package. Thus, performance, packaging, and en- 
vironmental requirements can have a significant impact on 
cost, and overspecification is as wasteful as overdesign. 

Designing with RTL 

RTL, the first of the logic families to become available in 
IC form, features economy, simplicity, and flexibility. A dis- 
cussion of the "care and feeding" of RTL IC's points out the 
significant items that must be considered when designing 
with any IC family. 

RTL IC's are available in both medium -power and low - 
power forms. The low -power versions have higher resistances 
in the base and collector circuits and dissipate ( and con - 
sume) less power than the medium -power devices. As one 
would expect, they deliver less output power, require less 
driving power, and generally have longer propagation delays 
and lower operating speeds. The characteristics of a medium - 
power MRTL and a low -power mW MRTL inverter (a tran- 
sistor and two resistors) are compared below: 

Max. Norm. Norm. 
Base Coll. Prop. Pwr. Input Output 

Type Res. Res. Delay Diss. Load Drive 
MRTL 4502 6402 12 ns 21.7 mW 3 16 
mW MRTL 15002 36002 27 ns 1.2 mW 1 4 

Every digital IC has an input load factor (fan in) assigned 
to each signal input pin, and an output drive factor (fan out) 

assigned to each output pin. These nor- 
malized numbers are a measure of the in- 
put current requirement and output cur- 
rent capability of the device; the output 
drive factor of a device must be equal 
to (or greater than) the sum of the input 
load factors of the input pins of other 
devices connected to that output. The 
RTL unit input load factor is typically 
140 IA d.c. for a low -power device and 
600 µA d.c. for a medium -power device. 

The output voltage swing and logic 
levels of RTL are highly dependent 
upon temperature and loading. The logi- 
cal "1" output level can approach V,.,. 

when the device is unloaded, and will 
decrease to a minimum of +1.0 V d.c. 
at high temperature and maximum load- 

(Conlin te(1 on page 80) 

Fig. 6. Some common gate logic symbols, their functions, and alternate logic forms. 

GATE DEFINITION LOGIC SYMBOL ALTERNATE FORMS 

NOR 

OUTPUT IS HIGH 
IF AND ONLY IF 
ALL INPUTS ARE 
LOW 

A 

C B 
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OR 

OUTPUT IS LOW 

ALL INPUTS ARE 
LOW 

BC 
B L C 
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NAND 

OUTPUT IS LOW 
IF AND ONLY IF 
ALL INPUTS ARE 
HIGH 
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B 
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AC 
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HIGH 
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Important New SAMS Books 

September, 1970 

New 10th Edition of the Sams 

Transistor Substitution Handbook 
by the HOWARD W. SAMS ENGINEERING STAFF. Fully 
updated to include tens of thousands of substitu- 
tions. Covers all manufacturers and gives proper 
substitutions for all types of bipolar transistors: 
U.S. and foreign, home -entertainment and indus- 
trial. Computer -compiled for accuracy. Also in- 
cludes manufacturers' recommendations for gen- 
eral- replacement transistor substitutions 
Order 20773 only $1.95 

Color -TV Training Manual. 3rd Edition 
by the HOWARD W. SAMS ENGINEERING STAFF. The 
completely revised third edition of this famous 
training guide covers all the latest developments 
in the field. Written for the technician preparing 
to service color TV receivers. Describes the sci- 
ence of color, requirements and make -up of the 
color signal, latest color circuits, and practical 
setup and servicing procedures. Includes full -color 
picture tube photos. Order 20736, only . . $6.95 

ABC's of Air Conditioning 
by ERNES1 TRICOMI. This book presents a non- 
technical explanation of the laws of physics which 
relate to air conditioning and shows how these 
laws are applied practically in the design and 
manufacture of all types of air conditioning units 
and their components. Covers components com- 
mon to all systems, electrical systems, estimating 
capacity and installation methods, and air con- 
ditioning repairs. Order 20725, only $2.95 

1 -2 -3 -4 Servicing Transistor Color TV 
by FOREST H. BELT. The "I -2 -3 -4 Method" is a 

simple, logical, step -by -step process which helps 
do the service job the right way and the easy way. 
In this book, the fundamentals of transistor color 
TV are covered, followed by a detailed explana- 
tion of how to apply the method for quick trou- 
bleshooting and easy repairs. Supported by a 

wealth of illustrations, charts, and block and 
schematic diagrams to make understanding easy. 
Order 20777, only $4.95 

Tape Recorder Servicing Guide 
by ROBERT G. MIDDLETON. Thoroughly explains 
the principles and characteristics of magnetic 
recorder circuitry, describing the various com- 
ponents and systems. Provides comprehensive 
instructions on preventative maintenance, adjust- 
ments and minor repairs, and solving tape trans- 
port, recording, and reproduction troubles. 
Order 20748, only $3.95 

1 -2 -3 -4 Servicing Automobile Stereo 
by FORFSI H. BI I I . This book first applies the 
ingenious "I- 2 -3 -4" repair method to both me- 
chanical and electrical equipment and then pro- 
ceeds to cover the electronic and mechanical 
principles of automobile stereo, fm multiplex and 
tape cartridge systems. Finally, the book shows 
how to apply the method to auto stereo systems. 
Includes many schematics, charts and illustra- 
tions. Order 20737, only . $3.95 

Workshop in Solid State 
by HAROLD I. ENNES. Presents the technology of 
transistor operation in terms familiar to those 
educated in tube technology. Provides an orien- 
tation in solid state principles, and a detailed 
analysis of the diode; covers transistor param- 
eters, linear switching and pulse circuits, a wide 
variety of practical design problems and applica- 
tions and basic testing and servicing techniques. 
Order 20735, only $9.95 

I- HOWARD W. SAMS & CO., 

Order from your Electronic Parts Distributor, 
or mail to Howard W. Sams & Co., Inc., Dept. EW -090 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked at right. S enclosed 
Send FREE 1970 Sams Book Catalog 

THIS IS ELECTRONICS Series 
by ITT EDUCATIONAL SERVICES, INC. These 
books provide a remarkable introduction 
to electronics, imparting to any reader a 
clear understanding of the basics of this 
vital technology. All topics are covered 
and readily mastered. 

Vol. 1. Basic D -C Principles 
Covers electronics -past and present; elec- 
tronic components and symbols; matter 
and electricity; current. voltage, and re- 
sistance; series and parallel circuits; con- 
ductors, semiconductors, and insulators; 
resistors; sources of d -c power. 
Order 20657, only $5.95 

Vol. 2. Basic A -C Principles 
Covers alternating voltage and current; 
capacitors and capacitive reactance; mag- 
netism and electromagnetism; electrical 
measuring instruments; and inductors and 
inductive reactance. 
Order 20727, only $6.95 

Vol.. 3. Circuits 
A -c and d -c principles and components 
are used to illustrate how vacuum tubes 
and semiconductors operate. Describes 
various ampler and oscillator circuits of 
both tube and transistor types. 
Order 20759, only $6.95 

Vol. 4. Applications 
faix volume explains how amplifier and 
oscillator circuits are used in actual appli- 
cations. Explains principles of modula- 
tion, broadcast receiver fundamentals, 
a -m and f-m receiver circuits, etc 
Order 20760, only $5.95 

4 Vo!. Set. Order 20761, only . . .$23.50 

INC. 

Name 

Address 

City State Zip 

CIRCLE NO. 119 ON READER SERVICE CARD 

20773 20735 

20736 20657 
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Second in a series... 

Can you solve 
these problems 
in electronics? 
They're a cinch after you've taken RCA Institutes' 
new communications electronics program. 
It includes new preparation for the FCC license plus the 
assurance of your money back if you fail to get it. 

This one is quite elementary. 

In this door bell circuit, which kind of 
transformer is T, - step -up or step -down? 
Note: if you had completed only the first lesson of 
any of the RCA Institutes Home Study programs, 
you'd easily solve this problem. 

f9 
unnop-dais : sJaMsut/ 
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This one is more advanced. 

What is the total capacitance in the above 
circuit? 

Note: you'd know the solution to the problem if 
you'd taken only the first two lessons in RCA's new 
Communications Electronics Program. 

These are the lessons that prepare you step -by- 
step for an FCC License. 

This license is a requirement for servicing all 
types of transmitting equipment and can help 
open doors to jobs commanding high income in 
communications, radio and broadcasting, 
aerospace, industrial automation and many others. 

For a rewarding career with good pay, take that 
first step now. Send for complete information - 
mail the attached card. 

ELECTRONICS WORLD 
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RCA Institutes Autotext learning method 
makes problem -solving easier... 
gets you started faster towards a good -paying career in electronics 

Are you just a beginner with an interest in 

electronics? Or, are you already making a living 
in electronics, and want to brush -up or expand 
your knowledge? In either case, RCA has the 
training you need. And Autotext, RCA Institutes' 
own method of Home Training will help you learn 
more quickly and with less effort. 

Wide Range of Courses 
Select from a wide range of courses. Pick the 
one that suits you best and check it off on the 
attached card. Courses are available for beginners 
and advanced technicians. 

Electronics Fundamentals 
Black & White Television Servicing 
(Transistorized TV Kit Available) 
Color Television Servicing (Color TV Kit Available) 
FCC License Preparation 
Automatic Controls 
Automation Electronics 
Industrial Electronics 
Nuclear Instrumentation 
Electronics Drafting 
Computer Programming 

Plus these new 
up -to- the -minute courses 
Semiconductor Electronics 
Digital Electronics 
Solid State Electronics 
Communications Electronics 

Prepare for good paying 
positions in fields like these 
Television Servicing 
Telecommunications 
Mobile Communications 
CATV 
Broadcasting 
Marine Communications 
Nuclear Instrumentation 
Industrial Electronics 
Automation 
Computer Programming 
Solid State 
Electronics Drafting 
September, 1970 

Build and keep this 
valuable oscilloscope. 

In the new program on Solid 
State Electronics you will study 
the effects of temperature and 
leakage characteristics of 
transistors. 

RC,' 

Variety of Kits -Yours to Keep 
A variety of RCA Institutes engineered kits are 
included in your program of study. Each kit is yours 
to keep when you've completed the course. 
Among the kits you construct and keep is a working 
signal generator, a multimeter, a fully 
transistorized breadboard superheterodyne 
AM receiver, and the all- important oscilloscope. 
These 4 kits are at no extra cost. Compare this 
selection with other home study schools. 

Two Convenient Payment Plans 
Pay for lessons as you order them. No contract 
obligating you to continue the course. Or, you can 
take advantage of RCA's convenient monthly 
payment plan. No interest charges! 

Classroom Training Also Available 
RCA Institutes operates one of the largest technical 
schools of its kind. Day and evening classes. No 
previous training is required. Preparatory courses 
are available. Classes start four times a year. 

Job Placement Service, Too! 
Companies like Bell Telephone Labs, GE, 

Honeywell, IBM, RCA, Westinghouse, Xerox, and 
major radio and TV networks have regularly 
employed graduates through RCA Institutes' own 
placement service. 

All RCA Institutes courses and programs are 
approved for veterans under the new G.I. Bill. 

Send Attached Postage Paid Card Today. 
Check Home Study or Classroom Training. 
Accredited Member Naticnal Home Study Council. 
r 1 

IF REPLY CARD IS DETACHED, SEND THIS COUPON 

RCA Institutes Inc. 
Home Study Dept. 240 -009 -0 

320 West 31 Street 
Nevi York, N.Y. 10001 

Please send me FREE illustrated career catalog. 

Name Age 
(please print) 

Address 

City _ Slate Zip 
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Cleaning the 
AIR WE BREATHE 
As conscripts in the war against pollution, we must 
learn the vocabulary as well as the manual of arms. 

By John Frye 
T was the beginning of what Jeeves described as "the season 

I of mists and mellow fruitfulness," and a dense September 
fog curled against the windows of Mac's Service Shop. It was 
not a work- inspiring day, and the three occupants were still 
congregated in the front room of the shop. 

"Maybe I imagine it," Matilda, the office girl, said, "but it 
seems a little hard to breathe. Guess I've been reading too 
many smog stories." 

"We're lucky we live in a small town," Barney told her. "In 
a large city with heavy traffic and lots of smokestack exhaust, 
a temperature -inversion situation like this could easily change 
such a fog into a killer smog." 

"We probably have plenty of the raw ingredients of smog 
available even here," Mac injected. "According to a National 
Academy of Sciences survey made in 1966, the U.S. spews 
124,000,000 tons of pollutants into its layer of atmosphere 
every year, a layer that is, relatively speaking, no thicker than 
the layer of varnish on a desk -size globe. About 12,400,000 
tons of this is in the form of smog -producing particulate 
matter." 

"What's particulate matter ?" Matilda wanted to know. 
"A particle is an object with definite physical boundaries 

having a diameter between .001 and 100 microns. Note the 
definition includes suspensions in air of liquid as well as 
solid particles." 

"So how big is a micron ?" Matilda pursued. 
Picking up a postage stamp from her desk, Mac answered: 

"A micron is one -millionth of a meter. It would take 25,400 
microns side by side to equal the one -inch length of this 
stamp. About 800 microns are needed to span the eye of an 
average needle." 

"Little rascals, aren't they ?" Barney commented. "What 
kind of pollutants make up those 124 million tons ?" 

Before answering, Mac took several sheets of paper stapled 
together from his pocket and consulted them. "Honeywell, 
one of the largest manufacturers of residential and light com- 
mercial air cleaning equipment, has prepared this excellent 
treatise called `Theory and Fundamentals.' It classifies pollu- 
tants according to how they are formed: (1) dusts, fumes, 
and smokes, which are solid particulate matter; (2) mists 
and fogs, which are liquid particulate matter; and (3) non - 
particulate vapors and gases. 

"The National Academy of Science says 52% of air pollution 
is carbon monoxide, 18% sulfur oxides, 12% hydrocarbons, 
10% particles, 6% oxides of nitrogens, and 2% other gases and 
vapors. As to the sources of this pollution, the Academy says 
60% is contributed by transportation; 19% by manufacturing, 
13% by electricity generation, 6% by space heating, and 2% 
by waste disposal." 

"Getting rid of air pollution presents no problem, then," 
Barney quipped. "All we have to do is for everyone to stay 
home and stop sending for stuff, quit making things, junk 
all our electrically operated equipment, wear lots of clothes to 
stay warm, and bury the trash." 

"A little drastic," Mac agreed with a chuckle, "but that 
should do it. Seriously, getting rid of pollution at the source 
will require a lot more knowledge than we now have, plus a 

great deal of effort, money and time. People with respiratory 
difficulties may not have that time. Others without any lung 
trouble yet do not like the idea of inhaling with each breath 
40,000 to 70,000 of the 100 -500 billion particles to be found 
in every cubic foot of large -city air! A stop -gap solution is to 
remove most of the particles from the air where these people 
live and work." 

"Since particles constitute only 10% of air pollution, why 
work so hard to get rid of just them ?" Matilda quizzed. 

"A good question that has logical answers," Mac replied. 
"In the first place, according to Time magazine, particles are 
especially injurious to humans because they function as 'car- 
riers' to transport harmful gases, such as sulfur dioxide whose 
molecules adsorb onto the particles, far deeper into the lungs 
than the gases could make it on their own -deep enough that 
the gas cannot be easily exhaled, as it can be from the upper 
respiratory tract. Other particulates serve as catalysts in the 
atmosphere to speed the conversion of sulfur dioxide into 
sulphur acid. Particulate pollutants produced by incomplete 
combustion in automobile or diesel engines include polycylic, 
aromatic hydrocarbons, some of which tend to produce cancer. 

"Secondly, while we know how to do a good job of trapping 
the particles, we aren't nearly so knowledgeable about how to 
get rid of some of the other pollutants. For example, sulfur 
dioxide is a serious pollutant item in the exhaust of coal -burn- 
ing electric generation plants. We hear loud demands that 
this SO2 emission be controlled. But a National Academy of 
Engineering panel of the National Research Council recently 
reported: `Contrary to widely held opinions, commercially 
proven technology available for control of sulfur oxides from 
combustion processes does not exist.' " 

"OK, pollution control is the art of the possible right now; 
so how do I get rid of the dust in my house ?" Matilda asked. 

"Dusts," Mac lectured, "are solid particles projected into 
the air by natural processes of wind, volcanic eruption, and 
earthquakes; or by mechanical processes, such as crush- 
ing, grinding, demolition, drilling, shoveling, screening, and 
sweeping. The dust may be mineral, such as sand; vegetable, 
such as flour and pollen; or animal, such as hair or feathers. 
An urban home accumulates an average of two pounds of this 
dust every week. You may doubt this because only 10% of the 
dust particles are large enough -at least 10 microns in diame- 
ter-to be seen under the most favorable conditions. The ones 
you see floating in a beam of sunlight are usually 50 microns 
or larger. Most invisible particles are 3 microns in diameter or 
smaller. Only when these are present in vast numbers are 
they rendered visible by their light- scattering quality. That's 
why we see the wisp of smoke curling up from a cigarette for 
a few feet, although the smoke is made up of invisible indi- 
vidual particles. 

"Visible particles tend to settle on top of horizontal surfaces 
and worry the heck out of the housewife. She wipes them off 
with her dustcloth and is happy. But the invisible particles, 
especially the ones less than 1 micron in diameter, settle 
on vertical as well as horizontal surfaces and do most of 
the long -term expensive soiling of curtains, windows, wood- 
work, furnishings, and clothing. Her dustcloth removes 
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few particles smaller than 3 microns. 
"The trick is to remove the particles 

before they settle. This is easier to do 
with the invisible ones -1 micron parti- 
cles take 81/2 hours to settle in a room 
with an 8 -foot ceiling -than with the 
50- micron variety that settle in 12 sec- 
onds. You don't want to throw away 
your dustcloth when you install an air 
cleaner because quite a bit of the visible 
dust is still going to settle on the furni- 
ture before the cleaner has a crack at it. 
However the invisible dust that causes 
most of the expensive damage will be 
largely removed. 

Air Cleaners 

"There are two major types of air 
cleaners: mechanical and electronic. Me- 
chanical filters, such as those in the 
ductwork of your forced -air furnace or 
air -conditioner, will remove most of 
the 5- micron -or- larger particles passing 
through it. The air is broken up into 
many small streams forced to thread 
their abruptly changing courses through 
the filter maze. Particles do not make 
the sharp turns and impinge on the 
screens, fibers, or plates of the filter me- 
dium, where they stay until washed off. 
To aid in holding them, the medium is 

often coated with a sticky substance, 
such as mineral oil or glycol. The 
dry type, as opposed to this viscous - 
impingement -type, literally strains the 
air through cotton batting, wool, or felt 
and traps the particles in its tiny meshes. 
Both types increase the resistance to air 
flow rapidly as particles are collected 
and must then be replaced or cleaned. 
The only way to design mechanical fil- 
ters to remove smaller particles is to 
reduce the diameter of the air passages, 
which rapidly increases their resistance 
to air flow and makes such filters im- 
practical for domestic use. 

"The two -stage electronic air cleaner 
(EAC) is the most practical for collect- 
ing airborne particles of a wide range of 
size without introducing excessive resis- 
tance to air flow. The first or ionizing 
stage consists of a series of fine wires 
carrying a positive charge of 3000 to 
6000 volts. Free electrons are strongly 
attracted to these wires and in their 
hurry knock other negative electrons 
loose from passing air molecules, leaving 
the latter with a net positive charge. 
These positive ions accumulate in tre- 
mendous numbers in the ionizing stage, 
and any dust particle entering that area 
is like a plane flying through a thunder- 
storm: it's bound to get `wetted' by the 
ions through which it is flying, with more 
of the smaller particles clinging to 
larger particles. 

"The ions hitchhike along with the 
dust particle into the second or collect- 
ing stage, which consists of flat metal 
plates spaced about a quarter -inch apart. 
Positive high voltage is applied to each 
alternate plate, with the intervening 
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plates being grounded. When a dust 
particle with its cargo of positive ions 
enters a space between two plates, the 
positive plate repels and the grounded 
plate attracts the positively charged 
particle. Under the influence of these 
forces, the particle changes course and 
impacts on a grounded plate, where it 
loses its charge and remains until it is 
washed off. In a similar manner any 
particle carrying a negative charge is 
collected by the positive plates. Larger 
particles, because of momentum, require 
more force to divert them; but this force 
is provided by the larger charge they 
carry. Since the EAC does not depend 
upon tiny, tortuous air passages for its 
dust -trapping action, it does not restrict 
air flow as much initially or after accu- 
mulating a given amount of dust. It is 

especially efficient in removing the 90% 
of the dust which is made up of part- 
icles 10 microns down to .01 micron in 
diameter." 

"How can you really tell how good 
an air cleaner is or will perform ?" 
Barney asked. 

How Good are They? 

"Most well- designed air cleaners are 
rated for efficiency by the NBS Dust 
Spot Method. The cleaner is placed in 
a duct and dusty air is fed through it. 
Individually metered amounts of air 
from in front and behind the filter are 
blown through very fine white filter 
papers, and the two amounts of sampled 
air are adjusted so both filter papers be- 
come stained at approximately the same 
rate. After a certain time the sampling 
filter papers are removed and compared 
for optical density with a photocell. 
Compensation is made for any final dif- 
ference in optical density, and the two 
measured volumes of sampled air are 
compared. The upstream volume is 
written as a fraction of the downstream 
volume and subtracted from one. The 
answer multiplied by 100 yields the 
efficiency of the filter in percent. Elec- 
tronic and other high -efficiency filters 
are tested with outdoor ambient dust. 
Lower efficiency filters are fed dust from 
a specific source in combination with 
standardized lint. Impingement -type 
mechanical filters are rated between 5 
and 7 percent efficiency by the dust spot 
method, while a high quality EAC will 
be rated up to 95% by the same method. 
The efficiency of the electronic air 
cleaner decreases as the air velocity in- 
creases." 

"Well," Barney said, "I've enjoyed 
this little seminar on air cleaning. An 
understanding of basic principles of air 
cleaning is going to be necessary for 
understanding and evaluating what we 
read, what we see and hear on TV, and 
what our representatives do and say in 
the next decade. Your little talk on the 
problems of particle removing is a good 
beginning." A 

1970- WINTER $1.35 
ELECTRONIC EXPERIMENTER'S 

HANDBOOK 
148 pages of the most fascinating 
and challenging construction proj- 
ects for the electronics hobbyists. 
All with complete schematics, il- 
lustrations, parts list, and easy - 
to- follow instructions that guaran- 
tee you perfect finished products. 

1970- SPRING $1.50 
ELECTRONIC EXPERIMENTER'S 

HANDBOOK 
Another big package containing 
the most challenging, fun -to -build 
electronics projects ever! Be sure 
to order this one today! 

1970 $1.35 
STEREO /HI -FI DIRECTORY 

Giant 180 page buyer's guide list- 
ing more than 1,600 individual 
Stereo /Hi -Fi components' by 176 
manufacturers. Nine individual sec- 
tions complete with specs, photos, 
prices -the works! 

6 Vital 
Components 

For Knowledge.. 
For Profit... For Sheer 

Electronics Enjoyment! 

TAPE RBARBERS o 1970 $1.35 
TAPE RECORDER ANNUAL 

Over 130 pages covering every as- 
pect of tape recording. Complete 
buyer's guide to the brands and 
models on the market. Expert tips 
on equipment - making better 
tapes - editing - copying - 
everything you want and need to 
know about tape recording. 

1970 $1.35 
COMMUNICATIONS 

HANDBOOK 
148 fact packed pages for the CB, 
SWL or HAM. Equipment buyer's 
guide - photos - tables - charts - getting a license - everything 
to make this the world's most corn- 

, plete guide to communications. 

1970 $1.35 
ELECTRONICS INSTALLATION 

& SERVICING HANDBOOK 
For the serviceman who is also a 

businessman - the hobbyist who 
is also a perfectionist! Covers all 

,J 4i 8 areas of consumer electronics 
servicing -all the tricks of the 
trade -in one complete, up-to-date 
guide. This is the industry's "how - 
to" book for installing and serv- 
icing consumer electronics equip- 

_ ment. 

ZIFF -DAVIS SERVICE DIVISION Dept.W 
59m Broadway, New York, N.Y. 10012 
Please send me the annuals I've checked below: 

1970. Electronic Experimenter's Handbook -Winter 
1970 Electronic Experimenter's Handbook- Spring 
1970 Stereo /Hi -Fi Directory 
1970 Tape Recorder Annual 
1970 Communications Handbook 
1970 Elect, Installation & Servicing Handbook 

I am enclosing $ My remittance 
includes an additional 25¢ per copy for shipping 
and handling (Outside U.S.A. all magazines are 
$2.00 per copy, postpaid.) EW -9 -70 

print name 

address 

city 

state zip 

rm PAYMENT MUST BE ENCLOSED WITH ORDER 
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New Heathkit® Solid -State 
Design and performance 
features add up to 
one -of -a -kind superiority. 

Over five years were spent in research 
and development to achieve the nota- 
bly superior performance, improved 
convenience features, and ease of 
service now embodied in the new 
GR -270 and GR- 370.They are premium 
quality receivers in the truest sense, 
and, we believe, the finest color TV's 
on today's market. Here's why ... 

Exclusive solid -state circuitry design ... total 
of 45 transistors, 55 diodes, 2 silicon controlled 
rectifiers; 4 advanced Integrated Circuits con- 
taining another 46 transistors and 21 diodes; 
plus 2 tubes (picture and high voltage recti- 
fier) combine to deliver performance and reli- 
ability unmatched by conventional tube sets. 

Exclusive design solid -state VHF tuner uses an 
MOS Field Effect Transistor for greater sensi- 
tivity, lower noise, and lower cross -modulation 
... gives you sharply superior color reception, 
especially under marginal conditions. Gold/ 
Niborium contacts give better electrical con- 
nections and longer wear. Memory fine tuning, 

standard. Solid -state UHF tuner uses hot- carrier diode design 
for increased sensitivity. 

-t/. 
k .. 

3 -stage solid -state IF has higher gain for better 
overall picture quality. Emitter -follower output 
prevents spurious signal radiation, and the en- 
tire factory -aligned assembly is completely 
shielded to prevent external interference. 

Automatic Fine Tuning - standard on both sets. Just push a 
button and the assembled and aligned AFT module tunes in 
perfect picture and sound automatically ... eliminates manual 
fine -tuning. Automatic between -channel defeat switch pre- 
vents tuner from locking in on stray signals between channels. 
AFT can be disabled for manual tuning. 

VHF power tuning...scan through all VHF and one preselected 
UHF channel at the push of a button. 

Built -in automatic degaussing keeps colors pure. Manual de- 
gaussing coil can be left plugged into the chassis and turned 
on from the front panel ... especially useful for degaussing 
after the set is moved some distance. 

Automatic chroma control eliminates color variations under 
different signal conditions. 

Adjustable noise limiting and gated AGC keeps pulse -type in- 
terference to a minimum, maintains signal strength at con- 
stant level. 

High resolution circuitry improves picture clarity and new ad- 
justable video peaking lets you select the degree of sharpness 
and apparent resolution you desire. 

"Instant -On ". A push of the power switch on the front panel 
brings your new solid -state set to life in seconds. Picture tube 
filaments are kept heated for instant operation, and extended 
tube life. "Instant -On" circuit can be defeated for normal on- 
off operation. 

Premium quality color picture tubes. Both the 227 sq. in. GR- 
270 and 295 sq. in. GR -370 use the new brighter bonded -face, 
etched glass picture tubes for crisper, sharper, more natural 
color. And the new RCA HiLite Matrix tube is a low cost option 
for the GR -370. See below. 

Compare these features: 
Modular plug -in circuit board construction. 
MOSFET VHF tuner and 3 -stage IF. 
Adjustable video peaking. 
Sound instantly, picture in seconds. 
Built -in Automatic Fine Tuning. 
Pushbutton channel advance. 
Tilt -out convergence and secondary controls. 
Hi -fi sound outputs - for amplifier. 
Virtually total self- service capability with 
built -in volt -ohm meter, dot generator, and 
comprehensive manual. 
Premium quality bonded -face etched glass 
picture tubes. 
Choice of 295" or 227" picture tube sizes. 

Adjustable tone control lets you choose the sound you prefer 
... from deep, rich bass to clean, pronounced highs. 

Hi -fi output permits playing the audio from the 
set through your stereo or hi -fi for truly lifelike 
reproducton. Another Heath exclusive. 

Designed to be owner serviced.The new Heath solid -state color 
TV's are the only sets on the market that can be serviced by 
the owner. You actually can diagnose, trouble -shoot and main- 
tain your own set. 
Built -in dot generator and tilt -out convergence panel let you 
do the periodic dynamic convergence adjustments required of 
all color TV's for peak performance. Virtually eliminate techni- 
cian service calls. 

Snap -out glass epoxy circuit boards with tran- 
sistor sockets add strength and durability and 
permit fast, easy troubleshooting and transis- 
tor replacement. Makes each circuit a module. 

Built -in Volt -Ohm Meter and comprehensive 
manual let you check circuits for proper oper- 
ation and make necessary adjustments. The 
manual guides you every step in using this 
built -in capability. Absolutely no knowledge of 
electronics is required. 

Easy, enjoyable assembly ... the Heathkit way. The seven -sec- 
tion manual breaks every assembly down into simple step -by- 
step instructions. With Heath's famous fold -out pictorials and 
simple, straightforward design of the sets themselves, anyone 
can successfully complete the assembly. 
Heathkit Solid -State Modular Color TV represents a significant 
step into the future ... with color receiver design and per- 
formance features unmatched by any commercially available 
set at any price! Compare the specifications. Then order yours 
today. 
Kit GR -270, all parts including chassis, 227" picture tube, face 
mask, UHF & VHF tuners, AFT & 6x9" speaker, 114 lbs. $489.95* 
Kit GR -370, all parts including chassis, 295" picture tube, face 
mask, UHF & VHF tuners, AFT & 6x9" speaker, 127 lbs. $559.95* 
Kit GR- 310MX, complete GR -370 with RCA matrix picture tube, 
127 lbs. $569.75* 
GR -270 AND GR -370 SPECIFICATIONS - PICTURE TUBE SIZE: GR -370 Approximate Viewing Area: 295 Sq. In. GR -270 Approximate Viewing 
Area: 227 Sq. In. DEFLECTION: Magnetic, 90 degrees. FOCUS: Electro- 
static. CONVERGENCE: Magnetic. ANTENNA INPUT IMPEDANCE: VHF 
300 ohm balanced or 75 ohm unbalanced. UHF: 300 ohm balanced. 
TUNING RANGE: VHF TV channels 2 through 13. UHF TV channels 14 
through 83. PICTURE IF CARRIER: 45.75 MHz. SOUND IF CARRIER: 
41.25 MHz. COLOR IF SUBCARRIER: 42.17 MHz. SOUND IF FRE- 
QUENCY: 4.5 MHz. VIDEO IF BANDWIDTH: 3.58 MHz. HI -FI OUTPUT: 
Output impedance - 1 k ohm. Frequency response - ±1 dB 30 Hz to 10 
kHz. Harmonic distortion - less than 1% at 1 kHz. Output voltage - 
0.3 V rms nominal. AUDIO OUTPUT: Output impedance -4 ohm or 8 
ohm. Output power -2 watts. POWER REQUIREMENTS: 110 to 130 
volts AC, 60 Hz, 240 watts. NET WEIGHT: GR -370, 114 lbs.; GR -270, 101 
lbs. 
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Modular Color Television! 
Exclusive Modular Design ... Circuit Boards snap in and out in seconds 

for easy assembly, simple servicing 

Gun shorting 
switches 

Tilt -out 
convergence/ 
secondary 
control panel 

Exclusive 
Check -out 
meter 

Hi -fi sound 
output 

3 -stage 
IF assembly Plug -in 

AGC /Sync 
circuit board 

Plug -in 
3.58 MHz 
Oscillator 
circuit board 

Plug -in 
Chroma 
circuit board 

Plug -in 
Luminance 
circuit board 

Service and 
Dots switches 

Master control panel 

Plug -in 
Video Output 
circuit board 

High Voltage 
Power Supply 

Plug -in Sound 
circuit board 

Circuit breaker 
protection 

Conservatively -rated 
power supply 
components 

Plug -in wiring 
harnesses and 
connectors for 
easier assembly 

Plug -in 
Vertical 
Oscillator 
circuit board 

New Expedited 48 -Hour No- Charge Warranty Service Plan for Solid - 
State TV Modules! Special service facilities have been established 
at the factory and all Heathkit Electronic Centers to expedite 
service and return of Solid -State TV circuit modules within two 
working days. During the 90 -day warranty period, TV modules will 
be serviced or replaced with no charge for labor or parts. After 
the initial 90 -day warranty period expires, TV modules will be serv- 
iced or replaced at a fixed charge of $5.00 per module for labor and 
parts for a period of two years from date of original kit purchase. 

Plug -in 
Horizontal 
Oscillator 
circuit board 

Plug -in 
Pincushion 
circuit board 

Add extra convenience and versatility to your 
new GR -270 or GR -370 Solid -State Color TV with 
this new ultrasonic remote control kit. Lets 
you turn the set on and off, adjust volume, 
change VHF channels and adjust color and 
tint from the comfort of your chair. Assembles 
and installs complete in just a few hours and 
the built -in meter on the receiver makes final 
adjustment a matter of minutes. 
Kit GRA -70 -6, 6 lbs. $64.95* 

Choose One Of These Handsome, Factory Assembled Cabinets 
3 models in 295 sq. in. 

Luxurious Mediterranean 
Cabinet ... factory as- 
sembled of fine furni- 
ture grade hardwoods 
and finished in a flaw- 
less Mediterranean pe- 
can. Statuary bronze 
trim handle. 30- 1/32" H 

x47"Wz173/4"D.As- 
sembled GRA-304-23, 85 
lbs. $129.95* 

3 models in 227 sq. in. 
Exciting Mediterranean 
Cabinet . . . assembled 
using fine furniture 
techniques and finished 
in stylish Mediterranean 
pecan. Accented with 
statuary bronze handle. 
27- 31/32" H x 417/8" W 
x 19- 9/16" D. Assembled. 
GRA- 202 -20, 70 lbs. .. 

$114.95* 

NEW 
FREE 1911 CATALOG! 
Now with more kits, more 
color. Fully describes these 
along with over 300 kits for 
stereo /hi -fi, color TV, elec- 
tronic organs, guitar ampli- 
fiers, amateur radio, marine, 
educational, CB, home & 
hobby. Mail coupon or write 
Heath Company, Benton Har- 
bor, Michigan 49022. 

Deluxe Early American 
Cabinet ... factory as- 
sembled of a special 
combination of hard- 
woods & veneers and 
finished in classic Salem 
Maple. 29- 21/32" H x 

371/4" W x 193/4" D. As- 
sembled GRA-303-23, 67 
lbs. $114.95* 

Contemporary Walnut 
Cabinet and Base Com- 
bination. Handsome wal- 
nut finished cabinet sits 
on a matching walnut 
base. Cabinet dimen- 
sions 20-31/32" H z 31- 
7/16" W x 185/8" D. Base 
dimensions 73/4" H x 

273/4" W o 185/8" D. 
Assembled GRA- 203.20 
Cabinet, 45 lbs. $49.95* 
GRS-203-6 above cab. w/ 
matching base, 58 lbs. 

$59.95* 

f- 
HEATH COMPANY, Dept. 15-9 
Benton Harbor, Michigan 49022 

Contemporary Walnut 
Cabinet ... factory as- 
sembled of fine veneers 
& solids with an oil - 
rubbed walnut finish. 
29- 17/32 "H x 35- 13/16" 
W x 197/8" D. Assembled 
GRA- 301 -23, 56 lbs. . 

$74.95* 

Handy Roll- Around Cart 
and Cabinet Combina- 
tion. Features the GRA - 
203-20 walnut cabinet 
plus a walnut- trimmed 
wheeled cart with stor- 
age shelf. Assembled 
GRA- 203 -20 Cabinet, 45 
lbs. $49.95* 
GRA- 204.20 Roll- Around 
Cart, 18 lbs. $19.95* 
G RS- 203.5, Ca rt &Cabinet 
Combo, 58 lbs. $59.95* 

a Schlumberger company 
Enclosed is $ plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. Please send Credit Application. 

Name 

Address 

City State 
*Mail order prices; F.O.B. factory. Prices & specifications subject to change without notice. CL-387 J 
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Enjoy Relaxing Background 

Music at Home with .. . 

NO COMMERCIALS! 

Our SCA -1 Decoder makes possible reception of 
this "private" musical programming, transmitted 
by nearly 400 FM stations around the country. 
YOUR FM tuner or receiver can recover this 
"hidden" music with the simple addition of an 
SCA -l. 
Hook -up in minutes -full instructions supplied. 
SCA -1 is self -powered . . . uses all solid -state 
circuitry (FET's, IC's, NPN's). Works with any 
quality FM Tuner or receiver. 
Send check or m.o. for either . 

SCA -1 (Wired, ready to use) $64.50 
SCA -1K (Kit, all needed parts) $49.95 
Etched, drilled P.C. Board plus special 

IC and full construction plans $12.50 
N.Y. State Residents Add Appropriate Sales Tax 

One year parts guarantee 
Prohibited for commercial use 
FREE National S.C.A. station list 

supplied with every order. 

SCA Services Co., Inc. 
Box 601 EW, Port Washington, N.Y. 11050 

1 516) 883 -5694 

CIRCLE NO. 120 ON READER SERVICE CARD 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 

for continuous, commercial -free music 
with ANY FM tuner or receiver 

Kit $49.50 Wired $75.00 Cover $4.95 List of FM 
stations with SCA authorization $1.00. For com- 
plete information write or call: 

MUSIC ASSOCIATED 
65 Glenwood Rd. 

Upper Montclair, N.J. 07043 
phone 201- 744 -3387 

ro ELECTRONICS 
V.T.I. training leads to success 
as technicians, field engineers, 
specialists in communications, 
guided missiles, computers, ra- 
dar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sep- 
tember. February. Dorms, cam- 
pus. Fligh school graduate or 
equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 

Dept. RD, Valparaiso, Indiana 46383 

C.E.T. Test, Section #8 

Measurements 
By DICK GLASS'` 

What is your electronics servicing I.Q.? 
You must get 75% on entire exam to pass. 

This is the eighth in a series of 12 test sections to be published monthly. While these 
test exam sections are not part of the actual NEA C.E.T. examinations presently be- 

ing administered, they are similar in nature. Should you find you are able to correctly 
answer 75% or better, you might be a candidate to become a registered CET. You 

can take the exam in your area but you must show 4 years of experience to qualify. 

(Answers will appear next month.) 
Answers to last month's quiz appear on page 96 

1. What indication might show an open transistor in a common- emitter circuit? 
(a) very low resistance reading between collector and emitter 
(b) very high beta reading on a transistor tester 
(c) collector voltage equaling the supply voltage 
(d) base and emitter voltage readings being only slightly different 

2. To locate an intermittent transistor, do not: 
(a) apply heat (c) short collector to base 
(b) apply cold spray (d) short base to emitter 

3. Which troubleshooting sequence normally is most effective when making TV 
tuner repairs? 

(a) waveform analysis, resistance checks, then voltage readings 
(b) signal insertion, voltage readings, then adjustment 
(c) adjustment, waveform analysis, then voltage checks 
(d) voltage checks, resistance readings, then signal insertion 

4. A service v.o.m. will read approximately what percent of a peak -to -peak sine - 
wave voltage measured on a scope? 

(a) 70.7 (c) 141.4 
(b) the same (d) 35.35 

5. One method of operating a transistorized receiver that is drawing excessive 
current, in order to make voltage comparisons yet protect against further parts 
damage, is: 

(a) operate for short periods only, while making checks 
(b) use up to, but no larger than 50 percent larger fuse 
(c) lower operating voltages in solid -state equipment makes such precautions 

unnecessary 
(d) insert current -limiting resistor in voltage supply circuit 

6. A pocket transistor radio is found to have wide fluctuations of battery current 
during on- station reception, but steady current use off -station. This indicates: 

(a) normal operation (c) intermittent output transistor 
(b) weak battery (d) poor power -supply filtering 

7. Other than direct interchange, the best test of a transformer or yoke is: 
(a) resistance check of windings (c) insulation test 
(b) ringing test (d) intercapacitance test 

8. Which secondary winding of a TV power transformer would normally measure 
highest resistance? 

(a) highest voltage winding (c) 6 -volt filament winding 
(b) lowest voltage winding (d) 12 -volt filament winding 

9. The 60 -Hz filament voltage usually cannot be used as a signal- tracing test volt 
age in the: 

(a) video amplifier circuits (c) vertical sync circuits 
(b) audio amplifier circuits (d) color sync circuits 

10. With ordinary service scopes, a demodulator probe should be used: 
(a) for all frequencies below the scope vertical -amplifier response 
(b) for video amplifier circuits 
(c) for video i.f. circuit testing 
(d) for color demodulator circuit testing 

"Executive V.P., NEA, 1309 W. Market St , Indianapolis, Ind. 46222, 
assisted by Lew Edwards, chairman of Test Make -up Subcomm. 
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The Amplified Zener 
(Continued from page 42) 

to- ground is used to set the zener bias current at a level where 
its regulation is optimum; the design example will explain 
this. Assume that you need 9 volts at 1 A and have a 15 -volt, 
1 -A unregulated supply from which to develop it. In order 
to get 100% load capacity (the load current will be allowed 
to vary from 0 to 1 ampere) , a 10 -watt zener would be re- 
quired to handle the "worst case" where the power in the 
diode would be 9 watts, because it would be carrying 1 A at 
9 volts. To use the transistor regulator, you must choose the 
correct smaller zener diode and base resistor. If the transistor 
is a 2N3055, the following characteristics are valid: max. 
collector current = 7 amps, max. power dissipation = 117 
watts, typical current gain (ß) = 50, and base -emitter volt- 
age = 1.5 volts. 

Since the output voltage is the sum of the base -emitter 
voltage and the zener drop, a 7.5 -volt zener is required, and 
a 1N711 will do. If the transistor is to carry 1 amp, the base 
current will be 20 mA since the current gain is 50 .The zener 
will work best at 25 mA, so it would provide a stable voltage 
drop with 20 mA through it. However, when the transistor 
collector current is close to zero, a base -emitter bias resistor 
will maintain the zener current which would otherwise drop 
to almost nothing since practically no base current is required 
when collector current is low. In order to maintain the zener 
current near 20 mA, a 75 -ohm resistor is required across the 
1.5 -volt base -emitter junction. The resulting circuit will regu- 
late at 9 volts for load currents from 0 to 1 amp, with maxi- 
mum powers of 400 milliwatts in the zener and 9 watts in 
the transistor. 

If the unregulated input were to increase, there would be 
a resultant increase in the regulator power; nonetheless, due 
to the constant current drawn by the regulator, there is no 
reason for the unregulated voltage to change. By definition, 
an unregulated supply puts out a different voltage at every 
value of load current; therefore, at a fixed value of load, the 
voltage is also fixed. 

In order to simplify transistor mounting when a heat sink 
is used, it is convenient to have the collector and heat sink at 
the same potential, so no insulators are needed. For further 
simplicity, it is nice to have this potential be the circuit ground 
level. The simple shunt regulator circuit of Fig. 1 will pro- 
vide a negative output if the collector is grounded while the 
one shown in Fig. 2A, using a p -n -p transistor, will produce 
a positive output. 

If a higher output voltage is required than obtainable with 
the zeners that you have available, use the circuits of Figs. 2B 
and 2C. Here, the regulated output is divided down by Rl 
and R2 and the zener is fed from the reduced voltage point. 
This gives a "leverage" equal to the divider ratio. This circuit 
works to hold the output voltage at such a level that the 
divider voltage is held constant at a value of VBE + Vzi 
which means that the output voltage winds up higher than 
the zener voltage. 

An equation that describes this circuit is: Vout = Rl + R2 
X (VBE + Vz), and it can be made to provide either output 
voltage with a grounded collector, as described for the sim- 
pler circuits. In order to insure good regulation, the current 
drawn by the R1 -R2 divider should be at least five times the 
zener current. Also, whenever a power transistor is used at 
these power levels, a good heat sink or a large chassis should 
be used to hold the case temperature down. 

To increase the amplification factor, a cascade or Darling- 
ton circuit will work, as shown in Figs. 2D and 2E. Provid- 
ing that the output transistor is cooled adequately, these 
circuits will handle more power than the largest available 
zeners; but it is a rare experimenter who could devise a 
circuit requiring as much regulated power as they are capable 
of delivering. 

September, 1970 

$69.95 NET 

0M -1 OMNI SPEAKER SYSTEM. We've been in it from the 
beginning ... at point ALPHA in time. Our engineers took 
audible sounds -electron cally produced, and made them 
clear, high fidelity tones. We participated in the design and 
engineering of speakers to create the world's finest stereo- 
phonic sound reproduction. Now, we have reached OMNI ... 
0M -1 OMNI SPEAKER SYSTEM produces sound uniformly 
for any part of the room. It is "omni- directional," (radiates 
360 degrees). This new concept radiates both direct and 
reflected sound deftly, creating a real depth sensation. You 
can place this OMNI speaker anywhere from the middle of 
the room to a corner bookshelf. The UTAH Omni Speaker 
is a wonderful new way to enjoy music. 

SPECIFICATIONS 
Woofer; 8" diameter, cloth roll sus- 
pension, 13/4 pound magnet struc- 
ture, 1" voice coil. Tweeter; 3" 
diameter, co- axially mounted, Alnico 
V magnet. Crossover frequency; 
4,500 Hz. Cabinet; 93/4 x 93/4 x 14'/2" 
high, durable laminated walnut fin- 
ish. Power; 30 watts peak, (15 watts 
program). Response, 35/18,500 
Hz. Impedance, 8 ohms. Shipping 
weight, 15 pounds. 

z&th 
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"CIE training helped pay 
for house, says Eugene Frost 

of Columbus, Ohio 

Gene Frost was "stuck" in low -pay TV 

repair work. Then two co- workers sug- 

gested he take a CIE home study 
course in electronics. Today he's living 
in a new house, owns two cars and a 

color TV set, and holds an important 
technical job at North American Avia- 

tion. If you'd like to get ahead the way 

he did, read his inspiring story here. 

I 
FYOU LIKE ELECTRONICS -and are 
trapped in a dull, low- paying job - 

the story of Eugene Frost's success 
can open your eyes to a good way to 
get ahead. 

Back in 1957, Gene Frost was 
stalled in a low -pay TV repair job. 
Before that, he'd driven a cab, re- 
paired washers, rebuilt electric mo- 
tors, and been a furnace salesman. 
He'd turned to TV service work in 
hopes of a better future -but soon 
found he was stymied there too. 

"I'd had lots of TV training," Frost 
recalls today, "including numerous 
factory schools and a semester of ad- 
vanced TV at a college in Dayton. But 
even so, I was stuck at $1.50 an hour." 

Gene Frost's wife recalls those days 
all too well. "We were living in a 
rented double," she says, "at $25 a 
month. And there were no modern 
conveniences." 

"We were driving a six -year -old 
car," adds Mr. Frost, "but we had no 
choice. No matter what I did, there 
seemed to be no way to get ahead." 

Learns of CIE 
Then one day at the shop, Frost got 
to talking with two fellow workers 
who were taking CIE courses ... pre- 

paring for better jobs by studying elec- 
tronics at home in their spare time. 
"They were so well satisfied," Mr. 
Frost relates, "that I decided to try 
the course myself." 

He was not disappointed. "The 
lessons," he declares, "were wonder- 
ful -well presented and easy to under- 
stand. And I liked the relationship 
with my instructor. He made notes on 
the work I sent in, giving me a clear 
explanation of the areas where I had 
problems. It was even better than tak- 
ing a course in person because I had 
plenty of time to read over his com- 
ments." 

Studies at Night 

"While taking the course from CIE," 
Mr. Frost continues, "I kept right on 
with my regular job and studied at 
night. After graduating, I went on 
with my TV repair work while look- 
ing for an opening where I could put 
my new training to use." 

His opportunity wasn't long in 
coming. With his CIE training, he 
qualified for his 2nd Class FCC Li- 
cense, and soon afterward passed the 
entrance examination at North Amer- 
ican Aviation. "You can imagine how 
I felt," says Mr. Frost. "My new job 
paid $228 a month more!" 

Currently, Mr. Frost reports, he's 
an inspector of major electronic sys- 
tems, checking the work of as many 
as 18 men. "I don't lift anything 
heavier than a pencil," he says. "It's 
pleasant work and work that I feel is 
important." 

Changes Standard of Living 

Gene Frost's wife shares his enthusi- 
asm. "CIE training has changed our 
standard of living completely," she 
says. 

"Our new house is just one exam- 
ple," chimes in Mr. Frost. "We also 
have a color TV and two good cars 
instead of one old one. Now we can 
get out and enjoy life. Last summer 
we took a 5,000 mile trip through the 
West in our new air -conditioned 
Pontiac." 

"No doubt about it," Gene Frost 
concludes. "My CIE electronics 
course has really paid off. Every min- 
ute and every dollar I spent on it was 
worth it." 

Why Training is Important 

Gene Frost has discovered what many 
others never learn until it is too late: 
that to get ahead in electronics today, 
you need to know more than solder- 
ing connections, testing circuits, and 
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replacing components. You need to 
really know the fundamentals. 

Without such knowledge, you're 
limited to "thinking with your hands" 
...learning by taking things apart and 
putting them back together. You can 
never hope to be anything more than 
a serviceman. And in this kind of 
work, your pay will stay low because 
you're competing with every home 
handyman and part -time basement 
tinkerer. 

But for men with training in the 
fundamentals of electronics, there are 
no such limitations. They think with 
their heads, not their hands. They're 
qualified for assignments that are far 
beyond the capacity of the "screw- 
driver and pliers" repairman. 

The future for trained technicians 
is bright indeed. Thousands of men 
are desperately needed in virtually 
every field of electronics, from 2 -way 
mobile radio to computer testing and 
troubleshooting. And with demands 
like this, salaries have skyrocketed. 
Many technicians earn $8,000, $10; 
000, $12,000 or more a year. 

How can you get the training you 
need to cash in on this booming de- 
mand? Gene Frost found the answer 
in CIE. And so can you. 
September, 1970 

Send for Free Book 
Thousands who are advancing their 
electronics careers started by reading 
our famous book, "How To Succeed 
In Electronics." It tells of the many 
electronics careers open to men with 
the proper training. And it tells which 
courses of study best prepare you for 
the work you want. 

If you'd like to get ahead the 
way Gene Frost did, let us send 
you this 44 -page book free. With 

it we'll include our other helpful 
book, "How To Get A Commer- 
cial FCC License." Just fill out 
and mail the attached card. 

If the card is missing, use the 
coupon below. 

ENROLL UNDER G.L BILL 
All CIE courses are available under 
the new G I. Bill. If you served on ac- 
tive duty since January 31, 1955. or 
are in service now, check box on 
reply card for G.I. Bill information. 

C I ECleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 

NEW 
COLLEGE -LEVEL CAREER 

COURSE FOR MEN WITH 

PRIOR EXPERIENCE 

IN ELECTRONICS 

ELECTRONICS ENGI- 
NEERING ... covers 
steady -state and 
transient network 
theory, solid state 
physics and circuitry 
pulse techniques, 
computer logic and 
mathematics through 
calculus. A college - 
level course for men 
already working in 
Electronics. 

r 
Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 

Please send me without cost or obligation: 
1. Your 44 -page book "How To Succeed In Electronics" 

describing the job opportunities in Electronics today, 
and how your courses can prepare me for them. 

2. Your book on "How To Get A Commercial FCC License." 

I am especially interested in: 

Electronics Broadcast First Class 
Technology Engineering FCC License 

Electronic Industrial Electronics 
Communications Electronics Engineeri 

Name 
(Please Print) 

Address 

City State Zip 

Check here for G.I. Bill info- mation. EW.81 j 
L 
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not by 

a long shot 
it isn't!! 

There's certainly nothing top secret 
about the classified pages in Elec- 
tronics World Magazine. They're 
wide open to the searching eyes of 
every buyer who's in the market 
for the product or service that he 
knows can be found in Electronics 
World's Electronics Market Place. 

The more than 177,000 buyers of 
Electronics World, largest reader- 
ship of any magazine for electronics 
professionals in the world, are your 
guarantee of knowing that your ad 
is being read by people who are 
constantly looking for and buying 
electronics products. It is these 
people to whom you MUST direct 
YOUR advertising as do the many 
key advertisers appearing in this 
issue and in each issue throughout 
the year. 

No doubt about it- there's a vast 
market of buyers searching the 
classified advertising pages of Elec- 
tronics World and it's important 
that your ad be exposed to this 
prime buying audience. Prove to 
yourself that the leading magazine 
for electronics professionals MUST 
ALSO be the leader in sales re- 

sponses to the many classified ads 
presently enhancing its pages - it 
makes a great deal of sense -give 
it a try. 

There's complete rate information 
for your convenience in the classi- 
fied section of this issue. Or, if you'd 
like a little personal service, it's 
right up our alley. Just write to 

HAL CYMES 
Classified Advertising Manager 

ZIFF -DAVIS PUBLISHING COMPANY 
One Park Avenue 

New York, New York 10016 

Electronic Fuel Injection 
(Continued from page 49) 

the contaminates can be reduced by run- 
ning the engine rich at approximately 
13 to 1 air -fuel ratio. Both methods are 
being investigated by automotive manu- 
facturers. For the purposes of this article, 
we are discounting the rich approach be- 
cause it is not particularly beneficial 
to the consumer who could expect an 
increase in gas consumption as high as 
50 percent more than that attained on 
pre- emission vehicles. In addition, there 
would be substantial reactor service re- 
quired because of its operating temper- 
ature of approximately 2000° F. 

It seems reasonable, therefore, to as- 
sume that a higher air -fuel ratio would 
be more desirable. In the area beyond 18 
to 1, all three of the contaminate groups 
are minimized. The emission control of 
an automobile equipped with a Bendix 
electronic fuel injection is compared to 
that of an automobile using a 1969 -type 
carburetor and California's emission re- 
quirements for 1974 in Fig. 5. 

In Dan Fisher's Los Angeles Times 
article he indicated that General Motors, 
which manufactures approximately half 
of the U.S. -built cars, has already asked 
suppliers for price quotations on various 
parts for a fuel- injection system. He also 
indicated that Ford and Chrysler are 
working closely with outside suppliers, 
principally Bendix Automotive and 
Automation Company. 

The Volkswagen has proved that elec- 
tronic fuel injection is feasible. In the 
case of the VW, the fuel injection was de- 
veloped to help meet exhaust emission 
requirements, but there were some side 
benefits obtained by the auto owner in 
the form of improved performance. 
What can the American motorist expect 
to gain from fuel -injection- equipped 
American cars? 

Benefits Gained 

According to Bendix, its electronic 

Carb. 1969 
185 ppm 

Calif. Law 
1974 

100- 233 
ppm 

EFI 1969 
150 ppm 

EFI 
1972 
75ppm 

fuel- injection system offers accurate fuel 
metering at low engine speeds and light 
loads, high volume breathing at high en- 
gine speeds and heavy loads, and even 
distribution of fuel from cylinder to 
cylinder throughout the engine operat- 
ing range as a result of its design char- 
acteristics. These attributes can be 
translated into the following benefits for 
vehicle manufacturers: improved horse- 
power per cubic inch, better economy, 
improved drive- ability and smoothness, 
and improved cold starts and drive 
away. Consequently, all of these benefits 
are available from a system that also 
reduces harmful exhaust emissions, such 
as hydrocarbons, carbon monoxide, and 
oxides of nitrogen, substantially. 

Other attractions that the company 
claims for its electronic fuel- injection sys- 
tem are: the elimination of dieseling 
after shutdown, a simple starting pro- 
cedure that is the same for all temper- 
atures and conditions, and a throttle 
body that can be less than l',i inches high 
so that designers can lower the engine 
profile and hoodline to conform to cus- 
tomers' styling preferences. 

Maintainability 

The Bendix electronic fuel- injection 
system has no adjustments other than the 
idle air flow. This reduces maintenance 
requirements and helps ensure that low 
levels of harmful emissions will be more 
easily maintained throughout the life of 
the vehicle. If a component should be- 
come faulty, it is replaced rather than 
repaired. For an example of how readily 
electronic fuel injection can be main- 
tained, see "Testing VW's Electronic 
Fuel- Injection System" that appeared 
in the January, 1970 issue of this maga- 
zine. 

In summary, the owner of an elec- 
tronic fuel- injection- equipped automo- 
bile will benefit from significant im- 
provements in power and fuel economy, 
greatly reduced exhaust emissions, and 
easier starting under all weather condi- 
tions. 

Carb. 1969 1.8% 

Calif. Law 1974 .8% - 1.9 

EFI 1969 .8% 

EFI 1974 
.6% 

Best Experimental Carb. 1969 500 ppm 

Calif. Law 1974 250 - 650 ppm 

EFI 1969 350 ppm 

EFI 1974 
200 ppm 

Fig. 5. Graphs 
comparing ex- 
haust emission 
control of con- 
taminates of car 
equipped with EFI 

system with 
those using 1969 
carburetor and 
California's 1974 

requirements. 
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FF7II in coupon for a FREE One Year Sub-' 
striation to OLSON ELECTRONICS Fantas- 
tic Value Packed Catalog - Unheard of 
COW, LOW PRICES on Brand Name Speak- 
ers, Changers, Tubes, Tools, Stereo Amps, 
Tuners, CB, Hi -Fi's, and thousands of other 
Electronic Values. Credit plan available. 

NAME 

ADDRESS 

(ITy STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS 
Cent. El, 260 S. Forge Street, Akron, Ohio 443084 

Scheiber Stereo System 
(Cnnliuuf il Cron page 43) 

solely in RR channel causes the same 
action. 

When a signal appears solely in the 
FR channel, the dematrixed outputs will 
have unity signal in FR, no signal in RL, 
and equal reduced signals in FL and 
RR. The ratio of 1 will cause the differ- 
ential amplifier to increase the gain of 
FR and RL channels to 0 dB and turn 
off the FL and RR pair. A similar analy- 
sis holds for a signal solely in RL. 

For ratios of FL to RR between the 
special cases mentioned above, the rel- 
ative gains of the four channels are 
adjusted smoothly between the above 
limits. 

Filter circuits are used in the inputs 
and the outputs of the differential am- 
plifier to prevent undesired low frequen- 
cies from taking over the control of the 
dill amp and from taking over the con- 
trol of gain in the gain -control ampli- 
fiers. Log amplifiers, full -wave rectifiers 
producing average, absolute values of 
the signals, and RC step filters are used 
to provide an accurate, rapid means of 
comparing the amplitudes of the signals 
which are then used to alter the gains of 
the control amplifiers almost instantly. 
Square -root circuits are employed to 
maintain constant powers into the four 
gain -control amplifiers when all chan- 
nels are supposed to be equal. 

Summary & Characteristics 

In summary, the Scheiber process 
encodes original information from four 
separate channels onto two recording or 
broadcast channels. Through mathemat- 
ical matrixing of the four original sig- 
nals, each of the two transmission chan- 
nels carries a portion of the information 
originally on each one of the four chan- 
nels. Deniatrising the 2- channel trans- 
mission for playback yields four chan- 
nels in proper directional relationship to 
each other, but with the specific power 
distribution among the channels altered. 
The proper distribution of power is then 
achieved by four individual gain -control 
circuits actuated by a comparator that 
continuously monitors the amplitude re- 
lationship of two diagonal channels and 
adjusts individual channels to approxi- 
mate more closer' the original power 
distribution of the four channels. 

Frequency response of each of the 
four channels is not restricted or com- 
promised in any way. Separation be- 
tween the channels varies somewhat, 
depending on the kind of signals being 
handled. However, we were told that, 
even in the worst case when there are 
equal signals in all channels, the separa- 
tion is at least 15 dB. Under these cons 
ditions, even that degree of separation 
is not needed. At all other times, separa- 
tion is far better. A 
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we get thru -where others fail 
OPERATES ANYWHERE -INDOORS, OUTDOORS... STEEL BLDGS. 

SONARCOM 
LF- VHF -UHF 

FM TRANSCEIVERS 
Professional performance! Perfectly designed to give the 
ultimate in dependability for continuous heavy duty use. 
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FREQUENCY SYNTHESIZER 

FOR LESS THAN $2500.00 

* Dial in frequency to five significant figures. 

* 10 KHz to 9,999.9 KHz, in steps of 100 Hz. 

* Accuracy > 1 part in 106, stability > 1 part in 108. 
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Microwave Ovens 
(Continued from page 39) 

metal contact under spring pressure when the door is closed. 
Another variation would be a compressible metal braid 
strip or tube between door and oven, again providing inti- 
mate metal -to -metal contact. The contact door is the sim- 
plest to manufacture. The major disadvantage is that open- 
ing the door even slightly destroys the door seal, so that 
protection from energy leakage depends on how far the door 
may be opened before the interlocks become effective to 
shut off the power. A compression, or clamp, door latch 
can overcome this problem for a new oven. Any deterioration 
of the intimate contact over the life of the product, how- 
ever, will again cause an increase in leakage. 

More complex door seals are those in which a small gap 
between door and oven is included as a portion of a micro- 
wave transmission circuit which electrically reduces energy 
leakage. This door seal is called a choke seal. In the choke 
door, a quarter -wave transmission -line circuit is built into 
the door and located so that it produces an electrical short 
circuit at the gap between the door and oven. ( This tech- 
pique is similar to the fixed and rotary choke joints used in 
microwave radar systems to interconnect sections of wave- 
guide with minimum losses.- Editor) A voltage cannot be 
developed across a short circuit and thus energy is effective - 
ly prevented from leaking from the oven. In Fig. 3C a cross - 
section of the choke door is shown. Energy at the gap is 180 
degrees out of phase with the energy traversing the choke 
section and is canceled out. With the choke door a small gap 
between door and oven does not reduce protection of the 
seal. 

Additionally effective is the inserted choke -absorber door-. 
A carbon -loaded vinyl strip (Fig. 3D) is placed between 
the choke and the exit from the oven. The effect is to 
dampen or absorb any energy that passes the choke seal. 
A properly designed choke leaves only a small amount 
of energy to be further attenuated by the carbon -loaded 
vinyl. However, for harmonic energy the vinyl becomes 
more significant. The choke is not sufficiently effective in 
suppressing second and third harmonics; therefore, the 
vinyl gasket provides the necessary attenuation to meet 
the requirements for low harmonic radiation while adding 
more suppression to the fundamental- frequency leakage. 

Since microwave cooking is new and quick, practicality 
demands the cooking be observed; thus, the door should 
have a viewing screen. A typical viewing screen may be 
provided by a series of holes or perforations in the door. As 
long as the hole diameters are very small in relation to a 

quarter wavelength, leakage through the holes is insignifi- 
cantly low. At 2450 MHz, a door screen with 1/64 -inch 
diameter holes leaks so little energy at the fundamental 
frequency and all harmonics, that safety considerations are 
beyond question. 

All microwave ovens manufactured today make use of 
door interlocks or safety switches designed to turn off the 
power to the magnetron when the oven door is opened. The 
proposed HEW Standard for microwave ovens will require 
two independent door interlocks, one of which must be 
hidden to prevent defeating or "cheating." Some manufac- 
turers have chosen magnetic interlocks, some have selected 
switches that actuate from the motion of the door and door 
hinges. Some designs include a lock -latch that mechanically 
prevents the opening of the door while the magnetron is 

oscillating. The major criterion for choosing an interlock 
is reliability, so that safety is insured. 

As pointed out in Part 1, the many advantages of the 
microwave oven, including its work - and time -saving fea- 
tures, should lead to greater acceptance. Housewives may 
find the microwave oven to be as necessary as the refrig- 
erator- freezer and conventional range. 
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"SERVICING ELECTRONIC ORGANS" by Max H. Applebaum & 

Donald A. John. Published by Tab Books, Blue Ridge Sum- 
mit, Pa. 17214. 160 pages plus 36 -page foldout schematic 
section. Price $7.95 simulated leatherette cover. 

Since hundreds of homes as well as innumerable commer- 
cial establishments now have electronic organs, servicing 
these instruments can be a profitable adjunct to any service 
business. 

Although a basic knowledge of musical theory is a "must" 
for those who service electronic organs, most people have 
been exposed to enough musical training to enable them to 
qualify as "musical" for organ -servicing purposes. 

The text is divided into nine chapters covering organ basics, 
tone -generating systems, signal distribution, keying and sus- 
tain functions, organ voicing, power amplifiers, special ef- 
fects, rhythm effects, and troubleshooting and tuning. The 
text material is lavishly illustrated but some of the schematics 
are difficult to read and the many typographical errors tend 
to detract seriously from the over -all usefulness of this volume. 

* * * 

"INTRODUCTION TO COMPUTER ANALYSIS" by Herman Le- 
vin. Published by Prentice -Hall, Inc., Englewood Cliffs, N.J. 
249 pages. Price $14.65. 

Subtitled "ECAP for Electronics Technicians and Engi- 
neers," this volume is an introduction to IBM's Electronic 
Circuit Analysis Program which involves analyzing and de- 
signing circuits by computer "breadboarding" rather than 
physically constructing the circuit. 

The text is divided into seven chapters covering a review 
of circuit fundamentals, breadboarding on the computer, 
breadboarding tools, applying a signal to the circuit, checking 
the transients, applying computer analysis, and how the com- 
puter handles the job. The author describes the procedures 
step -by -step with plenty of analysis and examples so that the 
student can follow the entire process from his original equiv- 
alent circuit to preparing the coding sheets and punching out 
the computer card. Each chapter carries a number of exer- 
cises for the student to work, with the correct answers pro- 
vided in the back of the book. 

* * * 

"TAPE RECORDER SERVICING GUIDE" by Robert G. Middleton. 
Published by Howard W. Sams v Co., Inc., Indianapolis, Ind. 
94 pages. Price $3.95 softbound. 

Since the electronic circuitry of tape recorders is basically 
the same as that found in audio amplifiers, the author feels 
that audio technicians are missing out on a lucrative source 
of income if they don't handle tape recorder maintenance 
and repairs. 

To demonstrate how recorder know -how can be acquired, 
the author deals with his subject in seven chapters covering 
general principles, preventive maintenance, adjustments and 
minor repairs, tape transport troubles, recording troubles, 
reproduction troubles, and recorder test- equipment problems. 

The 81/2" x 11" format allows the text to be illustrated by 
large, clear, easy -to- understand block diagrams, schematics, 
exploded views, photographs, and waveforms which amplify 
the text and explain some of the more obscure points of tape - 
recorder circuitry. 

Any technician with electronic know -how and a slight 
mechanical bent should be able to profit handsomely from a 
perusal of this guide. 

* * * 

"SOLID -STATE CIRCUIT DESIGN & OPERATION" by Stanton R. 
Prentiss. Published by Tab Books, Blue Ridge Summit, Pa. 
17214. 265 pages. Price $9.95. 

This is a handbook for technicians and others who find 
themselves working with semiconductors but without the 
requisite technical background to understand just what 
makes such circuits work and why. 

Mathematics has been kept to a minimum so those with 
high -school algebra can work with the equations and 
formulas. The exposition is clear and concise and the stu- 
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dent can learn about semiconductor devices and how they 
work, semiconductor biasing techniques, a.c. circuits and 
cascade amplifiers, pulse and switching circuits, logical and 
digital IC's, operational amplifiers, as well as arithmetic as 
it applies to electronic circuitry. 

The book is lavishly illustrated and hundreds of formulas 
are worked out so the student can use them not only as 
practice but as reference as he works on semiconductor 
circuitry. 

* * * 
"DICTIONARY OF ELECTRONICS AND NUCLEONICS" by 
L.E.C. Hughes, R.W.B. Stephens & I.D. Brown. Published 
by Barnes & Noble, Inc., New York. 443 pages, plus addi- 
tional charts. Price $14.50. 

Two of Dr. Hughes' associates assumed the task of com- 
pleting this dictionary upon Dr. Hughes' untimely death and 
have extended his original ideas and have provided addition- 
al material to make this a reference work of maximum 
usefulness. 

In standard dictionary format, this handy volume provides 
definitions relating to electronics and nucleonics, nuclear 
and atomic physics, electro- acoustics, radio, television, com- 
puting, radiation hazards, electronic properties of materials, 
and much else. In addition to the dictionary text of some 
9000 definitions, there is a comprehensive list of abbrevia- 
tions, acronyms, and symbols. The 108 pages of appendices 
are used to amplify some of the fundamental theories of the 
complex fields of atomic and nuclear physics. 

For so compact and handy a reference work, the authors 
have managed to supply a tremendous amount of valuable 
information which most people in the electronics field will 
find useful. 

* * * 
"THE RADIO AMATEUR'S HANDBOOK" revised by Robert 
Hertzberg, W2DJJ. Published by Thomas Y. Crowell Co., 
New York. 361 pages. Price $5.95. 

This is the 12th Revised Edition of an information- packed 
guidebook fathered by A. Frederick Collins and revised by 
Bob Hertzberg. The familiar W2DJJ should be instantly 
recognized by most hams and it is the "Old Pro" telling 
beginning hams everything they need to know -from the 
fundamentals of electricity to getting that first rig on the air. 
The book is filled with material on theory, construction, and 
operation and covers vacuum tubes, construction techniques, 
transmitter theory, FCC ham licenses, mobile operation, 
solid -state devices, and operating an amateur station. Elabo- 
rately illustrated with over a hundred photographs, diagrams, 
tables, and references lists, the author has also included a 
number of useful appendices and a detailed glossary of 
terms the would -be ham is likely to encounter when study- 
ing for his ticket. 

From long experience in helping novice hams get their 
tickets by writing and talking about his hobby, Mr. Hertz- 
berg has developed a useful vocabulary and approach which 
is both technically sound but informal enough to hold the 
attention and interest of his readers. 

If you have been thinking about getting your ticket, here 
is a good book to start you on your way to a worthwhile 
hobby and a lifetime interest. 
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NTS outs a whole new world of your floomlios. 
NTS home training can put a 
whole new way of life in the palm 
of your hand. A new, exciting job, 
a much bigger income is now 
easily within your reach. 
NTS training is something spe- 
cial. We provide all the kits you 
need for the most effective train- 
ing. National Technical Schools 
sends kits with every course, and 
teaches you to build and test a 
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wide range of professional equip- 
ment - the same kind of equip- 
ment you'll actually use on the job. 
That's the NTS "Project Method" - training that's praci:ical and 
in- depth. You learn everything 
from fundamentals to the latest 
innovations. From beginning 
to end, NTS makes it fas- 
cinating and fun to learn this 
way. And all you need is a little 

spare time and an interest in 
electronics. 
Each year, men are moving into 
important new jobs, or their own 
businesses, straight out of 
NTS electronics training. NTS is 
what's happening to men every- 
where. Check the coupon. Take 
hold of the career you want most. 
Do it now. No obligation. No 
salesman will call. 
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We pack your electronics course with Nits to make 

your training fast. You'll eniov every minute of it. 

NTS COLOR TV 
SERVICING 

COLOR TV 
295 SO. IN. PICTURE 

NTS training provides an easy way 
to become a professional home - 
entertainment service technician. 
You receive a big screen Color TV 
with many unique features. The unit 
even includes self servicing equip- 
ment that permits you to make all 
normal test operations. No addition- 
al test equipment is needed for ad- 
justing your set. In addition you get 
an AM -SW radio, Solid -State radio, 
Field- Effect Transistor Volt -Ohm- 
meter, and Electronic Tube Tester. 
You learn about Electronic princi- 
ples and trouble shooting, hi -fi, 
multiplex systems, stereo, and color 
TV servicing. 

NTS COMPUTER 
ELECTRONICS 
This is the future. And it's happen- 
ing now. The number of computers 
will increase many times in the next 
few years. 

NTS offers a solid grounding in com- 
puter operation, wiring, data pro- 
cessing and programming. One of 
the 10 important kits included is our 
exclusive Compu-Trainer®. It's a fully 
operational computer logic trainer - loaded with integrated circuits - 
the first ever offered in home study. 
It introduces you quickly to how, 
what, when and why of computers 
... from theory to practical servicing 
techniques. This unit is capable of 
performing 50,000 operations per 
second. 

NTS ELECTRONICS 
COMMUNICATIONS 
Choose from two exciting courses 
to get into the big -paying fields of 
transmitting and receiving equip- 
ment: (1) The FCC License Course. 
(2) The Master Course in Electronic 
Communications (more comprehen- 
sive, with Citizens' Band Two -Way- 
Radio). Either Communications 
program qualifies you for your FCC 
First Class Commercial Radio -Tele- 
phone License - NTS assures you 
will pass this FCC exam within six 
months after successfully com- 
pleting your course or your tuition is 
refunded. Kits include an Amateur - 
Phone 6 Meter VHF Transceiver - 
NTS exclusive, 6 transistor Solid - 
State Radio, Volt- Ohmmeter (fully 
transistorized). 

T. 410W.' 

Exclusive new 
Compu -Trainer 
rIf card is missing 

^rrs c,opE 
E( ECTRONICg 

check coupon and 
mail for free color 
catalog and sample 
lesson. Now. 

National Technical Schools 
4000 S. Figueroa St., Los Angeles, Calif. 90037 

Please rush Free Color Catalog and 
Sample Lesson, plus information on 
course checked below. No obligation. 
No salesman will call. 

5 Watt AM Transmitter/ z':! 
Receiver '`' "' 

NTS AUTOMATION/ 
INDUSTRIAL 
ELECTRONICS 
Let NTS put you into the age of elec- 
tronic controls. Systems Automation 
is rapidly becoming the emphasis of 
modern industry. Your NTS training 
in automation electronics includes 
equipment like a 5" wide band Oscil- 
loscope. You also get the new NTS 
Electronics Lab. It's an exclusive 
NTS experimental laboratory -a 
complete workshop that simplifies 
learning about solid- state, miniature 
and integrated circuits. 

5" Oscilloscope 

CLASSROOM TRAINING 
AT LOS ANGELES 
You can take classroom training at Los 
Angeles in sunny Southern California. 
NTS occupies a city block with over a 
million dollars in facilities devoted ex- 
clusively to technical training. Check box 
in coupon. 

NATIONAL SCHOOLS 
WORLDWIDE TRAINING SINCE 1905 

4000 South Figueroa Street 
Los Angeles, Calif. 90037, U.S.A. 

APPROVED FOR 
VETERANS 
Accredited Member: National Associ- 
ation of Trade and Technical Schools; 
National Home Study Council. 

Master Course in Color TV Servicing 
Color TV Servicing 
Master Course in TV & Radio Servicing 
Practical TV & Radio Servicing 
Master Course in Electronic Comm. 
FCC License Course 
Master Course in Electronics Tech. 
Industrial and Automation Electronics 
Computer Electronics 
Basic Electronics 

Name Age 

Address 

City State Zip 

Check if interested in Veteran Training under 
new G.I. Bill 
Check if interested only in Classroom Train- 
ing at Los Angeles 

Dept. 240.090 

J 
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Nigh -Power 
COLOR 
ORGAN 

By R. A. HERTZLER 

Reasonably priced SCR color organ, rated at 

450 watts of lamp load for each of its three 
channels, has almost unlimited display capacity. 

Fig. 1. Prototype version of the high -power color organ de- 
scribed in this article showing (top) the Background controls, 
(middle) Sensitivity controls, and (bottom) pilot lamps for 
the ;low, high, and middle frequency channels, left to right. 

IN recent years various psychedelic entertainment devices 
have appeared, including the staged light shows, strobe 

lights, and color organs. Although other forms of color organ 
have been around for many years, today's rapidly advancing 
solid -state technology continues to reveal newer methods 
for accomplishing the same effect, that is, light modulated 
by sound. Today SCR's permit switching of 117 -volt a.c. 
current into high -wattage loads (lamps), making it possible 
to design a color organ with virtually unlimited display 
capacity. 

Numerous designs using this switching technique are 
available both commercially and as published construction 
articles. This article describes a color organ (Figs. 1 and 2) 
built by the author that (1) uses readily available com- 
ponents, (2) costs about $40 for a 3- channel model capable 

Fig. 2. Rear view of front panel of the color organ. Shown, 
from top to bottom, are Background controls, audio trans- 
formers, Sensitivity controls, and pilot lamps for the high, 
middle, and low -frequency channels going from left to righi. 
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of driving 117 -volt loads rated up to 450 watts per channel, 
and (3) is easy to build using either point -to -point wiring or 
a printed -circuit board you can make yourself or purchase 
ready to wire. The average enthusiast might find the cost of 
a similar commercial unit prohibitive. This unit can be 
tailored by the individual to his specific display require - 
ments; it can be used in the home as well as with a band's 
equipment in public. 

The following sections describe the circuits shown in the 
schematic of Fig. 3 and detail some of the possible modifica- 
tions that can be made by the builder. 

Filters 

Simple audio filters, using three audio transformers, T1, 
T2, and T3, divide the input into three frequency channels: 
low (20 to 400 Hz) , middle (200 to 2000 Hz) , and high 
( 4000 Hz and up) . The hole in the response between the 
middle and high channels enhances the display's response 
to solo or lead instruments; the overlap between the low and 
middle channels creates color blending in the display's 
response to bass and rhythm instruments. (The high -chan- 
nel turn -on point can be lowered to approximately 1400 Hz 
by substituting the optional values shown in the parts list of 
Fig. 3 for R4 and Cl.) The use of active -filter transistor 
stages would require a power supply and additional corn - 
ponents which would increase cost and complexity. Passive 
RC filters provide sufficient drive for the gate of a sensitive 
silicon controlled rectifier (SCR1) . Forward conduction of 
SCR1 supplies current to the gate of SCR2 which switches 
a.c. current to the display. 

Background Circuit 

The background circuit is provided to permit firing SCR2 
to a constant conduction angle for each cycle of the a.c. line. 
This allows the display threshold to be varied, further en- 
hancing the visual effect. Capacitor C5 in each channel 
charges at a rate established by "Background" potentiometer 
R11 and resistor R10 and discharges through a program- 
mable unijunction transistor (PUJT1) into the gate of SCR2 
once each cycle. Resistors R8 and R9 form a voltage divid- 
er that provides a reference voltage for PUJT1. 

Power SCR 

With adequate temperature control SCR2 will switch an 
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8- ampere load, although, with cost and construction sim- 
plicity considered, the SCR selected operates without a 
heatsink. The load rating under these conditions is 450 
watts for each channel- adequate for most applications. A 
higher power capacity can be obtained by using any com- 
bination of the following: (1) adding a suitable heatsink 
for the SCR, (2) adding a full -wave bridge rectifier at the 
line input, and (3) selecting a higher capacity SCR. There 
is a wide range of available power SCR's that can be trig- 
gered by the filter and background circuits. 

The color organ can be wired either by the point -to -point 
technique or by using a printed -circuit board. A pre -drilled 
circuit board and kit of semiconductors are available (see 
parts list). The completed unit can be housed in any con- 
venient enclosure although the discussion that follows de- 
tails construction in a sloping front -panel cabinet. 

Construction 

Mounting of the three transformers, six potentiometers 
(or three dual potentiometers, combining the "Sensitivity" 
and "Background" controls for each 
channel) , and three pilot lights is 
shown in Fig. 2. The three transformers 
are mounted diagonally with the secon- 
dary taps (3.5 ohms) toward the re- 
spective "Sensitivity" controls. The three 
pilot lights are optional; they connect 
directly across the output receptacle 
(S01) of each channel and permit ad- 
justment without necessarily viewing 
the display. A suitable audio input jack 
is mounted on the rear panel; shielded 
cable should be used between the jack 
and the front panel. 

When point -to -point wiring is used, 
each channel is wired on a 12 -lug ter- 
minal strip. The tab of SCR2 mounts 
directly to one lug of the output re- 
ceptacle (SO1) for the display. The 
three terminal strips are wired as sepa- 
rate subassemblies before mounting 
them parallel (low, middle, high -left 
to right) to the bottom of the cabinet 
on one -half inch stand -offs. Semicon- 
ductors are tack soldered to the respec- 
tive lugs of each terminal strip as the 
last step. 

When the printed -circuit board meth- 
od is used, the board is installed in the 
bottom of the cabinet after all compo- 
nents are mounted. Fig. 4 shows mount- 
ing details for SCR2. Connect the leads 
for the transformers (T1, T2, and T3), 
"Background" potentiometers (R11 each 
channel), and a.c. supply to the board 
before mounting the board on the one - 
half inch stand -offs. 

Power Distribution 

Special attention should be paid to 
the distribution of a.c. power within 
the cabinet. The power switch and fuse - 
holder mount on the rear panel (Fig. 
5). Use separate heavy wires from the 
fuseholder to each channel, as indicated 
in Fig. 3. A pair of twisted hook -up 
wires is used to connect the pilot lights. 
Use a line cord heavy enough for the 
display. 

Adjustments 

Before applying power to the corn - 
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pleted unit, recheck all connections, especially to the semi- 
conductors. Apply power and observe the pilot lights (when 
used) or three ordinary lamps plugged into the receptacles 
(S01). Rotate the "Background" controls; find the balance 
point from which each channel can be adjusted, in turn, be- 
tween full -off and full-on. Set the "Background" controls as 
desired, and connect the 4- to 8 -ohm output of an amplifier to 
the input jack. Advance the "Sensitivity" controls and check 
to see that the low- frequency channel responds to the bass; 
the middle- frequency channel to voice and mid -range; and 
the high -frequency channel to solo high -frequency passages. 
The bass and treble controls on the amplifier will affect the 
color organ and can be set in conjunction with the "Sensi- 
tivity" controls as desired. 

In case of trouble, recheck all connections and the proper 
lead identification on the semiconductors. The voltages 
shown in Fig. 3 are typical with the "Background" controls 
set halfway and the audio input shorted. 

No particular display is recommended because this area is 
subject to the individual's personal preferences. 

3. Complete schematic diagram and parts list for the high -power color organ. 

NOTE 4 

I 117V A.C. 

SCR I 

R G 

PLI 
(BLUE) 

10 

RII 

17 V A.C. 

PUJT I 

R 

5V A.G. 

CS R9 

SOI 

NOTE 2 

A 

1SCR2 

SCRI PUJTI SCR2 

A G K 

12 R5 
SCRI 

SENSITIVITY 

PLI 
(GREEN) 

A 

K 

RIO 

RII 
K PUJT I 

RB 

C5 R9 

i* RII (BACKGROUND CONTROL) NOT MOUNTED ON PC BOARD 

NOTES I -CONNECT TO' +" OF FULL -WAVE BRIDGE RECTIFIER 
FOR INCREASED DISPLAY POWER 

2- DISPLAY CAPACITY AT SOI (EACH CHANNEL) IS 
450 -WATT INCANDESCENT LAMP 

3- HEAVY LINES -USE LARGE WIRE 

4- VOLTAGES THE SAME FOR EACH 
CHANNEL 

C3 

'T 
kI 

PC BOARD 

RS 

C4 
R7 - 

SCRI 

PLI 
(RED) 

NOTE I 

JSOI 

SCRz 

117V 
A.C. 
1 O 

SI 

A 

K 

RIO 

M 
RII 

K PUJTI 

R8 

CS R9 

A 

K 

SO 

SCR 2 

R1, R2, R3 -100 ohm pot ( "Sensitivity ") 
R4 -1000 ohm, 1/2 W res. 

(or 6800 ohm, I/2 W res. See text.) 
R5- 220,000 ohm, I/2 W res. 
R6, R7- 56,000 ohm, I/2 W res. 
R8- 100,000 ohm, I/2 W res. (3 required) 
R9, R10- 27,000 ohm, I/2 W res. (6 required) 
R11- 250,000 ohm pot ( "Background," 3 required) 
R12, R13, R14 -27 ohm, I/2 W res. 
CI -820 pF disc capacitor (or 0.002 µF, 100 V 

paper) 
C2 -0.01 µF, 100 V paper capacitor 
C3 -0.1 µF, 100 V paper capacitor 
C4 -0.033 AF, 100 V paper capacitor 
C5 -0.15 µF, 200 V paper capacitor (3 required) 
Ti, T2, T3 -Audio output trans. 8000 ohm: 3.5 

ohms (Stancor A3329 or equiv.) 

NOTE 3 

SCRI -0.8 A (r.m.s.), 200 V SCR (GE CI03B) 
SCR2 -8 A (r.m.s.), 200 V silicon controlled reed - 

fier, (General Electric C -I22B) 
PUJT1- Programmable unijunction transistor 

(General Electric D13T1) 
SOS- Receptacle (Cinch Jones 2R2 

or equiv. 3 required) 
PLI -Pilot light, 125 V a.c. (Dialco 0431-302, 

red; 0432 -302, green; 0434 -302, blue), with 6S6, 
12.5 V lamp 

Sl- S.p.s.t. switch 
FI -6 A fuse 
J1 -Audio input jack 
The PC board (Part 408) is available at $6.00 

while a kit of all semiconductors can be ob- 
tained for $10.00. Both from WWW Electronics, 
P.O. Box 5363, Charlottesville, Va. 22903. 
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Announcing the 
NEW STANDARD 
in Stereo Testing! 

The All -New Model 

SR12 STEREO TEST 

RECORD 

ER +B(p' .Tes1 Re ORYOSE 

FOR 
"3"le ADD 

The most complete... 
most sophisticated... 
most versatile Test Disc 
available today... 

For just $4" 
Who needs the New Model SR12? You do. 
Whether you're an avid audiophile, a casual 
listener, or a professional technician 
the new MODEL SR12 will be the most im- 
portant disc in your entire collection. MODEL 
SR12 has been produced by Stereo Review 
Magazine for music lovers who want imme- 
diate answers to questions about the per- 
formance of their stereo systems and how 
to get the best possible sound reproduction. 
It is the most complete test record of its 
kind -containing the widest range of checks 
ever included on one test disc. 

Make these important stereo checks BY 
EAR . . . (no test instruments required) 

Frequency response Separation Cart- 
ridge tracking Channel balance Hum 
and rumble Flutter Cartridge and Speaker 
Phasing Anti -Skating Adjustment "Gun 
Shot Test" for Stereo Spread Multi- purpose 
Musician's "A" Equal- tempered Chromatic 
Octave Guitar -tuning Tones. 

Attention professionals: For the ultimate in 
stereo testing, 7 critical TEST EQUIPMENT 
checks . . . 

1,000 -Hz square waves to test transient and high -Irequency response 
of phono pickups. 
500 to 20,000 Hz frequency-response sweep. 
Sine -wave tone -bursts to test transient response of pickup. 
Intermodulation test using simultaneous 400 -Hz and 4,000 -1iz signals. 
Intermodulation sweep to show distortion caused by excessive res. 
onances In tone arm and cartridge. 
1.000 -1iz reference tones to determine groove velocity. 
3,000 -Hz tone for flutter and speed tests. 

Sample 
w 

aveforms- illustrating both accurate and faulty responses are 
provided in the Instruction Manual for comparison with the patterns 
appearing on your own oscilloscope screen. 

FREE Instruction Manual Includes Detailed I 
Instructions, Charts, Tables and Diagrams 

RECORDS Ziff-Davis Service Division 
595 Broadway New York, N.Y. 10012 

Please send SR12 Test Records 
at $4.98 each. postpaid. My check (or money 
order) for $ is enclosed. 

(outside U.S.A. please send $7.00 per album 
ordered.) New York State residents please add 
local sales tax. 

EW-9-70 

print name 

address 

city 

state zip 

- PAYMENT MUST BE ENCLOSED WITH ORDER I. 
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The color organ provides three sources 
of power for display, one for each chan- 
nel at 450 watts. The author has set up 
the following displays: 

1. Wall display -A wall display or 
floor cabinet can be constructed by 
mounting Christmas tree lights in a 
simple frame behind hobnail Plexiglas 
or plastic ceiling panel. Mount each 
lamp through pegboard to eliminate the 
shadows that may be caused by the 
wires, and paint the pegboard either 
black, white, or silver. Each color gives 
different display effects. 

2. Bar -top display-An interesting 
display can be obtained by placing 
Christmas tree lights under frosted glass 
used as a bar top. Seal the glass to 
prevent entrance of moisture. The glass 
can rest on a simple frame that forms 
the top of the bar. 

3. Dichroic spots -These true -color 
temperature lamps, available from 
either Sylvania or General Electric 
lamp distributors, provide a high de- 
gree of color blending. Mount a red 
lamp (low channel) between a green 
(middle channel) and a blue (high 
channel) for maximum blending. A 
mobile hanging in the light path will 
produce shadows of complementary 
colors to those used. Dichroic spots are 
available in 100- or 150 -watt sizes. 

A special word of caution: never use 
any but resistive loads ( lamps) with 
this color organ. Unfortunately you 
won't be able to hear your electric drill 
purr to the strains of the Tijuana 
Brass. 

TOP VIEW 

6 32 x 3/8 BOLT 

Im 6 -32 FLAT WAGNER 

A-5CR2 MOUNTING TAB 

IPC BOARD 

®-A-6 -32 NEx NUT 

SIDE VIEW USE SILICONEGREASE BETWEEN TAB ANO PC BOARD) 

Fig. 4. Details on mounting thyristor, 
SCR2, to the printed -circuit board. 

Fig. 5. Rear panel view of the high -pow- 
er color organ shown in Fig. 1. (Top, 
left to right) The high, middle, and low 
frequency channel display receptacles, 
(right) fuseholder and audio input jack, 
and (left) line cord and power -on switch. 

MN 

Digital Instruments 
(Continn(cl from prlgc .52) 

ing; the logical "0" output level will 
range from +100 mV d.c. to +400 mV 
d.c. under all conditions of temperature 
and loading. Noise margins are a func- 
tion of logic level, loading, and temper- 
ature, and may be as small as 150 mV. 
All unused input pins should be ground- 
ed. 

RTL IC's require a power -supply volt- 
age (Vo.n) of either +3.0 V d.c. ±10% 
or +3.6 V d.c. x-10 %, will withstand 
power- supply transients of +12 V d.c. 
(total V,.,.) for up to one second, and 
tolerate signal input voltages up to ±4 
V d.c. The power- supply voltage must 
be well filtered and free from transients 
to avoid false triggering of certain de- 
vices, notably flip -flops and counters. 

The clock pulse (CP) input to an 
RTL JK FF is a 1 -to -0 transition whose 
fall -time may range front 10 nanosec- 
onds to 100 nanoseconds. Control signals 
applied to the S and C inputs of the 
JK FF must comply with the device 
set -up and release -time restrictions. Set- 
up time is the time for which the S and 
C input levels must be maintained prior 
to the arrival of a CP; release time is the 
time for which the S and C input levels 
must be maintained after the arrival of 
a CP. Set -up and release times are typi- 
cally 50 ns and 5 us (worst case), re- 
spectively. JK FF's with unbuffered out- 
puts are sensitive to capacitive loading, 
and the capacitance from any output to 
ground should not exceed 50 pF. 

RTL Circuits and Applications 

The relative ease with which transis- 
tors, diodes, and resistors can be fabri- 
cated during the IC manufacturing pro- 
cess sometimes results in an IC circuit 
configuration considerably different than 
would normally be used with discrete 
components. The relatively new MC- 
9709/MC9809 quad Schmitt trigger 
(Fig. 2) is an interesting example. The 
most obvious difference between this 
circuit and the usual discrete -component 
version is the dual signal /gating inputs, 
and the diode and transistor in the emit- 
ter circuit of Q1 and Q2. When the 
Schmitt trigger output voltage is at the 
logical "0" level, Q4 does not conduct 
and the upper trigger level of about 1.4 
V ( the sum of the voltage drops across 
the emitter -base junction of Q1 or Q2, 
and the junction of diode D1) is estab- 
lished. As the input voltage crosses the 
upper trigger level, the output voltage 
of the Schmitt trigger increases, turning 
Q4 on and increasing the base current 
of Q1 or Q2, causing the output voltage 
to rise rapidly to the "1" level. Transistor 
Q4 is now saturated and the circuit does 
not change state again until the input 
signal crosses the lower trigger level of 
about 0.75 V ( the sum of the forward 
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voltage drop across the emitter -base 
junction of Q1 or Q2 and VCe (sat) of 
Q4) . The typical upper frequency limit 
of the Schmitt trigger is 18 MHz, and 
the rise and fall times are less than 100 
nanoseconds. The total cost of the four 
Schmitt triggers is about $2.45. 

Buffers are designed to have a high 
output drive capability, and to maintain 
respectable rise -times when driving ca- 
pacitive loads. This is accomplished by 
using a low value of resistance in the 
collector circuit of the output transistor 
( Fig. 3 ) . The associated series transistor 
disconnects the resistor when the buffer 
output is at the "0" level, and forms an 
active pull -up circuit when the buffer 
output rises to the "1" level. 

The and, or, and nand gates are rela- 
tively recent additions to the RTL IC 
logic family, and are simple combina- 
tions of the familiar RTL nor gate and 
inverter. More information on the func- 
tion and arrangement of these devices 
will be found in Fig. 6. 

A decade counter IC, a quad latch IC, 
and a BCD -to- decimal decoder -driver 
IC may be interconnected to form a 
single decade counter module. The dec- 
ade counter IC ( MC 7 80P ) , Fig. 4, oper- 
ates at frequencies up to at least 4 N IHz, 
and the decoder driver (MC9760P) , 

the lead ti hotomicrograph, is capable of 
driving a cold -cathode gas -filled indi- 
cator tube directly. The quad latch 
(MC767P) is a storage device and al- 
lows the previous count to be displayed 
while the counter is counting. The total 
cost of the three IC's is about $12.35 - 
much less than an equivalent counter 
assembled from individual FF's, gates, 
and transistors. As vet, no manufacturer 
has introduced an RTL BCD-to- seven- 
line decoder, even though the seven - 
segment readouts are becoming increas- 
ingly popular. 

The RTL IC's available at the time 
this article was written include gates 
(or, nor, and, nand, and exclusive or), 
expanders, inverters, buffers, flip -flops 
(JK and Type D) , Schmitt triggers, 
counters, shift registers, latches, decod- 
ers and decoder -drivers, adders, subtrac- 
tors, and data selectors and data distrib- 
utors. At least one version of each of 
these devices is available in the Motorola 
plastic MRTL (MC700P /MC800P) Se- 
ries (Fig. 5) . RTL IC offerings will un- 
doubtedly continue to expand, and the 
reader is again reminded that prices 
quoted in this article are those in effect 
at the time the article was prepared - 
hopefully the current downward price 
trend will continue. 

The next article in this series will de- 
scribe a 6- digit, 24 -hour digital clock 
built around RTL IC's. The clock uses 
7- segment readouts, and includes time - 
setting circuitry and a unique time -base 
generator that accommodates any one of 
four input signal frequencies. 

(Continued in November Issue) 
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Direct vs Reverberant Sound 
(Continued from page 41) 

than is the case with more directional 
speakers. Because sound is scattered in 
all directions, somewhat more amplifier 
power is required for a given loudness 
level than with comparable conven- 
tional speakers. And, of course, certain 
of the diffuse- source designs are quite 
awkward in their demands for proper 
room placement. 

Is it an Improvement? 

Nell, then, do diffuse- source loud- 
speakers represent a step forward in 
sound reproduction or not? 

The answer depends on how and 
where the speakers are to be used, and 
\,'h) is listening to them. Having experi- 
mented with various kinds of diffuse - 
source speakers over the past several 
years, it is my conclusion that when they 
are good, they are amazingly good. They 
can produce a spacious, "airy" sound 
image that is dramatically real and life- 
like to a substantial proportion of critical 
listeners. 

Note, however, that we are talking 
about speaker systems used to reproduce 
commercially recorded program material 
in normal home surroundings. By "nor- 
mal home surrôundings" we rrreah lis- 
tening rooms that are fairly small (say, 
less than 3000 cubic feet) with fairly dry 
acoustics (reverberation times of one 
second Or less) . In large, reverberant 
rooms diffuse -source speakers tend to 
hopelessly blur the desired stereo image. 
A rough rule is that the more live the 
room, the more directional the loud- 
speakers should be. 

And we deliberately specified a "sub- 
stantial proportion" of listeners, not 
everybody. Individuals differ in their 
perceptions of reality, and for some 
people the most realistic reproduction 
possible requires sitting close to very 
directional loudspeakers. 

One last point: diffuse- source loud- 
speakers produce an interesting spatial 
effect that has nothing to do with fre- 
quency response or tonal balance or dis- 
tortion. The use of diffuse -source speak- 
ers and /or four -channel stereo and /or 
any other spatial technique does not 
relax the requirement for sound quality 
as such -for high fidelity, in other words. 
A speaker system that produces hash in 
the treble and 30- percent distortion in 
the bass will eventually be found out by 
your ears whether it is reflective, direc- 
tional, or diffuse. 

For my own ears, in my own home, 
diffuse -source reproduction is the only 
way to listen to music. Certainly, anyone 
interested in the art of music reproduc- 
tion should make it a point to audition 
several loudspeaker systems of this type. 
You may be pleasantly surprised at what 
you hear. 

DELUXE 

RECORD AND 
TAPE CASES 

plus Pai?,4 cataloging forms 

PADDED BACK DUST PROOF 

GOLD EMBOSSED 

These decorative, yet sturdily con- 

structed cases are just what you've 
been looking for to keep your records and 
tapes from getting tossed about and damaged, 
disappearing when you want them most and just 
generally getting the "worst of it" from constant 
handling. They're ideal too for those valuable 
old "78's" that always seem to get thrown 
about with no place to go. 

Constructed of reinforced fiberboard and covered 
in rich leatherette in your choice of five dec- 
orator colors, the STEREO REVIEW Record and 
Tape Cases lend themselves handsomely to the 
decor of any room, whether it be your library, 
study, den, music room or pine -paneled garage. 
The padded leatherette back (in your color 
choice) is gold tooled in an exclusive design 
available only on STEREO REVIEW Record and 
Tape Cases. The sides are in standard black 
leatherette to keep them looking new after con- 
stant use. 

With each Record and Tape Case you 
order you will receive, FREE OF 
CHARGE, a specially designed record 
and tape cataloging form with pressure - 
sensitive backing for affixing to the 
side of each case. It enables you to 
list the record names and artists and 
will prove an invaluable aid in helping 
you locate your albums. The catalog 
form can be removed from the side of 
the case at any time without damag- 
ing the leatherette. 

Extra 

Record Cases are available in three sizes: for 7 ", 
10" and 12" records. Each case, with a center 
divider that separates your records for easy acces- 
sibility, holds an average of 20 records in their 
original jackets. The Recording Tape Case holds 
6 tapes in their original boxes. 

The Tape Cases and the 7" Record Cases (with 
catalog forms) are only $4 each; 3 for $11; 
6 for $21. 

The 10" and 12" Record Cases (with catalog 
forms) are $4.25 each; 3 for $12; 6 for $22. 
Add an additional $1.00 per order (regardless of 
number of cases ordered) for shipping and handling. 
Outside U.S.A. add $1.00 PER CASE ORDERED. 

Ziff -Davis Publishing Company, Dept. SD 
One Park Avenue, New York, N.Y. 10016 
My remittance in the amount of $ 

is enclosed for the Cases indicated below. 
Quantity 

Tape Case at $4 each; 3 for 
$11, 6 for $21. 
7" Record Case at $4 each; 
3 for $11, 6 for $21. 
10" Record Case at $4.25 each; 
3 for $12, 6 for $22. 
12" Record Case at $4.25 each; 
3 for $12, 6 for $22. 

Add $1.00 PER ORDER for SHIPPING and 
HANDLING. Outside U.S.A. add $1 PER CASE 
ORDERED. 
Check color choice for back of case (sides in 
black only): 

Midnight Blue Red Spice Brown 

Pine Green Black 

Name 

Address 

City State Zip 

EW-9-70 

PAYMENT MUST BE ENCLOSED WITH ORDER im 
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TIIIS article describes an insidious device guaranteed 
to delight the heart of the jaded practical joker: 
Imagine a little black box ( Fig. 1) with a small con- 

tact labeled "Do Not Touch." Could you resist the challenge? 
Few can. But if curiosity gets the better of you and you do 
touch, the box immediately emits an ear -piercing, head - 
splitting wail that cannot be stopped short of smashing the 
the box with a sledge hammer or awaiting the demise of its 
internal -battery power supply in a month or so. 

Or think of a small box on the desk of a company execu- 
tive. It, too, says "Do Not Touch." But when the executive 
steps out to talk to his secretary, how can a visitor or sub- 
ordinate resist a quick look? Here, again, the non -stop scream, 
actuated by the unseen switch, proclaims that curiosity bas 
led the visitor to a surreptitious investigation of the boss' 
private desk. The effect is crushing, leaving the executive 
with an overwhelming psychological advantage in any nego- 
tiations or discussions that follow. 

The Curiosity Box is simple and inexpensive to build. Two 
types are described here, one using a touch button, the other 
a push -button. The box contains a simple oscillator combined 
with a semiconductor latching circuit. The oscillator uses 
only four inexpensive, non -critical parts -a transistor, a re- 
sistor, an inexpensive transformer, and a speaker -yet emits 
an incredibly loud note with an input of only 15 milliwatts 
at 1.5 volts. The latching circuit uses a small silicon controlled 
rectifier (SCR) and a few passive components. The circuit 
with its two-penlight-cell battery can be mounted in almost 
any small chassis box, as shown in Fig. 1, and used to trap 
the curious. 

The Push -Button Box 
The push -button version of the Curiosity Box, Fig. 2A, 

will be described first since it is simpler. Transistor Q1 and 
its associated components make up a simple oscillator. While 
component values are not critical, resistor R1 can be changed 
to vary the tone (and output level) of the oscillator. A value 
of 6.8k -ohms for R1 provides optimum annoyance when used 
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The 
CURIOSITY 

Box 
By PAUL FRANSON 

Like to startle the curious? Here is tempting 
looking black box that, when touched, emits a 

continuous, ear -piercing. head- splitting wail. 

Fig. 1. Push- button Curiosity Box discussed in article. 

with the component values shown in Fig. 2A. Two penlight 
batteries were used to overcome the voltage drop across the 
latching circuit although one penlight battery will provide a 
sufficient noise level with this circuit. 

The latching circuit uses an inexpensive plastic- encapsu- 
lated silicon controlled rectifier (SCR) that acts as a latching 
relay when d.c.- operated. A pulse of positive current applied 
to its gate (by shorting the gate to the anode with a push- 
button ) turns the SCR on, making it appear almost like a 
short circuit. (An SCR has a small forward drop.) 

Once the SCR is on. and the oscillator is emitting its ir- 
ritating scream, there are only two ways to stop the noise: 
interrupt the current flow (by disconnecting the battery with 
the hidden switch) or wait until the batteries discharge 
enough so that the oscillator stops working or the current 
flow drops below the 1 mA required to hold the SCR in 
conduction. 

Resistor R2 stabilizes SCR1, which is very sensitive, by 
keeping it from turning on whenever the anode circuit is 

Fig. 2. Schematic of very simple and inexpensive (A) push- 
button, and 113 touch- button Curiosity Boxes built by author. 
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broken and then reconnected. Charac- 
teristically, SCR's can be triggered on 
by an excessive dV /dt -the rate at which 
voltage is applied across the anode 
and cathode terminals. Biasing the gate 
negative helps prevent this. 

Depending on the application of the 
Curiosity Box the switch used to turn it 
on can either be in plain view, marked 
"Do Not Touch," or hidden and actu- 
ated if the box is lifted by a visitor who 
cannot control his curiosity. 

The Touch Box 

In some applications, the Curiosity 
Box requires triggering at a touch in- 
stead of a push so that even a very light, 
very quick touch can set off the noise. 
The circuit for such a touch -control box 
is shown in Fig. 2B. 

As mentioned before, the SCR is very 
sensitive and can be turned on by the 
current flowing through the large resis- 
tance of a person's skin, by body capaci- 
tance, or by a small static charge. Thus, 
it is only necessary to touch the gate - 
either with or without contacting the 
positive battery connection simultane- 
ously -and the SCR will turn on. The 
gate -touch contact can be an insulated 
terminal in a metal panel, or some sim- 
ilar arrangement. However, for best re- 
sults, both the contact and the positive 
battery terminal should be touched 
simultaneously. 

One Disadvantage 
Unfortunately, this simple arrange- 

ment has one disadvantage; the SCR, clue 
to the dV /dt, usually turns itself on when 
power is applied. The simple solution 
used in Fig. 2A is not applicable here 
because the 18k -ohm gate -to- cathode re- 
sistance reduces sensitivity so that a very 
low resistance ( such as a direct short) 
would be required for triggering. In- 
stead, two commonly used methods for 
reducing the dV /dt problem were ap- 
plied: adding capacitor Cl across SCR1 
from anode to cathode and resistor R3 
between the gate and negative terminals 
of the battery. Capacitor Cl is charged 
through the oscillator circuit. Since the 
capacitor charges relatively slowly, it re- 
duces the rate of voltage rise, while re- 
sistor R3, by applying a slight negative 
bias to the gate, increases the resistance 
to dV /dt and only slightly reduces the 
sensitivity, making it necessary to simul- 
taneously touch both the anode and gate 
for reliable triggering. A hidden switch, 
the same as that described for the push- 
button box, can be used to turn off the 
sound. 

In addition, for the circuit of Fig. 2B, 
a resistor (R2) or large electrolytic ca- 
pacitor is needed to keep the oscillator 
operating properly over a wide voltage 
range (it may not be needed with all 
transistors) . The resistor is used here 
because it is smaller and less expensive 
than an electrolytic. 

September, 1970 

Inertial Navigation 
(Continued from page 30) 

received special attention because of 
their very great effect on system reliabil- 
ity. These circuits are purchased to spe- 
cial documents which specify, in detail, 
the critical processes to be used in manu- 
facturing the circuits and the inspection 
criteria which the manufacturer will use 
to judge the quality of his parts. Resi- 
dent source inspectors and other quality 
control personnel are maintained in the 
vendors' plants. 

The integrated circuits are received 
at AC Electronics and immediately sub- 
jected to dynamic operating tests at 
room temperature and the temperature 
extremes ( -55° C, +125° C) . The units 
which survive this testing are then 
placed ill special burn -in racks. These 
racks provide full fan -out of the integrat- 
ed circuits. Operation of the circuits is 
dynamic, and they are run for 168 hours 
at an ambient air temperature of 125° C. 
The units are again tested at room tem- 
perature and those which survive are 
assembled into the equipment. 

All semiconductor components re- 
ceive such burn -in. The transistors and 
diodes receive this burn -in at the ven- 
dor's plant. Other components, such as 
tantalum capacitors, wirewound resis- 
tors, and transformers receive special 
testing as well as temperature cycling 
and some burn -in. 

The components are assembled to 
printed wiring boards by flow soldering 
or by reflow soldering in the case of most 
of the integrated circuits. The electrical 
connections are carefully inspected and 
touched up as required. Each completed 
module is then subjected to five temper- 
ature shocks to uncover any defective 
solder joints. After the entire navigation 
unit has been assembled, it is subjected 
to system testing which consumes more 
than 100 hours' operation before the 
equipment is finally sold. 

The FAA requires that the inertial 
navigation system have a high reliabili- 
ty, namely, 544 hours mean time be- 
tween in -flight failures. At the present 
time, the in -flight reliability of the sys- 
tem is approximately three times that. 
For the equivalent complexity, every 
color- television set with the same dem- 
onstrated reliability would typically op- 
erate without malfunction of any kind 
for forty years. 

The FAA also specifies accuracy of 
within ±20 miles crosstrack and ±25 
miles along track on 95% of flights of 
1000 nautical miles or more. From No- 
vember 1969 through January 1970, the 
system has met this specification on 
99.5% of the flights on which it had been 
used. The system has also met Boeing's 
specification of no more than 2 nautical 
mile error per flight hour on 95% of 
flights up to 10 hours' duration. 

Punch clean, 
true holes 
in seconds. 
A Greenlee chassis punch is the 
quickest way yet to cut round, 
square, key, D, or double -D holes in 
16 -gauge metal, hard rubber, 
plastics, epoxy, etc. Available at 
radio and electronics parts dealers. 
Or write for Catalog E -730 to: 
Greenlee Tool Co, 1764 Columbia 
Ave., Rockford, Ill. 61101. 

GREENLEE TOOL CO 

wT Of 

LÓ 
EXCELL -O CORPORATION 

Earn 
Your 

Degree 
ELECTRONICS 
ENGINEERING 

through HOME STUDY 
HIGHLY EFFECTIVE 
HOME STUDY COURSES IN: 

- Electronics Engineering Technology 
Electronics Engineering Mathematics 

Earn your Associate in Science Degree in 
Electronics Engineering and upgrade your 
status and pay to the engineering level. 
Complete college level courses in Elec- 
tronics Engineering. We're a forward 
looking school. Outstanding lesson ma- 
terial- thorough and easy to understand. 
Engineering taught on the basis of appli- 
cation and understanding rather than on 
the basis of memorization. Up to date 
in every respect. Acquire the knowledge 
and ability that means the difference 
between a low paying technician job and 
a high paying engineering position. Low 
tuition cost with low monthly payments. 
Free engineering placement service for 
our graduates. Write for free descriptive 
literature. Ask for bulletin J. no sales- 
man will call on you. 

COOK'S INSTITUTE 
of e // ecfronice ¿rr fineerin9 

Forest Hill Road 
P. 0. Box 10634 

Jackson, Miss. 39209 
Established 1945 

Formerly Cook's School of Electronics 
CIRCLE NO. 143 ON READER SERVICE CARD 
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The Most Spectacular 
Sound Exhibition of 
STEREO FIDELITY 
Ever Available on 
one Disc. 

älrlmu It1110N, S"13r1Z1,O 
1)E \1O\STR11'.I0N 
lZl;('(_)1Z1) '1,7-774:a".4.1::74.17:4-- 

. 

This record is the result of two years of intensive 
research in the sound libraries of Deutsche Gram - 
mophon Gesellschaft, Connoisseur Society, West- 
minster Recording Company and Cambridge Records 
Incorporated. The Editors of Stereo Review have 
selected and edited those excerpts that best demon- 
strate each of the many aspects of the stereo 
reproduction of music. The record offers you a 
greater variety of sound than has ever before been 
included on a single disc. 
It Is a series of independent demonstrations, each designed to show 
oil one or more aspects of musical sound and its reproduction. 
Entirely music, the Record has been edited to provide sell -sufficient 
capsule presentations of an enormous variety of music arranged in 
a contrasting and pleasing order. It includes all the basic musical 
and acoustical sounds that you hear when you listen to records. 
Isolated and pointed up to give you a basis for future critical listening. 

WIDE RANGE OF DEMONSTRATIONS 
Techniques of Separation & Multiple Sound Sources Acoustic 

Depth Ambiance of Concert Hall Sharp Contrasts of Dynamics 
Crescendo & Diminuendo Very High & Very Low Pitched Musical 

Sounds Polyphony (2 or more melodies at once) With Both Similar 
& Contrasting Instruments Tonal Qualities of Wind, String & Per- 
cussion Instruments Sounds of Ancient Instruments Sounds of 
Oriental Instruments Sound of Singing Voice, Both Classically 
Trained and Untrained Plus a Large Sampling of Finger Snap- 
ping, Hand Clapping, Fool Stamping & Other Musical & Percus- 
sive Sounds. 

13 SUPERB SELECTIONS 
STRAUSS: Festive Prelude, Op. 61 (excerpt) DGG - 
DEBUSSY: Feux d'artifice (excerpt). Connoisseur Society. 
BEETHOVEN: Wellington's Victory (Battle Symphony) (excerpt from 
;he first movement) Westminster Records. 
MASSAINO: Canzona XXXV A 16 (complete) DGG Archive. 
CORRETTE: Concerto Comique Op. 8, No. 6, "Le Plaisir des Dames" 
(third movement) Connoisseur Society. 
KHAN: Raga Chandranandan (excerpt) Connoisseur Society. 
RODRIGO: Concert -Serenade for Harp and Orchestra (excerpt Iron 
the first movement) DGG. 
MANITAS DE PLATA: Gypsy Rhumba (complete) Conn. Soc. 
MARCELLO: (arr. King): Psalm XVII "The Heavens are Telling" 
(complete) Connoisseur Society. 
PRAETORIUS: Terpsichore: La Bourrée XXXII (complete) DGG 
Archive. 
BERG: Wozzeck (excerpt from Act III) DGG. 
BARTOK: Sonata for two pianos and Percussion (excerpt from the 
first movement) Cambridge Records. 
BEETHOVEN: Wellington's Victory (Battle Victory) (excerpt from the 
last movement) Westminster. 

AVAILABLE IN YOUR CHOICE OF 331/2 RPM OR dS RPM 
Th Stereo Demumtretinn Record it proceed end pressed one newly developed. 
Improved vinyl. It Is permanently etic, repels dust and dirt and promotes 
longer stylus wear The u of this materiel Is conducive to low surface n 
contributes to he productlan of mlcs and frequency range. Th record 
continu Y oks new, sounds new end wears longer. 

FREE 
Descriptive Booklet Enclosed Includes discussion of the 
selections On the r (Ord, plus Complete ascrlprion of 
each selection and the purpose eehina its demonstration. 

RECORDS Ziff -Davis Service Division 
595 Broadway New York, N.Y. 10012 

Please send me Stereo Review Stereo 
Demonstration Record Albums at $4.98 each, postpaid. 
My check (or money order) for $ is enclosed, 
Check One: 33f /a rpm 45 rpm 
(outside U.S.A. please send $7.00 per album ordered.) 
New York State residents please add local sales tax. 

Print Name 

Address 
EW -9 -70 

City 

State lip 
PAYMENT MUST BE ENCLOSED WITH ORDER 
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IC Capacitance Meter 
(Continued from plage 47) 

tations are not unduly restrictive and 
should cause no problems. 

Calibration 

After the instrument is checked for 
proper operation, calibration is per- 
formed as follows. 

1. The rame switch is set to 0.001 
F, 

2. The meter is then mechanically 
"zeroed" (it should be no more than one 
division on either side of zero). 

3. The instrument is then switched 
nn, the "Cal" button is depressed, and 
the control is set for O,IS on the teeter. 

4. Kttoss n capacitors of about 0.8 
tithes full -scale for each range are placed 
across the "unknown" terminals and the 
appropriate oscillator-frequency-adjust- 
ment potentiometer (or variable capaci- 
tor on the 10 -pF range only) is adjusted 
until the meter indicates the value of the 
known C'apac'itor. 

It must be emphasized that, for maxi- 
mum accuracy, the "Cal- supply voltage 
V1.,, should be checked after the un- 
known capacitor is placed across the 
terminals. This step is especially impor- 
tant on the 10 -iF range because the ca- 
pacitor charging current comes from the 
oscillator and results in increased cur- 
rent to the oscillator circuit. The in- 
creased current causes a greater voltage 
drop across the 500 -ohm calibration pot, 
and thus results in reduced oscillator 
voltage. For example, on the 1-/IF range, 
the full -scale current supplied to the 
oscillator may be expected to rise by 
about 100 microamperes when a 1 -1F 
capacitor is placed across the "unknown" 
terminals. This change amounts tu 2 
percent of full scale when the oscillator 
current is 5 mA. As mentioned previous- 
ly, this error (loes not exist if the "Cal" 
V,.. is checked each tinte an unknown 
capacitor is placed across the terminals. 

Battery life is about 500 hours, with 
an end voltage of 1 volt per "C" cell and 
1.4 volts for the silver -oxide cells. The 
silver -oxide battery suas selected for the 
negative 3 -volt supply (V,,,,) because of 

its excellent voltage stability with life. 
If the battery voltage drops below 2.8 
volts, the constant -current source in the 
meter amplifier changes and causes the 
meter to move up -scale from zero. The 
stable silver -oxide battery prevents such 
changes. Therefore. it is only necessary 
to note the initial test reading on the 
meter with the original silver -oxide bat- 
teries and to note the point for 0.9.3 of 
this reading. After this point is reached, 
the negative batteries should be re- 
placed. With the \' calibrating resistor, 
R24, shown. the meter with new silver - 
oxide batteries reads between 0.5 and 
0.55 when the t ,.'l'est" button is de- 
pressed. 

If desired, the V'r.,' test button and the 
associated circuit !nay be omitted. In 
that case, zero offset must be noted 
when the ureter is switched on in any 
range except the 10 -pF position with no 
unknown capacitor. The zero -offset sen- 
sitivity for the 3 -volt supply, in terms of 
full -scale deflection, is about 0.12 per- 
cent for each percentage change in sup- 
ply voltage, that is, a 0.5 -volt decrease 
in the V,,,, supply results in one small 
division deflection up -scale (or 2 per- 
cent of full- scale). 

The meter can be expected to be 
within .3 percent of foil -scale on all 
ranges except the I0 -pF and 10 -rtF 
range- Asa result of stray capacitance 
of about 2 pF, the lower portion of the 
10 -pF range reads about 1 to 2 pF low 
for values below 3 pF. The upper end 
(0.8 and above) of the 1(1 -itF range 
reads about 5 percent low as a result of 
high a.c. signal current in the meter 
amplifier. 

The author wishes to thank John 
Klinger for laying out the PC boards and 
constructing the capacitance meter. A 

EDITOR'S NOTE: ECCII for those 
readers who mai/ not be interested 
in constructing the IC capacitance 
meter described above, this article 
should scree to shots Ilote IC's can 
be incorporated into a piece of test 
equipment of novel design. 

t! 

Circuit side of PC 

board after solder- 
ing of components. 
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LAFAYETTE 1971 Catalog 710 Our 50th Year 

Your Complete Buying Guide 
to Everything in Electronics 

M)ti. 
an nil/ érsary 

BETTER THAN 

EVER 

468 
Pages 

* Radios 
* Cassette 

Recorders 
* Stereo Hi -Fi 
* Citizens Band 
* Tape Recorders 
* Phonographs 
* Cameras 

and More 
Use LAFAYETTE`S 

Budget Plan 
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STORE LOCATIONS 

38 Convenient Store Locations in nine states: 
NEW YORK CONNECTICUT VIRGINIA 
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MASSACHUSETTS OHIO GEORGIA 
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you for fast personalized service. Watch For New Grand Openings. 
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Shop At the 
"World's Hi -Fi & 

Electronics Center" 
For Widest Selection, 

Low Prices 

Serving The Public 
Since 1921 

Your 

Complete 

Electronic 
Buying Guide 

Stereo Hi -Fi Citizens Band Ham Gear Tape Recorders Test 
Equipment TV and Radio Phonographs, Accessories Intercoms 
and PA Closed Circuit TV Tubes and Parts Cameras Auto 
Accessories Musical Instruments Tools Books 

......: 
Award Winning LR- 1500TA 

IC Solid State Receiver 

Asa.- ...__ 

Citizens 
Band 

Dyna Corn 
Super Series 

Walkie -Talkies 

Profile 80 AM /FM Receiver 
Plus 8 Track -Player 

Micro 12 

Solid State 
2 -Way Radio 
For Home and Car 

Solid State 
Stereo Cassette 
Recorders, Decks 

& Players 

Criterion 
Speaker Systems 

Musical Instruments 
and Accessories 

Mail The 
Card Today 

Do A Friend A Favor ... 
Have a friend interested in hi -fi or electronics? Send us his 
name and address and we will send him his own personal 
copy of the 1971 Lafayette Catalog 710. 
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O) TEST 
EQUIPMENT 
Product Report 

Simpson Model 2795 Solid -State V.O.M. 
For copy of manufacturer's brochure, circle No. 2 on Reader Service Card. 

rF' FINIS new Simpson Model 2795 solid - 
,tate v.o.m. has no less than (i8 

switch- selectable functions plus 12 
output (dB) ranges. It can meastne a.c. 
and d.c. voltages as low a:; 1 nt \' full - 
scale, a.c. and d.c. currents as low as 

1 pA full- scale, and it has six low -power 
resistance ranges that are safe to use for 
measuring transistor and IC resistance 
values. The meter is temperature-com- 
pensated over a range of 0° to 50 °C, 
and has a rated accuracy of ±1 percent 
for both a.c. and d.c. 

There are two unusual functions in- 
cluded in this instrument's repertoire: 
the ability to make direct measurements 

of capacitance and temperature. To mea- 
sure capacitance. a built -in electronic 
chopper employing a \IOSFET is used. 
This chopper provides the a.c. that is 

needed for capacitance measurements. 
There are (i capacitance ranges capable 
of pleasuring values from 2000 fiF to 
(1.05 ¡.F full -scale. The two temperature 
ranges can measure a span of -±18°C 
from ambient and ±180 °C from am- 
bient. A separate thermocouple probe is 

required for these measurements. 
The battery -operated meter has 10- 

megoltnt input impedance on both a.c. 
and d.c. ranges above 10 volts. Meter 
amplifier stability is sufficiently good so 

that no zero adjustments are required. 
This lab -type precision FET v.o.nt. 

is overload -protected on all ranges by use 
of a reset -type front-panel push-button 
circuit breaker. The breaker will operate 
even if the batteries are completely dead. 
As additional protection. a varistor pre- 
vents meter- movement overloads. A 
taut -band suspension movement is used 
so that error -causing friction is elimi- 
nated and the movement is protected 
from shock and vibration. An anti- paral- 
lax mirror dial is used and there is a 

single. linear scale for all a.c. and d.c. 
voltage :tnd current measurements. 

The Model 1795 is priced at $230, 
with test leads and batteries. A number 
of accessories are also available sepa- 
rately for the meter. These include a 

clantp -on shunt for high- current d.e. 
measurement, clamp -on current trans- 
former for high -current a.e. measure- 
ments. thermocouple probvs, and a high - 
voltage probe. 

RCA Type WO -505A Oscilloscope 
For copy of manufacturer's brochure, circl(' 1Vo. 3 on Reader Service Card. 

SLID -state scopes are no novelty in 
laboratory -oscilloscope field, but 

there are not too many of them available 
for general -purpose or servicing use. The 
new RCA \VO -505A is just such an in- 
strument. It is a 5 -inch all -solid -state 
scope that is smaller, lighter, and more 
versatile than its tube predecessor. The 
CRT has a flat face, uses return- trace 
blanking, an illuminated graph scale, 
and camera- mounting studs. 

The scope has a very high gain of 15 
niV (p -p) per inch on its highest sen- 
sitivity range of the vertical amplifier. 

September, 1970 

Frequency response of this amplifier is 

flat, within ±I dB from d.c. to 5 MHz. 
and is usable up to 8 MHz. The vertical 
input attenoator and the graph screen 
are calibrated directly in volts so that 
the scope can be used as a visual volt- 
meter. .an internal calibrated voltage 
source is provided. The attenuator is fre- 
quency- compensated and has eight steps 
of attenuation. FET's are used in both 
vertical and horizontal input circuits in 
order to produce a high input imped- 
ance. 

The sweep oscillator in the scope is 

DELUXE 

MAGAZINE 
CASES .. 

11.0 

a, 

x 

a- 

E 
N G dirt 

ELECTRONICS 
WORLD 

It's the new look in Magazine Cases! 
The ideal way to save your valuable 
copies, keep them well protected 
and make it easy for you to refer to 
any issue at any time. This bold new 
design is both decorative and at- 
tractive enough to enhance the 
decor of any room -and each case 
is specially designed to hold a full 
year's copies. 

Constructed of reinforced fiber- 
board to guard your magazines 
against soiling and tearing, these 
tough and durable cases are cov- 
ered in a rich textured, leather -like 
fabric. They're available in either 
all black or attractive maroon back 
with black sides. The gold embossed 
back adds to its elegance and makes 
each case a welcome addition to 
your bookshelf, end table, desk -or 
for that matter, anywhere in your 
home or office. 

In addition to Electronics World, 
cases are available for any of your 
favorite magazines. They're only 
$3.75 each, 3 for $10.50, 6 for $20, 
in any combination of titles ordered. 
To place your order, please use the 
coupon below. (Outside U.S.A. add 
$1.00 per case ordered). 

ZifDaris Pub. Co., SD, 1 Park Ave., N.Y., N.Y. 10016 

Enclosed is $ Please send Magazine 
Cases for the titles indicated below @ $3.75 
each. 3 for $10.50. 6 for $20. (Outside U.S.A. 
$4.25 each: 3 for $13.50; 6 for $26.00). 

TITLE QUANTITY 

ELECTRONIC WORLD 

Check One: 
All Black Maroon Back Black Sides 

Print Name 

Addre« 

City - 

State lip 

PAYMENT MUST ACCOMPANY ORDER 
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 NOW YOU CAN EASILY 

ADD SOUND 
to YOUR SLIDE AND FILM SHOWS 
WITH POPULAR PHOTOGRAPHY'S 
EXCLUSIVE AND EXCITING 

"SOUND FOR A PICTURE EVENING" 

RECORD ALBUMS, Vols. I through IV 

Expressly created 
' for film 

and 
slide shows 

No matter how good your film and slide shows are, 
sound will make them better ... more entertaining 
and certainly more professional. But, it has to be 
the right kind of sound. Although any musical 
record can be used as a background, few, if any, 
can match the variety of action, situations and 
scenes inherent in most shows. That's why Popular 
Photography created these albums. They're ideal 
for almost every mood captured by your camera. 
Whether your show is simple, elaborate or some- 
where in- between -"sound For A Picture Evening" 
provides a final, professional touch to make it a 
complete success. 

This complete set, Volumes I through IV, offers 
you the most extensive selection of background 
music and sound effects available anywhere. Pro- 
duced by the Editors of Popular Photography ex- 
clusively for our readers, these records cannot be 
purchased in any store and are available by mail 
only to the readers of Popular Photography and 
other Ziff -Davis Magazines. 

FOUR 12" VINYL 331/4 RPM HIGH -FIDELITY ALBUMS offering 
you more than 21 hours of playing time consisting of 66 spe- 
cific mood music backgrounds, 40 tracks for special sound 
effects and 16 tracks featuring "National Portraits " -a total of 
122 tracks of sparkling, mood- setting off -beat music and hard - 
to -find sound effects -for use as is by playing the appropri- 
ate tracks as your slide or movie show proceeds or for editing 
your selections and recording them on tape. "Sound For A 
Picture Evening" adds another dimension to your photography 
-high -fidelity sound. 
This complete set of 4 individually jacketed records, $19.92 
value, is available to you at the special discount price of only 
$14.98, postpaid -a savings of $4.94. 
For those of our readers who may have purchased Volumes I 

and it when they were originally produced, Volumes III and IV 
are available at the special discount price of $7.96 for both, 
postpaid -a savings of $2.00. 
Volumes I, II, III and IV may be purchased Individually @ $4.98 
each, postpaid. 
They're a must for every slide and film show impresario and 
albums you will enjoy for many years to come. 

A comprehensive Instruction booklet comes with 
EACH record, showing you how to make a success- 
ful sound-and-music tape track for your slide or 
movie show, or to use the record alone es beck. 
ground, even If you're s rank beginner. An ingenious 
band pointer which fits on top of each record In- 
stantly locates any band you went. No guessing, no 
wasted motion, no false starts. 

RECORDS Ziff -Davis Service Division 

FREE 

595 Broadway New York, N.Y. 10012 
My check (or money order) for $ 
is enclosed. Please send: 

Complete sets, Volumes I through IV 
@ $14.98 each, postpaid. 

Sets Volumes Ill and IV only 
@ $7.96 each set, postpaid. 

Volume I; Volume I1; 

Volume Ill' Volume IV 
@ $4.98 each, postpaid. 

(Outside U.S.A. please send $20 for complete, set; 
$12 for each set of 2; $7 for 1 record ordered.) 

EW -9 -70 
print name 

address 

city 

state zip 

L. PAYMENT MUST BE ENCLOSED WITH ORDER_1 
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not triggered but it is a free -running cir- 
cuit that is synchronized by the incom- 
ing signal to be observed or by the power 
line. The sweep frequency is adjustable 
from 10 Hz up to 1 MHz in 6 ranges, 
permitting lock -in of signals up to 10 
MHz. The level of sync signal applied 
to the sweep oscillator is adjustable so 
that synchronization is stable through- 
out the sweep range. Pre -set TV vertical 
(30 Hz) and horizontal (7875 Hz) 
sweep positions are provided for the 
convenience of the TV service techni- 
cian. A separate phase control varies the 
phase of the a.c. line when it is used as 
a sweep signal. This permits the scope 
to match the phase of a sweep generator 
used for TV or FM sweep -alignment so 
that a proper display is produced. 

The a.c. power supply is regulated to 
prevent trace bounce due to line -voltage 
fluctuations. The unit measures 11%-in 
high, 9 -in wide, and 153í -in deep. It 
weighs 25 lbs and costs $298.50. A 

Eico Model 150 Signal Tracer 
For copy of manufacturer's brochure, circle No. 4 on Reader Service Card. 

SIGNAL- tracers have been used by the 
service technician for a good many 

years to trace r.f., i.f., and audio signals 
through a receiver or amplifier. The in- 
strument simply consists of a high -gain 
audio amplifier with built -in speaker or 
earphone jack. A direct or crystal- detec- 
tor r.f. and i.f. probe plugs into the in- 
strument's amplifier and permits audio 
or r.f. signals to be traced successively 
through a receiver or amplifier. The idea 
is to start near the front -end of a receiver 
or the low -level preamp stage of an 
audio amplifier. Then you keep moving 
the signal tracer down the line of circuits 
toward the loudspeaker. When your sig- 
nal disappears from the signal tracer's Some signal tracers incorporate all 
speaker, then you have found a break in their circuitry entirely within the probe 
the signal path and you should be able to itself. An earphone must be used with 
pinpoint the trouble to a particular stage these. Others. more elaborate, use ex- 
or circuit. ternal probes and built -in speaker. The 
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Eico Model 150 is one of the latter types, 
although the company also has an all - 
in- the -probe version ( the PST -2 priced 
at $19.95 in kit form or $29.95 factory - 
wired ) as well. 

The Model 150 (see circuit shown ) 
has two input channels: a high -gain r.f. 
and a medium -gain audio. A shielded r.f. 
crystal demodulator probe and a direct 
audio probe are provided. In addition to 
the built -in 4 -in speaker, a meter is pro- 
vided to indicate the signal level being 
measured. 

Terminals from the unit's output trans- 
former and loudspeaker are brought out 
to the front panel. Hence, you can 
substitute the built -in speaker and trans- 
former, either together or separately, for 
speakers and transformers that you sus- 
pect of being faulty in equipment you 
are troubleshooting. The signal tracer 
has an isolated a.c. power supply and 3- 
wire power cord for safety. 

The Model 150 measures 73z -in high, 
8',z -in wide, and 5 -in deep. A convenient 
carrying handle is provided. Price is 

$49.95 in kit form or $69.95 factory - 
wired. 

VOLTAGE- VARIABLE 
CAPACITOR IMPROVES 
SAWTOOTH LINEARITY 

By FRANK H. TOOKER 

THE accompanying schematic dia- 
gram is deceptive if one takes it too 

literally, for the diode in the emitter 
circuit of the UJT actually performs as 
a voltage -variable capacitor. 

'flic author used an ordinary silicon 
rectifier diode rated at several amperes 
for the prototype set -up, but Varicaps 
(diodes made especially to operate as 
capacitors) are recommended. 

In the schematic, the UJT operates as 
a relaxation oscillator. The capacitor 
(in this case, D1) charges through the 
100k -ohm emitter resistor. When the po- 
tential across the capacitor reaches the 
UJ1 "s peak -point emitter voltage, the 
UJT suddenly turns on, discharges the 
capacitor, and then turns oli again. The 
cycle then repeats. 

A conventional capacitor charges log- 
arithmically, but the capacitance of a 
reverse -biased diode decreases as the vol- 
tage across it is increased. This causes 
the charging rate to increase as the vol- 
tage level increases. In other words, the 

4 charging rate tends to become more 
linear. 

The result is improved linearity of the 
sawtooth waveform obtained from the 
circuit in the schematic. A 

a 

OUTPUT O 

September, 1970 
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Make the wiggly test. 
AMEMNIst 

111111111111111111111 

,...i 
On the left, a pattern* produced by an ordinary color bar generator. 
On the right, the equivalent pattern* produced by Leader's 
LCG -388. Perfectly stable, the instant you turn the power on. 

Flip the switch, and you can select from 15 patterns. Including 
the single dot, single cross, single horizontal and single vertical. 

The magic is in Leader's binary counters and gates. Nobody 
else has them, and what a difference they make. 

$149.00, and you can make the wiggly test at your 
distributor's. For the one nearest you, just drop a line or call. 

*As photographed. 

Seeing is believing. 
. =moms .. ammisIm,¡ * 

smsomm 

LEADER INSTRUMENTS 
37.27 27th Street, Long Island City, N.Y. 11101/(212) 729 -7411 

CIRCLE NO. 127 ON READER SERVICE CARD 

ABOUT YOUR SUBSCRIPTION 
YOUrsubscription to ELECTRON ICS WORLD 

is maintained on one of the world's most 
modern, efficient computer systems, and 
if you're like 99% of our subscribers, 
you'll never have any reason to complain 
about your subscription service. 

We have found that when complaints 
do arise, the majority of them occur be- 
cause people have written their names or 
addresses differently at different times. 
For example, if your subscription were 
listed under "William Jones, Cedar Lane, 
Middletown, Arizona," and you were to 
renew it as "Bill Jones, Cedar Lane, Mid- 
dletown, Arizona," our computer would 
think that two separate subscriptions 
were involved, and it would start sending 

you two copies of ELECTRONICS WORLD each 
month. Other examples of combinations 
of names that would confuse the compu- 
ter would include: John Henry Smith and 
Henry Smith; and Mrs. Joseph Jones and 
Mary Jones. Minor differences in addresses 
can also lead to difficulties. For example, 
to the computer, 100 Second St. is not 
the same as 100 2nd St. 

So, please, when you write us about 
your subscription, be sure to enclose the 
mailing label from the cover of the mag- 

azine-or else copy your name and ad- 

dress exactly as they appear on the 
mailing label. This will greatly reduce any 
chance of error, and we will be able to 
service your request much more quickly. 

FOREDOM MINIATURE POWER TOOLS 
for the Professional Technician 

Drill, grind, debur, polish, sand, cut, 
drive screws and nuts. No other tools 
can perform the range of intricate, 
precision operations you can do with 
FOREDOM. 

SEND FOR 
COMPLETE 
MINIATURE 
POWER TOOL 
CATALOG 2511 

C THE FOREDOM ELECTRIC COMPANY 
F 

A DIVISION OF BIACKSrONE INDUSTRIES. INC 

Bethel, Connecticut 06801 

CIRCLE NO. 136 ON READER SERVICE CARD 
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BENCH TYPE 

50 
Shipped 
P.P. 
with check 

DC DIGITAL 
VOLTMETER 

FITS 
IN YOUR 
ATTACHE 
CASE 

FIRST 
MULTI -RANGE DVM 

AT THIS LOW PRICE 

Alco DVM -110 has 31/2 digits and measures DC voltages up to 1000v 
in 4 ranges of 1.5, 15, 150 and 1000V. Has large, direct -reading neon 
display with 33% over- ranging on all scales. It employs a voltage -to- 
frequency analog to digital conversion technique. The terminals are 
floating from the chassis ground. A warning is by neon lighting when 
the input has exceeded the full scale value of the selected range. 
Built -in automatic overload protection. Input impedance is approx. 2.0 
megohms for 1.5 range and 10 megohms for all other ranges and has an 
accuracy of 0.5% suitable for most voltage readings. Its attractive met- 
al case is rugged and built to withstand rough handling and usage usu- 
ally found in production lines, maigtenenc and field service, schools 
and labs. Folding stand tiltsu 1'17 VAC5O- Hz. Size: 33/ex5' /2x85/8. 

ORDER DIRECT FROM RACK 

RLCD 
Box 1348W, Lawrence, Ma. 01842 

DVM -120 P.P. with check 

MOUNT 

19950 

CIRCLE NO. 149 ON READER SERVICE CARD 

STEREO 'AP 
HI-F1 
DIRECTQRY' 

TAPE RECORDER X930 

STEREO /HI -FI 
DIRECTORY 
Giant 180 page buyer's guide listing more 

than 1,600 individual Stereo /Hi -Fi com- 

ponents by 176 manufacturers. Nine in- 

dividual sections complete with specs, 

photos, prices -the works! 

1970`98 $1.35 
1969 82 $1.25 

TAPE RECORDER 
ANNUAL 
Over 130 pages covering every aspect of 
tape recording. Complete buyer's guide 
to the brands and models on the market. 
Expert tips on equipment- making better 
tapes -editing -copying- everything you 
want and need to know about tape re- 
cording. 

1970 #99 $1.35 
1969 #81 $1.35 

Ziff -Davis Service Division -Dept. W 595 B'way, New York, N.Y. 10012 

I am enclosing $ for the annuals circled below. My remittance 
includes an additional 25¢ per copy for shipping and handling (Outside U.S.A. 
all magazines are $2.00 per copy, postpaid.) 

$1.35 each 

Print Name 

Address 

81 98 99 $1.25 each 82 

City State 
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TRANSISTOR 

BASE -EMITTER 

JUNCTIONS for 

VOLTAGE REGULATION 

By THOMAS J. CARMODY 
PRD Electronics, Inc. 

AREADY supply of zener diodes is available in most labs 
if the reverse- voltage characteristics of transistor base - 

emitter junctions are utilized. Silicon mesa and silicon 
planar transistors exhibit sharp avalanche break points, as 
shown in Fig. 1. To demonstrate this capability, a voltage 
regulator of the shunt type was built, using the reverse - 
biased base -emitter junction of a 2N697 as the voltage -ref- 
erence element. 

In the operation of a shunt regulator (see Fig. 2), a 
transistor is placed in parallel with the load and biased so 
that at the lowest expected input voltage it draws the mini- 
mum current. The bias is set by the reverse- biased base - 
emitter junction of Q2. An increase in output voltage 
causes this junction to pass more current through the base 
of Ql. Q1 goes harder into conduction, drawing more cur- 
rent and causing the voltage drop across Rl to increase, 
thereby reducing the available voltage to the load. 

The impedance of the reverse- biased junction is 100 
ohms at a current of 1 mA with a nominal zener voltage 
of 7.3 volts. A change in input voltage of 1.0 volt causes 
a change in the output voltage of 1.7 mV. This represents 
voltage regulation of better than 0.2% at room ambient. 

The output voltage of the regulator is determined by the 
avalanche voltage of the base -emitter junction of Q2 and 
the VBE of Ql. The regulated output voltage, ED, is rela- 
tively fixed at approximately 8 volts. If a higher regulated 
voltage output is required, silicon diodes may be placed 
in series with the base -emitter junction of Q2. Each diode 
will increase the output voltage by 0.7 volt. To double the 
voltage, two base -emitter junctions would be placed in 
series. This will degrade regulation but, in most cases, not 
by a significant amount. The only limitation on the regulator 
is to stay within the power dissipation ratings of the particu- 
lar transistor chosen as the shunt. 

Component values (neglecting the zener current) were 
determined as follows: R1 = (E1 (rvin) /ID) -ED -1- (20 -8)/20 
= 600 ohms. Use the next lower standard value of 560 
ohms. Izl,n x) = (En, x -ED) /R1 -Ie = (30- 8)/560 -20 = 
19 mA. I1n, x= 72 , x+I.= 19 +20= 39 mA. 

Fig. 1. Base- emitter 
current as function 
of VBE. The sharp 
avalanche break 
points are charac- 
teristic of both sili- 
con mesa and silicon 
planar transistors. 

16, 
VREVERSE 

FORWARD DIODE 

FORWARD 

ZEN ER 
REGION 

SHUNT REGULATOR 

Ep=BV 
I0=20mA 

Iz=ImA 

'BE 

050 Fig. 2. Operation of 
a shunt regulator. 
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ELECTRONIC 
CROSSWORDS 

By JAMES R. KIMSEY 

(Answer on page 96) 

ACROSS 

1. A discrete portion of energy of a 
definite amount. 

5. The maximum useful distance of 
a radio transmitter. 

8. A matching element in a wave - 
guide. 

9. A series capacitor inserted into 
the oscillator- tuning circuit of a 
superhet. 

10. Dailey (actor). 

11. City division (abbr.). 
13. Tube connection. 

14. Used to be. 

15. Skill. 

16. Head covering. 

18. Roman numeral for 150. 

19. A chemical reaction in which heat 
is produced. 

21. One one -thousandth of a henry 
(abbr.) . 

23. Plaything. 

24. A continuous -wave, low- frequen- 
cy navigation system. 

29. In a transistor, the element which 
corresponds to the control grid of 
an electron tube. 

31. Ended. 

32. Rub out. 

33. Combine. as numbers. 

35. Subjected to equal pressure from 
eve y side. 

DOWN 

1. Condition of a circuit when no in- 
put signal is being applied to it. 

2. A chemical compound. 
3. Kind of capacitor (abbr.). 
4. free path. The average 

distance which sound waves travel 
between successive reflections in 
an enclosure. 

5. The total number of distinct 
marks or symbols used in a num- 
bering system. 

6. Position of the relay contacts 
when the coil is not energized. 

7. A backing plate around an open- 
ing. 

9. Move a camera up and down or 
across a scene. 

10. An oscillation introduced for the 
purpose of overcoming the effects 
of friction, hysteresis, or clog- 
ging. 

12. Necessary evil. 
14. Shade tree. 
17. An end -fire, dielectric. micro- 

wave antenna made of a clear 
thermoplastic material. 

18. Kind of picture tube (abbr.). 
20. An alloy used primarily as resis- 

tance wire. 
25. A famous president's nickname. 
26. Peer Gvnt's mother. 
28. Greek god of war. 
30. A conductive graphite coating on 

the inner side walls of some cath- 
ode ray tubes (abbr.). 

34. Type of current (abbr.). 

I 2 3 4 5 6 7 
. 

8 9 . 10 
II 12 13 14 15 

16 17 18 

'9 

20 
21 . 22 

23 24 25 . 26 

27 28 29 

30 31 32 

33 34 

35 . 

LOW VOLTAGE 

AC /DC POWER SUPPLY 
BRINGS BROADER 

VERSATILITY TO 

RADIO -TV REPAIR 
SHOPS ...HIGH SCHOOL 

LABORATORY USE! 

You're lucky you waited. Here's a low voltage 
power supply with the wide range of features, the 
reliability, and the performance of units costing 
considerably more. Features that not only make 
it a perfect substitute for batteries ... but insure 
broader versatility for conducting countless ex- 
periments in high school laboratories, as well as 
for testing and locating trouble in transistorized 
radio and solid -state TV circuits. Compare. You'll 
see why this is the finest power supply value 
now available. 

DC ripple of just 0.5% maximum 
Choice of AC or DC voltage output monitoring 
Continuously variable output control 
Two full -view 0- 20V/0 -5A DC and 0- 20V/0 -5A 
AC meters 
Transformer isolation 
Color -coded 5 -way insulated binding posts 
Pushbutton output circuit breaker plus primary 
fused circuit protection 
UL approved with 1 Year Warranty 

tüwúv:rtiva 
EXPERIMENTS 

in ELECTRICITY 

New, Enlightening 
MANUAL OF EXPERIMENTS 
Included With Each Power Supply 
This 48 -page manual, outlining 14 basic 
electrical experiments, was written for 
use with the Model 3301 -U by Henry W. 
Thwing, the noted educator. The manual 
demonstrates and clarifies Laws of Resis- 
tance, Non -Linear Resistors, Heat Equiv- 
alent of Electrical Energy, The RCL Circuit, 
Parallel Resonance, Ohm's Law, and many 
more electrical areas. Additional copies 
are available on a minimum quantity 
order of 10 at $1.75 per copy. 

ELECTRO® 
ELECTRO PRODUCTS LABORATORIES. INC. 
6125 WEST HOWARD STREET. CHICAGO. ILLINOIS 60649 
312 -647 -6744 /FAX: JMG /CABLE ELECTROLAB 
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NEW PRODUCTS 
& LITERATURE 
COMPONENTS TOOLS TEST EQUIPMENT HI -FI 

ELECTRONIC REVERB UNIT 
A fully electronic reverberation unit which is 

smaller and more versatile than existing systems, 
according to its maker, is now available as the 

Model RE -100. The unit uses IC's and incorpor- 
ates computer technology to provide a compact 
unit. Input and output amplification and equali- 
zation are self- contained and no additional equip- 
ment is required for connection to a system. 
Front -panel switches provide selection of various 
types of reverb and reverb time. Melcor 

Circle No. 5 on Reader Service Card 

BASE TRANSCEIVER 
Two new CB transceivers featuring IC's and 

full 23- channel operation using slide -rule select- 
ion have been introduced as the Models SFT -500 
and SFT -400. 

The former is equipped with two speakers and 

r.----- _ 
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a digital clock that can be programmed to auto- 
matically turn on the transceiver and give an 
audible alarm. The Model SFT -400 with one 
speaker is supplied without the clock. They are 
identical except for that. Both offer a built -in 
p.a. system with volume control and an auxiliary 
speaker /phone jack. 100% modulation is pro- 
vided, assuring full talk power. The transceivers 
come with all 23 crystals. Fanon 

Circle No. 6 on Reader Service Card 

STEREO RECEIVER 
The Model S7100 AM stereo -FM receiver pro- 

vides 35 watts per channel dynamic power at 8 

ohms and harmonic and intermodulation distor- 
tion of 1% of rated output. Frequency response 
is 30- 20,000 Hz +2 dB, power bandwidth is 
25- 20,000 Hz @ 1% distortion. 

The receiver features stereo and mono speaker 
output impedances of 4, 8, or 16 ohms, high or 
low impedance stereo headphone output, and 
stereo recording output of 200 mV at 2000 ohms. 

FM sensitivity (IHF) is 1.9 µV and signal -to- 
noise ratio is 65 dB. The unit operates from 115- 
125 V, 50/60 Hz and has 200 -watt switched a.c. 
outlets. A data sheet with full specifications on 
the Model S7100 is available on request. Sher- 
wood. 

Circle No. 7 on Reader Service Card 

ALL -CHANNEL TV SPLITTERS 
A new type of all- channel signal splitter, one 

that connects two TV receivers to one ultra -tap, 
is now on the market as the Model 1572G. 

The unit plugs into an outlet and instantly 
converts from a single outlet to a dual unit. The 
unit is captured by the same screw that holds a 

UT cover plate. The hybrid unit prevents inter- 
action between receivers, mates with quickly 
connected "G" fittings, and is used for all- 
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For additional information on items 
identified by a code number, simply 
fill in coupon on Reader Service 
Card. In those cases where code 
numbers are not given, may we sug- 
gest you write direct to the manu- 
facturer on business letterhead. 

AUDIO CB COMMUNICATIONS 

channel color TV. Splitting loss is 3.5 dB from 
54 to 216 MHz, and 3.8 dB from 470 to 890 
MHz. Isolation between outputs is a nominal 15 

dB. Jerrold 
Circle No. 8 on Reader Service Card 

INTERFERENCE FILTERS 

The Series 6000 power -line interference filters 
arc compact, feature high -performance character- 
istics, and are available for bulkhead or in -line 
mounting. The units are two -circuit pi filters, 
available with current ratings of 1, 3, 5, or 10 

amps per pi section. Voltage and temperature 
ratings are 120 V a.c. or 200 V d.c. (+ 125° C 
and 120 V a.c. or 400 V d.c. @ 85° C. Fre- 
quency rating is 0 to 400 Hz. The filters are her- 
metically sealed and are available with 2, 3, or 
more sections. 

Additional information on the Series 6000 
line is available on request. Sanders Associates 

Circle No. 9 on Reader Service Card 

NEW CASSETTE UNITS 
Four new cassette models have just been in- 

troduced including the Model 3303 AM, FM 8- 

track recorder system, the Model 3124 8 -track 
custom car stereo with FM radio, Model 2123 
a similar version without the FM radio, and the 
Model 2609 AM /FM stereo cassette recorder with 
swing -out stereo speaker. 

The car units are both floor -mounting types 
with theft -resistant features. The units are in- 
stalled on floor or transmission tunnel of cars and 
lock into their mounting base after installation. 
A specifically coded magnetic key lock makes it 

virtually pick -proof. All electrical connections are 
made through a quick- disconnect plug so that 
the unit may be removed for storage and con- 
veniently re- installed. 

The Model 3303 is a fully transistorized unit 
which provides reception of AM, FM, and stereo - 
FM; plays all 8 -track endless -loop cartridges; and 
records 8 -track stereo cartridges from the built -in 
radio, microphones, stereo record player, or other 
signal sources. Craig 

Circle No. 10 on Reader Service Card 

SPEAKER /COLOR ORGAN 
A combination speaker system /color organ 

has been introduced as the "Sonoglo 5" and is 

aimed at the youth market. 
Sold in stereo pairs consisting of a master and 

a slave, the new unit is easily installed with any 
system. The light display has its own sepa- 

rate circuitry and power supply. The slave unit 
is fed by cable from the master which excites the 
lights in the slave unit. 

The units are housed in a walnut enclosure 
which contains a 2 -way speaker system with 8" 
woofer and 33 /s" tweeter and integral crossover 
network. The speaker cabinet measures 101/4" 
w. x 18" h. x 71/2" d. and the light display itself 
has an area of 37 square inches. Benjamin 

Circle No. 11 on Reader Service Card 

INTERCOM SYSTEM 
A new intercom system which is flexible 

enough to link 30 to 450 loudspeaking or pri- 
vate phone stations through one completely auto- 
matic exchange has been introduced as the AVF 
404. 

The primary function of the new system is to 
provide high quality, hands -free communications 

among working positions. The system is adapta- 
ble to a wide variety of applications and a num- 
ber of optional facilities can be incorporated to 
provide even more flexibility. 

The compact desk master station measures 
44/s" h. x 93'11;" w. x Viii" deep and weighs 2.6 
pounds. Ericsson Centrum 

Circle No. 12 on Reader Service Card 

AUTO ALARM SYSTEM 
Protecting a car from theft or unauthorized 

entry through doors, windows, trunk, or hood 
compartments is now possible with a new auto 
alarm unit recently introduced. The solid -state 
alarm can be installed in minutes by the owner 
since no drilling is required and electrical con- 
nections clip to the car's electrical system. 

The alarm senses changes in the vehicle's elec- 
trical system and causes the car's horn to emit 
a rapid succession of blasts. Upon entry into the 
car the dome light will set off the alarm. In 
addition, the car's ignition system will become 
disabled, preventing motor operation. 

Two models are available, the C -7380 and the 
C -7381. The latter model features additional 
switches to monitor entry of all areas of the car. 
James 

Circle No. 13 on Reader Service Card 

DIGITAL PANEL METER 

A new 31/2-digit digital panel meter featuring 
bipolar operation as well as the company's no- 

zero- adjustment and constant- high -impedance 
features has been introduced by Digilin Inc. 

Designated the Type 332, the meter's bipolar 
feature allows it to read either positive or nega- 
tive voltages without regard to lead placement. 
According to the company, this enhances con- 
venience of operation and eliminates worry about 
meter damage due to wrong polarity. A neon 
minus sign indicates negative voltages. 

Full scale ranges are 1 -1000 volts, 1000 ohms - 

10 megohms, 100 uA -1A with 100% overrangc 
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on all ranges and overvoltage protection of 100 
times range. Maximum sensitivity is 1 mV, 100 
nA, 1 ohm and accuracy is 0.1% full -scale ± 
one digit. 

For further information write the company at 
6533 San Fernando Road, Glendale, California 
91201. 

ELECTRONIC DEPTH FINDER 
The "Fish Scout" is an electronic finder which 

is compact enough to fit into a tackle box yet 
will provide a read -out precise within inches. 
Weighing slightly more than a pound, the unit 
includes a solid -state precision meter, a mini - 
transducer, 8 feet of cable, an omnidirectional 
transducer bracket, carrying case, and manual 
containing operating instructions and fishing tips. 

The instrument operates from standard 9 -volt 
transistor batteries which will last about five days 
at an average of 6 hours a day usage. Full de- 
tails on request. Vexilar 

Circle No. 14 on Reader Service Card 

STATIC METER 
An electrostatic field meter designed to be 

used not only in environment research but in 
safety, weather, and manufacturing areas is now 
available as the "Portable Scanner." 

The instrument has five ranges plus battery 
test: 5, 50, 500, 5000, and 50,000 V /cm full - 
scale, positive or negative. Sensitivity is 0.2 V / 
cm. Phase detector synchronizing provides linear 
output both sides of 0. Meter switching is un- 
necessary to read changes in polarity. 

The meter is completely portable, measuring 
21/2" x 21/2" x 8" plus handle. It is powered by 
rechargeable nickel -cadmium batteries. Electro- 
fields 

Circle No. 15 on Reader Service Card 

ALARM SYSTEM 
A simple alarm system which can be installed 

without special tools to check up to 50 critical 

points has just been introduced as the "Power - 
horn." It is designed for home, office, and small 
industry applications. It fires 25 seconds after any 
monitored door or window is opened unless the 
owner keys a special switch. The alarm is tam- 
per- proofed by an extruded aluminum cover and 
operates independently of any power -line con- 
nections. 

When fired, it makes a loud, unmistakable, 
and continuous noise. Power is supplied by three 
"D" cells. Over -all dimensions are 3%" x 12" x 
178 ". It comes with 30 feet of wire, a magnetic 

sensor switch, a set of keys, and operating in- 
structions. Radio Shack 

Circle No. 16 on Reader Service Card 

ELECTRONIC CROSSOVER 
A stereo electronic crossover, the SF -700, has 

been developed to supply complete hi -fi control 
through its ability to match amplifiers, speaker 
systems, and room acoustics. 

Since the crossover frequencies are variable, 
the most suitable ones for any particular instal- 
lation can be selected. Because cut -off and cross- 
over points can be controlled, radio, record, and 
tape reproduction is enhanced, according to the 
manufacturer. 

Use of four knobs on the front panel of the 
SF -700 can control the cut -off characteristics 
near each crossover frequency. They supply an 
attenuation of 6 dB /octave, 12 dB /octave, or 18 
dB /octave at four positions: low, mid -low, mid - 
high, and high. Input impedance is 100,000 
ohms at 1 kHz and output impedance is less 

than 200 ohms at 1 kHz. Harmonic distortion 
is less than 0.3% and insertion loss less than 20 
dB. S/N ratio is more than 85 dB. Pioneer 

Circle No. 17 on Reader Sevrice Card 

FIRE /INTRUSION ALARM 
The Model A -4 security center alarm system 

features complete fire, burglar, and intrusion 
protection to fit any home or business applica- 
tion. The system may be used as a basic intru- 
sion protection system by merely plugging it into 

the 117 -volt power line and connecting a lamp 
or bell as an alarm device. Additional protection 
accessories are available for fire and smoke detec- 
tion as required. 

Maximum range is 18 -26 feet depending on 
area acoustics and humidity. The cabinet mea- 
sures 104" wide x 43/4" deep x 178" high. 
Three different ultrasonic frequency channels are 
available to prevent interaction of multiple units 
installed in the same area. 

A four -color brochure describing the basic 
unit and available options will be supplied on re- 
quest. Bourns 

Circle No. 18 on Reader Serivce Card 

STEREO TURNTABLE 
A fully automatic stereo turntable, Model PL- 

A25, uses a 4 -pole outer rotor high -torque hy- 
steresis synchronous motor for constant turntable 
speed. Two speeds are available -33 and 45 r/ 
min. The platter is a massive, precision- finished 
12" aluminum die -cast type driven by a poly- 
urethane belt that is unaffected by temperature, 

Famous DeltAlert Anti-Theft System Adds 
High-Intensity 
Sound To Light! 

When you have an intrusion detection system that already 
cuts theft potential 95% by automatically switching on lights, 
why add sound? Environmental Variance. EV is another way of 
saying that numerous individual and business premises are sub- 
ject to varying levels of background noise, including cars, trucks, 
trains and industrial activity... as well as varying levels of out- 
side people- traffic. This is why DeltAlert's new audio' capability 
Is the answer to Environmental Variance, and why it's your 
answer to total intrusion detection.. 

Horn sound is high- intensity, and the -horn itself can be lo- 
cated away from the sensing unit. There is a ten second delay 
to allow authorized entry and access to the horn's on /off switch. 

Order your DeltAlert system, complete with horn. You'll see 
how DeltAlert's variable sensitivity control and adjustable timing 
providesthe most advanced sentry 
system on the market. Completely 
monitor and blanket areas fifteen 
to thirty feet. Easy to connect. No 
rewiring necessary. 

September, 1970 

DeltAlert, complete 

$s9 unit, ready to 
use Only ppd. 

95 
DeltaHorn, 
Complete with 
built -in delay Onl y 

"2495 ppd. 

SPECIFICATIONS: 
Ultrasonic Frequency: 35 KHZ A 
Area Coverage: 15 -30 feet (de- 
pending on shape of area) A 
Controls: On -Off Switch: Built in Timer; 
Variable Sensitivity Control A Output: 110 - 
130V at 5 Amp. A Power Requirements: 110- 
130, 60 HzAC A Dimensions: 10443'W x 3' /4'H x 31/4D A Complete 
with 110 -130V Drop Cord A Walnut designer finish. 

Unit and all parts manufactured in U.S.A. 

r 
DELTA DELTA PRODUCTS, INC 

P. O. Box 1147 EW /Grand Junction, Colo. 81501 

Please send me literature immediately. 

Enclosed is S Ship ppd. O Ship C.O.D. 
Please send __ DeltAlert(s) @ 69.95 ppd. 
Please send __. DeltHorn(s) @ 24.95 ppd. 

Name 

Address 

City /State Zip 
1 

_ _ _ DP 70 -8 j CIRCLE NO. 140 ON READER SERVICE CAR-D- 
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oil, or humidity, according to the company. Wow 
and flutter is less than 0.1%. 

The turntable comes with a stylus -protecting 
automatic lead -in device, adjustable for use with 
7 ", 10 ", or 12" records. It also has automatic cut 
and automatic return and an automatic repeat 
device which permits the record to be repeated. 

A two -motor system with the drive motor of 
the turntable separated from the timing motor 
of the automatic devices permits independent 
operation. However, the PL -A25 can be used 
either automatically or manually. 

It comes in an oil- finished walnut cabinet and 
measures 17 5/16" wide x 6 11/16" high x 

133 /a " deep. Pioneer 
Circle No. 19 on Reader Service Card 

OMNI SPEAKER SYSTEM 
The SS -9500 speaker system is a radical de- 

parture in design and styling and consists of 6 

acoustic- suspension speakers sealed in an air- 
tight barrel- shaped enclosure. The barrel shape 
results in an enclosure rigid enough to handle 

50 watts of program material. The six full -range 
speakers are equally spaced around the perime- 
ter of the enclosure, producing omnidirectional 
sound in the horizontal plane. 

The combination of speaker design and en- 
closure are such that the impedance presented 
to the driving amplifier never drops below 6 

ohms over the frequency range 18- 21,000 Hz. 
Sony Corp. 

Circle No. 20 on Reader Service Card 

23- CHANNEL CB UNIT 
The "Bearcat 23" is a 23- channel CB radio 

that incorporates a large illuminated combination 
r.f. /S meter, illuminated s.w.r.- forward meter, 
s.w.r.-reflected meter, 3- position delta -tune 
switch, automatic noise limiter and true r.f. noise 
blanker. 

The radio has a combination 12 V d.c. and 115 
V a.c. supply for base or mobile applications and 
modulation and "on the air" lights. A digital 
clock automatically turns the set on at preselected 
times or rings an alarm. 

Controls are slide switches for volume, squelch, 
and s.w.r. calibration. The unit has an upward - 
tilt pedestal for operating convenience. Pearce - 
Simpson 

Circle No. 21 on Reader Service Card 

CHANNEL -9 MONITOR 
A specially prepared Messenger 124 base sta- 

tion has been demonstrated which incorporates 
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capability for monitoring channel 9 while con- 
ducting regular communications on any one of 
the other 22 CB channels. 

When an emergency or motorist's assistance 
call is received on channel 9, the set automatical- 
ly switches from the communications channel to 
receive channel 9. An indicator light signals that 
channel 9 is being heard. Adjustment of a sep- 
arate squelch control assures that only calls of 
the desired signal strength trigger the automatic 
switching action. A separate on 'off volume con- 
trol is also provided for the monitoring function. 
E.F. Johnson 

Circle No. 22 on Reader Service Card 

AUTOMATIC -CALLING SECURITY 
A new protective unit. called the HotLiner, 

is designed to be installed by simply plugging it 

into a telephone jack and attaching it to any 
type of home security system. It will automati- 
cally dial pre- programmed telephone numbers 
to alert police, or neighbors, to intruders. 

The unit is tamperproof and features a built - 
in test circuit to provide visual and audible indi- 
cation to show that the instrument is operating 
properly. Teletronics 

Circle No. 23 on Reader Service Card 

120 -WATT AMPLIFIER 
The new Model 32 amplifier has a guaranteed 

12(1 watts of undistorted power at any audible 
frequency. It incorporates a variable- overlap 
drive, a relay protective circuit, massive heat 
sinks, regulated power supply, and other of the 
company's standard features. 

The unit will drive reactive or capacitive loads 
such as electrostatic speakers. The amplifier mea- 
sures 15;'s " x 53/4" x 95/s" and weighs 21 

pounds. A walnut cabinet is available as an op- 
tional extra. Marantz 

Circle No. 24 on Reader Service Card 

TAPE CASSETTE DECK 
The new CAD5 professional tape cassette re- 

colder incorporates the Dolby B noise reduction 
processor. The recorder's frequency response ex- 
tends beyond 12,000 Hz and, according to the 

company, distortion is extremely low and tape - 
speed regulation excellent. 

The CAD5 is self -contained and an electronic 
speed control assures minimum speed variation 
with subsequent reduction of wow and flutter. 
Professional -type sliding pots set recording level 
and a unique recording overmodulation circuit, 
working in conjunction with the dual recording 
meters, shows when the recording sound level 
is too high. Harman -Kardon 

Circle No. 25 on Reader Service Card 

MINIATURE CAPACITORS 
S &EI Manufacturing, 18800 Parthenia Street, 

Northridge, California 91324 is now in produc- 
tion on a new line of mini -miniature metalized 
polycarbonate capacitors, the Series 22. 

The new line is available in all standard case 
styles and in 50 and 100 volt d.c. space- saving 
sizes that range from 0.001 µF through 50 pF 
with tolerances of ±1 %. 

Specifications typical of the new series include: 
operating temperatures from -55° to +105 °C; 
capacitance change over temperature range i- 
1.5% and only a max. -0.7% from +25° to 
+105 °C, insulation resistance min. 100,000 
megohms x µF at 25 °C, and 0.3% max. dissipa- 

tion factor. All capacitors are tested by MIL -C- 
18312. 

Complete catalogue information and prices are 
available by writing the company direct. 

SHALLOW -BARREL METERS 
A special line of shallow -barrel panel meters 

for applications having back -of- the -panel space 

limitations, Series GS with molded plastic backs, 
is now being offered by Triplett Corporation, 
Bluffton, Ohio 45817. 

The special shallow barrel is designed for the 
company's 11/2 ", 21/2 ", 31/2", and 41/2 " G- Series 
panel meters. The new series carries the 120, 
220, 320, and 420 "G" series prefix. 

Voltmeter, millivoltmeter, ammeter, milliohm- 
meter, and microammeter versions with front - 
panel or bezel mounting are available. For com- 
plete details address your letterhead request to 
the Marketing Department of the company. 

PATIO SPEAKER SYSTEM 
A new outdoor speaker system for patio or 

pool use is being marketed as the "Round Sound 
Machine." Because of the unique treatment of 
the speaker cone and special assembly tech- 
niques, the speaker is completely weatherproof. 
A heavy gauge steel sphere, measuring just 8 

inches in diameter, houses the high -compliant 
air -suspension driver. The system will deliver 
20 watts of dynamic power and has a frequency 
range of 55- 15,000 Hz. Maximus Sound 

Circle No. 26 on Reader Service Card 

LAB D.C. POWER SUPPLY 
Power Designs, Inc., 1700 Shames Drive, West- 

bury, N.Y. 11590 has designed a new precision 
calibrated high- voltage power source especially 
for lab and equipment applications in nuclear 
detectors, photomultiplier tubes, c.w. lasers, 
electron optics, and similar instrumentation. 

The Model 1543A offers 10- 10,000 volts d.c. 
at 0 -10 mA output with improved circuit tech 
nology and design specifications which have re- 
sulted in better performance in a smaller package, 
according to the company. Panel height is now 
10 ". 

The new unit features an IC control amplifier, 
solid -state voltage references, a temperature - 
stabilized all- silicon transistorized control ampli- 
fier, and a vacuum -tube series regulator. The 
amplifier includes electronic protection circuits 
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which guard against damage due to overloads, 
short circuits, voltage transients, or internal arc- 
ing of the regulator tube. 

The company will supply complete electrical 
specifications on the Model 1534A upon letter- 
head request. 

DUAL MIKE PREAMP 
A dual microphone preamplifier containing 

two complete mike preamps on a single PC card 
is available. Known as the Model AM220, the 
unit's two amplifiers feature balanced transform - 
erless input that is achieved by using the differ- 
ential input capability of the Model 1731 audio 
operational amplifier. 

The unit is suited for operation from high 
level capacitance microphones. Gain is factory 
set at 45 dB, but can be precisely adjusted from 
45 dB to 20 dB with the addition of fixed re- 
sistors connected across the appropriate terminals 

of the external connector. The gain changes take 
place in the feedback loop of the amplifier to 
maintain optimum S/N ratio. Melcor 

Circle No. 27 on Reader Service Card 

FM POCKET MONITOR 
Two new, all- solid- state, battery- operated per- 

sonal pocket portable FM monitor receivers are 
now available as "Portamon" Models CRX -106 
and CRX -107 that tune the entire low- and high - 
band ranges covering police communications, 
fire departments, civil defense, public service, 
business and industrial radio, CB, 10 -meter ham, 
and other services. 

Both units incorporate such engineering fea- 
tures as an adjustable squelch control, continuous 
tuning, stability and drift -free operation, an r.f. 
stage to increase pulling power, tunable superhet 

with three i.f. stages, and class -B push -pull am- 
plification. 

Each unit measures 6" h. x 15 /s" w. x 23/4" d. 
and weighs 1 pound. Hallicrafters 

Circle No. 28 on Reader Service Card 

PROCESS CONTROLLER 
Delta Technical Laboratories, P.O. Box 617, 

Arcadia, California 91006 has developed the 
Model 30 -160 Chlorometer which is an accurate 
all solid -state electronic process controller and 
measuring instrument sensitive to chlorine in 
aqueous solutions. 

The meter measures from 0 to 20 parts per 
million chlorine with other ranges available for 
measuring from 1 to 1000 p.p.m. chlorine full - 
scale. The instrument operates on the established 
electro- chemical redox principle and specially 
polarized electrodes produce an electrical poten- 
tial that is proportional to the chlorine concentra- 
tion. 

Full details are available on letterhead request 
to the manufacturer. 

STEREO TAPE DECK 
A 3 -head stereo tape deck which features a 

special record /playback preamp has been intro- 
duced as the KW -4066. The preamp uses low - 
noise silicon transistors throughout for high S/N 
ratio and low distortion. 

The unit incorporates the company's new tape - 
transport system which features tension -free tape 
travel and automatic /stop mechanism built into 
the head housing. Independent left and right re- 
cording buttons permit sound -on -sound while a 

Total U.S. sales of consumer electronic products for the first quarter of 
1970 shown as units sold. These statistics were compiled and supplied 
by the Marketing Services Dept. of the Electronic Industries Association. 

Product 
Factory Sales 

(U.S. Produced) 

Imports 
(Domestic 

Label) 

Imports 
(Foreign 
Label) 

Total 
U.S. 
Sales 

HOME RADIO 
AM 380,819 850,701 1,727,674 
FM -AM or 

FM 188,670 430,198 4,004,106 
7,582,168 

AUTO RADIO 
AM 1,886,558 - 447,571 
FM -AM or 

FM 373,908 - 45,310 
2,753,347 

TELEVISION 
B&W 822,060 340,027 327,970 
Color 979,596 89,372 91,451 

2,652,479 

PHONOGRAPH 671,280 107,561 345,309 
1,124,150 

TAPE RECORD. 123,624 217,574 1,300,391 
1,641,589 

TAPE PLAYERS 
Auto N.A. N.A. 700,512 
Other N.A. N.A. 688,944 

N.A. 

September, 1970 

special mode switch achieves a natural mono 
sound through both speakers for mono tapes. 
The unit has three tape speeds -71/2, 33/4, and 
17 /s in /s plus a tape monitor switch to check 
recording quality. Kenwood 

Circle No. 29 on Reader Service Card 

MANUFACTURERS' LITERATURE 

MODULAR POWER SUPPLIES 
North Electric Company's Electronetics Divi- 

sion, Galion, Ohio 44833 has issued a 12 -page 
catalogue covering its line of standardized modu- 
lar power units. 

The line of shelf power packages is available 
in six package sizes at seven different voltage 
levels ranging from 3.6 up to 28 volts d.c. at 
current ratings from 0.35 to 85 amps. 

In addition to providing complete information 
on the power units, the catalogue covers acces- 
sories for use with the supplies. 

WIRE, CABLE 8, TUBING 
Birnbach Company, Inc., P.O. Box 592, Free- 

port, N.Y. 11520 has issued a new industrial 
catalogue, No. 2570, covering a complete line of 
wire, cable, tubing, and hardware for the elec- 
tronics industry. 

The publication is indexed by catalogue num- 
bers and by product classification to make it easy 
to find the exact part required. 

CHOOSING A MICROPHONE 
A free booklet on the fundamentals of micro- 

phones, including the characteristics of each type, 
is now available on request. 

Entitled "Microphones -How to Choose & 

Use," the text includes information on micro- 
phone placement, feedback, and limiting factors. 
There are full details on microphone impedances, 
techniques, and applications. Stanford 

Circle No. 30 on Reader Service Card 

CROSS REFERENCE /PRODUCT GUIDE 
A 70 -page, full -color 1970 -71 Cross Reference 

and Product Guide which lists replacement prod- 
ucts, including transistors, capacitors, heat ex- 
changers, SCR's, and diodes, is now available 
for distribution. 

The full catalogue listing of electronic dealer - 
service replacement products is combined, for the 
first time, with a complete cross reference guide - 
all in one convenient book. Items include prod- 
ucts available from the company's distributors 
in the "5 & 10" packaging. 

Products are listed in handy tabular form by 
product category. Illustrations of various case 
styles are presented on each page for ready ref- 
erence. Following this is an alpha -numeric index 
of all products. 

The cross reference is divided into major device 
categories: transistor, rectifier, capacitor, and heat - 
exchanger types used in professional service jobs 
are listed in sequence and cross -referenced to the 
company's replacement line. International Recti- 
fier 

Circle No. 31 on Reader Service Card 

SCR CAPACITOR LINE 
A technical bulletin covering the firm's new 

SCR commutating capacitor line is now available. 
The bulletin provides complete product descrip- 
tions, list of applications, dimension drawings, 
and a list of available standard ratings. 

The publication, Bulletin 209.75, also includes 
an application specification questionnaire with 
space needed for description. Cornell -Dubilier 

Circle No. 32 on Reader Service Card 

GRAPHIC LEVEL RECORDER 
An 8 -page, two -color bulletin describing the 

Model 2305 graphic level recorder, its uses, fea- 
tures, and accessories is now available for dis- 
tribution. 

The bulletin describes the recorder as a mea- 
surement control center capable of operating 
other instruments in synchronization with the 
pre -printed chart frequency or time -base scales. 
The unit measures true r.m.s., peak, or average 
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values of a.c. signals in the frequency range 
from 2 Hz to 200 kHz. It also records d.c. levels. 

Numerous photographs and full descriptive 
data on matching equipment is contained in the 
bulletin. A block diagram is also included. B &K 

Circle No. 33 on Reader Service Card 

TOOL USER'S GUIDE 
A 40 -page, 4 -color catalogue which describes 

a comprehensive line of hand tools is now avail- 
able. Each of the tools is fully illustrated and 
described, together with a color -keyed application 
and user's guide for correct tool selection and use. 

Products illustrated include a variety of 
"unique" tools each specifically designed to solve 
a particular tool usage problem. A special section 
is devoted to displays for distributors and retail 
store operators. 

A copy of Catalogue SD -170 is available on 
request. Vaco 

Circle No. 34 on Reader Service Card 

DIGITAL INDICATOR DATA 
A 4 -page brochure which describes in detail 

the new H550/H551 miniature digital indicator 
which accepts linear or non -linear signals is now 
ready for distribution. 

The booklet provides complete information, 
specifications, and dimensional drawings with 
typical application data presented in tabular form. 
Howell Instruments 

Circle No. 35 on Reader Service Card 

ANTENNA CATALOGUES 
Two new catalogues, a revised 32 -page #710 

and the new #107, are now available covering 
various antenna systems. 

The #710 illustrates and describes an entire 
line of over 100 TV -FM outdoor and indoor 
antenna models and more than 200 electronic 
products for home and commercial systems. Cata- 
logue #107 features commercial systems equip- 
ment for MATV, CCTV, ITV, ETV, CATV, 
and NATV installations. Winegard 

Circle No. 36 on Reader Service Card 

R.F. CATALOGUE 
The Bendix Microwave Division has issued a 

new 161 -page fully illustrated catalogue covering 
all major r.f. connector classifications and sub- 
types. 

The "RF Connector Catalog," designated 
# 1069, includes comprehensive parts number 
cross -reference tables (MFG /MIL and MIL/ 
MFG), cable data, and cable assembly instruc- 
tions. The catalogue is complete with part num- 
bers, dimensions, and engineering data for each 
connector type within a series and includes a 
full line of adapters between series, terminations, 
and diagrams of mounting holes and mounting 
plates. 

Designed for use by component engineers and 
purchasing personnel in the electronics field, 
copies of the catalogue are available on letterhead 
request to the company at Franklin, Indiana. 

AMERICAN STANDARDS 
The American National Standards Institute, 

Inc., 1430 Broadway, New York, New York 
10018 has just published its 1970 catalogue which 
lists nearly 4000 American National Standards 
and 1700 international recommendations and 
includes an I8 -page index to the titles of all 
listings. 

Added to the expanded 128 -page edition are 
American National Standards approved by ANSI 
through January 15, 1970, the international rec- 
ommendations (standards) received by that date 
from the International Organization for Standard- 
ization (ISO), the International Electrotechnical 
Commission (IEC), the International Commission 
for Rules for the Approval of Electrical Equip- 
ment (CEE), and the Pan American Standards 
Commission (COPANT). 

ENCAPSULATED R.F. CHOKES 
Vanguard Electronics, 930 West Hyde Park, 

Inglewood, California 90302 has just issued a 
four -page brochure on its improved high -tem- 
perature encapsulated r.f. chokes. All included 
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on military QPL, these chokes are designed to 
meet MIL -C- 15305, Grade I, Class B. 

Included in the two -color publication are com- 
plete specs on Series 101, 102, and 103 chokes 
which provide inductances ranging from 0.1 to 
4700 µH and standard inductance tolerance of 
±5 %, the Series S, M, and L with inductance 
tolerances of ±20% for the 0.1 to 1.0 µH in- 
ductance range, and ±10% for the 1.0 to 10.0 
,uH range. 

LINEAR IC's 
An 88 -page, pocket -size catalogue describing 

the firm's complete line of linear integrated cir- 
cuits has been issued by Fairchild Semiconductor. 

Known as the "Linear Integrated Circuit Con- 
densed Catalog," the 31/2" x 6" booklet provides 
key information and pin diagrams for 31 linear 
IC products. These include operational amplifiers, 
dual op amps, a.c. amplifiers, comparators, corn - 
munications devices, preamplifiers, differential 
amplifiers, stereo multiplex decoders, chroma de- 
modulators, and other specialized electronic cir- 
cuit functions. 

Write the Distribution Services department of 
the company, Box 880A, Mountain View, Cali- 

Answer to Electronic Crosswords 
appearing on page 91 
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fornia 94040 on your business letterhead for a 
copy of the catalogue. 

VARIABLE CAPACITORS 
Higher "Q's" than previously available are 

featured in the new variable capacitor Stock 
Catalogue No. 170 issued by Johanson Manufac- 
turing Corp., 400 Rockaway Valley Road, Boon- 
ton, N.J. 07005. 

The catalogue details high -Q, miniature high - 
Q, and subminiature ultra- high -Q variable air 
capacitors, miniature and general -purpose piston 
trimmer types, microcircuit trimmers, vertical - 
mount air capacitors for PC applications, high - 
voltage variable air capacitors, and high r.f. 
voltage quartz trimmers. 

A request on your business letterhead will 
bring a copy of this catalogue. 

PHOTO CREDITS 

Page Credit 

27, 28, 30 AC Electronics Div., 
General Motors Corp. 

32 (top) USAF Photo 

32 (center) The Garrett Corp. 

32 (bottom) ..Mosier Information Systems 
33 (top) Xerox Corporation 

33 (center) EMI Electronics, Ltd. 

33 (bottom left) Cartridge Television 
Inc., Avco Corp. 

33 (bottom right) Ultronics Systems, 
Sylvania Electric Products Inc. 

37 Amana Refrigeration, Inc. 

38 Narda Microwave Corp. 

48 Bendix Automotive and 
Automation Co. 

50, 52 Motorola Semiconductor 
87 Simpson Electric Co. 

88 (top) Radio Corporation of America 
88 (bottom) Eico Electronic 

Instrument Corp. 

Answers to C.E.T. Test, Section #7 
Published in Last Month's Issue 

1. (a) An open delay line causes a loss of luminance signal but the 
color circuits continue modulating the tube with varying amounts 
of color. Some receiver designs are such that an open delay line 
causes "no brightness" and therefore no color, but for our pur- 
poses, answer "a" is correct. 

2. (a) Proper purity adjustment normally involves exact placement of 
deflection yoke. Ion traps are not used on color tubes. 

3. (a) The color -burst signal, riding on the back porch of the horizontal 
sync pulse, must be received to turn the color killer stage "off." 
A keying pulse from the horizontal section is also needed, but 
it is present at the killer during B &W telecast and color telecasts. 

4. (a) The object of the chromanance circuits is to supply the proper 
color phase difference signals to the picture tube. 

5. (b) Problems at station's video tape recorder produces this effect. 

6. (d) Most a.f.c. circuits use the 45.75 -MHz video i.f. carrier as the 
reference signal. 

7. (a) V.t.v.m. is usually required. 

8. (d) This control adjusts the phase of the color signal. 

9. (d) a, b, or c normally would upset convergence and require touch- 
up or reconvergence. 

10. (b) Dual trace. There are no two -gun style picture tubes currently 
in use. Sony uses a one -gun type, most common is a three -gun 
triangularly oriented assembly, and GE portables use the side - 
by -side or in -line 3 -gun arrangement. 

ELECTRONICS WORLD 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 850 per word (including name and address). Minimum order 
$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 
12 months paid in advance. 
READER RATE: For individuals with a personal item to buy or sell. 500 per word (including name and address). No minimum! Payment must accom- 
pany copy. 
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. All copy subject to publisher's approval. Closing Date: 1st of the 
2nd month preceding caver date (for example, March issue closes January 1st). Send order and remittance to: Hal Cymes, ELECTRONICS WORLD, 
One Park Avenue, New York, New York 10016. 

FOR SALE 

JUST starting in TV service? Write for free 32 
page catalog of service order books, invoices, 
job tickets, phone message books, statements 
and file systems. Oelrich Publications, 4040 
North Nashville Avenue, Chicago, Ill. 60634. 
GOVERNMENT Surplus Receivers, Transmitters, 
Snooperscopes, Radios, Parts, Picture Catalog 
250. Meshna, Nahant, Mass. 01908. 
METERS Surplus, new, used, panel or portable. 
Send for list. Hanchett, Box 5577, Riverside, 
Calif. 92507. 
CONVERT any television to sensitive big-screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans, $2.00. Relco -A22, Box 10563, Houston, 
Texas 77018. 

INVESTIGATORS, LATEST ELECTRONIC AIDS. 
FREE LITERATURE. CLIFTON, 11500 -J NW 7th 
AVE., MIAMI, FLORIDA 33168. 
TREASURE HUNTERS! Prospectors! Re!co's new 
instruments detect buried gold, silver, coins. 
Kits, assembled models, Transistorized. Weighs 
3 pounds. $19.95 up. Free catalog. Relco -A22, 
Box 10839, Houston Texas 77018. 

EUROPEAN wholesale new products catalog. 
$1.00 refundable. Deecow, 10639 Riverside, 
North Hollywood, Calif. 91602. 
MUSIC LOVERS, CONTINUOUS, UNINTER- 
RUPTED BACKGROUND MUSIC FROM YOUR 
FM RADIO, USING NEW INEXPENSIVE ADAPT- 
ER. FREE LITERATURE, ELECTRONICS, 11500.2 
NW 7th AVE., MIAMI, FLORIDA 33168. 
SENCORE, B & K TEST EQUIPMENT UNBELIEV- 
ABLE PRICES. FREE CATALOG AND PRICE 
SHEET. FORDHAM RADIO, 265 EAST 149TH 
STREET, BRONX, N.Y. 10451. 
SEMICONDUCTORS and Parts. Catalogue free 
over 100 pages. J. & J. Electronics, Box 1437. 
Winnipeg, Manitoba, Canada. U.S. Trade di- 
rected. 
MC79OP- $2.00, MC724P, MC 789P $1.05. Write 
for catalog. Hal Devices, Box 365Z, Urbana, 
Illinois 61801. 
CONSTRUCTION PLANS: LASER . . . $2.00. 
Listening Devices -two F. M. Mike Transmitters 

$1.00. Tail Transmitter . $1.00. Sound 
Telescope . $2.00. Infinity Transmitter . 

$2.00. Equipment and kits available. Howard, 
20174 Ward, Detroit, Michigan 48235. 
ELECTRONIC ignition, various types. Free litera- 
ture. Anderson Engineering, Epsom, N.H. 03239. 

LASER parts -Catalog 600. Moynihan, 107 North 
Brighton, Atlantic City, New Jersey 08401. 

BARRINGTON INSTRUMENTS TRANSISTOR AN- 
ALYZER, Model 1M -73. Measures DCBETA 10 to 
10000 with accuracy to 2 %. TO -36 or TO-92. Use 
your VOM for direct readout. Also, hfe, VBE. 
VCE (sat; IGT, VGT of Triacs and SCRs. Many 
other measurements. Versatile late design. 
7 "x6 "x3 ". Four "D" cells, not included. Com- 
plete kit $19.88 shipping $1.00. Send "SASE" 
for spec. ACTIV ENGINEERING, 7726 Burnet, 
Van Nuys, California 91405. 

USED Tektronix, Hewlett- Packard, RCA elec- 
tronic test equipment. Used industrial motors, 
timers, controls. Free list. Associates, Box 2421, 
Allentown, Pa. 18001. 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

LEARN ELECTRONIC ORGAN SERVICING at 
home. All Makes including transistors. Experi- 
mental kit -troubleshooting. Accredited NHSC. 
Free Booklet. NILES BRYANT SCHOOL, 3631 
Stockton, Dept. A, Sacramento, Calif. 95820. 

1$ PEP $ 
Dollar Sale 

EACH PACKAGE 
MONEY BACK GUARANTEE 

1 AMP 
Silicon Rectifier 

Choice of Package 
Bullet-Glass-Min-Metal 
D 20.50V 5 SOON 
D 17 -100V D 4 -1000V 
D 12 -200V 0 3 -1200V 

3 AMP 
D 15 -50V n 4.600V 
D 10 -100V D 8 -800V 
D 8 -200V D 2 -1000V 
D 5 -400V D 1 -1200V 

T R I A C S 
PRV 
100 
200 
300 
400 
500 

1OA 
1.00 
1,40 
1.90 
2.30 
2.75 

ZENER -DIODES 
250 -400 MW 

1 EA 4V -6V -8V -10V 

1 WATT 
1 EA 4V- 6V8V -10V 

3 WATT 
12 -40V 3 -$1 

16 Bit Memory Ce11 -$4.25 
Dual In -line package 

2 AMP BULLETS 
12 -200V $1.00 
10 -500V $1.00 

8 -800V $1.00 
7 AMP SCR 

4 -30V 31.00 1 -500V $1.00 
3 -100V 1.00 1 -800V 1.60 
2 -200V 1.00 

I. C. SUMMER SPECIAL 
14 lead dual in -line package. Perform 

same function as 7,000 series. 
Master Slave Flip Flop ..75e each -S for $3.00 
Quad 2 input nand gate .. 75e each -S for $3.00 

CIRCUIT BOARD COLOSSAL 
3 different groupings to choose from 

Typical samples below 
Al 4 I.C. mounting blocks -3 transistors -over 

25 resistors complete with board! Price $1.25 
BI 32 transistors -over 100 resistors- capaci- tors- $.C.R.'s over 15 diodes -complete with 

board! Price $1.75 
CI 22 -14 lead dual in -line I.C.'s -over 75 diodes -capacitors -20 transistors -over 50 resis- tors- complete with board! Price $4.50 

NO SALES TAX -WE PAY POSTAGE 
OTHER PRODUCTS ON REQUEST 

PARK ELECTRONIC PRODUCTS 
P.O. Box 78, N. Salem, N.H. 03073 

603 -893 -0276 

CIRCLE NO. 123 ON READER SERVICE CARD 
September, 1970 

BURGLAR ALARM SYSTEMS and accessories. 
Controls, bells, sirens, hardware, etc. OMNI 
GUARD radar intruder detection system, kit 
form or assembled. Write for free catalog. Mi. 
crotech Associates, Inc., Box 10147, St. Peters- 
burg, Florida 33733. 
ELECTRONIC PARTS, semiconductors, kits. Free 
Flyer. Large cataloge $1.00 deposit. Bigelow 
Electronics, Bluffton, Ohio 45817. 
ELECTRONIC COMPONENTS- Distributor prices. 
Free catalogue. Box 2581, El Cajon, California 
92021. 

LINEAR AMPLIFIERS: "Hawk " -25 watts output 
-$99.95; "Raider" -100 watts -$139.95; "May- 
erick- 250" -250 watts -$244.95. AM /SSB. "Scor- 
pion" 50 watt 12 volt mobile -$99.95; "Bandit 
11"100 watt mobile -$169.95.20 -35 megacycles. 
(Illegal Class D 11 meters.) Dealer inquiries in- 
vited. D & A Manufacturing Co., 1217 Avenue C, 
Scottsbluff, Nebraska 69361. 
TV TUNER REPAIRS -Complete Course Details, 
12 Repair Tricks, many plans, two lessons, all 
for $1.00. Refundable. Frank Bocek, Box 832, 
Redding, Calif. 96001. 
SLOW FLASHING TURNLIGHTS ARE DANGER- 
OUS. WINKER -KIT DOUBLES FLASHING RATE. 
$3.00 FOR ALL CARS. GUARANTEED. ACE, 
11500 N.W. 7TH AVENUE, MIAMI, FLORIDA 
33168. 
INSIDE THE FAREAST ELECTRONICS INDUS- 
TRY. Told like it is. We traveled throughout the 
Orient, hiring interpreters, visiting factories, 
Chambers of Commerce, Bank, government of- 
fices, trade centers and shows. Now offering a 
comprehensive directory of products in every 
area of electronics manufacturers, traders, in- 
formation on customs, trade agreements, fi- 
nance, pitfalls, political trends, muchmore. 
$5.00 complete. TPI, 2833 Paradise Park Road, 
Pebble Beach, California 93953. 
COMP -U -KIT. Computer micro -circuits, a unique 
inter- connection method, and a book which tells 
all about computer logic. Write for free illus- 
trated literature. Scientific Measurements, C531, 
9701 Kenton, Skokie, Illinois 60076. 
COMP -U -KIT. Unique modules and kits and fas- 
cinating booklets and plans. Write for free il- 
lustrated literature. Scientific Measurements, 
C532, 9701 Kenton, Skokie, Illinois 60076. 

BC -645 TRANSCEIVER 
t 15 tubes. 
I () 435 to 500 Mc. Easily adapted for 

ay voice or code on Ham. Mobil,. 
Television Experimental and CIO 

ti 
7 zens' Bands. With tubes, less 1 wee - "// supply In factory carton. 

Brand new ' SPECIAL PACKAGE OFFER: BC -615 
Transceiver. Dynamotor and all 

Including' mountings. UHF Antenna As. 
semblies, control box, complete net of con 

S26 .95 nectars. plugs, BRAND NEW 

AN /APR -4Y FM & AM RECEIVER 
"FU" FOR SATELLITE TRACKING! 

High precision lab instrument, for monitoring and 
measuring frequency and relative signal strength, 38 
to 4000 Mc, in 5 tuning ranges. For 110 v 60 cycle 
AC. Builtin power supply. Original circuit 
die"ram included. Checked out. perfect. $QQ.SI] 
LIKE NEW 

° 
uuu 

All Tuning Units Available for Above 

LORAN FINE QUALITY 
NAVIGATIONAL EQUIPMENT 

APN- 4- 4- Channel long range dual units, Indicator 
and receiver. complete with tubes. exc. used $69.50 
APN- 9- 4- Channel single unit system receiver & indi- 
catar, accurate to 1 % of distance. Like New $69.50 
As above less tubes $22.50. Loran accessories In 
stock. 
BC- 6O3-FM Receiver converted for operation on 35. 
50 Mc. Checked out, guaranteed. Exc. used cond. 

$39.50 
BC- 604-FM TRANSMITTER 20 to 27.9 Mc: 30 watts 
xtal controlled. NEW, with tubes $12.50 
BC- 683 -FM RECEIVER 27.39 Mc. Checked out, ex- 
cellent used $39.50 
ARC -1 -2 -Meter Transceiver, 100 to 150 Mc AM or 
CW Complete with tubes, crystals & dynamotor. 
used $49aó 
BC -223AX Transmitter 25 -watt, CW, MCW, Voice, 
xtal control on 4 pre se[ channels in range 2000 to 
521,0 Re. Brand new, with three tuning units $32.50 

APN -I TRANSMITTER -RECEIVER FM 400 -450 Mc. 
Easily converted ted for Radio Control r '70 ems. Com 
plate with 14 tubes. dynamotor and wobbulator.It 

e 
Exc. Used $7.95 Brand New $10.95 

R- 4 /ARR -2 RECEIVER 234 -258 Mc.. Tunable, com. 
BRAN with 11 

including 
Excellent Used $0.95 

BRAND NEW, Including ecked otut $10.95 
EE-8 FIELD PHONE, checked out, with bat- 51005 
[erìex, excellent used. each 1 W 

NEW G & G CATALOG! 
24 PAGES. crammed with Gov't Surplus Elec- 
tronic Gear. Biggest Bargain Buys in America! It 
will pay you to SEND 25c for your copy -Re- 
funded with First Order! 

TERMS 
. 

25 
'" Deposit with order. balance C.O.D. -OR- Remittance In Full. Minimum 

Order $5.00. F.O.B. NYC. Subject to 
prior sale and price change. 

G &G RADIO ELECTRONICS COMPANY 
Tel.: (212) CO-7 4605 

45 Warren St., 2nd Floor, New York, N.Y. 10007 
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U.S. GOV'T ELECTRONIC SURPLUS 
Nationally Known -World Famous SURPLUS CENTER offers 

finest. most expensive. Government Surplus elecrt OnIc units and 
components at a traction of their original Mon ion cost. 

IBM COMPUTER POWER SUPPLY 

( ITEM 22 -521 1 - - 1 p.,..,,. Fr 
Jai.] . I ,n.. .,.221.5. IA 1, r'h 

VI"`. r,. nl,n. I. n 57 x,c,T . Lul1L. 

1 m 
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Ìu 
n hul 
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I n ; n.hr .Mt. 51+1 
te 

11.1). 1 .h cu,. I 
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nu.5..m4 ,m 

un'" m a 
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$24.95 
ONCE-IN-ALIFETIME SPECIAL 

BURGLAR -FIRE ALARM SYSTEM 

, ul'TEr 

355 1 

1 I a v 
`$29.95 u,o , ... 

STANDARD STANDARD DIAL TELEPHONE t- 1/ 

t. 
(eITEM x115 ) - 144-1. ., .I 

454."'--7,6 

11, Ihm.1 .r'el +. S. 1nr ..I. . 1 0(1 +1 \ 1m. 
. 

STEP -BY -STEP TELEPHONE SWITCH 
I ITEM el-kid 1 - - r «E 

... LLy.mr Au1 ; . . 1 u u ,.. 1. 1 (` in 

$6.29 14riti .a :.,,11:;,1,1,`.'. 
+ín14511.. 101.11..... Nr4 

$1.97 PIP 

MAGNETIC DIGITAL COUNTER(12to18 -VDC) 

1111 

I ITEM 21 -0551 -- I. ,.1,., dl. 

J)L 
` e' 'I'r ''v'b'o ' 1 I Ia 

110 i nI.rIOU.mx,r - , 

,,,. ..1. ".4 I.. I. $1.99 1I 11.. ';' $4.99 
TYPICAL BUYS FROM OUR 1970 CATALOGS 

S 10.00 115 -Volt DPDT Relays $1.69 
S101.00 Regulated Transformer, Wide Rance 514.91 
S 15.00 20Relay Telephone Panel $4.39 
0250.00 Gyroscope. Twin Rotor. 04V $9.89 

AC PROGRAM TIMING CLOCK j 

1 ITEM nISI 1 - /... to. , 

1I, 
111,1í'l 

,,h.' . ,.I II- 

10 

...I 11..! lu. .hi 

,,..,nii¡n $15.75 \ 

` 
1-vi 

n SNAP AROUND VOLT -OHM- AMMETER 
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SPECIAL SALE 
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RUNNING TIME METER 

( ITEM e211111 1 - x...nl 1111.4.1 mop- _ 1 a 

.0 ).g Imur"I elx, it.. light. and rI, use d 
- 5111 r.11g...lo,. lour., el.. 

If.. utd, 114-1 h.r., Irn 0, u.l h"mn.nm. 
1451,.. I,5) II,ad1. 114.,. . ., 

... i,,'. r P:- ..h.pprpc ..ml ' u.. 
I. 

$4.39 ,,v n,, , ó. nn 

COMPUTER TRANSISTORS ON HEAT SINKS 
IBM Camp Quallry Units 

( 22.52/ 1 - 11111 ..11...t..1 .nr na 
p,.rr 111,,, i4 hra, 

.2511151.11 nr . h. Nun Lunml+l u... II1h.1 $1.99 
- I n.14n Ise,, 410.00 J 

( 022-115 1- - .. . 41 ..., rot- ... 
WN' 

potter 

heat Heal loo u;r +. _ r. 
".p..,4 , 1111 1,4 i m... 

I,..I GI, It 0, rr 115.00 $4.91 1 

r SEND 2k COIN OR STAMPS FOR CATALOGS 'äi..:ú:': 
1-20_.f:i, Drar Dome Fr Ad. Money Back Guar anna. 

SURPLUS CENTER 
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ELECTRONICS! Associate degree -29 months. 
Technicians, field engineers, specialists in com- 
munications. missiles. computers, radar, auto- 
mation. Start September, February. Valparaiso 
Technical Institute, Dept. N, Valparaiso. Indiana 
46383. 
DEGREE in Electronics Engineering earned 
mostly by correspondence. Free brochure. Dept. 
G -9, Grantham School of Engineering, 1505 N. 
Western Ave., Hollywood. California 90027. 
FCC First Class License In six weeks -approved 
for Veterans Training. Schools in Dallas, Atlanta. 
Chicago, New Orleans. Minneapolis and Hous- 
ton. Write Elkins Institute, 2603C Inwood Road, 
Dallas, Texas 75235. 
R.E.I.'s famous (5) week course for the First 
Class Radio Telephone License is the shortest, 
most effective course in the nation. Over 98% 
of R.E.I. graduates pass F.C.C. exams for 1st 
class license. Total tuition $395.00. Job place- 
ment free. Write for brochure Radio Engineering 
Incorporated Schools. 1336 Main Street, Sara- 
sota. Florida 33577 -or 3123 Gillham Road, Kan- 
sas City, Missouri 64109 -or 809 Caroline Street, 
Fredericksburg, Virginia 22401 -or 625 E. Colo- 
rado Street, Glendale, California 91205. 
MEMORIZE, STUDY: "1970 TESTS -ANSWERS" 
FOR FCC FIRST AND SECOND CLASS LICENSE. 
Plus "Self -Study Ability Test." Proven. $5 00. 
Command. Box 26348 W, San Francisco 94126. 

PLANS AND KITS 

ROCKET Plans Proven, catalog 100. Rockets, 
P.O. Box 7274. Long Beach. California 90807. 
TRANSISTORIZED DC POWER SUPPLY - Build 
your own, 5 -40 volts, 1-3 amps, excellent regu- 
lation. Plans $2.00. NERONE ELECTRONICS, 
Dept. 101, Box 238, New Baltimore, Michigan 
48047. 
POWER your bicycle electrically using storage 
battery. Complete illustrated plans $3.00. A.E.E., 
P.O. Box 292, Minneapolis, Minnesota 55440. 

TUBES 

TUBES -- Lowest prices, Foreign- American. Ob- 
solete, receiving. special purpose. transmitting 
tubes. Send for tube, parts catalog. United Radio 
Company, 56 -E Ferry St.. Newark. N.J. 07105. 
TUBES, SEMICONDUCTORS, ELECTRONIC 
EQUIPMENT 8. COMPONENTS. Quality mer- 
chandise only! Serving engineers, Purchasing 
Agents. TV /HiFi Servicemen and Hams for 20 
years. Write for Catalog or call 212 -WA 5.7000. 
BARRY ELECTRONICS, 512 Broadway. New 
York, N.Y. 10012. 
RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands- Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jer 
icho Turnpike. Mineola, N.Y. 11501. 
TUBES -334 each. Year guarantee. Tuner Clean- 
er $1.00. Free catalog. Cornell. 4213 -W Uni- 
versity, San Diego, Calif. 92105. 

WANTED 

QUICKSILVER, Platinum, Silver, Gold. Ores An- 
alyzed. Free Circular. Mercury Terminal, Nor- 
wood. Mass. 02062. 
QUICK CASH . for Electronic Tubes, Semi- 
conductors, Equipment (Receivers, Transmit- 
ters, Scopes. Vacuum Variables, etc.) Send lists 
now! Write: BARRY ELECTRONICS, 512 Broad- 
way. New York. N.Y. 10012 (212 -WA 5. 7000). 
MADE TO ORDER electrical and mechanical 
parts needed for experiment demonstrating 
propulsion from centrifugal force. Contact F.J. 
Latorre, 13012 Narada St., Rockville, Maryland 
20853. 

DO -IT- YOURSELF 

PROFESSIONAL ELECTRONICS PROJECTS - 
$1.00 up. Catalog 25e. PARKS, Box 25665A, 
Seattle, Wash. 98125. 
PSYCHEDELIC LIGHTING MANUAL! Make light- 

' strobes. organs, kaleidoscopes, etc. 
Send $2.00. Lightrays Company, 713 -A Pine, 
Philadelphia, Pa. 19106. 

TAPE AND RECORDERS 

STEREO TAPES, save 20, 30% and more, post- 
paid anywhere U.S.A. We discount batteries. 
recorders, tape /cassettes, 80 -page catalog 25e. 
SAXITONE TAPES. 1776 Columbia Road, N.W., 
Washington, D.C. 20009. 

FRENCH-ENGLISH 

AEROSPACE 

DICTIONARY 
Up -to- the -minute reference for French 
scientific and technical terms used in 

aerospace, missilery, automation, 
defense 

Slang expressions used by aerospace 
personnel 
Military terms related to missiles rocketry, or- 
bital and deep space vehicles 
New words and phrases used in pure aviation 
research and technology 
A listing of French projects, systems and 
common abbreviations current in the aero- 
space- related activities of government and 
industry 
Abbreviations of major French aerospace 
companies and research organizations 
Common commercial phrases with aerospace 
applications 

If you're an interpretor ...translator...scientist 
...engineer ... government researcher... techni- 
cal abstracter...foreign service officer...you 
need the new FRENCH -ENGLISH AEROSPACE 
DICTIONARY. 

Only $4.95 postpaid 

ORDER YOUR COPY TODAY 

SEND ME. copy (copies) of the 
FRENCH -ENGLISH AEROSPACE DICTION- 
ARY at $4.95 per copy, postpaid. EW9 -70 

CHECK ENCLOSED j] BILL ME 

Name (print) 

Job /Title 

Company Name 

Street 

City State Zip 

AVIATION DIVISION, ZIFF -DAVIS PUBLISHING CO. 

1156 15th St. N.W., Washington, D.C. 20005 

ELECTRONICS WORLD 
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BEFORE renting stereo Tapes, try us. Postpaid 
both ways - no deposit - immediate delivery. 
Quality - Dependability- Service -Satisfaction- 
prevail here. If you've been dissatisfied in the 
past, your initial order will prove this is no idle 
boast. Free Catalog. Gold Coast Tape Library, 
Box 2262, Palm Village Station, Hialeah, Fla. 
33012. 
RENT 4 -track open reel tapes -all major labels - 
8,000 different -free brochure. Stereo -Parti, 55 
St. James Drive, Santa Rosa, Calif. 95401. 
OLD Radio Programs on tape. 6 hours for $8.00. 
Catalog 500. Don Maris, 1926 Cherokee, Nor- 
man, Okla. 73069. 
CASSETTES, Pre- recorded Spoken Word -over 
100 titles -educational, including language. 
Cassette and 8 -track Blanks plus many acces- 
sories. Send 100 in stamps or coin for latest 
literature. Cassettes Unlimited, P.O. Box 
13119W, Pittsburgh, Pennsylvania 15243. 
STEREO TAPE TRANSPORT -7" reel -2 speeds 
-pause control -made for famous manufacturer 
-50 to 15,000 Hz -with rec /play and erase 
heads, without case. Send m.o. or check for 
$19.50 to Stereo Center, 218 Columbia St., 
Utica, N.Y. 13502. $2.50 for prepaid shipping 
and insurance. 
TAPE RECORDERS. TAPES: Blank, pre- recorded. 
Catalog 250. Tower, Lafayette Hill, Pa. 19444. 

RECORDS 

SPECIAL interest records available, produced by 
the editors of the world's leading special in- 
terest magazines. Send for free catalog. Record 
Catalog EW, Ziff -Davis Publishing Company, 
One Park Avenue, New York, N.Y. 10016. 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

T R I A C S 
PRV lOA 
100 1.20 
200 1.75 
300 2.25 
400 2.75 
500 3.25 

ER900 TRIGGER DIODES. These 
bidirectional trigger diodes are 
one of the best and cheapest 
methods to trigger SCR's and 
tri acs 3/$1.00 

UNIJUNCTIONS! 
Similar to 2N2419. RBB of 5 -7 stand 
off ratio of .6 and Ip of 12 with data 
sheet 51.00 
SE 161 One Shots $1.95 
US908 Full Adder S .85 
ÚS913 Register 5 .85 
US940 JK Flip Flop S .85 

MOUNTING HARDWARE KITS. 
These kits are used to n unt our -t'it's Zellers nd Rectifiers etc. 

6x32 stud 13, 12 amp rectifiers. 
7A SCR's) 6 sets /SLOG 

20 amps SCR's.) 4 sets /51.00 

V- CHANNEL FET'S TO18 plastic lits. to noise, low leakage, units. 

, 
c tu ente. 50 s. cur- 

rent Ga Io 9000 Amho's.. .$ 80 
NEON LIGHT OR NIXIE TUBE 

DRIVERS. An NPN. TO.18, SI Tran- 
sistor. With a VI BO of I'_'0 3 /81.00 

TTL IC SERIES 
DECADE DIVIDER .......... 3.95 
RF 112 Datai JK Flip Flop ....1.50 
MC 415 JK Flip Flop .85 
MC 408 Dual 4 input NAND /NOR 
4 Bit Storage Register .......1.75 
MC 403 Exclusive or with Comp. 85 
MC 2057 Dual 4 input AND /OR 

GATE 85 
Silicon Power Rectifiers 

PRV 3A 12A 30A 
100 I .09 .30 .50 
200 I .16 .35 .80 
400 

1 
.20 .45 1.20 

600 r .30 '.70 1.50 
800 .40 I .85 1.80 

1000 .55 1.10 2.20 
Term, FOB r nthriige, Mass. 

Send ,.t,,.h or Money Order. Include 
l'o tage. .Average Wt. pc package t,- Ih. No t'.O.11.'s. Minimum Order 
$3.00 

WE LEAD THE WAY 
IN SERVICE AND QUALITY! 

Bated companies 30 days net 

FIBRE OPTICS 
1 13'_' " "_' ., mil. fibers in 
PVC packet 5 .33 /ft. 

COMPLETE LIGHT 
GUIDE BUNDLE 

consisting f an 11" length Of 
1 //3_ "' dia. fiber Optics 113th haunt ends $2.00 ea. 

CA 3011 FM IF 
AMPLIFIER ...........s .90 
709C OPERATIONAL 
AMPL. $1.45 

Controlled Avalanche or 
Epoxy Rectifiers i AMP. 

PRV 
100 I .07 
200 r .09 
400 .11 
600 i .16 
800 I .20 

1000 I .30 
Silicon Control Rectifiers 

PRV 3A 17A 20A 70A 
50 .35 I .45 .70 

100 .50 I .65 1.00 4.00 
200 .70 I .95 1.30 8.00 
300 .90 11.25 1.70 
400 1.20 11.60 2.10 12.00 
500 1.50 12.00 2.50 
600 1.80 12.40 3.011 16.00 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

D 
ox 74B 

CIRCLE NO. 115 
POPULAR organ albums factory direct. Concert 
Recording, Lynwood, Calif. 90262. PERSONALS 

HIGH FIDELITY 

LOW, LOW quotes: all components and re- 
corders. Hi -Fi, Roslyn, Penn. 19001. 
FREE! Send for money saving stereo catalog 
E9W and lowest quotations on your indi- 
vidual component, tape recorder or system re- 
quirements. Electronic Values, Inc., 200 West 
20th Street, N.Y., N.Y. 10011. 
DIAMOND NEEDLES AND STEREO CARTRIDGES 
at low, low prices for Shure, Pickering, Stanton. 
Empire, Grado and ADC. Send for free catalog 
and price sheet. We will be happy to quote on 
any cartridge- Magnetic, Ceramic or Crystal. 
All merchandise brand new and shipped PRE- 
PAID. LYLE CARTRIDGES, Dept. E, 265 East 149 
Street, Bronx, New York 10451. 
HI -FI Components, Tape Recorders at guaran- 
teed "We Will Not Be Undersold" prices. 15 -day 
money -back guarantee. Two -year warranty. No 
Catalog. Quotations Free. Hi- Fidelity Center, 
239 (L) East 149th Street. New York 10451. 
HI -FI components, tape recorders, sleep learning 
equipment, tapes. Unusual Values. Free cata- 
log. Dressner, 1523 R Jericho Turnpike, New 
Hyde Park, N.Y. 11040. 
HI -FI EQUIPMENT -GET Our "ROCK BOTTOM" 
prices on NAME BRAND amplifiers- tuners- 
tape -recorders - speakers FRANCHISED - 60 
YEARS IN BUSINESS. Write for this month's 
specials -NOW! Rabson's 57th St., Inc., Dept. 
569, 119 W. 57th St., New York, New York 10019. 
AMAZING DISCOUNTS on famous brand high 
fidelity stereo components. No small wonder 
that we have set new sales records each year 
since 1959. Write: Arkay Electronics, 1028 -02 
Commonwealth, Boston, Mass. 02215. 
SAVE over 331/3 on a pair of one of the world's 
best speaker systems shipped direct to you 
from factory. Try them in your home for thirty 
days. Write KGLL Inc., Water St., Lewiston, 
Maine 04240. 
NEW BSR record changers; $13.00, McDonald 
300 $18.00; 400 -$20.00; 500 -$25.00. AM /FM 
component system $50.00. Davis, Dept. 2737 
Third Ave., Bronx, N.Y. 10451. 

AUTHORS' SERVICES 

AUTHORS! Learn how to have your book pub- 
lished, promoted, distributed. FREE booklet 
"ZD." Vantage, 120 West 31 St., New York 10001. 

PRINTING 

OFFSET Printing. Free catalog. Speedy Print, 
1906 Swede, Norristown, Pa. 19401. 

September, 1970 

ON READER SERVICE CARD 

MAKE FRIENDS WORLDWIDE through interna- 
tional correspondence. Illustrated brochure free. PHOTOGRAPHY -FILM 
Hermes, Berlin 11, Germany. EQUIPMENT, SERVICES 

SLEEP LEARNING. Hypnotic Method. 92% effec- 
tive. Details free. ASR Foundation. Box 7021eg 
HC Station, Lexington, KY. 40502. 

HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning. 
Catalog! Drawer H400, Ruidoso, N.M. 88345. 

SCIENCE Bargains- Request Free Giant Catalog 
"CJ" -148 pages -Astronomical Telescopes, Mi- 
croscopes. Lenses, Binoculars, Kits, Parts, War 
Surplus bargains. Edmund Scientific Co., 300 
Edscorp Bldg., Barrington. New Jersey 08007. 

RECTIFIERS & TRANSISTORS 
Silicon Rectifiers 

PIV 251 501 1001 200 400 600 8001000 1200 
1A° - .031 .04 .061 .081 .10 .14 .17 .22 

18A ° .09 .15' .19 .29 .39 - - - - 
20A .23 - - .59 .75 1.13 1.35 1.73 2.10 
40A .38 - - 1.35 1.802.25 2.70 3.15 3.60 

Tophat. Flangele.ss. Presstlt. 3. 20. 40 Studs 
Silicon Controlled Rectifiers 

1500 PIV 
RECT. 
STUD 

1 AMP 
25e EA. 

PRV 25 1 50 1100 200 400 600 
1A - - - .30 .55 .85 

7A 1.11 ' .141 .20 .45 .90 1.20 
18A1 .151 .23 I .35 .60 1.10 1.40 

20A .18 ;.32 1.45 1.70 11.15 1.95 
'TUptlat Pressfit. 7 A 20 Amp Start 

Germanium Power Transistors 
150W- TO -3 -7A 

2N456A- 40V -.25 2N 458A- 80V -.45 
2N4574- 60V -.35 2N1021A- 100V -.60 

2141038 -40V -8 /$1.00 -20W TO-5-3A 
Silicon Power Transistors 

2N 389A 85W, 60V -.55 2N1047A 40W, 80V -.40 
2N 424A 85W, 80V -.65 2N1718 10W 60V -.15 
2N 497 4W, 60V -.10 2N1724 50W 80V -.65 
2N 498 4W, 100V -.12 2N2151 30W 80V -.25 

Silicon Small Signal NPN, TO -5 
2N696 7/$1.00, 2N697 6 /$1.00, 2N699 5/$1.00 

3N34 Tetrode -600; IN34A Diodes 100/$2.98; 
2P11142 Ger. Hi -Freq. Amplifier 3/$1.00; Thermistor 
Beads, 5000 ohm or 1200 ohm -3/$1.00; Varicaps- 
27. 47, or 100pf, 4V-$1.25 ea.; P.C. Board 5"x7"xI/Ie"- 
1 oz. Copper- 3/1.00; Photo Cells, Herm. Glass, 5 
Diff. for $1.00; 2N1300 Series, TO -5 Assorted -25/ 
$1.00; R.F. Coil Assort. 25/$1.00, I.C. TO-5-15/ 
$1.00. Epoxy Diodes, 200 MA, 3000 Pit 490, 6000 
980, 10 Watt Zeners 7 Volt Thru 185 Volt 490, P.C. 
Connector 15 Contact 2/$1.10. 

ASSORTMENTS 
Precision resistors film 50 /51.00 
Precision resistors wirewound 40 /51.00 
Ferric Chloride Etchant, 16 oz. bottle .98 
Relays 6 different types 6/51.00 
Terminal lugs, assorted 200/$1.00 
Tie lugs, assorted 50 /$1.00 
Push button switches, on -off, panel 6/$1.00 
Pots, 2-4 watt, different 10 /51.00 
Free $1.00 pack with 510.00 order; min. order $3.00; 
send sufficient postage, overage refunded; fully 
guaranteed; free catalog. 25% down on COD's. 

GENERAL SALES CO. 
254 E. Main St. (713) 265 -2369 

Clute, Tex. 77531 

LIBERTY PAYS MORE! 1 
WILL BUY FOR CASH 

ALL TYPES: 
* ELECTRON TUBES 

* SEMICONDUCTORS 
* TEST EQUIPMENT 

* Military Electronic Equipment 
WIRE -WRITE -PHONE COLLECT! 
We pay freight on all purchases- 

LIBERTY OFFERS MORE! 
PRESTEL FIELD STRENGTH 
METER 
(Model 6T4G ) 

Only 

$12000 
F.O.B. 

New York 

* Never Anything Like It! * 1 -Man Can Do A Better Job than 3 in the 
Same Time! 

* A Gold -Mine for Antenna Installers! 
Calibrated from 40 to 230, and 470 to 860 in 4 
Bands Megahertz, from 10 to 50,000 Microvolts. 
Nothing makes it easier to properly and speedily find 
the correct place to install TV, FM and Communica- 
tion Antennas. You can measure and hear the signals 
with this 41/2 volt battery economically powered unit. 

LIBERTY ELECTRONICS, Inc. 
548 Broadway, New York, New York 10012 

Phone (212) 925.6000 

CIRCLE NO. 135 ON READER SERVICE CARD CIRCLE NO. 126 ON READER SERVICE CARD 
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GREGORY ELECTRONICS- 

We Offer A Whopping 

15% Discount* 
on these special items 

in quantities of 10 or more 

MOTOROLA 
30 -50 MHz Mobile Units 

Motorola T41GGV 30-50 MHz, 6/12v. 30 watt, 
vibrator power supply fully narrow $108 
band, complete with accessories .. 

Same as above, T41G series $ 88. 

$ 98. 

$118. 

T51G Series vibrator power supply 
TX narrow band 
RX wide band 
Fully narrow band (TX & RX) 

T51GGV vibrator power supply TX, 
narrow banded RX wide band 

Fully narrow band (TX & RX) 
Above prices include accessories 
(Less accessories, deduct $20.) 

$118. 

$138. 

Motorola T44AAV- 450.470 MHz 6/12 volt, 
15 to 18 watt, $ 

48 complete accessories 

With private line minus reeds $ 78. 

Motorola U44BBT 450 -470 MHz 12 volt, 15 
watt transistor power supply with private 
line (dual squelch) complete $198 
with accessories 

Less PL $168. 

GENERAL ELECTRIC 
PROGRESS LINE 

2 -WAY MOBILE EQUIPMENT 
30 -50 MHz MOBILE UNITS 

14" case, complete accessories, 
fully narrow banded 
MA /E13 -6/12 volt, 30 watts, 
vibrator power supply $148 
MA/E16-6/12 volt, 60 watts, 
vibrator power supply $178. 
450 -470 MHz -14" case complete accesso- 
ries MA /E42, 6/12 volt, 15 watt, 
vibrator power supply $118 
MT42 -12 volt, 15 watt, transistor 
power supply 
complete with accessories. $148. 

THIS IS A NET DISCOUNT 

Motorola and RCA EQUIPMENT 
AT NEW LOW PRICES 

Reconditioned & Used FM 2 -Way Radio Equipment 
We Buy Late Model Equipment for Cash 
SEND FOR NEW 1970 CATALOG ,s cwcowr a 

11ECTMOMICS,- 

GREGORY 
ELECTRONICS 
CORPORATION 

249 RT. 46, Saddle Brook, N.J. 07662 
Phone: (201) 489-9000 

CIRCLE NO. 133 ON READER SERVICE CARD 

GOVERNMENT SURPLUS 

JEEPS Typically From $53.90... Trucks From 
$78.40 . .. Boats, Typewriters, Airplanes, Multi - 
meters, Oscilloscopes, Transceivers, Electronics 
Equipment. Wide Variety, Condition, 100,000 Bid 
Bargains Direct From Government Nationwide. 
Complete Sales Directory and Surplus Catalog 
$1.00 (Deductible First $10.00 Order). Surplus 
Service, Box 820 -K, Holland, Michigan 49423. 

MAGNETS 

MAGNETS. All types. Specials -20 disc mag- 
nets, or 2 stick magnets, or 10 small bar mag- 
nets, or 8 assorted magnets, $1.00. Maryland 
Magnet Company, 5412 -E Gist, Baltimore, Mary- 
land 21215. 

EMPLOYMENT INFORMATION 

EXCITING OVERSEAS JOBS. Directory $1.00. 
Research Associates, Box 942 -E, Belmont, Cali- 
fornia 94002. 

100 

r 
CLASSIFIED ADVERTISING ORDER FORM 

Please refer to heading on first page of this section for complete data concerning terms, 
frequency discounts, closing dates, etc. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

Words @ .50 Reader Rate 
@ .85 Commercial Rate) = $ 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.) 
Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols such as 35mm, 
COD, P0, AC, etc., count as one word. Hyphenated words count as two words. EW -9 -70 

FOREIGN and USA job opportunities available 
now. Construction, all trades. Earnings to 
$3,000.00 monthly. Paid overtime, travel, 
bonuses. Write: Universal Employment, Wood- 
bridge, Conn. 06525. 

REPAIRS AND SERVICES 

SPEAKERS REBUILT. Hi -fi, Auto, foreign instru- 
ment amplifier. Dealer discounts. Speakers, 
24091/2 W. Colorado, Colorado Springs, CO 
80904. 
ELECTRONIC assembling. Receive, assemble 
and return. Small to medium sized devices 
wanted. Satisfaction guaranteed. Electronics, 
Box 384, Everett, Wash. 98201. 
KEY TUNER SERVICE, Box 44, Manchester, Ten- 
nessee 37355. Complete Television Tuner Re- 
building. $9.50 includes labor and parts except 
tubes, transistors, diodes. One year guarantee. 
New replacement tuners available from $16.95. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN WHILE ASLEEP, Hypnotize! Strange 
catalog free. Autosuggestion, Box 24 -ZD, 
Olympia, Washington 98501. 

MAGAZINES 

BACK DATE MAGAZINES! Send needs. Midtown, 
Box 917 -EW, Maywood, N.J. 07607. 
JAPAN PUBLICATION GUIDE business, plea 
sure, education. $5.00. INTERCONTINENTAL, 
CPO 1717, Tokyo 100 -91. 

BUSINESS OPPORTUNITIES 

FREE CATALOGS. Repair air conditioning, re- 
frigeration. Tools, supplies, full instructions. 
Doolin, 2016 Canton, Dallas, Texas 75201. 
I MADE ;40,000.00 YEAR by mailorder! Helped 
others make money! Start with $10.00 -Free 
proof. Torrey, Box 318 -N, Ypsilanti, Mich. 48197. 
JAPANESE Electronics New Products Monthly) 
Specimen copy $1, deductible. Dee, 10639 -W 
Riverside, North Hollywood, Calif. 91602. 

CATCH SOME SLEEPERS IN GOOD OSCILLOSCOPES! 

Compare these specs witlt'lekt. 4-5458 and 1A1. the 
compare price and surplus availability: See p. 488, 
HEWL. -PACK. 1968 catalog: ,.175A main frame do -3U 
mhz, with -17810 callb. variable delaying sweeper 
and 4175OA do -40 mhz DUAL -TRACE vertical plugin; 
adds up to $1935.00. From us. OHC 

875.00 (means Overhauled and Calibrated) with 
books 
H ewl -Pack do -1 gltz Sampler setup adds UP to 
$3825.00. You get 185A, 1876 dual -trace plugin, 
1100A delay line, 1103A trigger amplifier, 

450.00 all books. Very clean but save cost of the 
OHC. Aa -le, only 
Hewl -Pack 13013 do -300 She, 1 my /cm 295.00 resit. Sold for $850.00. 0110. only 
Tekt. RM45A: Rack -mtg 545A but has com- 
plete cabinet. DC -30 mhz. Calib. variable 
delay. OHC, less plugin 
Tekt. 555: Like 2 545B's In one case, dual beam 
CRT. Price includes 

a 
t, pwr sply, and 2 sweeper 

plugins. one of which has calibrated variable 
drelay-. m DC -33 hz. Needs 1 or 2 vertical plugins; 

1350.00 Öwith 2 CA's or )Al's you get 4 traces 
HC, less vertical plugins 

Tekt. 502: Dual -beam CRT, no plugins needed. Can 
be used as X -Y plotter. DC -100 Cha, 200 

395.00 uv/ - s sit. Tested OK at auction here 
we bought them, only 
Tekt. 504: In 1970 cat, at $595.00. No 

2(15.00 t plugins 
Looks like new. grtdh100% OKs+. '7 

Tekt. 531: DC -11 mhz. less plugin, OHC ....395.00 
Tekt. 541A, do -30 mho. same as 545A less 595.00 the calib. variable delay. Less plugin, OHC 
Tekt. 543B: In 1970 cat. $1375.00. DC -33 hz. 
Sweeps fast as 20 s /cm. Same as 545E 

695.00 less calib. var. delay. Less plugin. OHC 

Tekt. RM543B: Same as above but rack 645.00 mtg. Has complete cabinet. OHC 
Plugins: 1A1: $450. 538: $30. B: $40. 
53C: $40. 53/54C: $75. CA: $175. 
53/54D: $75. 53/540: $75. G: $85. 
L: $125. P: $30. O: $200. 81: $75. 
Tekt. C12. Dumont, Analab Scope cameras. Probes. 
SCopemobiles. Time Mark Generators. Hi- voltage Di 
eiders. Video Amplifiers. ASKI 
Fairchild Solid -State DC -100 mhz Dual -Trace with 
calibrated variable delay: 0767H. 79.02A. 74-13A, 
3 books. like brand new and OHC. Adds up 

1322,50 to $2845.00 in catalog today. One only, 
half price 
Fairchild, similar above, 50 mhz pass 995.00 
Fairchild, similar above. 25 mhz pass 875.00 
CHEAPIES: Tekt. 514AD. 10 mhz, $350. Dumont 
303AM, 10 mhz, $125. Dumont 304A. 100 khz, $95. 
sill. OS -8C /U 3" portable w /book, 100 khz, $49.50. 

IF YOU DON'T SEE IT HERE, ASK FOR IT! 
We have AUDIO Engrg Test Equipment including 
Spectrum Analyzers cheap! Spectrum Analyzers to 
44 ghz. cheap! Equipment! Lots of GOOD ma- 
ferlal! VTVM's! Precision Meters! Etc. 
But don't ask for a general catalog we believe 
that is nonsense in surplus get new things 
In almost every day! WE ALSO B. So tell us what 
you have, condition, and your asking price! 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phone: Area 213 272 -5707 

ELECTRONICS WORLD 
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FREE BOOK "999 Succ..csful Little -Known Busi- 
nesses." Work home! Plymouth 445 -J, Brook- 
lyn, New York 11218. 

MAKE BIG MONEY raising chinchillas, rabbits, 
guinea pigs for us. Catalog -25¢. Keeney 
Brothers. New Freedom, Pa. 17349. 

BECOME CITIZEN BAND DEALER, Write RJS 
Communications, Brockton, Massachusetts 
02403. 

MAILORDER! Make big money working home. 
Free report reveals millionaire's trade secrets! 
Executive (1K9), 333 North Michigan, Chicago 
60601. 

INVENTIONS WANTED 

PATENT Searches including maximum speed, 
full airmail report and closest patent copies, 
$6.00. Quality searches expertly administered. 
Complete secrecy guaranteed. Free Invention 
Protection forms and "Patent Information." 
Write Dept. 23, Washington Patent Office Search 
Bureau, 711 14th Street, N.W., Washington, D.C. 
20005. 

INVENTORS! Sell your invention for cash or 
royalties! Our client manufacturers eagerly seek 
new items. Patented. Unpatented. Financial as- 
sistance if needed. 25 years proven perform- 
ance. For free information, write Dept. 25, Gil- 
bert Adams, Invention Broker, 80 Wall St., New 
York, N.Y. 10005. 

MUSICAL INSTRUMENTS 

30% DISCOUNT any name brand musical in- 
strument. Free catalog. Freeport Music, 127 -L 
Sunrise Hway, Freeport, N.Y. 11520. 

RUBBER STAMPS 

RUBBER ADDRESS STAMPS $2.00. SIGNATURE 
$3.50. FREE CATALOG. JACKSON'S, BOX 443 -G, 
FRANKLIN PARK, ILL. 60131. 

STAMPS 

WOW! 110 ALL DIFFERENT GERMANY 10¢. 
Commemoratives, Airmails, High Values, Big 
catalog, bargain lists. Also fine stamps from our 
approval service, which you may return without 
purchases and cancel service at any time. 
Jamestown Stamp, Dept. A80EG, Jamestown, 
N.Y. 14701. 

FREE! BIG BARGAIN CATALOG -NEW EDITION 
listing thousands of bargains including U.S. & 
B.N.A. stamps, packets, albums, accessories 
and supplies. Also, fine stamps from our ap- 
proval service which you may return without 
purchases and cancel service at any time. 
Jamestown Stamp, Dept. E80EG, Jamestown, 
New York 14701. 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog of 
yeasts, equipment. Semplex, Box 122 -76, Minne- 
apolis, Minn. 55412. 

MAIL ORDER OPPORTUNITIES 

WAITING FOR YOU! 

Classified Advertisers find more outlets for 
their product and service advertising in Ziff - 
Davis Electronics Publications than in any 
other media. 

Monthly publications: POPULAR ELEC- 
TRONICS, ELECTRONICS WORLD, STEREO 
REVIEW are each acknowledged leaders in 
their respective special interest areas. 
They offer mail order businessmen the op- 
portunity to reach additional markets with 
Classified Advertising that is responded to 
regularly by an affluent audience of active 
electronics enthusiasts. 
Prove to yourself the effectiveness of Classi- 
fied Advertising in Ziff -Davis Electronics 
Publications. Write today for information, 
assistance or sample copies to: 

Hal Cymes, Classified Advertising Manager 

Ziff -Davis Publishing Company 

One Park Avenue, New York, N. Y. 10016 

September, 1970 

BRAND NEW! GENERAL ELECTRIC 
PA -237 2 -WATT `owes196c`s 

AUDIO AMPLIFIER 0.0.^6Ne 
2 watts continuous 9 to 27 volt supply, 8 mV sen- 
sitivity, includes I I circuits, for phono, tape re- 
corders, dictating, TV, FM, movie. 

$3.95 

109C OP I is 0 

AMPLIFIER 
EGuaranteed! With Soec. 

A USES: 49 'AC AT USES: 
RIAA PNONO MAUI 
INTEGRATOR 'MULTIPLIER 

BRAND NEW! RTL -TTL 'ICS' 
ALL GUARANTEED! With Spec Sheets! 

Description 
SG43SD Dual 4 Input Nand /Nor Gate ... TTL 
W215F JK Flip Flop DTL 
W266F Quad 2 Input Gate DTL 0 320 JK Flip Flop (fastest logic) ECL 

IQ 900FF Buffer RTL 
LLJJ 908TU Full Adder RTL 

909TU Buffer RTL 
912TU Half Adder RTL 

R913TU Shift Register RTL 
914TF Dual 2 Input Gate RTL 

0923TF JK Flip 1- lop RTL 96OTU Dual Buffer 
07470FX JK Flip Flop (35mhz) rrl 

84 OOUF Quad 2 Input Gates TTL 

794 
Each 

3 for $2.00 

EPDXY SILICON TRANSISTORS 
Type Sale 
2N2222 5 for $1 
2N2368 5 for $1 
2N3396 5 for $1 
2N3565 5 for $1 

Li 2N3568 5 for $1 (] 2N3638 5 for $1 
J 2N3641 -3 5 for $1 

2N3645 5 for $1 

5 for $1' 
f7 2N3793 n 2N4248 

2N4288-9 

5 for $1 
5 for $1 
5 for $1 

SOLID STATE 1970 WINNERS_ 
Fairchild 741 OP. Amplifier* $2.98 
frequency compensated 709 
Westinghouse Voltage Regulator 
0 to 40 VDC Positive 
Shockley Diodes, 4 layers 
Neon & Nixie Driver 2N4410 
SCR /Triac Trigger Diodes 

$1.19 
3 for $1.19. 
4 for $1.00 
4 for $1.19 

Terms: add postage. Rated: net 30, cod's 25Ç' 
Phone Orders: Wakefield, Mass. (617) 245 -3829 
Retail: 211 Albion, St., Wakefield, Mass. 

POLY PAKS 
P.O. BOX 942W 

LYNNFIELD, MASS 
01940 

'MEMORIES" rl 
for 1970? D 

Fairchild 1128 B bit 52.49 
Fairchild 9033 16 bit $3.98 
Philco PL5R100 Dual 50 bit $12.50 
4000 Bit Core Planes $8.50 

Westinghouse WC334 one watt audio 
amp, TO -5 case Guaranteed! 

10¢ 
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FOR OUR "SUMMER" BARGAIN CATALOG ON: 
Semiconductors Poly Paks Parts 

CIRCLE NO. 122 ON READER SERVICE CARD 

CELEBRATION SALE! 
WE CAN NOW SHIP TO YOU DIRECT FROM 
OUR U.S. WAREHOUSE. NO CUSTOMS 
DUTIES- STRAIGHT TO YOUR DOORSTEP IN 
THE MAIL - AND WE ARE CELEBRATING! 

7 YEARS OF SELLING ONLY NEW BRANDED 
1st GRADE SURPLUS SEMICONDUCTORS. 

EVERY DEVICE COMES WITH A DATA SHEET! 

U.S. INTEGRATED CIRCUIT MANUFACTURERS' 
END OF PRODUCTION INVENTORY. 

RTL 
900* Buffer s .89 
902* B -S Flip Flop 1.25 903* 3 input nand /nor gate .89 
904* Half adder 1.25 907* 4 input nand, nor gate .89 
914 Dual 2 input nand, nor gate .89 
915* Dual 3 input nand nor gate .89 
923 1 -K Flip Flop .99 
9255 Dual 2 input gate expander .89 
927* Quad inverter .89 
993 Dual 2 input gate and dual 2 input ex- 

pander 1914 + 925) .99 
995 Dual butter and dual 3 input gate 

(2 x 900 r 915) .99 
Most available in flat pock or metal F0 -5. 

DTL 
9300 Dual 4 input nand, nor gate .99 
932* Dual 4 input buffer .89 
933* Dual 4 input extender .89 
944 Dual 4 input nand nor power gate 1.25 946* Quad 2 input nand, nor gate 1.15 
949 Higher speed higher drive level 946 1.35 951* Monostable multivibrator 2.55 
961 Higher speed higher drive level 930 1.35 
962 Triple 3 input nand, nor gate .99 
963 Higher speed higher drive level 962 1.35 
Available in Military Spec. at twice the above price. 

Most available in flat pack or dual in line. 
EXTRA SPECIAL! Dual in line case only. 

662 Dual nand /nor gate. I of 6 input and 
I of 4 input .75 

663 Sextuple inverter .75 
664 Quad 2 input nand /nor gate ,85 
666 Triple 3 input nand, nor gate .85 
ORDERS OF $10 OR MORE DEDUCT 10 %. 
Terms: Check or money order to address below. 
Include fixed shipping charge 30e. Minimum order 
$3.00. Minimum COD $5.00 and 25% down. Ship- 
ment from N. Dakota. 

J. & J. ELECTRONICS 
P.O. Box 1437, Winnipeg, Man., Canada 

(204) 943 -6916 

IC'S PRIME NEW IC'S 

IC'S 
By well known manufacturers, designed to exceed 
your most demanding specifications, new and fully 
guaranteed at reasonable rates, with diagrams in- 
cluded. 

L. 0-70° C DTL prime quality 

8415/L. -Dual 5 Input NAND GATE -No Load 
8416 /L -P -Dual 4 Input Exp, NAND GATE 
8417 /L -P -Dual 3 Input Exp. NAND GATE 
*8424/L -P -Dual AC Binary Element (Flip -Flop) 

89e- 2/51.50 I TTL 
I 
8424 -$1.39 -2/$2.50 

8440 /L -P -Dual AND -OR- Invert GATE 
8455 /L -P -Dual 4 Input NAND NOR GATE 
8470 /L- Triple 3 Input NAND GATE 
8471 /L- Triple 3 Input NAND GATE -No Load 
8480 /L -Quad 2 Input NAND GATE 
8481 /1.-P -Quad 2 Input NAND GATE -No Load 
L =Dual inline -P -Flat pack -Specily first and sec- 
ond choice 

"DOUBLE SHOT PENNY SALE" 
51.00 + It t It buys one each of the following: 

Type E124P -RST Flip -Flap 
+ Type E180P -Quad 2 Input NAND GATE 
+ Type E156P -Dual 4 Input Line Driver 

All 3 for $1.02 

I 
Very Special SERIES 5400 Extra Quality 

Prime Hi -Speed TTL -55° C to 125° C 

Type US 5400P -Quad 2 Input NAND GATE 
Type US 5410P- Triple 3 Input NAND GATE 
Type US 5474P -Dual D -Type Edge- Triggered Flip -Flop 

"Limited quantities of this series" 

Gates $1.50 ORDER NOW I Flip -Flop $2.00 

Many other IC numbers in inventory. We 

also buy IC's -Please write or phone. 

Terms: 
Minimum order 
$3.00 + 2St 

handling 

SIRCUT SALES Send check 
or money 

13 Perlet' Avenue order w. Peabody. Mass. 01960 
16171 535 -3467 NO C.O.D. 

CIRCLE NO. 129 ON READER SERVICE CARD CIRCLE NO. 116 ON READER SERVICE CARD 
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1000's OF UNUSUAL SCIENTIFIC BARGAINS tsL 4ea Ceq.. . 

SPf 
, 

UN, 
fIQ 

UE 
. ce El/ C 

LIGHTING 
I. 

TERRIFIC BUY! TOP QUALITY! 
PRICE BREAKTHROUGH IN LARGE SIZE 

OPAQUE 
PROJECTOR 

"Best Opaque 

of its Kind 

Under $200" 

Projects brilliant. 
',l /- foot square 

cage from 8 feet 
away using up to 
5"x5" color, b & w 
illustrations. Retains 

all original colors and proportions. Enlarges drawings. 
biueurints, watercolors, pictures, stamps, Coins. other 
objects. Revolutionary lighting system gives maximum 
brightness. retains entire field in focus. Features high 
speed, 200mm anastigmatic projection lens 113.5. 8" 
F,L.): powerful peanut -size quartz halogen lamp (50 hr. life): unique internal reflecting system, Can be used up- 
side down -copy- held fiat by magnetic platens. Turbo- blower cooled. Tough plastic case. 51/2 ft. cord. 
18a /4 "X6 ̂ X121/ ̂ -11i z Ibs.) 

Stock No. 71.272A1( $89.75 Ppd. 

LONG -WAVE BLACK LIGHT FIXTURE 
Extlellll'ly versatile, com- 

a'. pact lv designed. long wave 
132(10 -4000 angstroms) 
black light Iul traviolet) fix. 
tare. Has 6 -watt. 110 -v 
lamp with built -in filter - 
eliminates harmful shorter 
wave ultraviolet rays. Use 
In identify m rals, fungi. 
bacteria -check for surface 
claws. oil and gas leakage- 

- i perfect for displays with 
fluorescent paper. paints. 

fi chalk, crayons. trace pow - 
dei. Incl. adjustable aluminum reflector. puslt.uull switch, 
connecting plug. Mount Vert.. horr., or on corner. 10^ 
L.. 1I.h W.. 11/4" H. 
Stock NO. 70,364AK $12.50 Ppd. 
REPLACEMENT BULB 
Stock No. 60.124ÁK $4.75 Ppd. 

MIRRORED BALLS BOUNCE LIGHT 

Stock No. 71.066ÁK 
Stock No. 85,180ÁK 
Stock No. 71,0650K (8" Diam.) ....$17.50 Ppd. 

Yesteryear's ballrooms 
techo in mirrored lights hat rlchochet to the beat 
of today's discotheque. 
clear10 

1,000 
n adeustgla.ss 

mirrors on each ball 
create fantastic lighting 
effects. Motorized -they 
cast reflections that blow 
the mind! Ideal for light 
shows. displays, restau- 
rants. hotels, and modern 
stores. 

112" Diam.) ....$30.00 Ppd. 
116" Diam.) ....$75.00 FOB 

BLACK -LIGHT MIGHTY MITES 
12ola tissly small (12 ") flx- 
lures isng 
bright blacklight 

r prMirror 
1 lni shed reflector makes In- 

apt starting 8 -watt, high - 
intensity bulb look like 40- 

a 
tter. Up to 5.000 hours 

of safe, long -wave 1:1660A) 
blacklight to really turn-on 
parties. light & theatrical 
shows, psychedelic decors, 
holiday decorations. Shock. 
proof end -caps remove for 
safe, easy replacement of 

upright or horizontal. Aluminum 1,11)1, ,nd 

Stock No. 71.274A8 $14.95 Ppd. 
DELUXE OUTDOOR INDOOR MODEL 
Stock NO. 71.299AK $19.95 Ppd. 

PSYCHEDELIC LIGHTING HANDBOOK 
100 information packed 
pages! Fully explains latest 
in psychedelic lighting equip- 
ment. techniques. develop- 
ments. Covers all facets of 
psychedelic light -show pro - 
duction Including strobes, 
black lights. projectors. crys. 
tals, organic slides, mirrors, 
color organs. polarized col- 

s light boxes. ilusirVision, 
etc. Shows how to "psy- lze" parties, musical 

otter. shows or how to op ciiiClle trips" fai private gatherings, 81/z" x 
set 

1Sm "'I,';II paper punched for 3 ring binder. 
Stock No. 9100A8 53.00 Ppd, 

MAIL COUPON FOR GIANT FREE CATALOG 
148 PAGES -1000's OF BARGAINS 

...i up letri3' 
1 -11. IOi) edi liso. New items, 

- ' -1--j Itegori es, troma'gnetic. Dozens of l- 
'ai and electromagnetic sorts. accessories. 
Enormous us election .inocuors. 

Magni- 
fiers. Magnets. Lenses. 

Binoculars. 
Many war fierp, Siens, Lenses, 

hobbyists, 
- Many war 

surplus Sterns: tre hobbyists, expeon 
workshop. factory. Mall coupon for 

catalog' "AK" 
SCIENTIFIC SCIENTIFIC CO. 

300 EDSCORP BUILDING. 
BARRINGTON. N.J. 08007 

EIMDID 

NAME 

ADDRESS 

CITY 

STATE ZIP 

3- CHANNEL COLOR ORGAN BARGAIN! 
Create Ire memious Variety of 
unsual & beautiful lighting 

titis with this low -co, 
top -quality 1500-Watt unit 
1500 W. per channel). Com- 
pare with others selling for 
light. 

the mice. Has pilot 
light, plus individual sensi- 
tivity controls and channel 
indicator lights. Can operate 
ten 150 W. spots" or 200 
Christmas lights, Uses reg. 
house rent -attaches to 
audio source w /RCA -type 
phone plug. 5i/4" x 60a" 
plastic case. 6-ft. cord. Including tci 
Stock No e71,223AK 

Thermal setting 
$44.50 Ppd. 

CHROMATIC "MACHINE -GUN" STROBE 
Iced. Green. Blue & White 
light barrage the eyeballs 
every 8 seconds with this 
low -cost echanical strobe 
that nrun 

[ 
tinuously 

without fear of burning up. 
Devastating effects over 500 
ft. sq. area. Created by ro- 
tating color wheel in front 
of 100W, 120v reflector 
floodlamp I nel.)- elements 
seem to flash on & off as 
colors fluctuate. Turns store 
window's. posters, parties 

to flashing. pulsating productions. Convection cooled. 
Walnut cabinet. Brass handle. Reg. house c t. 

Stock No. 71,271ÁK... i9 X 10 X 61/4 ")...$28.50 Ppd. 

NEW EMtrSic 15íóNí 

Actually "see' music in 
dazzling action with com- 
pact. self- contained unit 
designed for portability. 
Produces fantastic pat- 
terns In beautiful color 

eatineach individual note 
g its own unique. 

twisting. radiating share -each shape dancing and 
prancing. whirling and swirling IN PER- 
FECT w TIME t h - 

the music. Features big patterns with low levels of sand 
at short projection distances. Perfect for window ilspl.tys 
rear prof. boxes. clubs. combos, parties. Stand or hang. 
4t.. Ibs. Uses reg. 110 -120V. L -Pad needed for use 

/hi;, amplifie'.. 
Stock No. 71,124AK 
Stock No. 41.140AK IL -PAD) 

MINI -MODEL 

$56.50 Ppd. 
$ 2.o0 Pod. 

PLUG -IN ULTRASONIC ALARM /LIGHTER 
Silent. economical. easy 
to install. No special at- 
tachments or electrician 
ceded. Just plug in socket -then plug lights and/or 

alarm Into it. Activates 
when It "hears" some- 
one. Resets automatically. 
Ultra- sensitive up to 30 
ft. Sensitivity control can 
adjust out pet noise. t'on. 
venient for night light - 
eliminates fumbling or in- 
jury in darkness. Ideal for - 

apartment, home, once. plant. Walnut finish with built tin 
limer. on -off switch. 35ICZH frequency: 110 -130v, OU 
HzAC. 
No. 71.28398 ... 11Áa8 °X3[í "X31'a ") ... 559.95 Ppd. 

NEW $99.50 HELIUM -NEON LASER! 
Completely assembled. in- 
stant-starting w /tnree tintes 
power output of comparable 

models. Steady. ripple -free 
light of moderate I safe) 
power. Excellent collima- 
tion. Particularly useful for 
studies, experiments In hoi. 
ography, interferometry, dif- 
fraction, optical alignment. 
Simple and safe to use- 
just pplug in, switch on. 
The 4L, lb. unit reaches 
75% power In 2 secs.; full 
power. typically 0.5 mllliwatt 10.3 115W annum) ln 
:3 mine. Beam divergence only 2 mtllir;lh,:l/t ,far ahead 
of r matit ion l: bean only 2 cros at 40 feet. 
Stock t No. 79.004AK $99.50 Ppd. 

81 "WILD" 35MM 
Created by Hollywood's Pre- 
mier special lighting effects 

fan-Bob Beck. Produce 
tastic backgrounds, light 

shows. psychedelic slide 
shows, etc. 81 premounted 
slides especial ly selected for 
impact. svidness and /or in- 
triguing scene. Range from 

ay -out" group of eyes to 
kaleidoscopic Images, opti- 
cal Illusions. etc. Low -cost 
unduplicated sets fill popular 
Kodak Carousel tray. Ideal 
for modern professional -Loads 
Stock No. P- 60,749AK -)Set A) 
Stock No. P- 60.750A8 -)Set B) 

SLIDES 

of fun for 'n triers. 
$22.50 Ppd. 
$22.50 Ppd- 

HI- VOLTAGE ELECTROSTATIC GENERATOR 
Van De Graf low -anIp type, 
200,010 volt potential. yet 
completely safe. Denton - 

[rates lightning, St. F imo's 
fire, repulsion of charges, 
electrostatic dust collection, 
many other electrical won- 
ders. Motor, 110V. 60- 
cycle. AC. Humidity range, 
0-90'ro - Current, 1.5 to 2.5 

fracroamps. Aluminum lease 
me and charge collector. 

Unbreakable plastic. Insulat- 
ing column. Ht. 17 ". dia. 

Full instructions. 
Stock No, 70,264ÁK $53.75 Ppd. 

VISIT OUR FACTORY RETAIL STORE! 
lMinutes Fruln Jersey Turllpike Exit g3. 15 Min. to 
'hila., either bridge. Sec 4.0011 Unusual Bargains Plus 

Exclusive Store Sale Items. FREE Light Shots Every Af- 
ternoon. Store Hrs. -8 -5:30. Saturday 8. 4::40. Closed Sun. 

EDMUND 300 EDSCORP BLDG. 
BARRINGTON, NEW JERSEY 08007 SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

Printed in U.S.A. 
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EVERYTHING IN ELECTRONICS! 

VARIABLE BALANCE STEREO 
HEAD PHONE 

Unique "Sound Level" control on 
each earpiece permits adjustment. 
Frequency range: 20 to 20,000 + 
cps. 61/2' cord with stereo plug. 
Impedance 4 to 16 ohms. 
Cat. No. Q4- 132 $17.95 Net 

AUDIO ADAPTORS 

"Y" Audio Adaptor has a phono pin 
jack on one end and dual phono 
pin plugs on the other. 
Cat. No. Q4 -288 $.99 Net 

HOBBYIST'S SOLDERING Ah D 

TOOL KIT 

Diagonals, lorg nose pliers solder- 
ing iron and solder, solder aid tool, 
heat -sink, ant screwdriver. An ideal 
gift item. 
Cat. No. H3.é 78 $7.95 Net. 

TAPE RECORDER MICROPHONE 

Outstanding performance on music 
and speech for the price. Low im- 
pedance matches late model sold 
state recorders. Removable desk 
stand; 41/2' cord with dual plugs 
that fit most models. Freq. Re- 
sponse: 100 -8k Hz. Output: - 77 
dB. Impedance: 200 ohms dB. 

No. Q4 -146 $4.95 Net 
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NTWO STATICN WIRELESS 
INTERCOM 

Just plug into any e ectri:al outlet. 
Completely portable Ex)and sys- 
tem anytime with alditicnal units. 
Two unit system complete in dis- 
play pack. 
Cat. No. N4-110 $3L.95 Net 

MINIATURE LAMPS 

Type PR2 2.5 volt 0.50 amp 
Cat. No. E2 -430 Pkg. of 2 $.29 Nef 

Type PR3.3.6 volt 0.50 amp 
Cat. No. E2 -431 Pkg. of 2 $.29 Ne 

STANDARD 1000 VOLT CAPACITOR 

High quality, compact and reliable 

RESISTORS 

Attractively packaged 2 per pack 
showing values, color codes ant 
formulas. 

G-C ELECTRONICS 
A DIVISION OF 

HYDROMETALS, INC. 
400 SO. LAYMAN ST. ROCKFORD, ILLINOIS 61101 
CIRCLE NO. 138 ON READER SERVICE CARD 

EXPERIMENTER'S CIRCUIT 
BOARD KIT 

Contains a 33/4" x 4' perforated 
board, 15 terminals (No. J4 -636) 
and 4 mounting feet w /screws. 
Build sma I circuits, hobby and 
science projects, stc. 
Cat. No. 14.660 5.98 Net 
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THE "GC CALECTRO HOBBYIST 
HANDBOOK" 

The "GC Calectro Hcbbyist Hand- 
book" is available at your nearest 
Calectro Electranic Supermarket. 
One is located near you. WRITE 
TODAY and we'll rush you the name 
and address of your nearest Calec- 

Supermarke_ 
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8,çan 
It begins even before you've heard a = o.e from the new Sony rA-1144 
Stereo Amplif.er and ST -5130 FM Stereo/FM -AM Tuner. Pleasure. 

The switches flick firmly. The pushbut.ons push back just encugh 
before locking in smartly. Continuous ccntrcls (like tuning, vollme, 
balance), feel almost viscous- damped- Your fingers are guided to function 
swiftly, effortle` sly. You've experiencec a feeling of Tuality that is a fin, 
to thLe performance you'll enjoy once ÿo_ turn on these Sony compcne_vts. 

Take the ST -5100. The eoxbination of two tuning meters, a 2.LV UHF 
sensïtt_vity, an,d 1.5dB capture ratio sad in on your first station. FM 
stereo you can feel. 

Now the TA -1144 Stereo Amplifier. 
More stereo you can feel. Rich (the TA- 
1144 outs out 50 watts IHF per channel 
into 3 ohms, both channels operating.. 
Clear_ (less than 0.03% IM, 0.05% har- 
monic, at 1 watt.. And just the way you 
like i: (thanks to those subtly- detented 
bass s nd treble sliders on each channel). 

So now you're wondering, of course, 
about the prides. Just $219.5) each; $439' 
the pair. You'll hardly feel that at all. 

Sony Corporation of America. 47-47 NEW SONY" 
Van Dam St.,Lcng Island City.N.Y.1110L AMPLIFIER AND TUNER 
*Suggested List 

CIRCLE NO. 150 ON READER SERVICE CARD 
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