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from 

Technician to --2 

`,,n1MAII2sq 
Advance beyond the technician level 

Become an electronics engineer 

In the Grantham electronics engineering program, you can 
earn the Degree of Associate in Science in Electronics 
Engineering (the ASEE) mostly by home study - and can 
continue in resident classes to earn your BSEE. In this 
program you can acquire an extensive knowledge of engi- 
neering, for greater prestige and better pay. 

In America's race to the moon and outer space, more 
and more engineers are needed. By becoming an elec- 
tronics engineer, you can move into the forefront of tech- 
nology and engineering, and be an important part of this 
exciting age. You can help make things happen and be 
properly rewarded for doing so. 

The demand for engineers continues to increase; elec- 
tronics engineers are needed in the space program and in 
many other military and domestic projects. In a recent 
survey conducted by the Engineering Manpower Commis- 
sion of the Engineers Joint Council, it was found that 
engineering employment in the electrical and electronics 
industries is expected to increase by 40% in ten years. The 
need for engineers is increasing faster than the population 
as a whole. The survey report indicates that in the next 
decade, employers expect to need almost twice as many 
new engineering graduates as are likely to he available. 

If you have the desire to be an engineer, the determina- 
tion to stick to your objective, and a reasonably good 
aptitude for mathematics and technology, the Grantham 
educational program can produce the wanted results for 
you. But make no mistake about it, to become an elec- 
tronics engineer requires work. You must be willing to do 
that work; otherwise you can never reach your objective, 
regardless of what course of instruction you may choose. 

Grantham School of Engineering 
Specializing in Electronics since 1951 

SDI 
r U solo 

1505 N. Western Ave. 

August, 1969 

Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 
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The Grantham home study program in electronics engi- 
neering consists of five "correspondence semesters" made 
up of a total of 370 lessons, followed by a two -week period 
of review and examination at the School. The prerequisite 
for enrollment in this program is high school graduation 
(or equivalent) and at least one year of experience as an 
electronics technician. 

This accredited ASEE Degree program covers a review 
of basic electronic circuits and systems, applied engineer- 
ing mathematics (including algebra, trigonometry, and 
calculus), classical and modern physics, technical writing, 
computer systems, electrical networks, and semiconductor 
circuit analysis and design. The ASEE Degree is awarded 
upon satisfactory completion of the 370 correspondence 
lessons and the final two -week residency at the School. 

The Grantham educational program in electronics 
places heavy stress on fundamental concepts of logic and 
mathematics rather than on superficial manipulative 
skills. Since these fundamental ideas are largely unfamil- 
iar to many electronics technicians, it is necessary to de- 
velop them in a systematic manner. 

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

Grantham School of Engineering Ew -8 69 

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

L 

Please mail your free Bulletin, which explains how the 
Grantham educational program can prepare me for my 
Associate in Science Degree in Electronics Engineering. 

Name 

Address 

City State Zip 

Age 

www.americanradiohistory.com

www.americanradiohistory.com


The U enchio p 
Organizer. 

Mallobin'". The smartest way to buy components ... 
in this sturdy, stackable plastic case with parti- 
tioned drawers that keep parts where they beloig. 
Indexed for instant access_ Instant inventory. 

The Mallobin you see here contains a popular 
assortment of our quality MTA capacitors. But 
that's just the beginning. We have others. There's 
one containing an assortment of 2 -watt MOL re- 
sistors with ranges from 33 ohms to 56K ohms. 
Another contains MTV molded aluminum electro- 
lytic capacitors with values from 750 rrfd et 6 

2 

MAL OL RY 

WVDC to 100 mfd at 50 WVDC. And there are many 
other cases which contain either GP, PVC, TT or 
TC capacitors. There are Mallobins for carbon and 
wirewound controls. too. Each with a wide range 
of popular values. The choice is yours. 

But whichever you choose, you-will find your 
Mallobin has a popular assortment of values that 
should satisfy all your component needs. 

Remember the name Mallobin next time you're 
thinking of buying components. They're available 
from your local Mallory dealer. 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
ai division of F. R. MALLORY 8 CO. INC. 
Box a6 58. Indianapoliw. Indiana 4ß208; Telephone: 317 -63E3- 63C.ß 

Batteries Capacitors Controls Resistors Semiconductors Switches Sonalerto Timers Vibrators ICs Cassette Tapes 
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SPECIAL 
REPORT: 
salürlp[$ w niE 

THIS MONTH'S COVER 
ties in with our lead story 
"Communications on the 
Moon." The artist's illustra- 
tion shows two of our astro- 
nauts on the surface of the 
moon with the lunar mod- 
ule behind them and the 
command /service module 
orbiting above them. The 
astronauts can communi- 
cate with each other and 
with the third member of 
their team in the command 
module by means of v.h.f. 
radio. For communications 
directly with the Earth, the 
erectable S -band antenna in 
the left background is set 
up. This antenna can pro- 
vide the link to carry voice, 
telemetry data, and live TV 
pictures from the Moon di- 
rectly to the Earth. For fur- 
ther details refer to our lead 
story on page 23 
Illustration by Rudy Baum 

Publisher 
PHILLIP T. HEFFERNAN 

Editor 
WM. A. STOCKLIN 

Technical Editor 
MILTON S. SNITZER 

Associate Editors 
P. B. HOEFER 

MURRAY SUNTAG 

Electronics World 
AUGUST 1969 VOL. 82, No. 2 

CONTENTS 
23 Communications on the Moon 

Our Apollo 1I astronauts, when they walk on the Moon's surface, will be communi- 
cating by v.h.f. radio with each other and with the command module orbiting over- 
head. They will also be in touch with Earth by microwave radio and will send back 
live TV from the Moon. Here are complete details on the systems to be employed. 

26 

28 

30 

33 

34 

36 

37 

Recert Developments in Electronics 

New Coax Connector Tops Performance Records Henry Pessah 

Will There Be -An Electronic Mail Service? Walter H. Buchsbaum 

Can eiectionics bail out out postal system now staggering under a deluge of 
mail? Will future letters be sent by microwave radio links tied in with a fac- 
simile system? What about an informal Western Union and P.O. "merger"? 

Brighter Picture Tubes for Color -TV 

Infrared Locates Diseased Trees 

Milton S. Sniizer 

Robert Neubert 

Multiple- Function Remote -Control Relay Circuits H. R. Mallory 

The Truth About FM Thomas R. Haskell 
here are quite a few misconceptions about this important hi -fi medium. This 

article clears air with descriptions of all types of signals sent by FM stations. 

41 Operation Survival J. W. Foss 8 R. W. Moyo 
How our telephone communications system is being designed to survive 
about any catastrophe -even as a result of a nearby nuclear explosion. 

44 Communications Satellites- Success in Space (Part 2) Frcncir. A. &cc o 

75 Japanese Trade -Name Directory 

Radiation Detector Sounds Off Eugene Walters 76 

12 EW Lab Tested 
Hallicrafters CR -3000 Receiver 
Awliracord 620/630 Automatic Turntables 

50 Electric Shock John Frye 

66 Test Equipment Product Report 
E co Model 385 Color -Bar Generator 
Sencore Model SM152 Sweep /Marker Generator 
Saerry Model Ohm -25 Snap- Around V.O.A. 

Contributing Editors 
WALTER H. BUCHSBAUM 

Prof. ARTHUR H. SEIDMAN 
FOREST H. BELT 

Art Editor 
RICHARD MOSS 

Technical Illustrator 
J. A. GOLANEK 

Advertising Manager 

6 

15 

MONTHLY FEATURES 
Coming Next Month 17 Reflections on the News 

Letters From Our Readers 70 Book Reviews 

Radio & Television News 79 New Products & Literature 
JOSEPH E. HALLORAN 

Advertising .'eri ire .1[anager 
ARDYS C. MORAN 

Associate Publisher 
LARRY SPORN 

Electronics World: Published monthly by Ziff-Davis Publishing Company at 307 North Michigan Ave., Chicago. 
Illinois 60601. One year subscription 56.00. Second Class Postage paid at Chicago. Illinois and at additional 

mailing offices. Subscription service and Forms 3579: Portland Place, Boulder, Colorado 80302. 
Copyright g 1969 by ZiffDavls Publishing Company. All rights reserved. 
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THOUSANDS OF 

MUSIC LOVERS PAID 

THE DIFFERENCE 

TO OWN A CROWN 

Maybe they know 
something you don't 

There's a reason why Crown recorders cost 
over $900. Why nearly every critical home 
music recordist hopes some day to own one. 
The reason is Crown's TOTAL PER- 
FORMANCE. 

Semi -professional decks may shout 
about a single outstanding spec, but who 
wants low noise at the expense of high 
distortion or wow and flutter? Only Crown 
delivers unexcelled engineering achievement 
in all areas of performance. Not just flat 
response @ t 2db maximum, but bandwidth 
wider than the entire audible spectrum. Not 
just low noise, but wide dynamic range for 
flawless piano reproduction. Plus minimal 
wow and flutter and the industry's lowest 
distortion levels. 

Now couple this with Crown's famous 
no- compromise workmanship: Only the 
very finest components available. Precision 
handcrafting with relentless inspection. 
Only nine or ten moving parts for reliability. 
Construction "rugged enough to withstand a 

parachute drop." (Audio 4/68) Individual 
proof -of- performance guarantee. Design en- 
gineered for ten years minimum continuous 
service. It's a lot of work --but the result is a 
professional deck unparalleled in the re- 

cording industry. 
Yes, Crown does cost more than any 

semi -pro recorder. That's the price of no- 
compromise TOTAL PERFORMANCE. 
Send for our detailed spec sheets and 
compare Crown with any other deck- -semi- 
pro or professional. After all, you deserve to 
know what a Crown owner knows. Write 
Crown, Dept. EW -8, Box 1000, Elkhart, 
Indiana, 46514. 

4=41612rWir70 
MADE ONLY IN AMERICA 
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COMING 
NEXT 

MONTH 
SPECIAL FEATURE ARTICLE: 

Plat ADDRESS SYSTEMS 

PUBLIC -ADDRESS SYSTEMS 
The first of a series of definitive articles on the design and applications of solid-state 
p.a. amplifiers, circuit analysis, input and output problems, and some of the new market- 
ing approaches to modular designs. Al Zuckerman of Benjamin Electronic Sound Corp. 
leads off the series but will be joined in subsequent articles on speaker systems by 
Abraham B. Cohen of ICS /Telephonics. 

MARINER SPACECRAFT - 
EXPLORERS OF MARS 

Mariners VI and VII, launched early 
this year are adding to our knowledge 
of the distant red planet. Fred Holder 
of Bendix covers the scientific packages 
on hoard, explains their mission, and 
reveals plans for future Martian shots. 

PALEOMAGNETISM & 
ARCHEOMAGNETISM - 
KEYS TO THE PAST 

Permanent records of the strength and 
direction of the earth's ancient magnetic 
field lie buried in rocks and artifacts. 
New techniques are unearthing much 
of this heretofore hidden material and 

teaching us much more about our past. 

MULTIPLEXING AUDIO 
ON THE BOEING SUPERJET 

By using time -division multiplexing, pas- 
sengers on the new jet will be able to 
enjoy 14 channels of audio and one an- 
nounce channel -all carried over a single 
coax. Weight savings of 500 lbs per plane 
can increase the payload. 

TV TUNER IMPROVEMENTS 

This article supplies up -to -date informa- 
tion on the new front -ends which use 
diode or varactor tuning, detented u.h.f. 
operation, and integrated circuits. Forest 
Belt supplies the technical details. 

All these and many more interesting and informative articles will be yours 
in the September issue of ELECTRONICS WORLD . . . on sale August 19th. 

ZIFF-DAVIS PUBLISHING COMPANY 
Frank Pomerantz 
Vice President, Creative Services 
Arthur W. Butzow 
Vice President, Production 
Edward D. Muhlfeld 
Vice President, Aviation Division 
Irwin Robinson 
Vice President, Travel Division 
Furman Hebb 
Administrative Vice President 

William Ziff 
President 
W. Bradford Briggs 
Executive Vice President 
Hershel B. Sarbin 
Senior Vice President 
Philip Sine 
Financial Vice President 
Walter S. Mills, Jr. 
Vice President, Circulation 
Stanley R. Greenfield 
Vice President, Marketing 
Phillip T. Heffernan 
Vice President, Electronics Division 

Editorial and Executive Offices 
One Pork Avenue 
New York, New York 10016 212 679-7200 

NEW YORK OFFICE 212 679 -7200 
Joseph E. Halloran 

MIDWESTERN OFFICE 
307 North Michigan Avenue 
Chicago, Illinois 60601 312 726 -0892 
Midwestern Advertising Manager, Robert J. Ur 

George Morrissey 
Vice President 
Sydney H. Rogers 
Vice President 

WESTERN OFFICE 
9025 Wilshire Boulevard 
Beverly Hills, California 90211 
213 CRestview 4 -0265; BRadshaw 2 -1161 
Western Advertising Manager, Bud Dean 

JAPAN: James Yogi, Ishikawa Mansion, 
#4, Sakuragooka Shibuya -ku, Tokyo 462 -2911.3 

CIRCULATION OFFICE 
Portland Place, Boulder, Colorado 80302 
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u «t 

Radio & TV News Radio News Radio -Electronic Engineering Trademarks Reg. U.S. Pat. Off. 
SUBSCRIPTION SERVICE; Forms 3579 and all subscription correspondence should be addressed to Elec- 
tronics World, Circulation Department, Portland Place, Boulder Colorado 80302. Please allow at least six 
weeks for change of address. Include your old address, as well as new -enclosing if possible an address 
label rom a recent issue. 
EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable 
care: however publisher assumes no responsibility for return or safety of art work, photographs. or 
manuscripts. 
ELECTRONICS WORLD ( August, 1969, Vol. 82, No. 2). Published monthly at 307 North Michigan Ave- 
nue, Chicago, Illinois 60601, by Ziff -Davis Publishing Company -also the publishers of Airline Management 
and Marketing, Boating, Business & Commercial Aviation, Car and Driver, Cycle, Flying, Modern Bride. 
Popular Electronics, Popular Photography, Skiing, Skiing Area News, Skiing Trade News, Stereo Review, and 
Travel Weekly. One year subscription rate for U.S., U.S. Possessions, and Canada, $6.00; all other countries, 
$7.00. Second Class postage paid at Chicago, Illinois and at additional mailing offices. Authorized as second 
class mail by the Post Office Department, Ottawa, Canada and for payment of postage in cash. 
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Heathkit®-Your Best Buy In Color TV 
NEW Heathkit Ultra- Deluxe "681" Color TV With AFT ... 
Power Channel Selection & Built -In Cable -Type Remote Control 
The new Heathkit GR -6S1 is the world's most adva.iecd Color TV with more 
built -in features than any other set on the market. Automatic Fine Tuning on 
all 83 channels ... eliminates touchy tine tuning forever, power push button 
VHF channel selection, built -in cable -type remote control ... or you can add 
the optional GRA -681 -6 Wireless Remote Control any time you wish ... plus 
the built -in self -servicing aids that are standard on all Heathkit color TV's but 
can't be bought on any other set at any price. Other features include a bridge - 
type low voltage power supply for superior regulation: high & low AC taps to 
insure that the picture transmitted exactly fits the "68I" screen. Automatic 
degaussing, 2 -speed transistor UHF tuner, hi -ii sound output, two VHF antenna 
input,, top quality American brand color tube with 2 -year warranty. 
GRA- 295 -4, Mediterranean Cabinet shown 5119.50` 

Heathkit "295" Color TV 
Big, Bold, Beautiful ... with the same high performance features and built -in 
servicing facilities as the GR -681 above ... but less the Automatic Fine Tuning, 
push button VHF power tuning and built -in cable -type remote control. You 
can add the optional GRA -295 -6 Wireless Remote Control at any time. 
GRA- 295 -1, Contemporary Walnut Cabinet shown $62.95` 
Both the GR -681 and GR -295 fit into the same Heath factory assembled 
cabinets; not shown, Early American style at $99.95. 

NEW Deluxe Heathkit "581" Color TV With AFT 
The new Heathkit GR -58I will add a new dimension to your TV viewing. Brings 
you color pictures so beautiful, so natural, so real ... puts professional motion 
picture quality right into your living room. Has the same high performance 
features and exclusive self- servicing facilities as the GR -681, except with 227 
sq. inch viewing area, and without power VHF tuning or built -in cable -type 
remote control. The optional GRA -227 -6 Wireless Remote Control can be 
added any time you wish. And like all Heathkit Color TV's you have a choice 
of different installations ... mount it in a wall, your own custom cabinet, your 
favorite B &W TV cabinet, or any one of the Heath factory assembled cabinets. 
GRA- 227 -2, Mediterranean Oak Cabinet shown .. $99.50' 

Heathkit "227" Color TV 
Same as the OR -58I above, but without Automatic Fine Tuning . same 
superlative performance, same remarkable color picture quality, same built -in 
servicing aids. Like all Heathkit Color TV's you can add optional Wireless 
Remote Control at any time (GRA -227 -6). And the new Table Model TV 
Cabinet and roll around Cart is an economical way to house your "227" ... 
just roll it anywhere, its rich appearance will enhance any room decor. 
GRS- 227 -6, New Cart and Cabinet combo shown ... S49.95` 
Both the GR -581 and GR -227 fit into the same Heath factory assembled 
cabinets; not shown, Contemporary cabinet $59.95.` 

NEW Heathkit Deluxe "481" Color TV With AFT 
The new Heathkit GR -481 has all the same high performance features and ex- 
clusive self- servicing aids as the new GR -581, but with a smaller tube size ... 
180 sq. inches. And like all Heathkit Color TV's it's easy to assemble ... no 
experience needed. The famous Heathkit Color TV Manual guides you every 
step of the way with simple to understand instructions, giant fold -out pictorials 

. even lets you do your own servicing for savings of over $200 throughout the 
life of your set. If you want a deluxe color TV at a budget price the new Heathkit 
GR -481 is for you. 
GRA- 180 -1, Contemporary Walnut Cabinet shown . . $49.95' 

Heathkit "180" Color TV 
Feature for feature the Heathkit "180" is your best buy in color TV viewing ... 
has all the superlative performance characteristics of the GR -481, but less Auto- 
matic Fine Tuning. For extra savings, extra beauty and convenience, add the 
table model cabinet and mobile cart. Oct the value -packed GR -180 today. 
GRS- 180 -5, Table Model Cabinet & Cart combo $39.95` 
Both the GR -481 and GR -180 fit the same Heath factory assembled 
cabinets; GRA- 180 -2, Early American Cabinet $75.00. 
Add the Comfort And Convenience Of Full Color Wireless Remote Control 
To Any Rectangular Tube Heathkit Color TV ... New Or Old! 
Kit GRA- 681 -6, for Heathkit GR -681 Color TV's $59.95` 
Kit GRA- 295 -6, for Heathkit GR -295 & GR -25 TV's $69.95` 
Kit GRA- 227 -6, for Heathkit GR -581; GR -481 & GR -180 
Color TV's $69.95` r 

FREE! Heathkit Catalog 
Now with more kits, more color. Fully de- 
scribes these along with over 300 kits for 
stereo /hi -fi, color TV, electronic organs, 
guitar amplifiers, amateur radio, marine, edu- 
cational, CB, home & hobby. Mail coupon or 
write Heath Company, Benton Harbor, Mich- 
igan 49022. 

Now There Are 6 Heathkit® 
Color TV's To Choose From 

2 Models In 295 Sq. Inch Size NEW 
Kit GR -681 
With AFT 

(less cabinet) 

Kit GR -295 

$44995* 
liess cabinet) 

2 Models In 227 Sq. Inch Size 

NEW 
Kit GR -581 
with AFT 

(less cabinet) 

Ki: GR -227 
NOW ONLY 

$37995* 
(less cabinet 

& cart) 

2 Models In 180 Sq. Inch Size 
NEW 

Kifft GR -481 
with AFT 

'359'5* 

Kit GR -180 
NOW ONLY 

$32995' 
(less cabinet & cart) 

HEATH COMPANY, Dept.15 -18 
Benton Harbor, Michigan 49022 

Enclosed is $ plus shipping. 
a 8chlurr+ erger subsidiary 

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

Name 

Address 

City State Zip 
44Mail order prices; F.O.B. factory. Prices & specifications subject to change withcut notice. CL -359 

L -+ 
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vatts- 
ville! 

New BELL P/A 
MODULAR AMP line 
has 20, 45, 90 

and 200W output 
-RMS ratings 

Man, what a power output range! 
And what a variety of input 
configurations ... practically 
unlimited ... with up to 8 input 
modules arrangeable in any 
combination (even with separate 
muting and limiting functions!) 

The only p.a. amps with FET's 
up front for true Hi it input (or 

bal, to with trans.). All silicon 
solid state design. 

Exclusive, fully automatic 
output circuit protection saves 
time, labor, components... 
eliminates guesswork. See your 
local electronics distributor, 
or send for full specs. 

BEL pia 
professional appeal 
BELL PIA PRODUCTS CORPORATION 
1209 North Fifth St., Columbus, Ohio 43201 

CIRCLE NO. 143 ON READER SERVICE CARD 
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LETTERS 
FROM OUR 

READERS 

COLOR -ORGAN DESIGN 

To the Editors: 
This is to commend you on the con- 

tinued excellence of ELECTRONICS 
WORLD magazine from month to month, 
and to comment on the very fine color - 
organ design furnished by TRW en- 
gineer J. M. Powell in the January, 1969 
issue. 

I speak from experience in that I have 
built several color organs since 1963. 
Mr. Powell's design is by far the finest I 
have worked with. It works on extreme- 
ly low signal levels and provides a very 
pleasing display, either with the two 
display boxes I have built, or with col- 
ored spotlights. 

I built the unit for stereo display -two 
independent four -channel circuits fed 
from a common power supply. It is 
housed in a case about 31/2" x 8" x 91/2" 
complete with copper heat sinks and a 
small blower. 

I used relay switching for the main 
power and also used the "off -on" switch 
(three -pole /triple- throw) to switch a 
56 -ohm resistor into each audio circuit 
for either low or high audio input. 
(Those input transformers are mighty 
small, and the output of my stereo set 
automatically goes up 40 dB every time 
my son gets near the set.) The resistors, 
switched in for high audio, seem to make 
little or no difference in the operation of 
the color organ except to reduce its sen- 
sitivity. 

CARL H. CLAWSON, JR. 
Rockville, Md. 

* * * 

TAPE -RECORDER MAINTENANCE 
To the Editors: 

After reading Engineer Johnson's let- 
ter to the editor (page 16, March issue 
of ELECTRONICS WORLD) I find a num- 
ber of items worthy of further comment. 

The first tone on a 71/2 in /s full -track 
alignment tape marketed by Ampex is a 
700 -Hz tone at a -10 dB reference 
level, rather than the 0 reference point 
quoted. Similarly, all of the tones with 
the exception of the last tone are also 
recorded at a -10 dB reference level. 
However, because of the difficulty in 
accurately reading a vu meter near the 
extreme left side (where the -10 -dB 
point is located) , any convenient refer- 
ence point may be selected as long as 
the gain control is not moved during 

the remainder of the tones on the tape. 
Ampex has produced a number of test 
tapes using different tone arrangements 
and some of their tapes did indeed 
record the 0 reference tone first. 

In regard to head demagnetization, 
failure to demagnetize the heads will 
undoubtedly result in partial erasure of 
the higher frequencies on valuable mu- 
sic tapes and of course on the alignment 
tape. In regard to scratched or other- 
wise damaged recorder heads, this used 
to be a terrific problem back in the early 
days when head demagnetizers were 
marketed without proper rubber or 
plastic covering. This is no longer the 
case and head demagnetization is now 
a common practice at the larger tape 
installations. As for magnetized tape 
guides, I shall be happy to point out a 
number of recorders whose guides will 
retain a small amount of residual mag- 
netism after running a few miles of tape 
over them. 

I would like to compliment Mr. John- 
son's pointing out that record adjust- 
ments should be made at a slightly re- 
duced level to prevent tape saturation. 
This was an oversight on my part. 

LEONARD KUBIAK 
Technical Director 
Texas Dept. of Ed. 
Tape Duplicating Lab 
Austin, Texas 

* * * 

C -D IGNITION SYSTEM 

To the Editors: 
I am writing to you about your article 

"Unique Capacitor -Discharge Ignition 
System" which appeared in the January, 
1969 issue. Since I have built the unit 
from your schematic, I thought you 
might be interested in how I built it, 
substitutions I made, and the results ob- 
tained. 

The transistors Q1, Q2, 2N3235, were 
not available to me but I came up with a 
substitution that seemed reasonable and 
was also available from Allied Radio: it 
is a 2N3055 made by RCA. 

For SCR1 I used the recommended 
G -E C3OD but while waiting for this 
unit to arrive I temporarily used a G -E 
X -16, 7.4 -amp unit. This worked beauti- 
fully but when the C3OD did arrive I 
made the change because I believe in 
those derated components. SCR2 in my 
unit is a Motorola HEP #302, a 200 -V, 
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5 -A unit that I had on hand. For D6, D7 
I had to go the 1N4764 zener route, 
three wired in series as you suggested. 

I wound T1 exactly as you showed in 
the magazine and purchased the core 
from Ferroxcube to wind T2. But when 
I saw its tiny size I decided to purchase 
T2 outright from Pulse Engineering, 
rather than end up in frustration. 

My car is a 1968 Ford Galaxie 500 
hardtop with the 302 V8 engine. I had a 
Motorola CDI ignition unit (the only 
one that Motorola markets at this time) 
that had been used on this car since it 
was new, and was completely satisfied 
with it on every count. Starting was ex- 
tremely good and road trips at speeds 
up to but not exceeding 70 mi /h (and 
with an educated toe at the throttle) al- 
ways result in 20 miles to the gallon . . . 

exactly; in town, 12 to 13 miles to the 
gallon. Since this unit was put on the car 
when the car was new and still in the 
process of being broken in, it is difficult 
to say exactly how much difference there 
was in fuel mileage between the original 
system and the CDI system, but I would 
estimate, as you say, between 1 and 3 
mi /gal. 

When I finished your C -D unit, the 
only thing that I had to test it with was 
my own car, so I unhooked the Motorola 
unit and hooked up this new unit tern - 
porarily. 

Amazingly enough, I immediately no- 
ticed a marked difference in starting and 
performance. Although the car had al- 
ways started beautifully before, now it 
started even better! Starting is absolute- 
ly fantastic! And, although I haven't 
made any comparison tests, perform- 
ance seems better. So much so, in fact, 
that we have decided to leave this unit 
on the car and sell the Motorola one. 

RAY E. TOLLEY 
Missoula, Mont. 
* 

THE POWER FET 
To the Editors: 

I would like to correct two errors that 
occurred in my article "The Power FET" 
which appeared in your June issue: 

1. In the fourth paragraph on p. 35, 
please change "approximately 
-0.7% /mA" to "-0.7%/°C." 

2. Fig. 1 cross -section has been drawn 
improperly. The correct arrangement is 
shown below. 

JOAN TAMOSAITIS 
Applications Engineer 
Crystalonics 
Cambridge, Mass. 

OXIDE 

ME TAL 12ED 
ORAN 

CONTACT 

METAL IR ED 
SOORCE DIFEOSE 

CONTACT TOO GATEO S 

August, 1969 

1ÑDCDÑTACT 

For The 
Experimenter! 

International 
EX Crystal & EX Kits 

Oso LLATOR I RF MIXER I RF AMPLIFIER I POWER AMPLIFIER 

Type EX Crystal 
Available from 3,000 KHz to 60,000 KHz. Supplied only in 

HC 6/U holder. Calibration is -x.02% when operated in International 
OX circuit or its equivalent. (Specify frequency) 

OX OSCILLATOR 
Crystal controlled transistor type. 

Lo Kit 3,000 to 19,999 KHz $ Hi Kit 20,000 to 60,000 KHz 
(Specify when ordering) 

MXX -1 Transistor RF Mixer $3.50 
A single tuned circuit intended for signal con- 
version in the 3 to 170 MHz range. Harmonics 
of the OX oscillator are used for injection in 
the 60 to 170 MHz range. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 

(Specify when ordering) 

SAX -1 Transistor RF Amplifier $3.50 
A small signal amplifier to drive MXX -1 mixer. 
Single tuned input and link output. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 

PAX -1 Transistor RF Power Amplifier $3.75 
A single tuned output amplifier designed to 
follow the OX oscillator. Outputs up to 200 mw 
can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu- 
lated for low power communication. Frequency 
range 3,000 to 30,000 KHz. 

BAX -1 Broadband Amplifier $3.75 
General purpose unit which may be used as a 
tuned or untuned amplifier in RF and audio 
applications 20 Hz to 150 MHz. Provides 6 
to 30 db gain. Ideal for SWL, Experimenter or 
Amateur. 

Write for complete catalog. 

INTERNATIONAL 

BAX -1 CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA. CITY. OKLA. 73102 
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NRI "hands -on" training 
in communications 
can give you as much as 
2 years of on- the -job 
experience. 

s 

EARN YOUR FCC LICENSE - OR YOUR MONEY BACK 
NRI Communications training programs will qualify you for a First Class Commercial 
Radiotelephone License issued by the FCC. If you fail to pass the FCC examinations 
for this license after successfully completing an NR[ Communications course we will, 
on request, refund in full the tuition you have paid. This agreement is valid for the 
period of your active student membership and for six months after completion of your 
training. No School offers a more liberal FCC License agreement. 

ELECTRONICS WORLD 
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Experience is still your best teacher 

NRI Achievement Kit is educator -ac- 
claimed and the original "starter" kit in home study train- 
ing. Imitated but never duplicated, this kit is designed and 
personalized for you and your training objective. It has one 
purpose - to get you started quickly and easily. 

`Bite -Size" Texts average an easily -digested 
40 pages of well-illustrated., scientifically prepared subject 
matter in the course of your choice. Questions in each book 
are carefully hand -graded and returned to you with helpful 
instructional notes. You get unlimited personal help from the 
day you enroll. 

... here's how you get it with 
unique NRI training at home 
Ask any teacher, job counselor, engineer, technician 
or prospective employer about the need for practical 
application of theory in Electronics. He'll tell you 
Electronics is as much a "hands -on" profession as 
dentistry or chemistry. That's how you learn at home 
with NRI. You prove the theory you read in "bite - 
size" texts, by actual experimentation with the type 
of solid- state, transistor and tube circuits you'll find 
on the job today - not hardware or hobby kits. You 
introduce circuit defects, analyze results, discover 
quickly the kind of trouble- shooting and design tech- 
niques that will make you employable in Electronics. 

Train with the leader NRI 
NRI lab equipment is designed from chassis up for 
effective, fascinating training - not for entertain- 
ment. The fact that end results are usable, quality 
products is a bonus. In Communications, for example, 
you build and analyze, stage by stage, your own 25- 
watt phone /cw transmitter. It's suitable for use on 
the 80 -meter amateur band, if you have an interest 
in ham radio. In TV -Radio Servicing your practical 
training gives you your choice of monochrome or color 
TV sets. All training equipment is included in the low 
tuition - you pay nothing extra. Discover for your- 
self the ease, excitement and value of NRI training. 
Mail postage -free card today for new NRI Catalog 
. . . or use the coupon below. No obligation. No 
salesman will call on you. NATIONAL RADIO 
INSTITUTE, Washington, D.C. 20016. 

APPROVED UNDER NEW GI BILL 
If you have served since January 31, 1955, or are in service 
now, check GI line on postage -free card or in coupon. 

Designed-For-Learning Equipment 
Like this phone -cw transmitter (Kit #7 in the Communi- 
cations course) is engineered from chassis up to demonstrate 
principles you must know. N RI does not use modified hobby 
kits for training, but the finest parts money can buy, pro- 
fessionally and educationally applied. 

August, '11969 

MAIL THIS COUPON IF CARD IS GONE 

NATIONAL RADIO INSTITUTE 2 -O89 

Washington, D.C. 20016 

Please send me your new NRI Catalog. I understand 
no salesman will call and there is no obligation. 

Name Age 

Address 

7 

City State Zip 

Check for facts on new GI Bill 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL J 
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EW 

LAB TESTED 

HI -FI PRODUCT 
REPORT 
TESTED BY HIRSCH-HOUCK LABS 

Hallicrafters CR-3000 Receiver 
Miracord 620/630 Automatic Turntables 

Hallicrafters CR -3000 Stereo/Communications Receiver 

For copy of manufacturer's brochure, circle No. 30 on Reader Service Card. 

INTEGRATED receivers are usually 
designed for FM ( mono and stereo) 

reception, with coverage of the standard 
AM broadcast band sometimes includ- 
ed. A few models, principally of Euro- 
pean origin, also cover some short -wave 
broadcast bands, and the long -wave 
band used by European broadcasters. 

The continuing growth of internation- 
al broadcasting and point -to -point radio 
communications makes the short -wave 
bands a fertile hunting ground for the 
curious listener, and the Hallicrafters 
CR -3000 receiver is designed to meet 
the needs of this group as well as those 
of the high- fidelity enthusiast. 

The CR -3000 (manufactured in Ja- 
pan for Hallicrafters, an established 
leader in the communications field) is a 
solid -state stereo -FM receiver, including 
a pair of 10 -watt (continuous power) 
audio amplifiers, phono inputs for ce- 
ramic and nia ietic cartridges, and two 
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high -level inputs for external sources 
and tape -playback amplifiers. It has out- 
puts for connection to the inputs of a 
stereo tape recorder, which are unaffect- 
ed by the receiver's volume control. Un- 
like many other stereo receivers, the 
CR- 3000's Balance control does affect 
the tape outputs. 

The receiver has automatic stereo - 
FM switching, with a red stereo indica- 
tor light, and a tuning meter indicating 
relative signal strength. The stereo de- 
modulator circuits may be disabled by 
the Function switch, for noise -free mono 
reception of weak stereo signals. Non - 
defeatable a.f.c. is employed for FM 
reception. The volume control, although 
labeled "Loudness," is not a Fletcher - 
Munson compensated control. Conven- 
tional bass and treble tone controls, and 
a front -panel stereo phone jack, com- 
plete the normal stereo receiver eontrol 
l'neup of t CR -3000, which up to this 

10.0 
HALLICRAFTERS CR-3000 

BOTH CHANNELS DRIVEN 
811. LOADS, 120V.A.C. LINE 
(ONE CHANNEL MEASURED) 
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point resembles that of most other stereo 
receivers. 

However, the Band Selector switch is 
a clue to the unusual character of the 
receiver. It changes the tuning band 
simultaneously rotating the drum dial 
so that only the calibrated scale for the 
selected band is visible. There are six 
bands: LW (185 kHz to 400 k1lz), 
NEW (530 kHz to 1650 kHz), SW1 
(2 MHz to 4 NIHz), SW2 (5.85 MHz 
to 10.3 MHz), SW3 (11.4 MHz to 18.2 
MHz), and FM (88 MHz to 108 MHz). 
Even with a short indoor antenna, We 
were able to hear aircraft weather re- 
ports on the LW range, which should 
have a long outside antenna for best 
results. The standard broadcast band 
may be received well with the built -in 
ferrite rod antenna, but the short -wave 
bands require an external antenna. A 

built -in line -cord antenna suffices for re- 
ception of nearby FM stations, but here, 
too, a good antenna is advisable. 

Tuning the crowded short -wave bands 
requires a fine tuning control, since the 
regular dial mechanism is not capable 
of sufficiently precise setting. A separate 
Fine Tuning knob, supplying an adjust- 
able d.c. voltage to a voltage -variable 
capacitor, covers a range of several kHz, 
and makes the CR -3000 a practical 
short -wave receiver. 

Some of the signals to be found on the 
short -wave bands use c.w. (code) or 
SSB (single -sideband voice) transmis- 
sion. These are unintelligible unless the 
receiver has a beat -frequency oscillator 
(b.f.o. and adjustable r.f. gain. flie 

HALLICRAFTERS CR -3000 
BOTH CHANNELS DRIVEN 
8R LOADS, 120V.A.C.LINE 
(ONE CHANNEL MEASURED) 

1 Hz TOTAL HARM. 01ST. ---- 60/7000 Hz (4: ) IM 0IST. 
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CR -3000 has a combined b.f.o. and r.f. 
gain control, enabling it to receive both 
c.w. and SSB signals. 

Our laboratory tests confirmed the 
audio -amplifier rating of 10 watts con- 
tinuous power per channel. We mea- 
sured 12 watts per channel into 8 ohms, 
with both channels driven, at 1% har- 
monic distortion (1000 Hz) . The har- 
monic distortion was under 0.5% up to 
11 watts output. The IM distortion was 
about 1% up to 5 watts, increasing to 
6% at 10 watts. At the reference power 
output of 10 watts per channel, the dis- 
tortion was 2% at 30 Hz, under 0.5% 
from 45 Hz to 13 kHz, and 0.65% at 20 
kHz. At half power or less, distortion 
remained between 0.3% and 0.4% over 
the full frequency range from 30 Hz to 
20 kHz. 

The RIAA equalization was accurate 
within ±1 dB from 30 Hz to 15 kHz, 
measured at the tape outputs. Through 
the speaker outputs, a mid -setting of the 
tone controls produced a roll -off below 
200 Hz, to -7 dB at 20 Hz. The tone 
control characteristics were good, pro- 
viding considerable control at the fre- 
quency extremes with little effect at 
middle frequencies. 

The FM tuner was moderately sensi- 
tive, with an IHF usable sensitivity of 
4.8 microvolts. Full limiting required 
about 20 microvolts input, and distor- 
tion was under 1% at 100% modulation. 
The FM frequency response was down 
2.5 dB at 30 Hz and 8 kHz, and fell off 
to -8 dB at 15 kHz. Stereo separation 
was about 32 dB at 400 Hz, but reduced 
rapidly above and below that frequency 
to 15 dB at 100 Hz and 4500 Hz, and to 
6 dB at 30 Hz and 11 kHz. It was ade- 
quate, however, for good audible stereo 
separation. The audio hum and noise 
were below audibility, being 66 and 68 
dB below 10 watts. The CR -3000 is 
rated for 8 -ohm loads only, and the out- 
put into 4- or 16 -ohm loads is reduced 
about 30 %. 

In listening tests, the FM perfor- 
mance of the receiver was consistent 
with our measurements. It required a 
fairly strong signal for noise -free stereo 
reception, but the sound was always 
clean and undistorted. The strong non - 
defeatable a.f.c. made is impossible to 
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receive a signal between two strong 
stations, since the tuner jumped from 
one to the other as it was tuned. How- 
ever, the tuning was non -critical for low 
distortion, which may have been to 
some extent due to the a.f.c. Moderately 
efficient speakers are a necessity with a 
low -powered receiver such as this. It 
can be used with practically any phono 
cartridge, since it requires only 2 milli- 
volts input for 10 -watt output, yet will 
not overload until 59 millivolts are ap- 
plied. 

The AM quality was good, and the 
broadcast band sounded quite free of 
the buzzes and whistles so often en- 
countered with AM tuners. Short-wave 
reception was surprisingly good, even 
with a makeshift antenna, and we re- 
ceived many short -wave broadcast sta- 
tions and amateur SSB transmissions 
with good listening quality. 

The successful use of a receiver cov- 
ering the frequency range of this one is 
largely dependent on the antennas em- 
ployed. With good external antennas it 
should satisfy the needs of any casual or 
hobbyist listener. The CR -3000 obvious- 
ly attempts to offer the capabilities of a 
stereo -FM receiver, a communications 
receiver, and a high -fidelity stereo am- 
plifier in a single compact and inexpen- 
sive package. One cannot fairly compare 
its performance to that of a deluxe stereo 
receiver, or to an elaborate communica- 
tions receiver, either of which costs con- 
siderably more than the CR -3000. How- 
ever, it does a creditable job in all its 
operating modes, and represents an hon- 
est value at its price. Frankly, we see it 

(Continued on page 83) 

Electronics Technicians 

COMSAT 
LABORATORIES 

COMMUNICATIONS SATELLITE 
CORPORATION, the unique privately 
owned company that provides communi- 
cations satellite services, has immediate 
openings for electronic technicians in its 
rapidly expanding COMSAT laboratories. 

Presently located in downtown 
Washington, D.C., the laboratories will 
move soon to their new facility now under 
construction in nearby Maryland. 

Immediate openings are now available 
for candidates experienced in construc- 
tion and testing: 

SATELLITE COMMAND AND 
TELEMETRY SYSTEMS 
HIGH SPEED DIGITAL 
SUBSYSTEMS AND CIRCUITS 
RF RECEIVERS AND 
TRANSMITTERS 
MODULATOR AND 
DEMODULATORS 
MICROWAVE COMPONENTS, 
ANTENNAS AND FILTERS 
SPACE BORN MICROWAVE 
AMPLIFIERS AND 
OSCILLATORS 

COMSAT Laboratories offers excel- 
lent salaries, outstanding education, 
insurance, retirement and hospitalization 
benefits. 
RELOCATION TO THE WASHINGTON 

AREA WILL BE PAID 
If you are interested please direct 

your resume and salary requirements to: 

J. K. Milligan 

C(*M SAT 
COMMUNICATIONS 

SATELLITE CORPORATION 
1835 K Street, N.W. 

Washington, D.C. 20006 
An Equal Opportunity Employer 
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DELIAwill tell you everything! - Complete Specs 

including schematics! 

MARK TEN SCR 
CAPACITIVE DISCHARGE IGNITION SYSTEM 
Now discover for yourself the dramatic improvement in performance of your 
car, camper, jeep, truck, boat -any vehicle! Delta's remarkable electronic 
achievement saves on gas, promotes better acceleration, gives your car that 
zip you've always wanted, Find out why even Detroit has finally come around. 
In five years of proven reliability, Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Works on literally any type of gasoline engine. 
A Dramatic Increase in Performance and Points and Plugs Last 3 to 10 Times 

in Fast Acceleration Longer 
Promotes More Complete Combustion Up to 20% Mileage Increase 

(saves gas) 

KIT FORM $2995 ASSEMBLED 

$4495 12V ONLY 
ONLY 

ppd. 

MODEL 3000 FET VOM 
Delta now offers a compact, versatile, and extremely sen- 
sitive VOM which combines FETs and ICs for extreme 
accuracy. Compact (61 /2 "W x 8 "H x 31/2 "D), portable. Wt. 

33/4 lbs. 

IN KIT FORM: Feedback network with pre -selected com- 
ponents to eliminate all final calibration. Ready to use 

when assembled! 

NEW DELTA FEATURES: 

Mirror scale 200 A D'Arsonval meter 

Integrated circuit (IC) operational amplifier 
for extreme accuracy 
FET input stage with current regulator 

Two stage transistor current regulator and 
Zener diode on OHMS for absolute stability 
and accuracy 
Voltage clippers for protection of input 
stage 

ONLY 

X14950, 

Only $5995 
ppd. 

Fully temperature compensated for low low 
zero drift 
Ten turns ZERO and OHMS adjust 
potentiometers 
Epoxy glass circuit boards and metal case 

Enclosed switches 

Uses readily available type AA cells 

Uses standard test leads for maximum 
flexibility and ease of measurement 

10 Megohms input impedance 

AcomrtrrAcn 

DELTA: Please send me literature 

I am enclosing 

immediately. 

$ for items checked. 

Mark Ten SCR ( Kit Assembled) 

El Model 3000 FET VOM ( Kit Assembled) 

Computach (Kit only) 

Please ship immediately. 

Name 

Address 

City /State Zip 

*My car is (Model) 

L 

1 

(Year) 
EW J 

Delta, pioneers in CD ignition who pro- 
duced the fabulous MARK TEN , now offer 
a precise computer- tachometer which obso- 
letes any type tachometer on the market 
today! You achieve unbelievable accuracy 
in RPM readings due to the advanced, 
solid -state electronic matched components 
used in the computer, coupled with the 
finest precision meter in the world. Works 
on all 2, 3, 4, and 6 cylinder 2 cycle and 

with 4 -6 -8 cylinder-4 cycle 12 volt engines. 

Write today for complete 
literature packet 

A 0 -8000 RPM range 

A Perfect linearity - zero paralax 
Adjustable set pointer 
Wide angle needle sweep 

Translucent illuminated dial 

Chrome plated die -cast housing 

All -angle ball & socket mounting 

Use it with ANY ignition system 

Meter: 3'6" dia. X 33,8" deep 

A Calibration kit included, no test eqpt. 
needed. 

*An exclusive computer- 9 J 5 tachometer for precise 

My RPM measurement in 
easy -to -build Kit form! ppd. 

KIT FORM ONLY 

DELTA PRODUCTS, INC. 
P.O. BOX 1147 GRAND JUNCTION, COLORADO 81501 

CIRCLE NO. 138 ON READER SERVICE CARD 
14 ELECTRONICS WORLD 
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B news y FOREST H. BELT /Contributing Editor 

CATV and the Broadcasters 

The broadcasters and C,AT\ h,Iks have made. peace, of a sort. After wrangling for years over lrhat, 
where, and how cable system' should operate, the two major associations got together and sensibly talked 
out a cooperative future. 

In a recommendation paper prepared for the FCC and Congress. the National Association of Broadcast - 
ers and the National Cable Television Association jointly concluded that "the two industries should have 
compatible interests." Some of the paper's highlights. represent drastic compromises from past positions: 

1. "Adequate" CATV service is defined as comprising stations affiliated with all three national TV net - 
works. plus no more than three non -affiliated commercial TV stations. A CATV station should he compelled 
to render adequate service_ even if 'it means imparting signals by microwave. Moreover, a system must 
carry all local (grade -A and -B contour) signals. 

2. CATV systems must protect a station from duplication of copyrighted programs, if the system is in 

the grade -A or -B contour of the station. There are several considerations. all spelled out in detail. 
3. Systems already operating are excused from any of these requirements they don't already comply 

with. 
I. A CATV system, upon new rulemaking by the FCC, will use only one channel for its own programs 
for which it can sell commercials, just as any broadcast station does. In most matters CATV 1ví11 oper- 

aic by existing FCC rules. 
5. CATV systems won't interconnect to carry entertainment programming, except in specific situations, 

to he decided case by case. 
6. Most CATV systems will make reasonable copyright royalty payments; small or remote systems may 

he exempted. 
7. Carrying local FM broadcast stations on CATV hadn't been resolved when the paper was issued. 
Probably most significant is the interconnection clause. Broadcasters see that as protection against a 

nationwide wired -TV system, which could evolve into a pap -TV network. Perhaps it is: hut. within the 
framework of the agreement, a CATV operator for group of them) can buy a svndicat d pay -'IT package 
for showing by video tape or film on its own entertainment channel. Pay -TV has been okaNed to the FCC 
now. presumably for air or wire. although a court case is pending seeking to overturn the l'CC's authority 
to approve pay -TV. 

Educational TV isn't mentioned in the paper. But Fred Ford, president of NCTA, in an exclusive talk 
with this writer, says the ETV services by cable systems are among the most important. That's probably 
what those other five (v.h.f.) channels will be used for. 

FCC rulemaking and Congressional copyright -lawmaking are necessary before the recommendations 
can take effect. But the main chasm has been bridged, and NAB and NCTA deserve congratulations for 
their statesmanship. 

Satellites for Home TV 

Sonic experts with companies making communications satellites are forecasting satellite transmission of 

TV programs directly to home TV receivers within 10 years. We have the technology to do it today with 
a little more satellite transmitter power and using an erectable dish antenna on the roof serving the home 
receiver. The antenna, somewhat like the one to be placed on the moon during the Apollo 11 flight, would 
be made -of open metal mesh and very light in weight. The Apollo antenna pops open like an umbrella into 
a dish 10 feet in diameter; it weighs only 14 pounds; and it has a 32 -dB gain. With such a system, the home 
TV receiver might bave access to 20 or 30 different channels. Here, again, the economics of the matter 
will determine whether or not this system ever materializes. Wè feel there is a greater likelihood that in- 

dividual cities or areas may put up their own receiving antennas to pick up satellite signals and then dis- 

tribute them, perhaps by a wired CATV -type system, to individual subscribers' homes. 

Color Sets for 1970 

AL gust, 1969 

Radio, TV, and hi -fi all sport innovations in the new lines dealers are seeing now for late fall and early 
spring selling. There are the all -IC stereo sets announced by several Japanese companies; the electronic 
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(varactor) tuning and slider controls in a Panasonic monochrome TV set; a little see -through cylindrical 
radio from General Electric; Philco- Ford's $4.95 AM portable; the thermometer -radio sold by Sharp; a 

clock -TV from G -E; the first medium- priced Marantz hi -fi components; a Zenith 11 -band Transoceanic 
portable radio that can even receive single -sideband; and plenty more. 

The emphasis is still on color -TV. though. And no wonder- that's still where sales dollars are. RCA and 
Zenith both have new "twice as bright" color picture tubes (see page 33 for details). Sylvania and Philco - 
Ford both have more transistors than ever in their hybrid color sets, and Magnavox has a new color chassis 
that is about half transistor. 

Diode switching is getting the most fanfare. RCA, after months of "no comment," popped up with a real- 
ly fancy version. The RCA v.h.f. tuner is remotely operated from a push- button transmitter. Four digital 
IC's in the front -end activate diode -switched tuned circuits in the transistor mixer, oscillator, and r.f. 
stages. The u.h.f. timer is a motor -driven signal- seeking unit. To complete the remote -operation feature, 
a memory -module setup, reminiscent of Motorola's TRR -7 last year, controls volume, color, and tint with- 
out motors. All of this is used with an updated version of the solid -state color chassis -plus the new twice 
as bright "Hi -Lite Matrix'- color CRT. 

Electrohome (Canada) has a touch -tuned varactor -diode tuner on high -end color sets, and Panasonic 
offers a detachable varactor tuner. A Panasonic 15 -inch model has an on- screen fine -tuning indicator, but 
no diode tuning. 

Automatic Tint Control 

For many years now, one criticism of NTSC color has been of the annoying change of flesh tones be- 

tween stations, between programs, and often between cameras or tapes in the same program. Magnavox 
is the first set maker to offer a circuit that holds the face tones steady, even if chroma phase varies at the 
camera, network, or station. 

Best flesh tones. a shade of orange, occur at 57 degrees in the Magnavox demodulation system. The new 
transistor circuit corrects errors as great as 30 degrees away. Admittedly, if the phase error originates 
outside the set, correcting any flesh -tone error also changes other colors near the flesh tones slightly. But 
you won't notice them unless you're watching another color set at the same time. (Complete details on the 
Magnavox automatic tint control, or a.t.c., in next month's issue.) 

There are reports that new Philco -Ford chassis have a circuit similar to the a.t.c. An engineer from that 
company assures us that isn't true. Philco -Ford chassis, he tells us, have a very stable demodulation char- 
acteristic in the second ( phase vector I quadrant, where flesh tones fall in the Philco -Ford demodulator; 
he says that stability obviates the need for any phase correction. 

CET Worldwide 
The Certified Electronic Technician program, initiated 2 years ago by National Electronic Associations 

and reported in this column, is suddenly growing by leaps and bounds. The total of technicians who have 

passed the 125 -point theoretical and practical exam is nearing 1200. There are CET's now in 44 states 

and Canada. Overseas, Argentina. Chile, Germany, South Vietnam, and Guam all have CET's. 
NEA certification chairman Leon Howland (4622 East 10th Street, Indianapolis, Ind. 46201) reports 

that technicians in Brazil, Puerto Rico, Spain, Thailand, and similar faraway places have written to ask 

how they can take the exam. Where no qualified CET is available to give it, NEA arranges with a local 

school administrator to monitor the exam and send the answers back to NEA headquarters for grading. 
The CET exam has now been translated into Spanish for technicians in countries using that language. No 

doubt about it, the certificate, card, and pin of the NEA Certified Electronic Technician is on its way to 

becoming a mark of service prestige the world over. 

Flashes in the Big Picture 

Another new name in color -TV: Craig, already known for its tape recorders.... G -E plans to make all 

its own color picture tubes.... Sony /Superscope is going into prerecorded tape business, starting with 

50 cassette, 8- track, and open -reel albums.... Companies announcing 90 -day labor -included warranty 
are Philco -Ford. /Magnavox, Sylvania; more to follow.... Hitachi warranties transistors in its radios for 

5 years.... New association for tape industry is MATE- Manufacturers' Association of Tape and Equip- 

ment; address is 92 -20 Kissena Blvd., Flushing, N.Y.... Cox Cable Communications is second -largest 

CATV owner. reports "Television Digest," with 51 communities and 165,000 subscribers. CBS must be 

the largest; its cable systems serve more than 200.000 homes. ... Reports indicate growing theft -wave of 

small parts from show -floor models- knobs, spindles, needles; tape players and tapes are disappearing 
from parked cars at alarming rate too. 
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Reflections on the news 
Apollo Eleven 

Man's first venture toward surface of moon is triumph for electronics. Gravitometer and inertial data 
gathered during Apollo 10 moon descent in May cleared way for navigational guidance needed for lunar 
landing. Communications problems appear licked; with field sequential color camera proven, color pro- 
gram from moon surface is likely during Apollo 11. (For details, refer to lead article on page 23 of this 
issue.) 

Landing radar system, made by Ryan Aeronautical Co., remained most critical electronic item for 
Apollo 11. It worked okay during Apollo 10 descent and ascent, but there's no way to test it completely ex- 
cept by actual landing. Radar simultaneously uses Doppler (c.w.) mode to sense velocity and FM to sense 
distance and angle of descent. Readout is from guidance computer; output also updates inertial navigation 
unit, which otherwise has real -time error. 

Acoustics Predict Heart Problems 

Voice patterns during emotional stress may identify potential victims of heart attacks. Lockheed Missiles 
& Space Co. engineer, working with doctors at San Francisco Mount Zion Hospital, developed prognostic 
equipment. Neck mike picks up sounds as individual reads special emotion- arousing paragraph. Audio 
signals make oscillograms on specially marked paper. If patterns go outside limit lines, they signify per - 
sonality traits that are common among known heart patients. 

Laser Projects 3 -D Movies 

Still- holography is well established in industry. North American Philips Corp. recently demonstrated 
laser- lighted projector that shows holographic movies. Special film is 3 inches wide, with sequential holo- 
grams in strips about 1/z inch apart. In "playback," film moves past shutterless aperture of projector. Suc- 
cessive holograms projected by laser beam create illusion of motion in regular 3 -D holographic images. 
Company hopes to develop system further to use intense white light in place of laser, and to adapt system 
for TV holographic scanning that takes up less bandwidth than needed by schemes advanced so far. 

Huge- screen color -TV (hut not 3 -D) projection with lasers is promised by Hitachi. Krypton -ion laser 
makes red, argon -ion lasers make blue and green. Dichroic mirrors sweep the beams, which are modula- 
ted with typical NTSC chroma and Y signals and projected on glass -bar screen. Promises to display im- 
proved version at Expo 70. 

Satellite News 

Airlines griping about foot -dragging in getting aeronautical satellites orbited and into operation. In 
new planes. companies are installing electronic gear for satellite communications and navigation, but can't 
use it. They blame FAA and Comsat. 

Replacement for old Intelsat 3 is in position over Pacific Ocean and working. New one has more chan- 
nels. Old one, slightly crippled with one weak channel but nevertheless usable, was moved to Indian 
Ocean. It will he used by European, Australian, East African, and some Asian ground stations. 

Space- station satellite, scheduled for 1975, is in study stage to decide what modular arrangement will be 
used. Modules for experiments and for living in by astronaut maintenance crews are part of plan. Some 
modules may operate remotely, few miles away from main space station. 

Radiations from the Field 

August, 1969 

Belt of electrically charged atmosphere surrounding earth holds key to predicting thunderstorms over 
entire globe, reports oceanographic ship Discoverer.... "Polyconductors" may be next in technology 
parade after semiconductors; scientist at Yeshiva University in New York found way to electrically 
"switch" materials from insulators to conductors; says probably can use optical, thermal, magnetic, and 
acoustic switching to transfer conductivity characteristic; r. f. oscillators have been built using this 
principle. 
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"Get more 
education 
or 
get out of 
electronics 
...that's my advice 

Expanded 
coverage of 
sold state 
electronics 
irc'udirg 
integrated 
circuits! 
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August, 1969 

Ask any man who really knows the electronics industry. 
Opportunities are few for men without advanced tech- 
nical education. If you stay on that level, you'll never 
make much money. And you'll be among the first to 
go in a layoff. 

But, if you supplement your experience with more 
education in electronics, you can become a specialist. 
You'll enjoy good income and excellent security. You 
won't have to worry about automation or advances in 
technology putting you out of a job. 

How can you get the additional education you must 
have to protect your future -and the future of those 
who depend on you? Going back to school isn't easy 
for a man with a job and family obligations. 
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 elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Mail postpaid 
card for your copy. If card is detached, use coupon 
below or write: CREI, Dept. 1108H, 3224 Sixteenth 
Street, N.W., Washington, D.C. 20010. 

r- 

faoMd 1977 

JLE 
Arrr,dn,d Member o/ rA, Neon! Nom, Side Comma 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept.1108H, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. I am 
employed in electronics and have a high school education. 

NAME AGE 

ADDRESS 

CITY STATE ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

I am interested in Electronic Engineering Technology 
Space Electronics Nuclear Engineering Technology 

NEW! Digital Communications 

J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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There's more here 
What you are looking than meets at is RCA's solid -state`` 

color chassis -the CTC -40. 
A whole lot went into that 
chassis. Like fifteen years of tech- 
nical research. Pioneering in the development 
of Solid State. And the backing of a national 
workshop program like nobody else's. 

That's where you come in. 
We've written a technical manual 

on the CTC -40 especially for Elec- 
tronic Service Technicians. It has color 

diagrams, pictures, and 
everything there is to know 

about our CTC - e e e. y from 
Consumer Electronics Dis- 
You can buy it rom your 

tributor, but there's a better way. 
Attend the next RCA Consumer Elec- 

tronics Distributor CTC -40 Workshop and get 
the manual free. Our distributor can tell 
you when it will be held next in your 
area. See you there. 

one tube rectifier 

I I 
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When men first walk on the Moon's surface, they will be able to communicate 
by v.h.f. radio with each other and with the command module orbiting overhead. 
They will also be directly in touch with Earth by microwave radio and will be 
able to send back live television pictures over the vast translunar distance. 

THEN Christopher Columbus sailed his way into 
history almost five centuries ago, he severed con- 
tact with civilization for the duration of his voy- 

age. Except to the 90 sailors who manned the expedition, 
Columbus' trials and triumphs, including his discovery of a 
new world, remained unrevealed until his return. 

On July 16, if NASA plans proceed on schedule, a new 
breed of explorers will embark on a voyage that will rank 
them alongside Columbus in the annals of mankind's great 
adventures. Yet, although their trip will traverse a dis- 
tance 45 times that of Columbus' route, they will not, ex- 
cept for short intervals, face isolation from the civilization 
they leave behind. 

A stream of electronic signals will flow from the two 
Apollo 11 spaceships. Gathered in by a world -wide track- 
ing network, they will be relayed instantly to the NASA 
Manned Spacecraft Center in Houston, Texas, where a 
cadre of mission controllers will be supporting astronauts 
Neil Armstrong, Edwin Aldrin, and Mike Collins as they 
fulfill man's centuries -old desire to escape the confines of 
his native planet and alight upon another body in the Uni- 
verse. A sharp contrast to the plight of Columbus, who had 
to do his own piloting and mission planning virtually alone. 

Almost simultaneously as they are flashed before the 
NASA officials, the signals bearing in minute detail the 
progress of Apollo 11 will be broadcast internationally, al- 
lowing the entire world to share in the drama of the 
manned lunar landing. 

Apollo 11 will begin from Cape Kennedy when a Saturn 
5 rocket, thundering aloft with 7.5 million pounds of thrust, 
drives the Apollo command /service (CSM) and lunar 
(LM) modules, as well as its own third stage, into earth 
orbit. After less than two revolutions of the globe, during 
which the third stage and spacecraft systems will be checked 
out, the rocket will re- ignite to propel the astronauts on 
their way to a lunar touchdown. 

Almost immediately after the translunar coast begins, 
the astronauts will separate their CSM from the third stage, 
turn it around, and dock with the LM. They will then ex- 
tract LM from its adapter still attached to the rocket. 
August, 1969 

On the fourth day of the mission, as the CSM -LM com- 
bination swings around the Moon, the CSM service propul- 
sion system engine will fire to brake the docked spacecrafts' 
speed and allow them to be captured in lunar orbit. A 
second engine burn later will circularize the orbit to ap- 
proximately 60 nautical miles. 

Then on the fifth day, astronauts Armstrong and Aldrin 

The 7 -lb TV camera "half will send live TV pictures from Moon. 
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will transfer to LM from the CSM through the docking tun- 
nel and power up the lander's systems to check them out. 
Following the checkout, Armstrong and Aldrin will sepa- 
rate LM from the CSM and fire their descent engine to 
lower the LM orbit nearer the Moon. As they approach 
closer to the lunar surface, they will begin terminal descent 
during which they will fire the engine almost constantly, 
throttling its power to achieve a landing in helicopter 
fashion. 

On the Moon's Surface 

The first order of business for Armstrong and Aldrin after 
the landing will be to check out the LM systems to make 
certain everything is ready for the lift -off that will return 
them to the CSM, piloted by Collins, in orbit around the 
Moon. That accomplished, they will don their portable life - 
support system backpacks, depressurize the LM, and open 
its door. Moments later, Armstrong will scale down the LM 
ladder and step onto the lunar surface. 

Armstrong later will be joined by Aldrin outside the 
spaceship as they begin a modest exploration, staying with- 
in 50 to 100 feet of the LM. During this time -about 2 

hours, 40 minutes of the total 22 -hour lunar stay will be 
spent outside the spacecraft -the astronauts will stay in 
touch with one another, and with mission controllers on 
Earth, using a compact extra -vehicular communications sys- 
tem (EVCS) built by RCA. 

The EVCS consists of a v.h.f. transceiver set in each 
astronaut's backpack. Although each measures only 14" x 6" 
x 11/4" and weighs only 6.5 pounds, it contains two AM 
receivers, two AM transmitters, either an FM transmitter 
or an FM receiver, plus telemetry instrumentation to trans- 
mit astronaut biomedical data and status of the spacesuit 
systems. 

Use of an FM receiver in one EVCS unit and the FM 
transmitter in the other will allow the receiver -equipped 
extra -vehicular astronaut (EVA) to serve as a radio -relay 
point for voice and data between his partner and the LM. 
This arrangement has one EVA transmit via FM (279 

S-Band (Voice/Data/ 
TV ) 

MHz) to the second, which converts the transmission to 
AM (259.7 or 296.8 MHz) for relay to the LM communica- 
tions systems. Both astronauts can also transmit directly to 
LM via AM. 

The LM, in turn, will convert the v.h.f. voice and data 
transmissions to u.h.f. S -band microwave signals and trans- 
mit them to Earth on a carrier frequency of 2282.5 MHz. 

The teaming of v.h.f. and u.h.f. S -band is characteristic 
of the entire Apollo communications scheme, which must 
link two spacecraft to Earth and to each other, and also 
make provision for astronauts exploring the Moon. S -band 
carriers are used for spacecraft -to -Earth links for both LM 
and CSM, and v.h.f. will be employed for communications 
between the two spaceships and for extra -vehicular activi- 
ty on the Moon. 

In all cases, the S -band and v.h.f. can be converted to 
one another, providing a number of communications paths 
to assure that everyone -the CSM, LM, and Earth -remains 
in contact. 

An Umbrella Antenna 

The u.h.f. transmissions to and from the Moon once LM 
lands can be conducted via a remarkable antenna. Called the 
"S -band erectable antenna," it is stored as a cylinder only 10 
inches in diameter and 39 inches long. After the landing, one 
of the astronauts can remove the cylinder from the LM, set 
up its tripod, extend the telescoping feed, attach a cable from 
LM, and "pop" the antenna much like an umbrella so that it 
blossoms into a dish 10 feet in diameter. Total weight of the 
entire antenna is 14 pounds. 

For Apollo 11 the erectable antenna will serve as a con- 
tingency item, although it is slated for prime use in future 
lunar landings. 

The erectable antenna has 32 -dB gain, about 12 dB more 
than the 26 -inch steerable dish on the LM which will han- 
dle S -band transmission and reception when the spacecraft 
is in flight and after it lands. The erectable antenna focuses 
its energy so that its transmissions will cover the entire por- 
tion of the Earth facing the Moon at any given time. 

Voc 

ez0 a 

HF (Voice/ Data) 

zCtlw" 

24 

- 

Astronauts on the 
Moon will use v.h.f. 
radio to communicate 
with each other and S- 

band microwaves for 
Earth communications. 
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Stretched between the antenna's ribs. which are jointed 
%with watch- spring metal so they can be folded. is an ultra - 
fine gold- plated mire woven into material resembling ladies' 
mesh stockings. The total result is a very flexible assembly 
that springs into a rigid structure when its opening mecha- 
nists is activated. 

Live TV from the Moon 

The most spectacular transmissions emaniting from the 
lunar surface will be live T \' beamed to an international audi- 
ence by a 7 -pound camera built by tt'e.stingltotc.se. The small 
camera swill provide spectacular views of the astronauts as 
they move about on the htnar -scape to gather rock and soil 
samples and to set up scientific instruments. 

The pictures will be received on Earth, scan -converted, 
and released to the commercial networks for broadcast to 
home T\' sets. Scan conversion of the signals is needed be- 
cause the T \ camera, to conserve power and communica- 
tions bandwidth, operates on standards markedly different 
from commercial T\. 

Instead of the 525 -line TV pictures broadcast at 30 
frames- per -second of conventional TV, the camera transmits 
320 -line T \ pictures at 10 frames- per -second. This enables 
it to operate on a 500 -kHz bandwidth as contrasted to 
4.5 MHz for commercial TV. The camera als operates in a 
second mode, sending high- resolution "still" pi_tures of 1280 
lines at one frame each 1.6 seconds. 

in either case. the Earth-based scan converters, built by 
RCA, through a virtually instantaneous recording- playback 
process, transform the Apollo camera pictures to commer- 
cial standards so they can be displayed on conventional 
sets. Each converter emplo s a T \ monitor, a vidicon cam- 
era. a video recorder similar to the instant rt play" devices 
used in sports telecasts. and pulse and timing units. 

The lunar -surface camera is one of two that will be used 
for Apollo 11. A larger WcAtinghouse color camera identical 
to the one carried on Apollo 10 swill fly in the CS\I to broad- 
cast T \' during the trips to and from the Moon and perhaps 
while the CS \l maintains its vigil iii luau orbit after the land- 
ing and during the exploration. 

Both cameras already have made their space debuts. The 
amazing detail they provided of the astronauts at work, the 
Earth and Moon, and the spaceships in orbit spellbound TV 
viewers everywhere. 

As spectacular as it will be, however, the T\ will be only 
a small part of the total information that will be showered 
on Earth by the LM communications systems during the 

The erectable S-band antenna that will send microwave signals 
from the Moon to Earth is going through simulated lunar setup. 

lunar visit. Vital astronaut physiological functions such as 
heart rate and temperature, telemetry on the spacecraft sys- 
tems, voice conversations. and status of E \A spacesuit con- 
ditions (such as temperatures and oxygen supply). as well 
as the TV, will all ride to Earth simultaneously on the 
S -band carrier, producing thousands of bits of data each 
second. 

Ranging Data Navigation 
When the astronauts return to the L \l and fire its ascent 

engine to climb back into lunar orbit and rejoin the CSM 
there, the L \i communications system will take on an addi- 
tional chore: receiving and retransmitting ranging signals 
from Earth. The range interrogations, like command and 
voice signals, will be received on 2101.8 \IHz. They swill 
then be turned around and transmitted on 2282.5 \i1lz. the 
carrier for all L \I S -band transmissions. 

As LM ascends, its v.h.f. set will be in action linking it 
with the CS \i it is seeking. In addition to handling voice 
and low-bit-rate data, the v.h.f. radio will allow the CS \i to 
compute distance between it and the L \1. It does this by 
transmitting a series of tones. svhich are received and re- 
transmitted by the L \I. 13y measuring the time between 
transmission of the tones and receipt of the returns. the 
(:S \l- to -L \l range can be calculated. The voice and the 
ranging functions can be per- (Contirnucl on page 56) 

The three steps required to set up the erectable s -band antenna. At left, the feed is being 
extended; at center the tripod has been set up and cover removed; at right, fully deployed antenna. 
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RECENT 

DEVELOPMENTS 

IN ELECTRONICS 

Jobless Trained for TV Repair. (Top left) In Newark, N.J. a 

group of 80 formerly jobless men and about a half dozen 
hard -working, dedicated instructors are working together in 

classes of math, English, social development, but mainly 
color -TV repair. This program, which pays trainees $2 per 
hour, is also going on at Camden (80 students), Chicago, and 
Los Angeles (120 students each). After completing the 6- to 
18 -month full -day program, the graduates are expected to 
be placed with TV service companies where they will earn 
from $3 to $4 per hour as apprentice technicians. The gradu- 
ate, who is not expected to be a bench man, is taught how 
to use meters and color -bar generators and will be able to do 
a complete convergence job in the customer's home. The 
program is operated by the RCA Service Co. under a $2.5- 
million contract with the Dept. of Labor. The company is con- 
tributing more than $1 million of its own. When we visited 
the Newark center, we saw a number of color sets being 
worked on by students, as well as color -TV course material 
from RCA Institutes. At Newark, 82% of the students are 
black, two thirds are married or the head of a household, 
28% have had military service, and 14% have had some 
electronics background. Recruitment is by Total Employment 
and Manpower (TEAM) and N.J. State Employment Service. 

Video -Info System for Law Enforcement. (Center) Los Angeles 
County Sheriff's Department is installing a video -information 
system that will automate and speed the handling of law - 
enforcement records. With the new system, case records, 
fingerprints, photos, and related documents will be recorded 
on video tape and made immediately available for viewing 
on TV monitors at the Hall of Justice and in 15 sheriff's 
facilities throughout the county. The system, which uses the 
Ampex Videofile, stores about 125,000 document recordings 
in 3600 feet of two- inch -wide video tape on a 10 -in reel. A 

comparable number of paper documents would require ap- 
proximately twelve four -drawer file cabinets for storage. 

New Optical Reader for Post Office. (Left) A New York City 
postal employee is shown monitoring the operation of an 

automatic address reader which can sort mail at the rate of 
up to 36,000 pieces per hour. The optical scanner, made by 
Philco -Ford, reads city, state, and zip code of an address 
and then routes the mail piece to one of 275 sorting bins. The 
reader can handle any common typewriter, computer, or ad- 

dressing- machine type font, but it has trouble with italics and 
artistic fonts and cannot read handwriting. Hence, it can 
handle bulk mailings from business concerns, which is why the 
N.Y. installation is at a post office in the booming financial dis- 
trict. The Post Office Dept. now has ten of these readers in 

operation in Detroit, Boston, Philadelphia, Chicago, Houston, 
San Francisco, and Los Angeles. For this year, these machines 
are expected to process about 800 -million pieces of mail. 
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Computer- Operated Drafting Machine. (Top right) This auto- 
matic drafting machine is creating a three -dimensional layout 
drawing from two orthographic plane views on the illustra- 
tor's drafting table. The draftsman uses two styli, one to set 
the axis about which the plane view is to be rotated and the 
other to trace the other plane view. The computer-directed 
machine does the rest, and in a fraction of the time required 
to do the job by hand. The drafting machine is a second -gen- 
eration model of a less sophisticated and more expensive ver- 
sion that was introduced by Perspective Systems, Inc. four years 
ago. Previous model was priced at over $50,000, while this 
version, thanks to its modular design, is about half the price. 

Giant Lightning Arrester. (Center) The size of The man at the 
bottom of the photo shows how large this lightning arrester 
is. Rated at 900 kV r.m.s., this freestanding arrester was 
built for ultrahigh -voltage electric -power transmission re- 
search. The unit surpasses by over 30 percent the highest 
arrester ratings now in world usage. The device, manufactured 
by G -E, will be used in the company's research project for 
Edison Electric Institute and Bonneville Power Administration. 
The program studies insulation performance, radio noise, and 
corona loss of 1000 -kV to 1500 -kV power transmission lines. 

Personal Identification System Measures Hand. (Bottom left) 
No ID photo and no personal signature are needed to make 
a positive personal identification with this new system we saw 
demonstrated by Sibany Mfg. Corp. The user simply inserts a 

card with the measurements of his right hand coded on it by 
means of small punched holes. He then inserts his hand into 
the scanner, which then takes a number of measurements and 
compares them with the coded information. If the measure- 
ments check, the machine signals that the identification is okay. 
Units are being currently field -tested. The manufacturer fore- 
sees applications in hospitals, banks, industrial plants, military 
bases, and anywhere that it is necessary to identify a person. 

Instrument Platform Checks Athlete's Thrust. (Bottom right) 
The forces that make one athlete jump farther than another are 
being measured electronically at the University of California. 
Using an electrographic recorder developed by Varian Associ- 
ates, the device graphs the lift -off thrust exerted during 0.1 to 
0.2 second. The recorder is triggered by photocells, and strain 
gages actually make the thrust measurements. The jumper's 
flight is recorded on video tape to correlate with the measure- 
ments. Studies are being conducted by Dr. Melvin Ramey, a 

30- year -old assistant professor of civil engineering (left) who 
is still fit enough to better 45 feet in the triple jump himself. 

um 
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Close -up of the new 7 -mm, 50 -ohm 
precision coaxial connectors. The 
7 -mm dimension refers to the in- 
side diameter of the outer conduc- 
tor of the matching rigid coax. 

((.THIRTY -FIVE dollars for just one coaxial con- 
nector? Why ?" Many electronics engineers, used 
to paying 55 cents for a standard type of coaxial 

connector, ask this question. However, the one we are talk- 
ing about is the 7 -mm, 50- ohm "precision connector." 

The key is performance. The connector offers constant 
impedance (50 ohms ±0.1 ohm) over a frequency range 
of 0 to 18 GHz, and s.w.r. (standing -wave ratio) for a 
mated pair is less than 1.003 -I- (0.002 X frequency in GHz) . 

For example, 1.003 + (0.002 X 18) = 1.039 s.w.r. at 18 
GHz. The connector also Offers r.f. leakage better than 
120 dB ( this is the ratio of the leakage of a mated pair 
to the signal level), electrical length held to ±0.002 in, 
and low contact resistance: 1.0 milliohm for the inner con- 
tact; 0.1 milliohm for the outer. Insertion loss (dB) for a 

mated pair is less than 0.007 V/ freq. GHz. For example, 
at 16.0 GHz, loss is 0.028 dB. 

"Yes, but who needs performance like that ?" is the next 
question. 

The answer is summed up by John Cardoza, product 
manager of Hewlett -Packard's Microwave Division: 

"Rapid advances in microwave technology, triggered to 
a large extent by the application of solid -state devices and 
techniques, have brought about the need for measurement 
techniques and equipment which will give the microwave 
engineer more information about design -and with signifi- 
cantly higher measurement accuracies. With the advent of 
solid -state devices for microwave applications (such as 

"bulk -effect" oscillators, microwave transistors, thin -film 
amplifiers and mixers, etc.), the equipment or systems de- 
signer can now achieve his end product by combining or 
cascading smaller, "simpler" devices and networks. If the 
over -all design objectives are to be achieved, the designer 
must be able to completely characterize the individual 
elements or networks so that their performance in the final 
system is fully predictable, and he must be able to do this 
characterization simply, rapidly, and accurately over wide 
frequency ranges. 

"One of the objectives of the Hewlett- Packard Network 
Analyzer, designed to fill this need, was to make it one of 
the most accurate phase and amplitude measuring instru- 
ments. For this reason it was decided to use the new pre- 
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New Coax 
Connector 
TOPS 
Performance 
Records 
By HENRY PESSAH 
Advanced Product Planning Mgr., Amphenol RF Div. 

The price of some high-f high-f repcency connectors 
may seem ridiculously high but let's look at 
the performance one obtains. Let's also take 
a look at the design and manufacturing costs 
and the rather involved testing techniques. 

cision connectors. These are some of the reasons for the 
choice: 

"1. The connectors offer the lowest s.w.r. over the widest 
coaxial bandwidth now available. This results in lower mis- 
match errors when slaking transmission and reflection 
coefficient measurements. 

"2. Phase measurements require a precisely determined 
reference plane. The connector's singular and nonanl- 
biguous mating plane makes it ideal for the precision now 
required in phase measurements. 

"3. The connectors are also employed on high direc- 
tivity broad -band couplers used in the reflection tests units 
for reflection-coefficient measurements. Again, the low 
s.w.r. was one of the critical characteristics in achieving 
the high directivity needed for accurate impedance mea- 
surements in broad -band coaxial systems. 

"4. Because designers must often nuke measurements 
in other connector configurations, availability of low s.w.r. 
adapters is important. Adapters from precision connectors 
to type N, SMA, TNC, GR900, etc., provide the analyzer 
user this flexibility." 

The applications horizon for the precision connectors is 

widening. It now appears on nearly all types of precision 
test instruments. 

In equipping modern test instruments with these con- 
nectors, orders of magnitude improvement in residual error 
have been accomplished in the Measuring system. Even 
for capacitance, resistance, and inductance standards op- 
erating at lower frequencies, the fixed plane and con- 
trolled residuals in precision connectors have added con- 
siderably to ultimate accuracy. In the microwave region, 
coaxial measurements can now be made with precision 
heretofore possible only in waveguide systems. 

Achieving the Performance 

To achieve high performance, mechanical tolerances re- 
quired in the connector manufacturing process were care- 
fully chosen. both the inner and outer coaxial cross -section 
diameters had to be held to tolerances of 100 nlicroinches. 
These tolerances were necessary to maintain proper impe- 
dance, electrical length, and to avoid excessive tolerance 
build -ups on assembled component parts which could 
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result in the electrical degradation of 
the connector. Fits among the airline, 
connector body, bead assembly, and 
contact assembly have to be extremely 
close in order to avoid degeneration 
due to eccentricity of the center con- 
ductor. 

For any connector manufacturer to 
achieve this, a properly controlled en- 
vironment is necessary. For example, 
the 7 -mm precision connectors are 
manufactured in a clean, positive -pres- 
sure area where temperature is main- 
tained at 70° -2 °F. 

To manufacture the connector eco- 
nomically, precision machining meth- 
ods and instrumentation capable of 
holding close tolerances had to be de- 
veloped. Included are Swiss Bechler 
automatic screw machines, Kummer 
automatic chuckers, and a Harding 
lathe with an automatic sequencing 
attachment. In the manufacturing pro- 
cess, every attempt had to be made to 
eliminate human variability in critical 

AIRLINE 

assembly operations. This was the pur- Fig. 1. Arse 

pose of the automatic devices. The utili- 
tolerances ar 

BODY CENTER 
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NUT CONTACT ASS'Y ASS'Y 

mbly drawing of the 7 -mm coaxial connector. The mechanical 
e held to 0.0001 -inch and manufacturing is done in clean room. 

connectors. As the pin enters the contact fingers, it presses 
the fingers sideways or otherwise distorts the inner conductor 
of the contact. Another connector could leave a pin within 
the tolerance range which could act in an entirely different 
manner. 

One of the most important features of the sexless philos- 
ophy is that it provides a very precise electrical and me- 
chanical reference plane for mating both the inner and outer 
conductors; and it is this feature which makes the precision 
connectors so attractive in the lower frequency regions as 
well. 

zation of automatic equipment not only lends itself to eco- 
nomic production, but assures a uniform product within the 
necessary close dimensional limits. The Amphenol produc- 
tion facility is capable of holding length and diameter dimen- 
sions within 0.0001 of an inch. And tolerances of this kind 
are a "must." Should they vary even slightly, the s.w.r. of 
the connector can jump drastically. 

Critical Inspection 
Naturally, the close tolerances of the 7 -mm connector 

necessitate unusual inspection methods. Mechanical inspec- 
tion of critical dimensions on connector parts is done with 
air gages, precision dial indicators, and by optical methods 
( comparator and microscopes) . 

In fact, the inspection comprises a large percentage of 
the total connector cost; but the use of air gages helps ap- 
preciably in keeping this cost down. These gages are capable 
of measuring dimensions to 50 millionths of an inch. One air 
gage has three outputs and is capable of measuring three 
separate dimensions simultaneously. Without these gages, it 
could take hours to make the measurements. However, mea- 
suring the three critical dimensions with an air gage takes 
only seconds, and is far more accurate. The air gages also 
enable technicians to measure TIR (Total Indicator Reading), 
or the concentricity of the connector. This is simply the re- 
lationship of one diameter to the other. 

Electrically, the connector is tested using the half wave- 
length substitution method. A 5.9 -in (electrical) length of 
7 -trim rigid airline with a precision connector at each end is 
used. At every gigahertz, this assembly is some multiple of a 
half wavelength; for example, two wavelengths at 1 GHz. 
Connectors are checked for s.w.r. at 4, 6, 9, 12, 15, and 18 
GHz. 

Each connector is individually tested in this manner, then 
packed with a test certificate in a special shock -proof con- 
tainer for shipment to the customer. 

New Sexless Philosophy 
One of the most interesting characteristics of the precision 

connectors, as contrasted with most coaxials, is its "sexless" 
design. Any 7 -mm precision connector will mate with any 
other in the field. This design also eliminates the problem 
which most other connectors have to live with, that is, the 
problem of destructively interfering or distorting each other. 
For example, typical dimensional distortion occurs in type -N 
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How it All Started 
Obviously, the precision connector didn't just "happen." 

Credit should really go to the IEEE Committee on Precision 
Connectors, a part of the Group on Instrumentation and 
Measurements. This committee worked with both the test 
instrument and connector industries to develop specifications 
for an improved -performance connector, one which would 
be capable of true interface over a wide frequency spec- 
trum with the broadest possible line of coaxial test instru- 
ments. 

The committee set up the basic requirements for the con- 
nector, namely the "sexless" design, fixed the reference plane 
concept, and the specific electrical performance characteris- 
tics- s.w.r. and the like -which have been discussed in light 
of the Amphenol APC -7. (Continued on page 61) 

Engineer uses special microwave network analyzer to check 
reflection coefficient of an X -band filter. The test instru- 
ment is equipped with the new APC -7 precision connectors. 
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Will there be 

An Electronic 
Mail Service? 

By WALTER H. BUCHSBAUM / Contributing Editor 

Will future mail be transmitted via microwave radio links? Can electronics bail out 
our postal system which is now staggering under a deluge of mail? What about the 
proposal for an "informal merger" between Western Union and the Post Office? 

Editor's Note: At last year's National Postal Forum, a 
proposal was made to have Western Union join forces 
with the Post Office to transmit "telegramletters" over 
its facilities with final delivery being made by a local 
h Itrr carrier. Recently, it was disclosed that a limited 
trial of the plan for several months is in the works. If 
the plan doesn't develop too many bugs, it could go 
into limited public use early next year. Legislation 
would be required, however, prior to final use. A 
"telegramletter" would be faster than regular mail but 
slower than a telegram. Its cost would be below reg- 
ular telegraph but above mail rates. 

F 
ROM the days of the Pony Express until recent times 
our Post Office system has been considered a paragon 
of reliability, efficiency, and speed. During the past ten 

years this shining image has begun to tarnish and large 
deficits, combined with increasing rates and declining ser- 
vice, have made our once proud postal service the subject 
of many complaints. 

If we skip over the next 10 or 20 years and assume that 
these problems will be solved by electronics, we should be 
able to again depend on the postal service to "get the mail 
through" with high speed and reliability. Instead of the 
mailman making his rounds, we can envision an attachment 
to the home TV set which will spew out personal letters, 
bills from the department store, or more likely, the daily 
computer output showing your financial standing in the uni- 
versal, over -all, everywhere, and everything credit -card ser- 
vice. To answer personal mail, we will simply slip the reply 
into our TV attachment and press the "Mail Transmit" but- 
ton. To pay our bills we will put our credit card into the 
slot and punch the amount to be transferred into the key- 
board on the TV attachment. Only parcel -post deliveries 
may still be made in person. 

How can this "electronic mail" service come about? 

30 

Well, the beginnings of it are predicted in the not- yet -re- 
leased report prepared by a 15 -man interagency committee 
set up in -1967 by President Johnson to recommend new na- 
tional communications policies. A brief paragraph released 
on December 8, 1968 recommended that Western Union 
be allowed to set up shop within U.S. Post Offices in vari- 
ous cities and some informal arrangement be provided to 
augment, complement, and merge some of these services. 
On the surface it is hard to see any great significance in this 
recommendation, but when we look into the operation of 
the Post Office and the services currently provided and 
planned by Western Union, it becomes apparent that a rad- 
ical change in domestic communications services may result 
from such a marriage. 

Communications Explosion 
Before World War II mail deliveries two or three times a 

day were common in major cities and the time it took for a 

letter to travel from Washington to New York was measured 
largely by the railroad schedules. Since 1939 the volume of 
mail has increased astronomically and in 1968 the U.S. Post 
Office handled 79.5 billion pieces of mail. Little has been 
done in the postal service to introduce automation on a 

large scale and, by and large, the general routing process 
and delivery of mail is still the same as it was 30 years ago. 
The recent addition of zip- coding and some automatic sort- 
ing machinery in major post offices has done little to expe- 
dite the mail. 

Western Union's basic telegram and telex service has also 
increased greatly. Between 1958 and 1967, the volume of 

messages has increased 789%. Not only are there more peo- 
ple in the country, but these people also communicate 
more, both by mail and telegram. The Post Office reports a 

1.5% increase in mail volume between 1967 and 1968 and 
predicts a 7% increase in volume between 1968 and 1970. 
Although these percentages themselves do not appear dra- 
matic, they indicate a spiraling trend which is a part of 
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the so- called communications explosion. 
A number of critics of the Post Of- 

fice have advocated that the entire 
business of handling the mail be turned 
over to a non -profit, government -spon- 
sored corporation which would remove 
the Post Office from its ties to partisan 
politics and put it on a more business- 
like, "efficient," and, conceivably profit- 
able or at least deficitless basis. Could 
it be that the Presidential Commission 
had this type of thing in mind when it 
recommended the informal merger of 
postal and telegraph services? 

We have long been intrigued with 
the potential of Western Union in terms 
of domestic record communications 
since, by act of Congress, this company 
has the charter for all non -voice com- 
munications within the U.S. By evalu- 
ating the growth plans of Western Un- 
ion, the advanced communications ser- 
vices now in use by the military and 
some large corporations, we will predict 
what the "informal merger" of Western 
Union with the U.S. Post Office could ultimately mean to 
domestic communications. Many of the possible services and 
their implications will be controversial and subject to Con- 
gressional politics, compromise, and modification, but we 
believe that the combination of Western Union's electronic 
message transmission and the physical message transmission 
provided by the Post Office will spell out an entirely new 
era in communications for all of us. 

Western Union's Wide -Band Service 
A basic principle of electronic communications depends 

on the fact that the bandwidth, in terms of frequency, re- 
quired to transmit information is directly related to the 
amount of information it is possible to transmit within a 
given time. Until 15 years ago, the normal means of trans- 
mitting a telegram was the low- speed, 75 -word- per -minute 
teletypewriter. The bandwidth required for this type of ser- 
vice was on the order of 150 Hz. An ordinary voice channel 
is 4 -kHz wide and is generally used to transmit a frequency 
band of 3.8 kHz. By special techniques it is possible to 
transmit 4800 words -a- minute over this type of channel. TV 
transmission requires bandwidths of approximately 4 MHz 
although techniques are used to "bandwidt h compress" 
video information into a 2.5 -MHz channel. If you want to 
transmit more information faster you must increase channel 
bandwidth. Originally, Western Union transmitted only 
low -speed teletypewriter information and was therefore sat- 
isfied to lease long- distance lines at 4 kHz from the tele- 
phone company, or in some instances, provide its own wire 
network. 

With the increase in traffic, and with the need to provide 
high -speed data communications, Western Union embarked 
on an ambitious program of installing a nationwide wide - 
band microwave system. At the present time this system is 
7500 miles long and connects 267 stations, serving the major 
population centers and defense installations coast to coast. 
Fig. 1 shows the microwave network as it is currently in- 
stalled. Initially equipped to provide 600 voice channels, or 
a bandwidth of approximately 2.4 MHz, the total capacity 
of the system is approximately 28 MHz. 

The wide -band microwave system consists of point -to- 
point microwave communications with towers and repeaters 
stationed all over the country. Services within any given city 
make use of available Western Union cables as well as the 
leased facilities of the local telephone company. 

How many private letters do you send and receive each 
month? Each year? The average U.S. citizen receives 407 

Fig. 1. Nationwide microwave system of Western Union is 7500 miles long 
and interconnects 267 stations. The main terminal points are indicated. 

pieces of mail annually. Clearly the vast bulk of this mail 
is not private correspondence. In fact, the Post Office has 
shown that most of the mail, and the vast physical bulk of 
the mail, consists of advertising matter, magazines, bills, 
statements, and corporate communications of various types. 
The bulk of this mail is further increased by the frequent 
addition of postage -free return envelopes, reader's reply 
cards, etc. Thus most of the mail carried by the Post Office 
contains printed rather than handwritten information. And 
much of this information is duplicated, that is, the same in- 
formation is sent to many addressees. 

The Post Office and the Paper Glut 
The postal system's major problems fall into three areas: 

sorting the mail, transporting it between post offices, and 
delivering it to the individual addressee. Excluding parcel 
post, mail can be broadly divided into hand -addressed and 
machine -addressed envelopes of varying size. The problem 
of sorting hand -written mail automatically is difficult to solve 
and requires machines not currently available. Machine -ad- 
dressed mail can be sorted by optical- scanning readers 
coupled to computers. Some test installations are underway 
and if such systems could be installed in all major post of- 
fices, this would greatly reduce the over -all sorting problem. 

The problem of transporting mail between cities remains 
a major cost item. Some publications, particularly some na- 
tionally distributed magazines, have provided a partial 
solution to the problem by shipping their press plates and 
having the magazines printed in or near large population 
centers. In a few instances national magazines publish spe- 
cial Eastern, Midwestern, or Western editions. But most of 
the mail still has to be transported by train, truck, or air- 
plane between major cities. 

The most vexing problem facing the Post Office is delivery 
to the ultimate addressee. The individual mail carrier, bent 
under the ever increasing weight of his leather bag, is still 
the only available means of getting the mail delivered. Keep 
these problems in mind while we consider how information 
gets distributed in an advanced military communications 
system, such as the Autodin system described below. 

Lessons Learned in the Autodin System 
Autodin (Automatic Digital Network) provides only record 

traffic, that is, only messages in the form of teletypewriter 
printing, punched paper tape, or IBM cards. Controlled by a 
number of automatic, computer -controlled switching centers, 
the Autodin network makes use of all sorts of communi- 
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Fig. 2. Possible future high -speed letter -facsimile service. 

cations links, from simple telegraph wire to microwave, 
troposcatter radio, and in the past few years. satellite com- 
munications. Because it serves the Department of Defense, 
various levels of security classifications are provided for dif- 
ferent messages and for different channels. Similarly, a 

range of different priorities permits urgent messages to pass 
through faster than those of a routine nature. 

Probably the most unique and vital feature of the Autodin 
system is the so- called "store and forward" message. This 
involves a technique of transmitting a message from the 
sender to the addressee without making a direct connection 
between two distant points. An air base in Okinawa, for ex- 
ample, wants to know if a certain spare part is available at 
a depot in Oklahoma. At the time this message is sent out, 
all of the circuits between Honolulu and the Mainland may 
be busy or else the equipment at the Oklahoma depot may 
be tied up. The Autodin system in Honolulu accepts the 
message from Okinawa and tries to forward it directly to 
the next switching center in line. If it is not successful in 
routing it via the shortest way, it will try a number of alter- 
nate routes. If the computer receives the information that all 
routes are busy, it will store the message for a short time, 
usually a few minutes, and will try again to transmit it. 
Thus the message is automatically passed on from one 
switching center to the next and is received in Oklahoma as 
soon as lines to that center are free. The great advantage of 
this technique is that the operator in Okinawa does not need 
to hold his circuits open but simply transmits his message 
to Honolulu and then continues to use his equipment to 
transmit other messages. 

Each message has its own assigned priority. If a high - 
priority message is received at a busy switching center, all 
lower -level messages will be stored and the high -priority 
message will go through first. All this is accomplished within 

Fig. 3. In -home terminal of a possible CCTV message service. 
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niicro- or milliseconds by a complex computer -controlled 
switching system. 

If the air base in Okinawa needs a specific spare part but 
does not know in which depot it is available. a message can 
be sent to all depots. This is accomplished by sending a sin- 
gle message addressed to all depots. Computer -controlled 
switching centers will automatically route the messages to 
their destinations. When an address is changed, the com- 
puter is informed and forwards the message automatically. 

In addition to such messages as the location of spare parts, 
payroll information is sent from each installation to the pay- 
master's office half way around the world. This information 
is usually contained on IBM cards. Again information in a 
whole deck of IBM cards can be sent automatically over the 
Autodin system to a remote station, again using message 
store and forward techniques and automatic routing to pro- 
duce a duplicate set of cards at the paymaster's office. 

We have cited two typical uses of the Autodin system 
which are not subject to security classification and which are 
relatively routine, everyday type of communications services. 
In addition to these, a number of other, unique, services are 
available which are vital to the national defense and which 
permit high -speed record communications between locations 
all over the world. The key element of all this, however, 
and the element which is of the greatest value to the ulti- 
mate domestic communications of Western Union, is the 
use of computer -controlled automatic switching centers. 

Some of the features of the Autodin network have already 
been applied by Western Union. It is, for example, possible 
to send a "multigram" by Western Union. This is a single 
message transmitted to a number of different addresses. 
Thus a corporation may send out a new price schedule to its 
sales offices all over the country. A company may call in its 
outlying dealers for an urgent meeting by a single multi- 
gram message, or organizations may use it to alert their 
members. It is only necessary to give Western Union the 
text of the message and a list of the addressees. 

The Autodin network has a whole array of messages with 
a fixed content in which only dates, sizes, part numbers, or 
other detailed information vary. To transmit these, it is 
only necessary to send the message code number and the 
pertinent details. Similarly, Western Union has a series of 
prearranged messages, such as congratulations for all occa- 
sions, where only the name of the person need be inserted. 
Western Union also provides various services connected 
with goods and services of affiliated organizations, such as 
flowers -by -wire, candy -by -wire, money orders, and gifts -by- 
wire. Western Union provides the information link while 
local stores provide some of the merchandise. 

A relatively new Western Union service is leased facilities 
for transmitting information on punched tape and IBM 
cards between computer centers. Also growing in popular- 
ity is Info -fax which is a facsimile transmission system, op- 
erating over a 4 -kHz telephone channel and capable of trans- 
mitting a standard -size letter in about 3.6 minutes. In this 
latter field Western Union may be outpaced by Xerox and 
others who offer reproduction systems which the user can 
connect directly to the telephone line. In any event, much 
of the capability of Autodin is already available, and the 
interconnecting links within the United States, at least, are 
provided by Western Union's wide -band microwave system. 

Results of the WU -P.O. Combination 
Aside from the convenience of having the WU office right 

in the post office, and the possible revenue from this to the 
Post Office, a number of new services could be made avail- 
able almost at once. In many instances, telegrams are now 
phoned to the addressee with the copy sent later by mail. 
Some time can be saved if the WU office is part of the 
local post office. A more important advance would be the 
facsimile letter service illustrated in Fig. 2. At a special fee, 
possibly slightly more than (Continued on page 72) 
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BRIGHTER PICTURE TUBES for COLOR -TV 

By MILTON S. SNITZER / Technical Editor 

New 23 -inch tubes with twice the brightness 
and unproved contrast, but at no increase in 
high voltage, will be off erea, by Zenith and RCA. 

THOUGH many owners of color -TV receivers will say L y 
that their color pictures are bright enough, the fact 
remains that the light output of color tubes is far be- 

low that of black -and -white picture tubes. As a matter of fact, 
most color viewers use somewhat subdued room lighting 
when watching their sets in order to avoid picture washout 
or loss of contrast. The tube manufacturers have been work- 
ing constantly on this problem, and all are using more highly 
efficient phosphors, especially the red, in order to get greater 
light output. 

A somewhat different approach is now being taken by 
Zenith's Raulanrl Div. and by RCA Electronic Components. 
These two companies have approached the problem from 
mechanical and optical points of view, with improvements 
in shadow masks, in the phosphor -dot pattern forming the 
screen, and in the use of faceplates with greater light trans- 
mission. Both companies are claiming about twice the light 
output or brightness along with improved contrast and reso- 
lution. Zenith will be using their new 23 -in tubes in much of 
the company's 1970 line of color sets. RCA will also be using 
their tube in some of their new sets as well as sampling the 
23 -in tube to color -set manufacturers by the end of the year. 
Incidentally, the price to set makers for the new RCA tube 
is $110 each. 

Both tubes employ about 1,300,000 individual red, green, 
and blue phosphor dots on the screens, but the important 
difference from previous tubes is that the dots are smaller in 
size and are surrounded by an opaque, black matrix or sur- 
round. The electron beams that strike the dots are broken up 
into smaller beams by the tiny holes in the picture tube's 
shadow mask. In the case of the Zenith tube, these holes are 
slightly enlarged so that the entire area of the phosphor dots 
is excited rather than only about half the area as in conven- 
tional tubes. As a result a greater light output is produced. 

In previous tubes, the phosphor dots are about 17 mils 
(thousandths of an inch) in diameter, while the electron beams 
striking the dots are about 13 mils in diameter In the new 
tubes, the phosphor dots are 121/2 or 131/2 mils in diameter, 
depending on the efficiency of the particular phosphor used, 
while the electron beams are about 161/2 mils in diameter at 
the center of the tube. 

The black surround or matrix has a number of important 
uses. It effectively absorbs room light so that room light re- 
flections which cause picture washout are minimized. The 
opaque black material also absorbs light splash or scatter 
from adjacent phosphor dots. As a result, there is better reso- 
lution and improved picture details. RCA is also using a new, 
high- resolution electron gun. 

By using the black surround it is no longer necessary to 
sacrifice picture brightness in order to keep the contrast good 
under normal or high room -lighting conditions. Previous color 
tubes employed low- light -transmission glass faceplates to cut 
down the glare from room lighting. The trouble with this is 
that the dark- tinted filter faceplates absorb more than half of 
the light from the screen, thus reducing picture brightness. 
Now a much lighter tinted filter can be used over the screen 
of the picture tube with the result that far more light is trans- 
mitted through the glass by the phosphors. 

August, 1969 

The highlight brightness of the previous 23 -in Zenith color 
picture tube (at left) is being measured at 23 footlamberts. 
The new tube (right) measures just under 50 footlamberts. 

New Zenith shadow mask (top left) has about 450,000 holes 
which are opened up to about 16 thousandths of an inch in di- 
ameter at the center. These holes are somewhat larger than 
the holes in older shadow mask (bottom left), thus allowing 
larger electron beams to pass through. Note how much bright- 
er girl looks behind the new mask. The new glass faceplate 
is shown at the top right. It transmits much more light than 
low- transmission glass (below right) than was formerly used. 

Relation between beam and dot sizes in new and previous tubes. 
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This uniquely equipped helicopter is flying over a portion of a forest believed to contain diseased trees. The copter helps U.S. 

Forest Service personnel find sick trees in Pacific Northwest forest. The trees can be harvested, preventing spread of disease. 

INFRARED 
Locates Diseased Trees 

By ROBERT NEUBERT /Ampex Corporation 

By combining IR sensing and video tape recording, the U.S. 
Forest Service is spotting distressed timber from helicopter. 

OHN F. WEAR is a space -age "doctor" who takes the 
temperatures of trees rather than human beings. And he 
does it hovering 150 feet above the forest in a helicop- 
ter. As a result of Wear's research, it is hoped diseased 

trees in Pacific Northwest forests can be located and harvested 
before they become economically worthless and before they 
have a chance to infect other trees. Wear, a research forester 
with the U.S. Forest Service's Pacific Southwest Forest and 
Range Experiment Station, heads the survey techniques 
study, which is financed by NASA. 

A major forestry problem is the reduction of growth and 
extensive loss of timber due to forest diseases. Many richly 
wooded areas are far from established roads and detection 
of distressed timber is an arduous and impractical task from 
the ground. Aerial location of disease centers needs some 
means of reference, both for ground crews to make their way 
directly to pinpointed locations, and for logging firms to 
push their roads toward still salvageable timber. 

The problem of detecting and recording these areas is 
being studied by Wear in his experimental program, which 
makes use of photographic and infrared -sensing techniques. 
Flying above a forest in a four -seat helicopter, Wear uses 
a heat- sensing device that transmits information on the 
amount of infrared radiation to a digital counter, which in 
turn combines with two TV cameras and a video -tape re- 
corder to display, on a TV monitor, both the picture of a tree 
top and the tree's temperature translated into a series of 
three digits. 

Trees, like humans. appear to have higher temperatures 
when "sick" metimes as much as 4° F above normal. The 
sicker a treets, the more infrared it emits. 

By using video -tape recording, it is possible to locate a 
disease center precisely with aerial maps and provide the 
information to foresters and forest managers. 

The study is currently focused on Douglas fir in Oregon 
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and Washington. Douglas fir is the most important timber 
species in the Pacific Northwest, representing 57 percent of 
the total sawtimber volume in the region. Poria weirii root 
rot is by far the region's most destructive Douglas fir disease, 
ruining more than 170- million board feet of timber per year. 
There is still no known cure for this organic disease, so dis- 
eased trees must be cut down in order to prevent further 
infection. 

By discovering and harvesting diseased trees, their lumber 
can often be salvaged commercially. Locating the disease 
center thus becomes very important financially, for almost 
half of the timber in the United States that is lost to insects, 
disease, and fire is due to some form of infection. Nearly 50 
percent of the root- destroying diseases in the U.S. are attrib- 
utable to Poria weirii. 

Poria weirii research was started by Wear in 1966, when 
branchlet samples from 45 selected dominant trees were 
clipped by a pole pruner from a hovering helicopter. Old 
growth, second growth, and young growth samples were 
taken and spectral- reflectance curves from all sample trees 
were obtained with a spectrophotometer at the University 
of California's Illumination Laboratory at Berkeley. 

The most encouraging preliminary result of the beginning 
research was that significant differences in infrared emis- 
sions occurred between healthy and diseased trees at certain 
times of the day. Temperature differences taken in the 8.0 
to 14.0- micron band of the electromagnetic spectrum were 
highly significant in the early morning, even if disease symp- 
toms were not always visible in the crowns of the trees. 

Before beginning the video and heat -sensing survey, re- 
search was conducted into remote sensing of tree tempera- 
tures through several spectral areas. Aerial photography 
with color and infrared film was performed on the foliage of 
healthy and diseased trees in the 0.4 to 1.0- micron band of 
the electromagnetic spectrum. 
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In November 1967 it was decided that the addition of 
video -tape recording would fill out the missing link in the 
survey -that of providing exact visual references which 
would lead ground crews to diseased trees. By spring of the 
following year project specifications were completed, with 
welcome assistance from the Bonneville Power Administra- 
tion substation in Vancouver, Washington. It was decided 
to rent the necessary equipment, and Oregon Audio Video 
Systems of Portland was awarded the contract after open 
bidding. The first test runs came in Jul- 1965. and the first 
pilot survey began the next month. 

The Equipment Employed 
A helicopter capable of seating a pilot and three passen- 

gers was selected for the program. Housed in a long alu- 
minum pod outside the copter, near its right skid, is an Am- 
pex CC -6007 closed- circuit TV camera with wide -angle lens, 
and a Barnes Engineering PRT -5 infrared heat -sensing ra- 
diometer. The pod is attached by a pipe to a mount near 
the right door. 

A cable attachment opens the bottom of the pod in flight, 
allowing the vidicon TV camera to record video images and 
the heat -sensing radiometer to measure infrared emissions 
from trees. The right door of the craft has been removed to 
facilitate operation of the outside pod's instruments. and to 
compensate for turbulent atmospheric conditions which 
caused the helicopter to bounce about. A clearer video image 
resulted. 

Inside the craft at the pilot's right side is another alumi- 
num pod containing a second CC -6007 camera focused on a 
digital counter. Bolted atop this pod is a 9 -inch TV monitor 
and a TV control panel. The digital counter is fed via cable 
from the heat- sensing device outside. 

The amount of infrared energy is displayed by the count- 
er, and the TV control panel combines on the monitor's 
screen the video image of a tree with its digital readout. The 
composite picture shows the crown of a tree with the read- 
out superimposed to the right of the tree. A black circle at 
the rear of the outside camera lens superimposes a bullseye 
on the middle of the screen. This bullseye represents the 
area covered by the PRT -5 radiometer and aids in pinpoint- 
ing the target tree. 

Also in the helicopter is an Ampex VR -7000 portable 
video -tape recorder, which records the image on the monitor. 
The video tapes may be replayed immediately in flight or 
later at the heliport or an office. A microphone permits re- 
corded verbal commentary on the same tape. 

Power for the video and heat- sensing system comes from 
a portable static inverter which draws 12 -volt d.c. from the 
helicopter's generator and converts it to 110 -volt a.c. re- 
quired by the electronic equipment. 

The video -tape recorder operates continuously while the 
helicopter follows its predetermined flight pattern. Following 
this exact line facilitates correlation of the tape with aerial 
maps. Each reel of tape plays for approximately me hour, 
and most flights in a survey area may be completed within 
this time. 

Flights for the experimental forest surveys originate from 
a heliport on Swan Island, a man -made island in north 
Portland. After two years of various aerial tests, it lias been 
determined that earl morning flights provide the most sig- 
nificant results. 

When the initial video and heat -sensing experiment be- 
gan, specific samples of three known groups of trees were 
used to test the equipment. There were five healthy trees, 
five diseased trees with no visible damage, and five diseased 
trees with visible damage. To facilitate identification, the 
healthy trees were topped with a yellow streamer. the dis- 
eased trees without indications received orange streamers. 
and the diseased trees with indications were marked with 
red streamers. The helicopter cruised at about 25 miles an 
hour so that the heat- sensing device and video picture could 
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John Wear of U.S. Forest Service's Pacific Southwest Forest 
and Range Experiment Stations prepares equipment that will be 
used to take temperature of trees. The housing attached to the 
underframe of the helicopter contains heat sensor, TV camera. 

capture and record the infrared energy emitted by individual 
trees in the stand. 

The marriage of "instant replay" and infrared detection 
proved successful, and the surveys are continuing. 

NASA is financing the survey research as part of its Nat- 
ural Resources Program because it ,wishes to determine 
whether the method of locating forest disease centers might 
some day be carried out by satellite. The Natural Resources 
Program subsidizes surveys in such diverse fields as geology, 
geography, agriculture, and fire detection in the interests of 
generating other possible uses for satellites. 

Inside the copter a television monitor shows (circled) tree 
being measured for heat generation and the reading (the fig- 
ure "4 ") indicated on the counter. This information is all 
recorded on a video -tape recorder to study later on ground. 
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Multiple- Function 

Remote -Control Relay Circuits 
By H. R. MALLORY /Manager, Battery- Powered Equipment Lab, Mallory Battery Co. 

Some ordinary relays arid switches used in some extraordinary 
circuits make it easy to sense and control high -power circuits. 

FOR safety's sake, control circuits should be isolated 
from power lines and operated at low voltages, such 
as those obtained from a battery or small filament 

transformer. 
A battery -operated push "on ", push "off" circuit is shown 

in Fig. 1. When the circuit is "off" and the relay is not 
energized, capacitor Cl is charged to the battery voltage 
through resistor R1 and the normally closed contacts of the 
relay. When any of the switches are momentarily closed, 
the energy stored in the capacitor is applied to the relay 
coil, pulling it in, and latching the relay through R1 and 
the normally open contacts. As the relay switches, the 
holding voltage across the relay, through base resistor R2, 
forward- biases transistor Q1 to saturation and rapidly dis- 
charges Cl. 

Again pushing any of the switches applies the discharged 
capacitor's voltage across the relay and decreases its volt- 
age to zero. This releases the relay and opens the con- 
trol and power circuit. R1's resistance must be high enough 
to permit the discharged capacitor to release the relay yet 
be high enough to prevent the relay from reclosing as long 
as the switch is closed. Typical component values are 
shown in Fig. 1 for the 6 -volt operation of a general -pur- 
pose d.p.d.t., 6 -volt d.c. relay. This circuit and minor vari- 
ations of it have been used successfully in several pieces of 
equipment, operating at "on -off" rates as fast as one per 
second. 

If the power and control circuit are one and the same, 
the power switching and control functions can sometimes 
be combined in a single "Form C" arrangement, as shown 
in Fig. 2. This is essentially the same circuit as Fig. 1 but 
modified by diode D1 to operate from a.c. rather than bat- 
tery or d.c. Proper operation of the circuit depends on D2, 
which rectifies the a.c. for the load. 

In this circuit, resistor RI is divided into two resistors, 
RIA and R1R. A relatively small (as compared to C1) 
capacitor, C2, filters the half- wave -rectified holding current 
as it is applied to the relay coil. Resistor R3 prevents 
switch -contact welding or burning as the capacitors are 
paralleled by the switches. Fig. 2 includes component 
values for the 12 -volt a.c. operation of a typical s.p.d.t., 
12 -volt general -purpose relay. 

Remote -Sensing Switch Circuits 

"Remote sensing" of the control circuit can be obtained 
by using momentary s.p.d.t. switches, such as the G -E 
RTS -6 rocker switch, or two separate switches at each con- 
trol location. Toggling the switch up, or pushing the upper 
switch, always turns the power circuit "on" and vice versa. 
This type of remote- sensing control, using two wires, is 
only possible on a.c., as diodes are used to selectively pol- 
arize the control circuit and provide the sensed signal. As 
the diodes at the switches are in the circuit only momen- 
tarily, they may be of almost any size or type -such as 
selenium, silicon, germanium, etc. 

In Fig. 3, diodes D1 and D2 are located at each re- 

mote -control switch. They polarize the control circuit in one 
direction to energize the relay and turn the power "on", 
and then in the other direction to release the relay and turn 
the power circuit `off." When the (Continued on page 78) 
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Fig. 1. Push- buttons turn the controlled circuit "on" and "off" 
by regulating the current flowing through the 6 -volt relay. 
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the truth About FM 
By THOMAS R. HASKETT 

An attempt to clear up a few misconceptions about this 
important hi -fi medium. A description of the signals 
transmitted by FM broadcast stations, whether they are 
using mono, stereo, SCA, or any combination of these. 

VER since Major Armstrong demonstrated frequency 
modulation in 1936, technically knowledgeable people 
have been getting erroneous impressions of it. Simple 

monophonic F111 -which went into commercial service as a 
broadcast medium in 1941 -isn't too difficult to understand. 
But in 1955 a new technique was added to FM broadcasting 
-.subsidiary multiplexing, also known as SCA or background - 
music operation. Then, in 1961, came stereo -FM broadcast- 
ing. The result is that today many engineers and technicians 
alike have little or no understanding of what sort of signal a 
modern U.S. FM broadcast station transmits. 

Words and phrases relating to FM are often misused and 
misunderstood. Simplex means the transmission of a single 
program or channel of intelligence on a single carrier. Multi- 
plex obviously means the transmission of two or more pro- 
grams or channels of intelligence on a single carrier. FM mul- 
tiplex means, then, the transmission of two separate pro - 
grams-or channels of intelligence -by means of a single F\I 
station. The phrase means either stereo or SCA operation -or 
both. People often say "FI\I multiplex" when they are talking 
about SCA; others use the same phrase to denote stereo op- 
eration. Stereo FM multiplexing is one thing; SCA FM multi- 
plexing is quite another. 

To understand what's transmitted by present -day FM 
broadcast stations, it's convenient to use five specific exam- 
ples -the five possible modes of operation for any F \I sta- 
tion in the U.S. These are: station A transmits a single 
monophonic program only; station B transmits a mono- 
phonic main -channel program and one SCA subchannel 
service; station C transmits a monophonic main- channel 
program and two SCA subchannel services; station D trans- 
mits a stereophonic program only; and station E transmits 
a stereophonic program and one SCA subchannel service. 

Station A -Mono Only 
When a transmitter is frequency -modulated, the modulat- 

ing signal shifts the transmitter frequency. FCC rules define 
100% modulation for F1\1 broadcast stations as a transmitter 
frequency deviation of ±75 kHz. Fig. 1 illustrates this prin- 
ciple. Assume that station A is assigned a frequency of 
101.1 MHz; that is the unmodulated or center frequency of 
the transmitter. Suppose a 5000 -Hz sine wave is fed into 
the transmitter, modulating it to 100 %. The transmitter fre- 
quency deviates ±75 kHz, or from 101.025 to 101.175 MHz. 

13y FCC rule, all F\1 broadcast stations are required to 
August, 1969 

transmit main -channel (monophonic) programs svith a fre- 
quency response of 50 to 15,000 Hz. Another FCC rule 
provides that the transmitter audio input contain a pre - 
emphasis network which boosts the audio frequencies above 
about 1000 Hz. Pre -emphasis provides better signal -to -noise 
ratio at high frequencies. To provide flat frequency re- 

Fig. 1. FM transmitter output fully modulated with single tone. 
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Fig. 2. Limits of standard FCC pre- emphasis curve for FM. 
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sponse for the listener, a complementary de- emphasis net- 
work is used in all FM receivers. 

Fig. 2 shows the FCC pre- emphasis curve. The solid 
lines are FCC limits and the clashed line is an approxima- 
tion of the typical main -channel audio -frequency response 
of an FM broadcast transmitter. Note that a signal at 15 

kHz is boosted approximately 15 dB above signals at 500 
Hz or less. Thus, if station program material contains sig- 
nals at various frequencies from 50 to 15,000 Hz, only the 
15,000 -Hz signals modulate the transmitter 100 %. 

Now look at Fig. 3A, which shows deviation vs frequency 
for station A. Only program material between 50 and 
15,000 Hz is being transmitted, and by using the pre - 
emphasis curve, you can see that only signals of about 
15,000 Hz deviate the transmitter frequency ±75 kHz. 
Other program signals deviate the transmitter frequency 
correspondingly less. While some program material may 
contain little or no 15 -kHz (or even 10 -kHz) material, the 
pre-emphasis network is always in the circuit. Thus the 
transmitter audio input does not have flat frequency re- 
sponse. 

At this point, many persons confuse two parameters - 
amount and rate of carrier deviation. The amount of carrier 
deviation, in kHz, is shown along the left side of Fig. 3A. 

To the right of Fig. 3A is shown the instantaneous trans- 
mitter frequency in MHz, which is the result of adding or 
subtracting the deviation to or from the carrier, or center 
frequency. The amount of carrier deviation is caused by 
the amplitude of the modulating signal- irrespective of its 
frequency. 

Rate of carrier deviation is another thing. The instantane- 
ous frequency of the modulating signal determines the rate 
of carrier deviation. For instance, in Fig. 1, a 5000 -Hz sine 
wave is shown modulating the transmitter 100 %, or causing 
a carrier deviation of x-75 kHz. Since the modulating signal 
is 5000 Hz only, it causes the transmitter frequency to de- 
viate from 101.100 MHz to 101.175, and then to 101.025 
and finally back to 101.100 MHz. That is one complete de- 
viation cycle. Since the modulating frequency is 5000 Hz, 
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the transmitter frequency changes or goes through that 
cycle 5000 times per second. Thus the rate of carrier devia- 
tion is equal to the frequency of the modulating signal. 

Another point of confusion is the relationship between 
the frequency of the modulating signal and the carrier - 
frequency deviation. Two terms are used to describe the 
relationship -modulation index and deviation ratio. These 
phrases are not synonymous, as some literature indicates. 

Modulation index (MI) is an instantaneous quantity in 

an FM transmission system. It is the ratio of a carrier - 
frequency deviation of the transmitter to the modulating 
frequency which causes that deviation. MI is a description 
of a process inherent in FM. Mathematically it is: MI =f,1, f,,, 

where MI equals modulation index (an arbitrary number), 
f,1 equals carrier- frequency deviation and f, equals modulat- 
ing frequency, and where f,, and f 11 are given in the same 
units (Hz, kHz, etc.) . Obviously, MI can be changed by 
altering either f,1 or fill and holding the other constant. 

Deviation ratio (DR) , on the other hand, is an arbitrary 
limit. It is the ratio of the maximum carrier- frequency de- 
viation to the highest modulating frequency. DR can be 
established, then, at any value one wishes. For FM main - 
channel monophonic broadcasting, the FCC has limited 
DR to 5. The maximum carrier- frequency deviation is 75 
kHz, and the maximum modulating frequency is 15 kHz. 

Modulation index and deviation ratio are important quan- 
tities in FM transmission because of the very nature of FM 
itself. In AM transmission, 100% modulation is not arbitrary 
but a real limiting factor. Modulation in excess of 100% in 

an AM system produces distortion, regardless of the receiver 
used to pick up the signal. The same is not true of an FM 
system. 

The 100% modulation figure for an FM system is estab- 
lished by the FCC for the particular class of service. For 
FM broadcasting, the FCC defines 100% modulation as ±75 
kHz carrier -frequency deviation. In various two -way radio 
services, the FCC defines 100% modulation as ±-15 or ±5 
kHz carrier- frequency deviation. No distortion is caused - 
at the transmitter or in free space -by exceeding any of 

these arbitrary modulation limits. The distortion is caused 
only at the receiver. If a ±5 -kHz receiver is presented with 
an FM signal having ±15 -kHz deviation, the receiver will 
produce distorted audio. 

In a properly adjusted AM system, only two sidebands 
are generated, and the bandwidth required for distortionless 
reception is twice the highest modulating frequency. This 
is not true in an FM system; in FM many sidebands are 
generated. Their amplitude and number depend upon the 
frequency deviation and the modulation frequency. In other 
words, the sidebands depend on the modulation index. 

At a monophonic FM station, if a sine -wave 15,000 -Hz 
tone is transmitted at 100% modulation, it causes the carrier 
to deviate ±75 kHz. This tone causes eight significant side- 
bands to be generated on each side of the carrier frequency. 
For distortionless FM reception, any sideband greater than 
1% of the peak carrier amplitude must be transmitted. Only 
the first eight sidebands meet this requirement. Others are 
generated, but they are too low in amplitude to be signifi- 

cant, so they may be ignored. The eight significant side- 
bands occupy a bandwidth of 240 kHz centered on the 
station carrier frequency. 

For distortionless FM transmission, a bandwidth of 240 
kHz is required. The saine is true at the receiver. 

Development of SCA Multiplex 

Commercial FM broadcasting was authorized by the FCC 
in 1941 in the band from 42 to 50 MHz. In 1945, the FCC 
reassigned that band to other services, and allocated the 
present band of 88 -108 MHz to FM broadcasting. Not 
many commercial FM stations were on the air from 1941 

to 1945, due to wartime equipment shortages. Additionally, 
the change in frequency bands made existing receivers ob- 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


80 
101.175 

MAXIMUM MAIN -CHANNEL MODULATION. 
70% OR ±52.S101z 

70 70 

60 60 

50 
100% MODULATION 
= 97S10H1 DEVIATION 50 

- 101.1525 

40 40 
MAXIMUM SCA INJECTION= 
30% OR ±22.5kHz 

30 30 

Ç 20 20 
-101.1225 i 

s 

Io 
+ 
0 101.100 w 

.a 
0 101.1000 

IO IO 

20 20 

4-1 

101.0775 ? 
30 

D 30 I 
.4 40 4 40 

50 50 
-4 ---101.0475 

60 60 

70 70 
-101.025 

80 80 
10 20 30 40 50 60 70 80 

FREQUENCY OF MODULATING SIGNALS, AND RATE 
OF CARRIER DEVIATION, BOTH IN kHz 

(A) 

10 20 30 40 50 60 70 80 
FREQUENCY OF MODULATING SIGNALS, AND RATE 
OF CARRIER DEVIATION, ROTH IN kHz 

solete. But, most of all, television was rapidly becoming the 
most popular broadcast medium in the U.S. during the 
years between 1946 and 1950. 

Thus, by 1950, there were few FM listeners, and conse- 
quently few organizations willing to spend money to ad- 
vertise on FM stations. As a result, many FM stations went 
off the air or curtailed their operations, usually duplicating 
the broadcasts of their AM affiliates. 

Some stations, however, undertook a special form of ser- 
vice to bring in the revenue needed to keep themselves on 
the air. Various forms were used, called storecasting, transit- 
casting, background music, and doctorcasting. These ser- 
vices consisted of music and /or other material transmitted 
on the main channel, which was intended for reception in 
supermarkets, transit vehicles, restaurants, offices, and /or 
factories. A special technique was used to boost receiver 
audio for commercial announcements aimed at customers 
in supermarkets and other locations. The shopper -listeners 
would hear music at normal volume level, and commercials 
at a higher level. If the music were transmitted to restau- 
rants, offices, and factories, the receivers there were muted 
during such commercials. All subscribing receivers were 
muted during station breaks and newscasts. 

The special technique was simple. To boost receiver gain 
or mute the receiver speaker, sine -wave tones above 20 kHz 
modulated the transmitter. The station -or its legal agent - 
owned and leased special receivers to subscribers. In each 
receiver, resonant circuits responded to the particular tone 
and performed the designated job -boosting gain or muting 
the speaker. Receivers used by the general public did not 
respond to these supersonic tones, and so the public re- 
ceived all program material transmitted by the station. 
Since the control tones were ultrasonic, the public did not 
hear them, either. This technique was known as simplexing. 
It enabled many FM stations to stay on the air during those 
lean years from 1950 to about 1955. 

Then the FCC decided that simplexing was not serving 
the public properly. A new technique -multiplexing -had 
been developed, which enabled an FM station to carry a 
main -channel program designed to appeal to the general 
public, and at the same time carry another channel of infor- 
mation which could not be received by the public. This 
secondary channel could be used by the station to appeal 
to private subscribers -i.e., storecasting, transïtcasting, or 
background music. The formal authority granted by the 
FCC to each station which wanted to carry this secondary, 
private service was (and still is) called a Subsidiary Com- 
munications Authorization (SCA). By obtaining an SCA, an 
FM station could continue to provide a private service to 
its paying subscribers, and still provide a service to the 
general public. 
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Fig. 3. (A) Station A output, mono only. 
IBI Station B output, mono plus one SCA 
channel. ICI Station B's SCA channel only. 

U.S. broadcast stations must, by law, serve the public in- 
terest, convenience, and necessity. Broadcasting is defined by 
federal law as the dissemination of radio communications 
intended to be received by the public. The main -channel 
programs transmitted by FM stations are broadcasting, 
since they are intended to be received by the general pub- 
lic. But federal law protects the privacy of radio communi- 
cations of any type except broadcasting, amateur radio, and 
distress signals. Federal courts have ruled that SCA trans- 
missions are private communications -not broadcasts -be- 
tween the originating station and its subscribers. Such 
transmissions are not intended to be received by the public. 

Station B -Mono and One SCA 
Fig. 3B shows what station B transmits. The main -chan- 

nel program is similar to Fig. 3A, except that modulation 
does not deviate the transmitter carrier frequency as much. 

When SCA operations first began in 1955, various sub - 
carrier frequencies were tried. Through the years, 26, 27.5, 
32.5, 41, 42, 58, 65, and 67 kHz have been used. For this 
example, assume 67 kHz is the SCA subcarrier frequency. 

At the FM station, main -channel audio is fed to the trans- 
mitter in the usual manner. But other equipment is used - 
called an SCA generator. This generator is actually a small 
FM transmitter. In the case of hypothetical station B, the 
SCA generator's center frequency is 67 kHz. 

Assume for a moment that the SCA generator is simply 
putting out a constant- amplitude, constant- frequency signal 
at 67 kHz. This 67 -kHz signal is fed to the station transmit- 
ter, along with the main -channel audio from 50 to 15,000 
Hz. If the main -channel audio caused the transmitter to 
deviate ±75 kHz and the SCA signal were added, it would 
cause the transmitter to deviate farther, or in excess of the 
FCC -defined 100 % -modulation limit of ±75 kHz. Therefore, 
the main- channel modulation level is backed off to allow 
the SCA some room for modulation. The amount of SCA 
signal fed to the transmitter is called injection, and the FCC 
limit on injection is 30% of total modulation -no matter how 
many SCA transmissions are being carried. 

Fig. 3B shows the SCA carrier injection as 30 %, or ±22.5 
kHz; that is, the SCA signal causes the FM station's trans- 
mitter to deviate ±22.5 kHz from its center frequency. 
Since the SCA modulates the transmitter 30%, the main - 
channel audio modulation must be backed off to 70%, or 
-}52.5 kHz. 

When audio is fed into the SCA generator, it deviates the 
generator frequency from 67 kHz. There are no industry 
standards or FCC limits on the amount of modulation or 
deviation of the SCA carrier, but the usual practice is to 
deviate the SCA carrier ±7.5 kHz. Similarly, there are no 
FCC requirements for frequency response of the SCA sub- 
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channel, but the usual practice followed by transmitter and 
receiver manufacturers is to limit frequency response to 
30 -7500 Hz. (Thus the SCA deviation ratio is 1.0.) Pre - 
emphasis is used, just as on the main channel, and for the 
same reason- improved signal -to -noise ratio. Again, there 
are no FCC requirements, and both 50- and 75 -µs curves 
are used. (The FCC requires a 75 -as curve on the main 
channel.) 

Refer to Fig. 3C, which shows only the SCA signal, as if 

the SCA generator output were being fed directly into an 
antenna. Actually, of course, the constant -amplitude SCA 
signal centered on 67 kHz is injected into the station trans- 
mitter. Now although the amplitude of the SCA carrier re- 
mains constant, its frequency does not. Modulating signals 
( usually audio) fed into the SCA generator cause the SCA 
frequency to deviate, and this deviation is shown at the 
bottom of the figure. The amount of maximum deviation is 
±7.5 kHz. At the top you see the instantaneous SCA carrier 
frequency, which is 59.5 kHz at one extreme and 74.5 kHz 
at the other. 

Since pre -emphasis is used at the SCA generator, high 
audio frequencies are boosted above the level of low audio 
frequencies. The vertical axis can be read as the frequency 
response of the SCA subchannel. As you can see, only 7500 - 
Hz signals cause maximum 7.5 -kHz SCA carrier deviation. 
Lower audio frequencies cause correspondingly less devia- 
tion. 

Thus SCA operation is actually FM on FM. Inasmuch as 
SCA injection is held to a low value, this FM -on -FM fea- 
ture is beneficial, as it betters the noise immunity of the SCA 
subchannel. 

Station C -Mono and Two SCA's 

It was found that two SCA subchannels could be trans- 
mitted by a single FM station. Thus a station may provide 
two separate private services to paying subscribers, increas- 
ing its revenue. And it can still provide public programming 
on its main channel. (Three SCA subchannels have been 
tried, but crosstalk problems became too severe. Thus, with 
only a few experimental exceptions, no station transmits 
more than two SCA subchannels.) 

Fig. 4A shows what station C transmits. Main -channel 
audio is the same as in Fig. 3B; audio material between 50 
and 15,000 Hz is transmitted with a 75 -its pre- emphasis 
curve. Maximum main- channel modulation is 70% or ±52.5 
kHz. 

Since the FCC limits total SCA injection to 30 %, it's obvi- 
ous that each SCA subcarrier can be injected to only 15 %. 

Each subcarrier can cause the station transmitter frequency 
to deviate only 11.25 kHz. 

As with station B, each SCA generator is modulated with 
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Fig. 4. (A) Station 
C output, mono and 
two SCA channels. 
(B) Station D out- 
put with its 19 -kHz 
pilot signal and with 
all information in 
the main channel. 
(C) Same as part IBl 
except that sum and 
difference stereo 
signals are equal. 

its respective audio. SCA deviation is ±7.5 kHz, and the 
over -all frequency response is from 30 Hz to 7500 Hz. 

Station D- Stereo Only 

To more easily understand stereo FM, assume that sta- 
tion D is not transmitting normal program material, but 
sine -wave tones. To begin with, assume two identical audio 
generators each putting out 1000 -Hz sine waves, represent- 
ing the left and right channels of stereo program material. 
In addition, a stereo pilot carrier generator furnishes a con- 
stant- amplitude, constant -frequency signal of 19 kHz. 

Assume that when 10 volts of audio in the range of 50- 

75,000 Hz is fed to the station transmitter, it causes 100% 

modulation, or ±75 kHz deviation of the carrier. By FCC 
rule, the 19 -kHz stereo pilot signal is allowed 10% injection, 
which deviates the transmitter frequency ±7.5 kHz. There- 
fore, assume the pilot generator furnishes 1.0 volt to the 
station transmitter. That leaves 9.0 volts for all other modu- 
lation. 

In order that the stereo -FM system be compatible, listen- 
ers with monophonic receivers must receive total program 
audio. Thus the 1000 -Hz sine -wave tones from the left and 
right audio generators are fed to the stereo generator, 
where they are added together. This combination signal is 

fed to the station transmitter. Since the 19 -kHz pilot is al- 

ready modulating the transmitter 10 %, only 90% is left for 
the main- channel signals. Therefore, assume that L is 4.5 
volts and R is also 4.5 volts. When combined (L + R) , 

they total 9.0 volts, which furnishes 90% modulation of the 
main channel. 

Meanwhile, the stereo generator also subtracts the two 
signals (L - R) to form the stereo difference signal. The 
I 9-kHz pilot signal is doubled to produce a 38 -kHz carrier 
which is amplitude -modulated by the L -R signal. Then 
the 38 -kHz carrier is balanced out and removed. ( Since no 
balanced modulator is perfect, the FCC permits a residual 
38 -kHz subcarrier which causes no more than 1% modula- 
tion of the main carrier.) The remaining sidebands are in- 

jected into the station transmitter. 
Remember that the main- channel signal- occupying the 

band of frequencies from 50 to 15,000 Hz -is composed of 

L + R. The stereo sidebands are composed of L - R. 

When L and R each equal 4.5 volts, L + R equals 9.0 
volts. Thus main- channel audio modulates the station trans- 
mitter 90 %, the stereo sidebands modulate the transmitter 
zero percent, and the 19 -kHz pilot modulates the transmit- 
ter 10%. This situation is shown in Fig. 4B and is practically 
a pure monophonic signal. 

In stereo program material, however, the L and R signals 
are not always equal in amplitude. Often one channel is 

quite loud with respect to be (Continued on page 58) 
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Although the possibility of a nuclear explosion is an awesome thought, engineers must know and understand nuclear effects 
before they can protect people and equipment. The scope of the weapon effects of a 20- megaton surface burst are shown. 

By J. W. FOSS and R. W. MAYO / Bell Telephone Laboratories 

Bell Labs is responsible for designing reliable communications systems 
that will survive almost any catastrophe -even nearby nuclear explosions. 
Here's how such transcontinental and long -haul routes are being protected. 

THE Bell System customarily designs, manufactures, 
and installs communications facilities which will with - 
stand-or at least recover rapidly from -the effects of 

natural or man -made catastrophies. Today, the Bell System 
is preparing for the possibility, no matter how remote, of 
even greater damage from a nuclear attack on the United 
States. 

Engineers at Bell Laboratories have studied such a nu- 
clear threat so that communications facilities could be 
planned and designed to economically counter it. The re- 
sults of many above - and below- ground test explosions of 
nuclear weapons, conducted by the Atomic Energy Com- 
mission, were analyzed by the engineers. Then, armed with 
this knowledge and additional studies of their own, the 
engineers accumulated enough predictable data to plan and 
design telephone facilities that would survive a nuclear 
attack. 

The plan for survival makes use of the alternate routing 
flexibility which already exists in the network. As new 
installations are added, they are located away from target 
areas whenever possible. If installations must be located 
within "danger" areas, they are constructed in such a way 
as to "harden" them against the effects of a nuclear attack. 

Some components of a conventional telephone plant are 
very sensitive to the effects of nuclear explosions even at 
considerable distances. Significant damage would be caused 
mainly by peak overpressure ( pressure above ambient atmo- 
spheric pressure, caused by the blast wave) and a strong 
electromagnetic signal, commonly called the electromagnetic 
pulse (EMP) . Ground shock and intense heat waves can 
cause serious damage to some elements of the conventional 

Copyright 1969, Bell Telephone Laboratories, Inc.. Murray Hill, N.J. Reprinted 
by permission of the Editor, 'Bell Laboratories RECORD." 
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telephone plant. "Hot" radioactive fallout can also pose a 
problem to personnel and equipment. In general, the 
level of peak overpressure, in pounds per square inch (psi), 
is used to define the amount of protection provided for a 

facility in a given situation. 
Two basic techniques are used to protect the communi- 

cations network: either structures and equipment are ini- 
tially designed or modified to tolerate specific assumed 
conditions, or sensitive elements in the system are shielded 
or isolated to reduce specific effects to tolerable levels. 

Buildings which must resist overpressures of 10 psi or 
more are usually installed below ground, where many of the 
effects of a nuclear explosion are either eliminated or great- 
ly attenuated. Shielding and isolation are the primary 
means of protecting against E'v'IP and shock when the sensi- 
tive components of the communications equipment have 
not been specifically designed to resist these effects. 

Typical examples of hardened plants in the Bell System 
are the L -3 and L -4 transcontinental coaxial -cable systems. 
Buildings for these systems are designed to withstand over - 
pressures of 10 or 50 psi. (An installation built to with- 
stand 50 -psi overpressure would not be destroyed by a 20- 
megaton nuclear explosion as close as 2;z miles.) Many 
microwave radio -relay stations, which interconnect major 
cities along the way and provide alternate routing for the 
network, are designed to withstand 2 -psi overpressure. In 
addition, the communications antennas and cable network 
which connect into military locations use tropospheric scat- 
ter and line -of -sight antennas and buildings designed to 
survive even higher levels of overpressure and other effects 
of nuclear weapons. 

The coaxial -cable systems have manned, underground 
main stations located at 120 -mile to 160 -mile intervals 
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One of eleven bomb -resistant main stations (left) for the L -4 carrier system between Miami and Boston takes shape. The 
multistory, underground buildings are designed and equipped to operate for several weeks completely sealed off from the 
outside. Precast concrete manholes are used to house amplifying repeaters. A concrete roof and an 18 -inch ground cover will 
protect the equipment from radiation. (Right) Coaxial cable is being buried to a depth of about 4 feet, where it can withstand 
overpressures in excess of 150 psi and where most weapon effects are either eliminated or substantially reduced. 

along the entire route. The main stations are generally 
one- or two -story buildings which house amplifying and 
switching equipment, personnel, and enough supplies to 
last at least three weeks. Smaller power -feed stations are 
located at similar intervals at points where no switching is 
required. There are also repeater stations along the route 
which are unmanned. Some of the power -feed stations re- 
quire operating personnel. 

Because they are located away from potential targets, 
most L -3 and L -4 buildings require hardening only to 10 
psi. The majority of these buildings are constructed entire- 
ly below ground except for small above -ground entrance 
structures and air intake and exhaust shafts. 

Buildings designed to withstand an overpressure of 50 
psi are constructed of reinforced concrete about two feet 
thick, and are topped with a four -foot blanket of earth for 
protection against nuclear radiation. Somewhat lighter con- 
struction can be used on buildings that need to withstand 
only 10 psi, and these do not require the earth blanket for 
radiation protections (a two -foot soil layer is normally 
provided, however, for grass) . 

Shock isolation is necessary in attended 50 -psi stations 
to protect equipment against damage by ground -shock mo- 
tion. Accordingly, shock mountings, similar in principle to 
the suspension systems on a car, are used to limit accelera- 
tions to 3 G's -a tolerable level for most communications 
equipment. Shock isolation is not required at sites built to 
withstand 10 -psi overpressure. 

The electronic equipment in main and power -feed build- 
ings must be protected from the effects of EMP. Although 
devices for limiting both voltage and current can be used 
in individual circuits, reliability and economic considerations 
generally dictate that the complete structure be shielded. 
A metal shield completely enveloping the building provides 
this protection. Doors, air shafts, pipes, and cables that 
penetrate the building must be given special attention to 
ensure the integrity of the EMP shielding and for mechani- 
cal reasons. In addition, metal flashing surrounds each 
metallic line entering the building and is bonded to both 
the metallic line and the EMP shield. When this is not 
possible (as on individual communications wires and power 
lines), protectors or filters are used to eliminate damaging 
power surges. Inside the buildings, interconnecting cables 
are kept short and generally in straight tuns. 

An emergency power source is essential in hardened in- 
stallations since it is virtually certain that commercial power 
service will be disrupted under conditions producing 50 -psi 

overpressure. Since gas turbines or diesels used for emer- 
gency power require large amounts of air for combustion 
and cooling, they cannot be operated while blast valves 
are closed and the center is "buttoned up" (during the 
passage of the blast wave and until conditions clear). Dur- 
ing this time batteries provide power. Gas turbines take 
over when the blast valves open. Communications equip- 
ment operates continuously despite these changes in the 
source of power. 

Underground buildings are reached through an expenda- 
ble above -ground entrance structure. Personnel must then 
pass through a hardened subterranean "blast lock." Emer- 
gency escape tunnels and shafts, protected by simple blast 
closures, are provided for alternate entrance or exit routes. 

Fresh air for personnel and the emergency generators is 
supplied through air -intake shafts in the main centers. Ex- 
haust shafts are positioned far enough away from the intake 
shafts to prevent contamination of the building's air supply 
by the exhaust gases. Each opening has a blast valve which 
closes automatically when remotely triggered by the air - 
blast pressure or by a radiation detector. The valves re- 
main closed as long as dangerous radiation or dust is present 
outside, and are opened by remote control when conditions 
clear. 

The L -3 auxiliary repeaters and the L -4 equalizing re- 
peaters are located in underground manholes similar in 
structural design to the underground buildings. They are 
usually constructed to withstand overpressures of 50 psi. 
No shock mounting is necessary to protect L -4 repeaters, 
but steel apparatus cases are used to protect the electronic 
equipment from EMP. Auxiliary repeaters are powered 
from a main station over a cable so there are no generators 
or batteries in the manhole. Ventilation is required only 
when someone is working inside. 

Buried and underground cables are sufficiently "hard" to 
withstand overpressures greater than 150 psi. But, in high 
overpressure environment, unless you do more than just 
bury a cable, it may be subject to shear failures at the en- 
trances to manholes and buildings, under highways and the 
like, and from nuclear blast effects. If the cable has an 
earth cover of moderate depth, the only nuclear -blast effects 
that affect cable performance are nuclear radiation, EMP, 
and pressures and displacements in the soil. 

Precautions have been taken to protect shallow buried 
coaxial cables. Long cable systems such as those used for 
the L -3 and L -4 systems will be reasonably safe from 
ground currents generated by EMP. Shield wires, buried 
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above the cable to protect it from lightning, also tend to 
reduce the probability of damage to the cable because of 
EMP. In addition, an extruded plastic jacket ( inside the 
metal sheath) keeps out moisture if the metal sheath is 
damaged. However, intense nuclear radiation can cause 
ionization and breakdown of the air -dielectric within coaxial 
cables to the repeaters. Fortunately, this effect lasts only for 
the very short time that intense radiation is present. Thus, 
communications are not significantly affected. 

Coaxial cable is normally buried about four feet deep. 
At this depth, damage caused by plowing or road construc- 
tion work is unlikely. When the cables must cross obstacles, 
either geological or man -made, special hardening measures 
are taken. 

Certain above -ground facilities, such as microwave radio - 
relay stations, located some distance from potential target 
areas are only designed to survive overpressures of 2 psi. 
Although initial nuclear radiation, ground shock, blast, 
wind, and debris are not serious problems at this distance, 
EMP, heat, and fallout must be considered. In cases where 
facilities are not manned, fallout protection may be ignored. 
However, since the buildings are above ground, they are 
designed or modified to withstand moderate heat. Although 
the towers can survive overpressures somewhat above 2 psi 
without special strengthening, the antennas might be dam- 
aged by this blast overpressure and require hardening (or 
modification) . 

In certain critical locations, microwave antennas must 
withstand overpressures greater than 2 psi. Occasionally, 
these installations can be located so that topographic fea- 
tures help minimize blast and debris effects. Even so, some 
antennas must be designed to survive within the fireball of 
a nuclear explosion, where the intense heat would melt 
steel. Such an antenna, designed by Bell Laboratories, in- 
corporates a reflector constructed of graphite- reinforced 
phenolic. Like an iceberg, the bulk of the antenna struc- 
ture is underground to provide stability under blast load- 
ings. Above ground, the antenna is streamlined to reduce 
air blast and shed debris. The antenna is fed from the 
underside of the overhang, to shield the coaxial feedlines 
from heat and debris. Moreover, this location protects the 
waveguide lines from immense reflected blast pressures. 

In many cases, surrounding terrain is too flat to afford 
any protection to an antenna site. For example, tropospher- 
ic- scatter antennas 30 -feet in diameter are too large to ex- 
pect much protection from surrounding terrain. In this 
case, nearly two -thirds of the antenna structure is below 
ground. This gives the antenna sufficient strength to resist 
rotation or tilt, which could result from the impact of a 
blast wave against the above -ground portion of the antenna. 

Smaller, hardened antennas, used for side -leg intercon- 
nections to main radio -relay routes, have been designed to 
survive similar overpressures. The feed -reflector orientation 
on these antennas was also designed to shed debris. A 
flame -sprayed aluminum finish over the steel exterior re- 
flects most of the heat. The rough surface texture of the 
coating on the reflector prevents heat from focusing at the 
feedhorn. A window of bervllia in the feedhorn keeps de- 
structive blast pressures from entering the waveguide. The 
antenna shell is filled with concrete, providing a reaction 
mass to blast pressures. With this construction, lighter 
weight steel can be used on the shell. 

Close cooperation between the Bell System and govern- 
ment agencies during the planning stages has produced a 
highly reliable communications system. This hardened com- 
munications network should provide the United States with 
communications during any natural disaster and even in a 
nuclear attack. The degree of protection and the plan for 
survival is under continuing study. The future philosophy 
will be strongly influenced by the estimated destructiveness 
of future weapons systems and the desired resistance of 
telephone plant to the effects of such weapons. 

August, 1969 

Resembling a monolithic vestige of some lost culture in a 
science -fiction movie, this microwave radio -relay antenna 
can survive within the nuclear fireball. Bulk of the struc- 
ture extends deep underground, giving it great stability un- 
der blast pressure. Five -foot reflector is fed from beneath 
overhang so that feed -lines are shielded from heat, debris. 

Small 15 to 8 ft in diameter) microwave antennas are used 
for side -leg interconnections to main routes and are de- 
signed to withstand very high overpressures. Concrete filled 
for stability, the antennas are also designed to shed debris. 

The trophospheric-scotter antenna at this location is too 
large 130 -ft in diameter) for topography to afford any pro- 
tection. Almost two- thirds of structure is Lnderground, giv- 
ing it strength to resist rotation or tilting by blast pressures. 
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ART 1 of this series traced the early history of com- 
munications satellites from Score to Intelsat II. All of 
these satellites were designed to be experimental but 

all provided valuable operating experience and confidence 
in communications satellites. This concluding article will 
examine the operational satellites of today and tomorrow. 

Early in 1966 Intelsat awarded a $32- million contract to 
TRW Systems for six Intelsat III satellites, which were 
intended to provide the Global System envisoned by the 
Interim Agreement (see Part 1) . Four times as heavy as 
Early Bird and with five times its capacity (see Table 1), 
Intelsat III is the first satellite specifically designed to be 
commercially profitable. For its first operational system, 
Intelsat attempted to maximize all satellite parameters that 
would affect revenue; including radiated power, usable 
bandwidth, capacity, and life. 

Power radiated at the earth is maximized through the 
use of a de -spun antenna. As indicated in Part 1, this ap- 
proach counter -rotates the antenna beam from the spin - 
stabilized satellite body thereby keeping the beam pointed 
at earth. Originally, Intelsat III was to use an electrically 
de -spun array, but a mechanically de -spun antenna was 
later substituted (see Fig. 1) . As in NASA's experimental 
ATS -1, the electrical system proved to be lower in effective 
gain than the mechanical. Experience with OSO, ATS, and 
other NASA satellites with rotating parts indicated that re- 
liable operation could be expected for more than five years. 
It was originally feared that the lubricants needed would 

By FRANCIS A. GICCA / Manager 

Space Communications Systems, Raytheon Co. 

Inaugurating a real revolution in the 
field of communications, our successful 
satellites promise even more startling 
advances in the near future. Description 
of the present Intelsat system, along 
with uses of satellites for aeronautical 
communications as well as domestic 
television and for telephone services. 

either freeze or evaporate in space and bearings would 
seize. Special lubricants and lubricating techniques were 
developed to operate in the zero -G vacuum environment 
and have proved very successful. De -spun platforms weigh- 
ing several hundred pounds are being designed into today's 
satellites. 

Intelsat III Repeater 
The total usable bandwidth of Intelsat III is 450 MHz, 

supplied by two 225 -MHz -wide repeaters. This is a utiliza- 
tion of 90% of the 500 -MHz bandwidth currently allocated 
for communications satellite use. The de -spun earth- cover- 
age antenna and 6 -watt traveling- wave -tube (TWT) ampli- 
fiers produce a radiated power of +22 dBW (158 W) from 
each repeater. This power and bandwidth are suitable for 
four TV channels, or two fully loaded carriers with 1200 
telephone channels each, or up to 90 multiple- access car- 
riers each with 24 telephone channels, or any equivalent 
combination of traffic. 

While Early Bird was designed for an operating life of 
11/2 years and Intelsat II for 3 years, Intelsat III has a speci- 
fied minimum life of 5 years. This represents almost a 
twenty -fold progressive increase in circuit -years from 1965 
to today. This increase has been possible primarily because 
of the growing confidence in the reliability of communica- 
tions- satellite components. While Early Bird was designed 
for a lifetime of only 18 months, it is still operating satis- 
factorily after four years. The next generation communica- 

Table 1 Important characteristics of fhe entire series of Intelsat communications satellites. 

Satellite 
Launch 
Year 

Comsat 
Weight 

(lbs) 
No. of 

Repeaters 

Repeater' 
Bandwidth 

(MHz) 

Total 
Radiated 

Power 
(watts) 

Antenna 
Type yp 

Design' 
Capacity 

( "circuits ") 
Intelsat I (Early Bird) 1965 150 2 25 20 Cloverleaf 240 

Intelsat II 1966 358 1 126 
35a 

Cloverleaf 240 -480' 

Intelsat III 1968 632 2 225 315 
Mechanical 

De -Spun 
1200 

Intelsat IV 1970 2000 12 36 2400- 
18,400' 

De -Spun: 
Earth /4.5° 

5000- 
10,000' 

, NOTES: 1. Nominal bandwidth of each independent repeater; 2. Two -way telephone calls ("circuits"); 3. Depending on satellite antenna pattern. 
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tions satellite (Intelsat IV) will have a projected life of 
70,000 circuit -years, a hundred -fold increase over Early Bird. 

A simplified block diagram of Intelsat III's communica- 
tions section is shown in Fig. 2. Communications signals 
from earth stations arrive at the satellite within either of 
two 225- MHz -wide bands; 5930 -6155 MHz or 6195 -6420 
MHz. This leaves two outer 5 -MHz guard bands and a 
central 40 -MHz guard band which also contains redundant 
satellite- command signals. 

After reception by the de -spun antenna, a filter -diplexer 
separates the signals into the two repeater channel bands. 
Linear r.f. amplification is accomplished by a series of 
low -noise wide -band tunnel -diode amplifiers (TDA's) . An 
input of -65 dBm to the TDA's will produce a saturated 
TWT output of 6 watts; a net repeater gain of +103 dB. 

The signals are then down- converted by 2225 MHz in a 
wide -band mixer. The two channels that are produced are 
now in the downlink bands of 3705 -3930 MHz and 3970- 
4195 MHz. 

The principal r.f. amplification is now accomplished in a 
cascaded pair of driver power TWT's. After each driver 
TWT, the redundant command signals are filtered out and 
removed from the communications channel. Telemetry sig- 
nals are phase -modulated onto two beacon signals which 
are then inserted into the central 40 -MHz guard band just 
prior to the 6 -watt power TWT's. These redundant beacon 
signals allow the earth -control stations to track the satellite 
while it is being injected into orbit. After amplification to 
the 6 -watt level, the two repeater channels are recombined 
in the transmit diplexer and transmitted by the de -spun 
antenna. 

The block diagram of Intelsat III is deceptively simple. 
For the satellite to be efficient its capacity must be limited 
only by its radiated power and its effective utilization of 
bandwidth. The former is generally limited by the weight 
(and thus cost) of the satellite, and the latter by bandwidth 
allocation constraints (500 MHz at present) . This implies 
that the system cannot economically tolerate any significant 
degradation of quality by the satellite. This, in turn, means 
that all forms of repeater distortion must be exceedingly 
low, typically 56 dB signal -to- distortion ratio, and this is 
far from simple in such a wide -band repeater. 

Principal sources of distortion in the repeater include: 
1. intelligible crosstalk (any amplitude variations in the re- 
peater convert some of the FM modulations to AM, and 
the TWT converts these back to FM which intelligibly 
interfere with the original signal), 2. delay distortion 
( caused by lack of phase linearity which delays some fre- 
quencies more than others, causing a distorted signal), 3. 
intermodulation between multiple carriers ( caused prin- 
(Left) An Intelsat III, with capacity 
of 1200 voice circuits, is shown here 
in test chamber. Satellite was success- 
fully launched on Dec. 18, 1968 and 
placed in synchronous orbit over At- 
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Fig. 2. Simplified block diagram of the Intelsat Ill. 

cipally by the amplitude non -linearity of the TWT's plus 
those in the earth stations) , and 4. amplitude crosstalk be- 
tween multiple carriers (multiple carriers produce a com- 
posite signal of varying amplitude, the AM -to -PM char- 
acteristic of the TWT converts this to an interfering signal). 

As a result, unless extreme care is taken, all elements of 
the repeater can produce major distortion. The microwave 
filters used for diplexing must produce extremely high re- 
jection out -of -band (to eliminate signals that might cause 
intermodulation and amplitude crosstalk), but must be 
very flat in -band (to prevent intelligible crosstalk) and 
linear in phase (to prevent delay distortion). The TWT's 
have to be efficient (which means saturated operation) but 

!antic from where it is providing corn - 
mercial service. (Center) The Intelsat 
DI global satellite system. Two (6 "W, 
31°W) are shown over Atlantic, one 
(174°F) over Pacific, and one (62.5° 

E) over Indian Ocean. Two are now in 
orbit, other two will be orbited short- 
ly. (Right) Looming over nearby fields 
at Cayey, P.R. is this 97 -ft parabolic 
antenna for satellite communications. 
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1969 1970 1971 1972 1973 

ATLANTIC OCEAN ZONE 

Earth Stations 22 34 38 46 46 

2 -way Circuits Req'd. 1300 1920 2708 3089 3436 

Intelsat III Capacity 2400 2400 2400 2400 2400 

Reserve Capacity 1100 480 (308) (689) (1036) 

INDIAN OCEAN ZONE 

Earth Stations 10 19 21 22 22 

2 -way Circuits Req'd. 270 425 505 583 646 

Intelsat III Capacity 1200 1200 1200 1200 1200 

Reserve Capacity 930 775 695 617 554 

PACIFIC OCEAN ZONE 

Earth Stations 12 17 18 18 18 

2 -way Circuits Req'd. 690 1000 1366 1896 2081 

Intelsat III Capacity 1200 1200 1200 1200 1200 

Reserve Capacity 510 200 (166) (696) (881) 

TOTALS 

Earth Stations 44 70 77 86 86 

2 -way Circuits Req'd. 

(plus TV) 

2260 3345 4579 5568 6163 

Intelsat III Capacity 4800 4800 4800 4800 4800 

(Source: Comsat and author's projections) 

Table 2. Telephone traffic projections for Intelsat. 

must have a low ANI -to -PM characteristic (which requires 
linear operation far below saturation) . It is the repeater 
designer's job to trade these sources of distortion against 
one another and produce a repeater which has the lowest 
possible over -all distortion. 

The Network Goes Into Service 

The first Intelsat III was launched on September 18, 
1968. Shortly after lift -off the guidance system of the long - 
tank Delta malfunctioned and the launch vehicle was de- 
stroyed by the range safety officer. 

The second launch took place on December 18, 1968 and 
successfully placed an Intelsat III at 31° west longitude 
over the Atlantic. Three more Intelsat III satellites will be 
at 174° east longitude (Pacific) (already in orbit), 6° west 
longitude (Atlantic) , and 62.5° east longitude (Indian) . 

All are to be in place by the end of this year thus com- 
pleting the first global system ( see Fig. 3) . This system of 
four satellites will be able to handle a maximum of 4800 
two -way telephone circuits or sixteen TV transmissions. 

The standard earth station that completes the Intelsat III 
global system is an impressive terminal. All standard sta- 
tions have an antenna at least 85 feet in diameter and 
many are larger. 

Typical of the Intelsat earth stations is the new Comsat 
station at Cayey, Puerto Rico. The antenna, landmark of 
the station, stands taller than a 10 -story building. Total 
weight of the Cassegrain antenna is about 470 tons. The 
surface of the reflector, 97 feet in diameter and weighing 
45,000 pounds, was designed to an accuracy of better than 
50 thousandths of an inch. The antenna and receiver were 
verified to meet the 40.7 -dB gain -temperature sensitivity 
requirement by listening to the known radio emissions of 
the star Cassiopeia A. 

To meet the required receiver noise temperature of 50° 
K, liquid- helium -cooled parametric amplifiers are housed 
in an equipment room behind the reflector. In operation, 
the earth station tracks any small motions of the satellite 
to 0.04 °, using an autotrack system which is locked to the 
satellite beacon. 

The Cayey station is one of six in the United States; 
Andover, Maine; Brewster Flat, Washington; Paumalu, 
Hawaii; Jamesburg, California; and Etam, West Virginia. 
By the end of this year 44 earth stations are expected to be 
in operation. By 1972, the number is expected to rise to 86. 
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If these stations should each transmit only 100 telephone 
calls through the satellite, the capacity of all Intelsat III 
satellites would be exceeded by 80 %. 

Multi- Purpose Satellites 
Because of the great expansion in the number of earth 

stations, it became clear early in 1967, two years before 
the first launch of Intelsat III, that the satellite's capacity 
probably would not be sufficient to meet eventual traffic 
demands. Thus, on March 23, 1967 two study contracts 
were awarded to investigate an advanced global satellite 
over three times as heavy as Intelsat III and capable of 
multiple communications missions, including domestic and 
mobile communications as well as international traffic. 

Two types of stabilization were studied for this 2000 - 
pound Multi -Purpose satellite; the familiar spin stabilization 
and a fully stationary satellite approach. In the latter, the 
vehicle is stabilized by an internally spinning inertia wheel 
and the satellite body is stationary. In effect, the entire 
satellite is "de- spun" with the internal inertia wheel sup- 
plying the necessary gyroscopic stability. This approach is 
interesting because all moving parts are in a sealed inertia 
wheel case and thus should be more reliable. The antenna 
and repeater are rigidly connected to the rest of the satellite 
thereby avoiding slip rings and power transfer joints, and 
solar paddles, which are pointed at the sun to increase the 
communications power available, can be used. Although 
Intelsat eventually decided this approach had too many 
technical risks for immediate commercial use, it is probable 
that future satellites will be fully stabilized. Europe is pres- 
ently developing an experimental communications satellite, 
called Symphonie, which will use the inertia -wheel stabiliza- 
tion approach. 

Maximizing Capacity 
Because of the Multi- Purpose satellite's great weight, it 

became possible, perhaps for the first time, to seriously con- 
sider how this weight could be utilized to maximize the 
communications capacity of the satellite. Previous satellites 
were weight- limited to the point where such optimization 
was really not possible. 

In retrospect, a principal deficiency of the Intelsat III 
design lies in its extremely wide repeater bandwidths for 
multiple access. Since multiple users must therefore share 
the same repeater, the TWT must be operated far below 
saturation to avoid distortions previously mentioned. This, 
in turn, is an inefficient use of the satellite's power and 
causes serious reduction of total capacity. 

Another disadvantage of wide bandwidths is the require- 
ment that each earth station accurately control the power 
that it sends to the satellite. Since a satellite's repeater 
power will be distributed among all users in proportion to 
the strength of the received signals, an improperly large 
signal from one earth station can capture all the repeater's 
power. To avoid this situation, each station must accurately 
monitor its power and control it in proportion to its traffic 
needs. This is both difficult and impractical. Experience 
with Intelsat III has shown that stations cannot easily main- 
tain the required accuracy. 

These considerations suggest that the available bandwidth 
should be divided into many little repeater bands and each 
earth station assigned its own exclusive repeater and sat- 
urated TWT. This is not entirely possible since each band 
must be set at least as wide as the widest bandwidth signal 
to be carried and it is likely that several users might still 
wish to multiple -access that band with small traffic. Still, 
this approach is a great improvement. 

As might be expected, the widest bandwidth user is tele- 
vision, requiring a band of about 40 MHz in the Multi -Pur- 
pose configuration. Twelve such bands fill the available 500 - 
MHz bandwidth. Twelve 8 -watt or 12 -watt TWT's would 
completely use the 2000 pounds available, depending upon 
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ATLANTIC OCEAN ZONE INDIAN OCEAN ZONE PACIFIC OCEAN ZONE 

PROJECTED 1970 INTELSAT EARTH STATIONS 

Fig. 3. The 1970 Intelsat III global system will consist of four satellites and a large number of ground stations. 
This entire system will be able to handle a maximum of 4800 two -way telephone circuits or 16 TV transmissions. 

whether complete electronic redundancy is used or not. 
Since the capacity of the Multi -Purpose satellite is affected 
more by bandwidth limitations than power (it is bandwidth - 
limited) the lower power redundant configuration was 
chosen because of the significant increase in circuit -years for 
this choice (a lifetime of 7 years) . With a repeater band- 
width of 40 MHz, 8 -watt power, and earth -coverage an- 
tenna, each of the 12 repeaters can handle 1800 telephone 
channels or one TV channel. 

Start of the Fourth Generation 
By early 1968 international traffic projections were similar 

to those shown in Table 2. It was becoming clear that by 
1971 Intelsat III's capacity in the Atlantic and Pacific would 
be exceeded. Furthermore, should any satellite fail, the sys- 
tem would be in serious trouble; adequate Intelsat III in- 
orbit reserve capacity did not exist and Intelsat I and II 
would be well beyond their design lives. After first consider- 
ing the purchase of additional improved Intelsat III satel- 
lites (Intelsat III' /z), it was decided to proceed with the 
Multi -Purpose international design, which was named In- 
telsat IV. 

A $72- million contract for four of these giant satellites 
was awarded to Hughes Aircraft last fall with the first two 
launches scheduled for early 1971 (Atlantic and Pacific) . 

(Left) Artist's concept of fully station- 
ary Multi- Purpose communications sat- 
ellite. Large antennas provide steerable 
spot beams for high -traffic areas. En- 
tire vehicle remains pointed at earth 

The third satellite will be placed over the Indian Ocean in 
1972 (at Intelsat III end -of -life) and the fourth satellite 
will be kept as a spare. 

In addition to its earth -coverage de -spun antenna beam, 
Intelsat IV will also have two 4.5° spot transmit beams that 
can be aimed at high traffic points on the earth. Eight of 
the twelve 40 -MHz repeaters (36 -MHz usable bandwidth) 
can be connected to the spot beams, increasing their effec- 
tive radiated power 15 times. The maximum capacity of 
Intelsat IV will be over 10,000 two -way telephone calls or 
twelve TV channels with greatly improved access. 

Aeronautical Communications 
The Multi -Purpose study also was the first to investigate 

the use of satellites to communicate with aircraft. At pres- 
ent, transatlantic flights are out of range of shore -based 
v.h.f. communications for about 90 minutes. It is projected 
that during this year's August transatlantic peak, 85 aircraft 
will simultaneously occupy this 1000- mile -long "radio - 
silence" corridor in the North Atlantic. At about the same 
time, 40 aircraft will be out of radio contact over the Pa- 
cific as will 10 aircraft over the Indian Ocean. 

This lack of communications is the principal reason for a 
required lateral separation of 120 miles between aircraft 
over the Atlantic. The restriction is expensive to the air- 

at all times. (Center) Mockup of giant 
2000 -lb Intelsat IV, scheduled for ser- 
vice in 1970's. It has capacity of up to 
10,000 telephone calls or 12 color -TV 
broadcasts. (Right) Several proposals 

have been made for the use of satel- 
lites for U.S. domestic distribution of TV 
and telephone calls. Satellites would ei- 
ther blanket U.S., as shown, or use spot 
beams to provide time -zone coverage. 
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lines because it prevents them from operating flights when 
passengers would like to fly, and forces them to schedule 
to meet the separation requirement. In ten years the trans- 
atlantic peak in the silent corridor is expected to exceed 150 
aircraft and will consist of a mix of supersonic, jumbo, and 
conventional jets. To make this high density possible, lateral 
separation must be reduced to below 60 miles. If a recom- 
mended minimum safety criterion of less than one collision 
in 100 million flights (one incident per thousand years) is 

to be met for this separation, the position of each aircraft 
in the corridor must be known to better than 15 miles. Such 
accuracy requires that each aircraft be tinder surveillance at 
all times, and this can be done only by satellites. 

Simplest would be an aeronautical comsat (aerosat) that 
interre,gates aircraft for position information as well as air 
traffic control communications. An advanced approach would 
also verify aircraft position, using a ranging code. 

From the airlines' point of view, the present 118 -136 
MHz v.h.f. aeronautical band would be ideal for such an 
aerosat since it would mean the least change. The v.h.f. 
experiments between ATS -I and test aircraft over the Pa- 
cific, and Air Force experiments with LES have proved that 
a v.h.f. aerosat can be built today. The principal obstacle 
is that v.h.f. is not allocated for satellite use and government 
officials are reluctant to risk further possible interference in 
this congested band. 

A possible alternative is the use of the aeronautical L- 
band (1540 -1660 MHz) and the FCC has recommended 
that this band be used by aerosats on a shared basis. Since 
aircraft equipment is not currently available at L -band and 
practical aircraft antennas do not exist, airlines have not 
been anxious to proceed. Instead, the airlines are arguing 
internationally that a portion of the v.h.f. band should be 
allocated for this service and that L -band should be devel- 
oped gradually. In any event, because of the urgent need, 
it is probable that sonic form of aerosat will be under 
development before 1970. 

Comsats for Domestic Applications 

But perhaps the most significant portion of the \Iulti- 
Purpose study was that concerned with the design of 
domestic comsats. If comsats have had such an impact on 
international communications, why not use such satellites 
for domestic transcontinental traffic? 

It all started in 1966 with FCC Docket 16495 which was 
established after ABC and the Ford Foundation both filed 
for authority to orbit television -relay satellites. ABC applied 
on the basis of cost savings to distribute its TV programs, 
while the Ford Foundation argued that similar savings 
could help support educational TV. These applications 
were quickly followed by others including two front Comsat 
and AT&T, who argued that any domestic satellite should 
be designed for both TV and telephony. All proposals are 
still being evaluated by the government, for as FCC Chair- 
man Hyde has stated, "No Commission task is more chal- 
lenging ... than the determinations to be made concerning 
the proposed use of satellites for domestic purposes." 

The potential impact of these proposals also caused Pres- 
ident Johnson in 1967 to establish a Presidential Task Force 
to review the entire national communications policy. This 
task force, under Presidential advisor Eugene Rostow, made 
its unreleased recommendations to President Johnson last 
December and it is likely that major reforms in the Com- 
munications Act of 1934 are being considered. 

Although the value of distributing transcontinental TV 
signals via satellite is clear, the domestic distribution of tel- 
ephone signals will ultimately prove to be a most significant 
development. At the moment, a domestic satellite would 
provide better transmission quality than any ground link 
longer than about 1500 miles. This is so because a satellite's 
signal quality is essentially independent of distance, while 
a terrestrial link deteriorates directly with distance. Further, 

since satellite cost compares favorably with ground links, 
there is little reason to develop new long- distance micro- 
wave ground links. However, traffic projections for the early 
1970's show a need for additional transcontinental capacity. 
All these factors favor the early development of a domestic 
TV /telephony satellite. 

In time, this situation is likely to produce more reliance 
on satellites and less on ground links. By the early 1980's, 
large- capacity domestic satellites could be handling mes- 
sages over distances beyond 500 miles to open a new gen- 
eration of inexpensive public communications. 

In December, 1966 Comsat proposed to begin domestic 
service with a Pilot satellite designed to provide practical 
operational experience prior to the establishment of a full 
system. The Pilot satellite is essentially a 12- channel Intelsat 
IV satellite with the earth and spot beams replaced by a 
3.5° X 7.5° beam that blankets the U.S. The Pilot system 
would employ two such satellites, two east -coast and two 
west -coast Intelsat -quality access stations, and about 30 
midwest receive -only TV terminals (32 -foot antenuas). 

Interest in domestic satellites is not confined to the United 
States. France has studied a domestic satellite ( Saros) to 
connect continental France to colonies in the Caribbean and 
Africa. It has also studied a radio -TV satellite to link France 
and French- speaking Quebec in Canada. Nest Germany has 
studied a domestic satellite (Olympia) and proposed its use 
for TV distribution of the German Olympics in 1972. France 
and Germany agreed last year to join forces and construct 
a common satellite ( Symphonie) to accomplish the previous 
Saros /Olympia missions. This satellite is under construction 
and scheduled for launch by 1972. Canada has just con- 
cluded two studies of a domestic satellite to help it distrib- 
ute radio, TV, and telephony to previously isolated com- 
munities in the northern Provinces. India and Brazil are also 
considering domestic systems. Even with its relatively small 
area, Japan has studied the development of its own system, 
as has the State of California. 

The operational successor to the Pilot satellite is likely to 
employ four 2° spot beams to illuminate the four U.S. 
time zones for more versatile TV distribution. This raises 
the interesting possibility of re -using the same 500-MHz 
down -link frequencies in every other time zone. The selec- 
tivity of the spot beams would keep these same frequency 
signals from interfering with each other. This would essen- 
tially double the TV capacity -(Continued on page 71) 

Table 3. Present and proposed frequency assignments for comsats. 

COMMERCIAL 

Point -to -Point Service (Shared Bands) 

Satellite -to -Earth Stations 3700 -4200 MHz 

Earth Stations -to- Satellite 5925 -6425 MHz 

MILITARY 

Point -to -Point Service (Partially Shared Bands) 

Satellite -to -Earth Stations 7250 -7750 MHz 

Earth Stations -to- Satellite 7900-8400 MHz 

FCC -RECOMMENDED COMMERCIAL ADDITIONS 

Mobile Service (Shared Bands) 
Satellite -to- Mobile Terminals 1540 -1560 MHz 

Mobile Terminals -to- Satellite 1640 -1660 MHz 

Point -to -Point Service (Exclusive Bands) 

Satellite -to -Earth Stations, or j S 17.7 -21.2 GHz 

Earth Stations -to- Satellite S j 27.8 -31.3 GHz 

COMSAT- REQUESTED ADDITIONS 

Mobile Service (Shared Bands) 
Satellite -to- Mobile Terminals, or 
Mobile Terminals -to- Satellite 

118 -136 MHz 

Point -to -Point Service (Shared Bands) 
Earth Stations -to- Satellite 10.7 -11.7 GHz, 

(as available) 11.7 -12.7 GHz, 

12.7 -13.25 GHz 
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IJOHN FRYE 
t is foolhardy for radio /TV technicians to remain ignorant 

of the nature of electric shock and methods of resuscitation. 

ELECTRIC SHOCK 
EY, Mac," Barney said to his employer as the two 
of them sat side by side on the service bench 
drinking a couple of Cokes Matilda, the office 

girl, had brought in from the drugstore next door, "do you 
remember our talking two or three weeks ago about the 
alarming number of patients believed to be accidentally elec- 
trocuted in hospitals each year ?" 

"Yup," Mac answered with a mouth full of cracked ice. 
"Well, that started me thinking: here we are working with 

all sorts of voltages and currents day after day; yet I know 
precious little about the nature of potentially lethal electric 
shock or methods of resuscitation. Suddenly that seemed 
about as smart as for a snakehouse operator to be ignorant of 
reptiles and to be without snake -bite serum." 

"So what did you do about it ?" 
"Boned up on both departments. Reading helped a lot? but 

I also checked with Red Cross headquarters, the new inten- 
sive care ward at the hospital, and the emergency squad at 
the fire department. As a result, I now feel I know a lot more 
than I did about how electricity can injure the body and how 
to counteract the effect of such injury." 

"And if I know you," Mac said with a pretended sigh of 
resignation, "I'm about to become the beneficiary of your new 
knowledge." 

"You're darned tootin'," Barney said. "After all, it's more 
important that you know all this than that I should know it, 
because what you know may save my life." 

"That's what I like about you: always looking out for the 
other fellow! But what does electricity do to the body ?" 

"Lots of things, mostly bad, at least when applied acciden- 
tally. A high -voltage current can arc at the point of contact 
and sear the flesh there. This you can see. But an autopsy 
often reveals that heavy current literally cooks the flesh 
along the entire pathway through the body. Currents heavy 
enough to raise body temperature appreciably produce im- 
mediate death. Relatively high currents may produce fatal 
damage to the central nervous system. Such currents flowing 
near the heart may cause cardiac arrest, and those flowing 
through other nerve centers can stop breathing." 

"You're talking about heavy currents such as would be 
produced by contact with a high -voltage line, but a high 
percentage of electrocutions are produced by household 
voltages. How much current is really dangerous ?" 

"That's a good question, and C. F. Dalziel of the University 
of California and W. R. Lee of the University of Manchester 
tried to find some answers. Their findings are written up 
under the title `Lethal Electric Currents' in the IEEE Spec- 
trum for February, 1969. The first thing they wanted to find 
out was the let -go current for human beings." 

"Hold it!" Mac interrupted. "What's a let -go current' ?" 
"It's the maximum current at which a person can still re- 

lease a conductor by using muscles being stimulated by that 
current. It's very important because a person can withstand 
repeated shocks by current below this value -at least stand 
them long enough to turn loose -but a slightly higher current 
`freezes' the victim to the conductor. Since the damaging 
effect of electric shock is a function of both the amount of 
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current and the length of time the body is subjected to it, you 
can see the critical let -go current, which determines whether 
or not the victim can voluntarily free himself from the elec- 
trical circuit, is most important. 

"Dalziel and Lee exposed 134 men and 28 women to in- 
creasing current to determine how much each could take and 
still be able to release the small wire carrying the shocking 
current to their hands. The average let -go current was found 
to be 16 mA for men and 10.5 mA for women. While physi- 
ological development, especially in the arms and wrists, 
greatly influenced the let -go current, psychological factors 
played a part, too. The highest let -go current was obtained 
on a physiology student who boasted he was as good as any 
engineering student." 

"I'm not sure average values are of much use in a case like 
this," Mac objected. "I still remember the guy who drowned 
in a river that `averaged' only a foot deep." 

"The gentlemen doing the testing agreed with you; so they 
decided a reasonably safe limit for electric shock would be 
the 0.5 percentile let -go value. On this basis, it was found 
safe let -go currents could be considered approximately 9 mA 
for men and 6 mA for women. Incidentally, no essential dif- 
ference was found between 50 and 60 Hz as far as let -go 
current was concerned. 

"Next the gentlemen turned to finding the minimum fibril - 
lating current. As you know, the several causes of ventricular 
fibrillation include the flowing of electric current through the 
heart muscle. While this current does not actually damage 
the heart, it deranges the functioning of that organ. Indi- 
vidual muscle fibers are thrown out of sync, so to speak, and 
are no longer coordinated. Instead of working together to 
produce the rhythmic, life- giving pumping of blood through 
the body, they contract individually and at random, resulting 
in a twitching, trembling of the heart that renders it useless 
for circulation. 

"Ventricular fibrillation is considered the most dangerous 
electric shock hazard because once it starts in man, it practi- 
cally never stops spontaneously; yet the brain begins to die 
two to four minutes after it is deprived of a supply of oxy- 
genated blood. If the victim is to be saved, he must receive 
prompt rescue and immediate and continuous artificial respi- 
ration until other resuscitating measures are available." 

"I'm curious as to how the minimum fibrillating current for 
human beings was determined. Sounds like a great place for 
non- destructive testing." 

"You can say that again! Any current above the let -go 
value is considered dangerous; so the only recourse is to 
extrapolate results obtained on animals to man. This intro- 
duces uncertainties, but it's the best we can do. Most of our 
previous information came from work done by Ferris in 1936 
at Columbia University and the Bell Telephone Laboratories; 
by Kouwenhoven in 1959 at Johns Hopkins University; and 
by Kiselev in 1963 at the U.S.S.R. Academy of Sciences, 
Moscow. In 1968 Dalziel and Lee presented a new analysis 
relating minimum fibrillating current to both body weight 
and shock duration. 

"The experimenters electrocuted dogs, pigs, sheep, and 
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calves totalling in the hundreds to ob- 
tain their information. The test pro - 
cedure was to apply a series of well - 
spaced shocks of gradually increasing 
intensity until fibrillation occurred. 
Electrodes were applied to the right 
front limb and the opposite rear limb so 
current flowed through the animal's 
chest. The 0.5 percentile values were 
again used to indicate either the maxi- 
mum non -fibrillating current or the 
minimum fibrillating current. 

"I'll not try to tell you about the vari- 
ous individual findings, but they boil 
down to this: the minimum current 
causing ventricular fibrillation is pro- 
portional to body weight and inversely 
proportional to the square root of shock 
duration. In 50 -kg mammals, the rela- 
tionship is approximately 116 to 185/ 
VT mA. It is believed unlikely that a 
normal adult will experience fibrillation 
if the shock intensity is less than 116/ 
VT mA, where T is in seconds. For ex- 
ample, this works out to be about 58 
mA for a four -second shock." 

"So that's how you start fibrillation. 
I'm more interested in how you stop it, 
or rather bow you revive a victim of 
electric shock." 

Before answering, Barney fished a 
final piece of ice from his glass with his 
fingers and popped it into his mouth. 
"One of the best sources of that infor- 
mation I've found," he said, "is the Re- 
suscitation AI (natal, A Guide for Electric 
Utility Companies, published by the 
Edison Electric Institute at 750 Third 
Avenue, New York City. It stresses that 
the victim should be freed from contact 
with the current as quickly as humanly 
possible with safety to the rescuer for 
two reasons: (1) the longer the current 
flows through the victim's body, the 
greater is the liklihood of irreversible 
injury, and (2) the sooner artificial res- 
piration is started, the better his chance 
for survival. If he is not breathing or his 
blood is not circulating, the possibility 
of successful revival declines steeply 
with every passing minute and becomes 
extremely low after about four minutes 
of elapsed time. 

"The actual method of artificial respi- 
ration used will depend on the victim's 
injuries. Mouth -to -mouth insufflation is 
the best because it assures positive 
movement of air into the lungs, but 
facial injuries sometimes make this im- 
possible. By the same token a broken 
arm or fractured ribs may make the 
Back Pressure -Arm Lift method inad- 
visable. The point is that a person should 
be acquainted with two or three meth- 
ods of artificial respiration, and an ex- 
cellent step -by -step diagrammed source 
is that Resuscitation Manual I men- 
tioned or A Supplement on Artificial 
Respiration issued by the American Red 
Cross. Better still is to attend a class on 
this subject put on by the Red Cross or 
some other safety organization where 
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actual demonstrations on dummies or 
models are used. Seeing artificial respi- 
ration given by an expert or practicing 
it yourself under supervision is far su- 
perior to getting your knowledge from 
diagrams in a book, for this is a case 
where a little knowledge can be a dan- 
gerous thing. This also applies to exter- 
nal cardiac compression used to start a 
reluctant heart by compressing the chest 
with the heel of the hand so the heart is 
squeezed between the sternum and the 
backbone some sixty times a minute to 
provide artificial circulation of the blood 
because this should not be done if the 
victim has a pulse, if his ribs are broken, 
or if the pupils of his eyes remain wide- 
ly dilated. 

"The main thing is to keep artificial 
respiration going until the patient starts 
breathing on his our or until a doctor 
declares him dead. Rigidity is not neces- 
sarily a sign of rigor mortis because mus- 
cular tension is always present in elec- 
tric shock cases. All else failing, a 'de- 
fibrillator' may be used by a doctor to 
stop fibrillation. This is a hair- of -the- 
dog- that -bit -him technique because it 
syncs the uncoordinated heart muscles 
with a current of up to fifteen amperes 
sent through electrodes attached to the 
chest and permitted to flow from 0.1 to 
0.5 second." 

"Let's see if I have all this," Mac re- 
capitulated: "A current as low as 9 mA 
can freeze a man to a current -carrying 
conductor. Slightly more current can 
start his heart fibrillating. If his heart is 
not freed from this condition by external 
means within four minutes, his chance 
of survival is very poor. Artificial respi- 
ration, external cardiac compression, 
and the use of a de- fibrillator comprise 
his best hope of being revived. But arti- 
ficial respiration and cardiac compres- 
sion techniques should be properly 
learned to be really effective." 

"You get an A on the course!" Barney 
applauded. 

"We'll know in o few minutes whether 
they've decided to replace the high - 

voltage rectifier or the filter!" 

Dearivi 
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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). 

Ziff -Davis 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). 
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Can you solve these 
two basic problems in 
electronics? 

Lamp 1 Lamp 2 Lamp 3 

This one is relatively simple: 

When Switch Sz is closed, which lamp 
bulbs light up? 

Note: If you had completed only the first lesson 
of any of the RCA Institutes Home Study programs, 
you could have solved this problem. 

(d -d) siIOA OZ -Z walgwd 
dn 3461111e /ßa41 -3 waigoid :SlßMSNV 
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Z: 10 volt zener diodes 

This one's a little more difficult: 

What is the output voltage (p -p)? 
Note: If you had completed the first lesson in the 
new courses in Solid State Electronics, you could 
have easily solved this problem. 

These new courses include the latest findings 
and techniques in this field. Information you must 
have if you are to service today's expanding 
multitude of solid state instruments and devices 
used in Television, Digital, and Communications 
Equipment. 

If you had completed an entire RCA Institutes 
Home Study Course in Semiconductor 
Electronics, Digital Electronics, or Solid State 
Electronics, you should now be qualified 
for a good paying position in the field you choose. 
Send for complete information. Take that first 
essential step now by mailing 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 

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" 

Valuable Equipment -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 kits are at no extra cost. Compare this 
selection with other home study schools. 

Convenient Payment Plans 
RCA Institutes offers liberal monthly payment 
plans to suit your budget. 

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 National Home Study Council. 
r 

L 

IF REPLY CARD IS DETACHED, SEND THIS COUPON 

RCA Institutes Inc. 
Home Study Dept. EW -89 
320 West 31 Street 
New York, N.Y. 10001 

Please send me FREE illustrated career catalog. 

Name Ago 
(please print) 

Address 

City State Zip 

7 

J 
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NEW!.. from Lampkin Laboratories 

TYPE 107 DIGITAL FREQUENCY METER 

FAST- ACCURATE- PORTABLE 

Designed to meet today's 
mobile -radio service needs - 

* ONE PART PER MILLION ACCURACY! 

* ALL -CHANNEL COVERAGE - TO 500 MHZ 

* READ FREQUENCY DIRECT-NO CHARTS! 

* EASIER - MORE FLEXIBLE - FASTER! 

$2,390 F.O.B. Bradenton, Florida 

For complete specifications - Mail coupon today 

Name 

Address 

City State Zip 

LAMPKIN LABORATORIES, INC. 
MFM Div., Bradenton, Fla. 33505 

Communications 
Supervisor 
Foreign Employment 

B.S. degree in Electrical Engineering with mini- 
mum five years experience in the operation and 
maintenance of communication systems with spe- 
cialization in at least one of the major areas of 
VHF, HF, Microwave Radio, Multiplex and /or 
Telephone. Will function as relief for regular in- 
cumbents of eight supervisory or higher positions 
in the communications department. 

Good Schools, Hospitals, community and recrea- 
tional facilities similar to any small community in 

the U.S.A. All inclusive benefit plans. Opportuni- 
ties for substantial savings; Also extensive travel 
due to liberal vacations. Send resume outlining 
education, work experience and personal history 
to: 

EMPLOYMENT SUPERVISOR 
ARABIAN AMERICAN OIL COMPANY 
1345 AVENUE OF THE AMERICAS 
NEW YORK, NEW YORK 
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Communications on the Moon 
(Continued from page 25) 

formed simultaneously. This is the first v.h.f. system ever 
created with this capability. 

The primary source of range data between the LM and 
CSM when they are separated in space, however, will come 
from a silent communicator -the LM rendezvous radar built 
by RCA. The X -band instrument, the first gimballing radar 
ever flown in space, will track a transponder in the CSM to 
produce information on velocity and direction of the CSM 
relative to the LM, as well as distance between the two. 

The radar and v.h.f. communications thus give Apollo 11 
dual sources of information that will enable the LM to fly 
its way back to the CSM. The critical nature of the ren- 
dezvous and docking is underscored by the fact that LM 
is solely a spaceship that cannot re -enter Earth's atmo- 
sphere without being destroyed by the stresses of gravity 
and atmospheric friction. LM must rejoin the CSM after 
the lunar landing so that Armstrong and Aldrin can return 
safely to Earth with Collins. 

The creation of the Apollo LM communications system 
has dipped deeply into the reservoir of America's electronic 
technology and experience. Although the systems design 
management task was performed by RCA's Defense Com- 
munications Systems Division in Camden, N.J., LM com- 
munications equipment builders read like an electronics 
"Who's Who:" Collins Radio for the S -band signal processor, 
Motorola for the S -band transceivers, Raytheon for the 
S -band power amplifier, and Dahno- Victor for the S -band 
steerable antenna. RCA at Camden built the v.h.f. sets as 
well as the extra- vehicular radios, and its sister unit in 

Moorestown, N.J. developed the unique erectable antenna. 
Except for the antennas, which serve as back up to one 

another, each item of LM communications equipment is re- 
dundant, providing an alternate means of accomplishing its 

task if the prime unit fails. Solid -state design and construc- 
tion, except for an amplitron tube in the S -band power am- 

An opened extra vehicular communications system radio sim- 

ilar to the ones used by our astronauts is being tested here. 

ELECTRONICS WORLD 
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plifier, are employed throughout the 
system. 

The CSM's counterpart communica- 
tions system, although the design of 
some equipment items are different, is a 
functional duplicate of the LM S -band 
and v.h.f. radio. With the LM system, it 
forms one -half of the Apollo communi- 
cations complex. 

The second half is the Earth -based 
Manned Space Flight Network 
(MSFN) managed by NASA's God- 
dard Space Flight Center. Strung 
around the globe are S -band receiving 
sites whose 30 -foot and 85 -foot anten- 
nas will peer spaceward throughout the 
Apollo 11 mission to receive the CSM 
and LM transmissions from the air, and 
to send voice and data to the space- 
ships. The stations are referred to as 
unified S -band sites since one antenna 
and one system handles all the com- 
munications functions; TV, voice, te- 
lemetry, and tracking. 

Besides the sites based on land across 
the United States and in several for- 
eign countries, Apollo receiving stations 
also ply the seas and the air in specially 
designed ships and converted jet air- 
craft. The ships and aircraft fill the 
gaps and provide coverage where no 
land stations can be situated. 

Tieing all these stations together is 
the NASCOM network, a system of ra- 
dio, satellite, and land -line communi- 
cations that has the complex task of 
keeping the network linked together so 
that the Apollo voice, data, and TV 
will flow uninterrupted to the NASA 
Maimed Spacecraft Center in Houston. 

It is paradoxical that despite the ca- 
pability of the Apollo spacecraft com- 
munications systems, and the huge 
complex on the ground, critical phases 
of the flight can occur when communi- 
cations between the spacecraft and 
Earth are impossible. For example, the 
engine firing that will drive the CSM 
out of lunar orbit so the astronauts 
can return home will take place when 
the spacecraft is on the backside of 
the Moon and communications signals 
are blocked from Earth. Thus, as was 
the case in the Apollo 8 and 10 lunar 
missions, the world will have to wait 
until the spaceship swings around the 
lunar horizon to learn the success of 
the maneuver. 

However, the first step onto the 
Moon by an American will be in clear 
sight of the Earth, electronically. When 
the moment comes, it will be remem- 
bered as long as civilization survives; 
the achievement alone is enough to as- 
sure that. Yet, the impact and accom- 
plishment of the manned lunar landing 
surely will be felt more sharply on 
Earth because of the electronic beams 
that will span the void of space to 
bond Apollo 11 and astronauts Arm- 
strong, Aldrin, and Collins to their na- 
tive planet. 
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NOW 
CHECK 
TRANSISTORS 

IN OR OUT OF CIRCUIT .. . 

Flick function 
switch to left 
to check all 
regular tran- 
sistors. 

Flick function 
switch to right 
to check any 
FET. 
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Model TF151 

all regular transistors plus the new field effect transistors. 
You won't be stopped when you run into the new FETs that are wired 
into the latest hi -fi, newest TV receivers and nearly every other new device 
coming on the market. For the very first time, you can check them all, 
in or out of circuit. The TF151 works every time using tried and proven 
signal injection techniques. New, improved tests on special RF transistors 
and the latest high power transistors, mean that the TF151 is the only 
up- to-date transistor tester on the market. A new, exclusive setup book 
in rear compartment guides you to every test for over 12,000 transistors 
and FETs. The book is not needed for general service troubleshooting. 
Regular transistors are checked for beta gain and Icbo leakage. FETs 
are checked for transçonductance and Igss leakage. only 

Your distributor just got this new tester in stock. 
See him, it obsoletes all others. 

$1295° 

NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 
426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 

CIRCLE NO. 110 ON READER SERVICE CARD 
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MATV DISTRIBUTION 
AMPLIFIER KITS 

for Color /B &W TV 

For the TV serviceman who has avoided amplified 
distribution systems as too involved, Mosley has 

developed four simple and easily installed MATV 
Distribution Amplifier Kits for VHF Color /B &W TV. 
Each kit contains all the components necessary for 
a two -outlet amplified system, designed for easy 
expansion with additional outlets. Four models for 
four widely -used types of lead -in: two coax, two 
twin -lead. Instructions offer suggestions for system 
planning and simple block diagrams with coax loss 
factors already figured. Write Dept. 180A for details. 

Najdey elect n 
Bridgton Missouri 63042 

CIRCLE NO. 123 ON READER SERVICE CARD 

GIANT 1969 
RADIO -TV 

ELECTRONICS 
CATALOG 
228 GIANT VALUE - 

PACKED PAGES 

YOUR BUYING GUIDE FOR . 

TV's, Radios, Recorders, Phonos, 
Amateur and CB equipment, elec- 
tronic parts, tubes and test equip- 
ment . plus featuring B -A's 
famous bargain packed section! 

WRiTE FOR YOUR FREE CATALOG TODAY! 

BURSTEIN -APPLEBEE CO., DEPT. EW -H 
3199 MERCIER ST., KANSAS CITY, MO. 64111 

Name 

Address 

City 

Zip rode 
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The Truth About FM 
(Continued from page 40) 

other. At the extreme, one channel contains maximum signal 
while the other contains zero signal. Assume that L equals 
4.5 volts while R equals zero volts. Then, L + R equals 
4.5 volts, and L -R also equals 4.5 volts. Thus main -chan- 
nel audio modulates the station transmitter 45 %, while the 
stereo sidebands also modulate the transmitter 45% ( Fig. 
4C) . Note that the main -channel modulation level is only 
45% ( deviation of 33.75 kHz) . That is half the maximum 
modulation possible when L equals R, or a drop of 6 dB. 
Some stereo FM stations put the announce microphone on 
only one channel, with the result that mono listeners hear 
announcements 6 to 8 dB below the music. The announce - 
mike channel should be split equally between the channels. 

The stereo difference (L - R) signal has the same fre- 
quency response as the main -channel signal, namely from 50 
to 15,000 Hz. It also uses the same 75 -µs pre -emphasis 
curve. It amplitude -modulates a 38 -kHz carrier, which car- 
rier is then suppressed to less than 1% modulation of the 
station transmitter. These A \I sidebands occupy frequencies 
from 23 to 53 kHz, as shown in Fig. 4C. 

Some articles show both the main channel and the stereo 
sidebands with maximum possible modulation of 90% of the 
station transmitter. This is erroneous and misleading. It is 
never possible for both the L + R and L -R signals to 
simultaneously modulate the transmitter 90 %. If the station 
is operating properly (i.e., not ovelmodulating), the L + R 
main- channel signal can modulate up to 90 %. The L -R 
stereo sidebands can modulate only up to 45 %. Such maxi- 
mum modulation by the stereo sidebands is possible only 
for an L -only or an R -only signal. At the same time that the 
stereo sidebands modulate the carrier up to 45 %, the main 
channel also modulates up to 45% -anti no more. 

It is technically possible for the stereo sidebands alone 
to modulate the transmitter up to 90 %, but the station is 

then being operated improperly. Assume for a moment that 
L equals +4.5 volts, while R equals -4.5 volts. Obviously 
the main -channel L + R signal equals zero, so there is zero 
main- channel modulation. Also the stereo difference or 
L -R signal equals +9.0 volts. Thus the sidebands modu- 
late the station transmitter 90 %. 

But if L equals +4.5 volts and R equals -4.5 volts, the 
stereo system at the station (or the program source) is out 
of phase. While the stereophonic listener will hear some- 
thing, the monophonic listener will not. Thus 90% modula- 
tion by the stereo sideband signal is a technically improper 
condition which should never occur. 

Station E- Stereo and SCA 

It is technically feasible to transmit a single SCA sub - 
channel (but no more than one, because of increased cross- 
talk) along with stereo programming from a single FM 
station. Fig. 5 shows the signals transmitted by station E. 
Since the stereo sidebands occupy much of the spectrum 
above the main channel, very little room is left for the SCA 
subchannel. Although the FCC does not specify 67 kHz. 
this frequency is probably the most widely used by stereo/ 
SCA stations. (A few use 65 kHz.) Most stereo receivers 
use 67 -kHz traps to prevent SCA crosstalk into the stereo 
channel, and most SCA receivers use 67 kHz as the first 
available frequency. 

FCC rules permit only 10% SCA injection while stereo is 

being transmitted. Thus the SCA subcarrier deviates the 
main carrier ±7.5 kHz. Since the 19 -kHz pilot is also in- 

jected to 10%, only 80% is left for both the main channel 
and the stereo sidebands. 

As before. this 80% modulation is shared by both the 
main channel and the stereo sidebands. When L equals R 

the main channel modulates 80% and the sidebands modu- 
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MAXIMUM MAIN -CHANNEL 
(L +R) MODULATION= 
400/0 OR ±30kHz 

- T - 

MAXIMUM STEREO 
SIDEBAND(L - R) 
MODULATION= 
40% OR ±30kHz 

-101.1300 

MAXIMUM SCA INJECTION 
10% OR ±7.5kHz 

- 101.1075 

L 

-- 101.1000 

-- 1ä1.o925 

- -+- -- 101.0700 

MAXIMUM 19-kHz PILOT CARRIER 
INJECTION .10% OR ±7.5kHz 
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FREQUENCY OF MODULATING SIGNALS, AND RATE 
OF CARRIER DEVIATION, BOTH IN kHz 

Fig. 5. Output of station E, transmitting stereo and SCA. 

late zero percent. As mentioned before, however, this situa- 
tion is practically the same as monophonic operation. When 
L equals its maximum voltage and R equals zero voltage, 
the main channel modulates 40% and the sidebands also 
modulate 40 %, as indicated in Fig. 5. 

Everything stated previously about station D is also true 
of station E, except that the modulation limits are now 80% 
( ±60 kHz) for the main channel and 40% ( ±30 kHz) for 
the stereo sidebands. 

Conceptions & Misconceptions 
Many people have misleading impressions about the 

monophonic, stereophonic, and SCA signals transmitted by 
U.S. FM broadcast stations. Aluch writing on the subject 
ignores the effect of the pre -emphasis curve. This curve 
means that low frequencies in the program material can be 
transmitted as much as 15 dB below the highs -even if the 
transmitter is being modulated 100 %. 

That the deviation ratio changes when a station transmits 
SCA or stereo signals is also little known. Compare main - 
channel DR for the five examples cited above. Station A 
modulates 100 %, deviating ±75 kHz, for a DR of 5 (75/5). 
Stations B and C modulate only 70% on the main channel, 
deviating to 52.5 kHz for a DR of only 3.5. Station D can 
modulate to 90% when L equals R, deviating to ±67.5 kHz, 
for a DR of 4.5. Station E can modulate to 80% when L 
equals R, deviating to ±60 kHz, for a DR of 4.0. 

The stereo sideband signals transmitted by stations D and 
E have even lower deviation ratios. The stereo sidebands of 
station D can modulate its main carrier to only 45 %, deviat- 
ing it to ±33.75 kHz, for a DR of only 2.25. At station E, 
the figures are still lower -40% modulation, deviation of 
±30 kIlz, and DR of only 2M. 

NEW SERIES OF 
ELECTRO 

POWER SUPPLIES 
These new precision built power supplies are engineered 
to give extraordinary output per dollar ... powerful 
new additions to the full ELECTRO line which includes a 
wide range of quality power supplies to meet your needs 
at sensible cost. 

Send for complete specifications on these and other 
ELECTRO power supplies. 

REGULATED 
Hi-Power 

PSR -500 SERIES 

500 Watts 
Continuously Variable Output 

Delivers 500 watts of DC power continuously with output 
voltage regulated to less than 1''; for both line and load 
changes. Maximum ripple less than 1'; --0. All solid -state 
circuitry. Uses silicon rectifiers and SCR regulation. 
Fused input, circuit -breaker output protection. 

Three models are available with output voltage ranges: 
2 -32v, 2 -55v, and 2-125v. 

EXTRA 
Hi-Power 

PS -1000 SERIES 

obit, 1000 Watts 
CONTINUOUSLY VARIABLE 

Well filtered for Low Ripple 

For continuous heavy -duty. Continuously variable out- 
put, 0 -32 VDC for loads to 30 amps. Ripple: less than 
0.75' at max. current. Filter circuit uses chokes and 
capacitors. Variable autoformer for smooth control. 
Bridge -type silicon rectifiers. Also available in an 0 -55 
VDC at 20 amps. model. 

HIGH 
CURRENT 

PS -50, PS -30 
12 Volts 

ADJUSTABLE 
Low Ripple at Max. Current 

These new general purpose power supplies are heavy duty 
adjustable 12 -volt units for servicing auto, aircraft and 
marine communications equipment. Useful in industrial 
and educational labs, thermo -electric cooling power 
source, etc. Maximum ripple is 1 r; at maximum current. 
Output voltage adjustment is 8- position tap switch. 
PS -50 delivers up to 50 amps. continuously; PS -30 rated 
up to 30 amps. 

Sold through leading Electronic Distributors 

POWER SUPPLIES 
ELECTRO PRODUCTS LABORATORIES, INC. 
6125 West Howard St., Chicago, III. 60648 312/647 -8744 
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The Most 
Spectacular 
Sound 
Exhibition 
STERE 
FIDELITY 
Ever 
Available on 
one Disc. 

SIenrrRftlPW STEREO 
1 )EMONSTRATION 
RECOR1) rrr..rlarir/ear relpr r .~...r.rwrr.ir nenglessm. 

This record is the result of two years of intensive research in the 
sound libraries of Deutsche Grammophon Gesellschaft, Connoisseur 
Society, Westminster Recording Company and Cambridge Records 
Incorporated. The Editors of Stereo Review have selected and edited 
those excerpts that best demonstrate 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 
off one or more aspects of musical sound and its reproduction. 
Entirely music, the Record has been edited to provide self -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, Foot 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 
the 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 from 
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. 
B ERG: Wozzeck (excerpt from Act Ill) DOG. 
BARTÒK: 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 33% RPM OR 45 RPM 
The Stereo Demonstration Record is processed and pressed on a newly developed, 
improved vinyl. It is per ly anti static. repels dust and dirt and promotes 
longer stylus wear. The use of this material is conducive to low surface noise and 
contributes to the production of full dynamics and frequency range. The record 
continueliy looks new, sounds new and wears longer, 

FREE 
Descriptive Bookies Enclosed Includes discussion of the 
selections on the record, plus s complete description at 
each selection and the purpose behind its demonstrstlon. 

ORDER YOUR STEREO DEMONSTRATION RECORD TODAY 

Only $498 Postpaid 
Stereo Demonstration Record 
P. 0. Box 3463 Church Street Station New York, N.Y. 10008 

Please send me HiFi /Stereo Review Stereo Demonstration Record Albums 
at $4.98 each, postpaid. My check (or money order) for $ 
is enclosed. 

Check One: 33ya rpm O 45 rpm 

(outside U.S.A. please send $7.00 per album ordered.) New York State residents 
please add local sales tax. 

Print Name 

Ew -99 
Address 

City State Tip Code 

PAYMENT MUST BE ENCLOSED WITH ORDER 

A comparison of the volume levels heard by the listener 
with a monophonic receiver is also interesting. Station A is 
the reference, since it can modulate to 100 %. Stations B and 
C can modulate to 70% (on the main channel), a drop of 
3 dB from station A. (Of course. some stations use SCA 
injection of less than 30 %, which allows them a correspond- 
ingly higher main -channel modulation level.) Station D can 
modulate its main channel to 90 %, a drop of only 0.9 dB, 
and station E can modulate its main channel to 807., a drop 
of only 1.9 dB. 

But one thing must be obvious by now. In normal pro- 
gramming, F \I stations don't transmit sine -wave tones, don't 
transmit white noise with full and flat frequency response 
from 50 to 15,000 Hz (for the mono and stereo) or from 
30 to 7500 Hz (for SCA). And they don't transmit every- 
thing at the maximum allowable modulation all the time. 

This discussion has cited the extremes, the limits, anti 
the rules. The signals transmitted by most stations var 
considerably in volume, frequency, and waveform. In par- 
ticular, stereo program material more often has most of its 
volume in the main or sum channel, with corresponding) 
less in the difference or sideband channel. This is good for 
the mono listener, for he hears a relatively loud signal not 
much different in volume from what he gets from niono- 
F \I stations. Furthermore, the mono signal -to -noise ratio is 
kept relatively high during such stereo programming. 

But whenever stereo program material becomes too ex- 
treme ( "leftish" or "rightish ") the mono listener suffers. As 
the program material approaches L -only or R -only, main - 
channel and stereo sideband modulation levels lxrth drop to 
near 45% (or 40% if SCA is being transmitted). That is a 
volume drop of 7 to 8 dB for the main -channel listener, 
compared to a monophonic signal. One might state a funda- 
mental principle: Extremism in pursuit of stereo is a vice. 

Confusion also abounds regarding the transmission of 
SCA signals as they affect mono and stereo listeners. One 
charge often leveled at F \I broadcasters is that by trans- 
mitting SCA signals, they are degrading their public 
broadcast signals. The charge is true, but what is sel- 
dom pointed out is that such degradation is insignificant. 

In the examples cited, stations B and C transmit one or 
two SCA subchannels, using up to 30% injection and back- 
ing off the main- channel modulation to 70 %. At most, this 
is a drop of 3 dB, which is scarcely noticeable to most lis- 
teners. While the signal -to -noise ratio on the main channel 
has been lessened somewhat, the effect is so small as to pass 
almost unnoticed. If the transmitting equipment is adjusted 
properly, crosstalk from the SCA's into the main channel is 
negligible. The FCC, in fact, requires such crosstalk to be 
at least 60 dit below 100% modulation. 

At stations D and E. the situation is more complex. To 
begin with, station D's main -channel signal is down 10% 

(0.9 dB) because of the pilot signal. At station E, adding 
SCA drops the main- channel level another 10 %, making the 
over -all drop 1.9 dB. But note that a 0.9 -dit drop is neces- 
sary just to transmit stereo, and the SCA service itself causes 
a drop of only 1.0 dB; both are barely noticeable. 

Crosstalk from the SCA into the stereophonic sideband 
signals is also negligible at station E. Again the FCC re- 
quires such crosstalk to be at least 60 dIt below 100 %. 

Finally, what about the SCA subchannel? The service is 
anything but high fidelity: Frequency response is 30 -7500 
Hz, and since deviation ratio is 1.0, signal -to -noise ratio is 
poor. In fact, most SCA generators mute themselves during 
near -silence on their audio inputs. This serves to mask main - 
channel and stereo crosstalk into the SCA channel. Dy- 
namic range on SCA channels is also small. since high levels 
of audio compression and limiting are used in an attempt to 
keep the signal -to -noise ratio as high as possible. 

The SCA, then, is a limited -range service which detracts 
only slightly from either mono or stereo broadcasting. 
Further, it doesn't require additional spectrum space. 
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New Coaxial Connectors 
(Continued from page 29) 

The workings of a typical 7 -mm pre- 
cision connector are explained graphi- 
cally in Fig. 1. Note that the retaining 
ring can be screwed forward by 
coupling -nut action. This provides the 
mating alignment sleeve for the other 
connector ( which has its retaining ring 
stored in the coupling nut). In this 
fashion the "sexless" junction is achieved. 
The outer conductor is mated by a butt 
action and is constructed of a beryllium 
copper alloy to provide high tensile 
strength. It is also gold plated to yield 
good over -all conductivity. The inner 
conductor joint -the secret of precision 
connector success- consists of a spring - 
action collet which produces a spring - 
butt joint located at the inner con- 
ductor. 

Precision Adapters Available 
Precision APC -7 adapters for the more 

conventional connectors (such as type 
N, TNC, BNC, and the new SMA series) 
are now available. By using these adapt- 
ers, the full potential of the connector 
series is obtained. Although the APC -7 
precision connectors are intended main- 
ly for use as instrument connectors 
mounted on airline or the equivalent 
semi -rigid precision cables, less- precise 
flexible cables have been fitted with 
APC -7 cable connectors to allow direct 
electrical connection to existing labora- 
tory and permanent system test ap- 
paratus. 

Also available are Economy APC -7 
jacks, plugs, and flange -mounted recep- 
tacles. These designs have the same elec- 
trical performance as the APC -7, but the 
coupling mechanisms are not "sexless "; 
and while the signal- carrying portions 
of these connectors are identical to the 
APC -7, the mechanical -coupling ar- 
rangements are either male or female as 
in any series of threaded coaxial connec- 
tors. Prices for these high- performance 
connectors are only a fraction of the cost 
of the APC -7 precision connector de- 
scribed above. 

Becoming a Standard 
The frequency range of the 7 -mm 

connectors -0 to 18 GHz- covers the 
bulk of the frequency spectrum which 
affects most electronics engineers both 
from an r.f. and a short -pulse standpoint. 
With increasing emphasis on extremely 
short pulses in new computer applica- 
tions, coupled with better performance 
in the microwave region, it's not hard to 
understand why the precision connector 
is becoming a unifying force for the en- 
tire electronic instrumentation industry. 
This is especially true in those particu- 
lar areas where very exact measurements 
must be made and very low standing - 
wave ratios must be maintained. 
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BESTSELLING SAMS BOOKS 
for every electronics interest 

ALL -NEW EDITION OF 
THE FAMOUS 

Audio Cyclopedia 
Completely revised 2nd Edition by the 
renowned authority, Dr. Howard M. Tre- 
maine. This is the most comprehensive 
work on audio -virtually a complete refer- 
ence library in a single volume. Fully 
covers every phase of the subject, in- 
cluding all the latest developments, right 
down to the newest solid -state and inte- 
grated circuits. Contains authoritative, 
concise explanations of thousands of top- 
ics in the fields of acoustics, recording, 
and reproduction; covers basic principles, 
components and devices, film recording, 
studio techniques, motion picture equip- 
ment, audio installation techniques, audio 
measurements, etc. Each subject is lo- 
cated instantly through a unique chapter 
and paragraph numbering system. Sup- 
ported by over 1600 illustrations. This is 
truly the master reference work on the 
audio art. Order 20675, only $29.95 

99 Ways to Improve Your TV Reception 
This book offers a full range of methods for 
improving TV reception. Many of the proce- 
dures require only simple adjustments that 
can be performed at no cost. Others can be 
accomplished at minimum expense. Still others 
may require a larger investment. The methods 
offered cover all parts of the receiving system 
from antenna to the picture tube. Includes hints 
for improved color reception. 
Order 20708, only $2.95 

Transistor Substitution Handbook. 9th Ed. 
Fully updated. Lists thousands of direct substi- 
tutions; includes basing diagrams and polarity 
indications. Covers manufacturers of all tran- 
sistor types, providing substitutions for U. S. 
and foreign home entertainment, industrial and 
military types. Order 20705, only $1.95 

Know Your VOM -VTVM. 2nd Ed. 

This authoritative text explains volt- ohm -milli- 
ammeters, vacuum -tube -voltmeters, and solid - 
state electronic voltmeters in language anyone 
can understand. Includes clear explanations of 
the types of circuits used, and of the uses, care, 
and repair of the instruments. Basic concepts 
are thoroughly presented to help provide for 
an understanding of electrical measurements. 
Order 20676, only $3.50 

SPACE AGE TECHNOLOGY SERIES 
Prepared under the guidance of Training and 
Retraining, Inc., this series of five books holds 
unusual interest for anyone who desires to learn 
about the application of electronics to space 
progress, and the vital role it plays in that tech- 
nology All texts are programmed -type. 
Inertial Guidance Systems. 
Order 20605, only $4.95 
Controlled Guidance Systems. 
Order 20573, on/y $4.95 
Synchros and Servos. 
Order 20533, only $4.95 
Lasers and Masers. 
Order 20559, only $4.95 
Microminiature Electronics. 
Order 20582, only $5.75 
SPECIAL OFFER! All 5 Volumes at a savings, 
in beautiful slip case. Order 20724, on /y.$24.95 

CB Radio Servicing Guide. 2nd Ed. 

Provides a comprehensive guide to CB radio 
servicing. Shows troubleshooting procedures 
for rapid solutions to problems in single -chan- 
nel and multi -channel receivers and transmit- 
ters. Illustrated with CB radio schematics, test 
equipment diagrams, and charts showing how 
much range you can expect from CB radio. 
Order 20722, only $3.95 

Small Engines Service Manual. 9th Ed. 
Shows how to repair almost any gasoline en- 
gine used in power mowers, garden tractors, 
karts, scooters, tillers, etc. Provides full repair 
instructions for 2,000 models used in 23 popu- 
lar makes. Special section covers basic princi- 
ples and operation of two- and four -cycle en- 
gines. A complete, practical guide to small gas 
engine repairs. Order 20734, only $4.95 

Fundamentals of Digital Computers 
An excellent introductory text to the general 
field of electronic computing_ It enables anyone 
to acquire a good basic understanding of what 
computers do and how they do it. The book 
begins with a discussion of various types of 
computer applications and surveys the history 
and evolution of computers. Then, it discusses 
in detail subjects such as the functional organi- 
zation of a computer, the individual components 
of a computer system, data preparation, storage 
devices, input and output peripheral devices, 
conversion units, and the central processor. A 
comprehensive glossary of computer terms is 
included. Order 20714, only $5.50 

FM -From Antenna to Audio 
Concisely written in clear language, this book 
presents a complete picture of fm reception and 
receiving equipment, from the basic principles 
of fm to the latest developments in afc and 
tuning aids. The opening chapters thoroughly 
explain the fm signal and how it is effective in 
reducing co- channel and adjacent- channel in- 
terference. The remaining chapters describe the 
receiving system, beginning with the fm an- 
tenna, and progressing step -by -step through 
each section of the fm receiver. The two final 
chapters deal with receiver measurements and 
alignment procedures. Order 20723, on/y $3.95 

Electronic Circuit Design 
This book relates the basic theories of elec- 
tronics to the required components and their 
ratings. It is invaluable as a study and reference 
guide, and a great help in the proper perform- 
ance of build -it- yourself projects. The basic an- 
alysis of electronic design serves as an ex- 
cellent refresher, and is most informative for 
students. It will also enable the experimenter 
to undertake projects that go beyond the usual 
type of construction kits. 
Order 20699, only $3.95 

NEW 5TH EDITION OF THE WORLD-FAMOUS 

Reference Data for Radio Engineers 
Now contains 50% more data to cover the 
developments óf the past 12 years. Prepared 
by outstanding engineers, professors, and 
experts, under the direction of the Interna- 
tional Telephone and Telegraph Corporation 
staff. Provides comprehensive data on all 
basic phases of electronics, including 
tables, formulas, standards, and circuit in- 
formation- PLUS -all -new data on micro- 
miniature electronics, navigation aids, 
reliability and life testing, international tele- 
communication recommendations, switching 
networks and traffic concepts, and quantum 
electronics. Over 1350 illustrations 1138 
pages. Order 20678, only $20.00 

- - - - - -- HOWARD W. SAMS & CO., INC. 
Order from any Electronic Parts Distributor, or 
mail to Howard W. Sams & Co., Inc., Dept. EW -8 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked at right. $ enclosed. 

20675 
20708 
20705 
20676 
20605 
20573 
20533 
20559 

- - - ---- 
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Join "THE TROUBLESHOOTERS" 
They get paid top salaries 

for keeping today's 
electronic world running 

Suddenly the whole world is 
going electronic! And behind the 

microwave towers, push-button 
phones, computers, mobile radio, 

television equipment, guided 
missiles, etc., stand 

THE TROUBLESHOOTERS 
-the men needed to inspect, 

install, and service these 
modern miracles. They enjoy 
their work, and get well paid 

for it. Here's how you can 
join their privileged ranks- 

without having to quit your job 
or go to college in order 

to get the necessary training. 
I. 

J 

62 ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


JUST THINK how much in demand you would be if you 
could prevent a TV station from going off the air by 

repairing a transmitter ...keep a whole assembly line 
moving by fixing automated production controls ...pre- 
vent a bank, an airline, or your government from making 
serious mistakes by servicing a computer. 

Today, whole industries depend on Electronics. When 
breakdowns or emergencies occur, someone has got to 
move in, take over, and keep things running. That calls 
for one of a new breed of technicians -The Trouble- 
shooters. 

Because they prevent expensive mistakes or delays, 
they get top pay -and a title to match. At Xerox and 
Philco, they're called Technical Representatives. At IBM 
they're Customer Engineers. In radio or TV, they're the 
Broadcast Engineers. 

What do you need to break into the ranks of The 
Troubleshooters? You might think you need a college 
degree, but you don't. What you need is know- how -the 
kind a good TV service technician has -only lots more. 

Think With Your Head, Not Your Hands 

As one of The Troubleshooters, you'll have to be ready 
to tackle a wide variety of electronic problems. You may 
not be able to dismantle what you're working on -you 
must be able to take it apart "in your head." You'll have 
to know enough Electronics to understand the engineer- 
ing specs, read the wiring diagrams, and calculate how 
the circuits should test at any given point. 

Learning all this can be much simpler than you think. 
In fact, you can master it without setting foot in a class- 
room ... and without giving up your job! 

For over 30 years, the Cleveland Institute of Electron- 
ics has specialized in teaching Electronics at home. We've 
developed special techniques that make learning easy, 
even if you've had trouble studying before. Our AUTO - 
PROGRAMMED® lessons build your knowledge as easily 
and solidly as you'd build a brick wall -one brick at a 
time. And our instruction is personal. Your teacher not 
only grades your work, he analyzes it to make sure you 
are thinking correctly. And he returns it the same day 
received, while everything is fresh in your mind. 

Always Up -To -Date 

To keep up with the latest developments, our courses 
are constantly being revised. This year CIE students are 
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NE W 
COLLEGE -LEVEL 
COURSE IN 

ELECTRONICS 
ENGINEERING 
for men with prior experience 
in Electronics. Covers steady - 
state and transient network 
theory, solid state physics 
and circuitry pulse tech- 
niques, computer logic and 
mathematics through calcu- 
lus. A college -level course for 
men already working in Elec- 
tronics. 

getting new lessons in Laser Theory and Application, 
Microminiaturization, Single Sideband Techniques, Pulse 
Theory and Application, and Boolean Algebra. 

In addition, there is complete material on the latest 
troubleshooting techniques including Tandem System, 
Localizing through Bracketing, Equal Likelihood and 
Half -Split Division, and In- circuit Transistor Checking. 
There are special lessons on servicing two -way mobile 
radio equipment, a lucrative field in which many of our 
students have set up their own businesses. 

Your FCC License -or Your Money Back! 

Two -way mobile work and many other types of trouble- 
shooting call for a Government FCC License, and our 
training is designed to get it for you. But even if your 
work doesn't require a license, it's a good idea to get one. 
Your FCC License will be accepted anywhere as proof 
of good electronics training. 

And no wonder. The licensing exam is so tough that 
two out of three non -CIE men who take it fail. But our 
training is so effective that 9 out of 10 CIE graduates 
pass. That's why we can offer this famous warranty with 
confidence: If you complete a license preparation course, 
you get your FCC License -or your money back. 

Mail Card for 2 Free Books 

Want to know more? Send for our 44 -page catalog de- 
scribing our courses and the latest opportunities in Elec- 
tronics. We'll send a special book on how to get a 
Government FCC License. Both are free -just mail the 
bound -in postpaid card. If card is missing, use coupon 
below. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the new G.I. Bill. If 
you served on active duty since January 31, 1955, or are 
in service now, check box on card or coupon for G.I. 
Bill information. 

CIECleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland, Ohio 44114 

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 Engineering 

Name 
(PLEASE PRINT) 

Address 

City State 

Check here for G. I. Bill information. 

7iP 
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LIKE MUSIC 
WITHOUT COMMERCIALS? 
The SCA -2B Sub- Carrier Adapter makes it possible 
for you to enjoy the background music transmitted 
on a 67KHz sub -carrier on many FM stations. 
(These programs cannot be heard on a FM set 
without an adapter) In the US there axe approxi- 
mately 400 FM stations authorized by the FCC to 
transmit the 67KHz programs. If you are within 50 
miles of a city of 100,000 or more, it is probable 
that you are within the satisfactory reception range 
of one or more of these stations. If in doubt write 
for a list of such stations in your area. 

I"tt:eM 
Sük(`I.I.ßíett e,nno-le.tt 

Mcw. i fi . 
'4..: 31i,} a .,_:'# 

Patent Pending 

Sub -Carrier Adapter, Model SCA -2B with two 36" 
shielded cables. Price $39.95. 
117 Volt AC Operated Power Supply, PS -9, Price 
$4.95. 

SCA -2B FEATURES 
SIZE: 4" x 2/s" x 1 % ". Simple plug -in connec- 
tions to your FM tuner /amplifier. (If your FM 
tuner does not have a multiplex output jack, we 
supply hook -up information ). No installation 
adjustments All silicon transistors Operates 
from our PS -9 Power Supply or 6 to 12 volts D.C. 

One Year Factory Guarantee 
For Custom Installations: Completely Wired SCA -2 
PC card (size: 21r_" x 3" x % ") with installation 
instructions for 534.95. Also available SCA -2 
installed in AC operated Panasonic 7- Transistor 
AM -FM Radio Model R -E6137 $61.95. 

Write for Dealer Quantity Discounts. 
Commercial use of these units is not advised, unless 
the consent of the originating station is obtained. 

Send order to JANZAC CO. 
P.O. Box 177, Stamford, Conn. 06904 

or KENZAC Co. 
P.O. Box 66251, Houston, Tex. 77006 

CIRCLE NO. 127 ON READER SERVICE CARD 

with 
Greenlee 

punches 
Here's the simple speedy way to cut smooth, 
accurate holes in metal, hard rubber, plas- 
tics, epoxy, etc. 
Save hours of hard work ... punch clean, true 
holes in seconds for sockets, controls, meters, 
and other components. Easy to operate. Simply 
insert punch in a small drilled hole and turn with 
a wrench. For use in up to 16 -gauge metal. Avail- 
able at leading radio and electronic parts dealers. 

0 DIVISION OF G((rv,(( BROS. CO. 

1866 Columbia Avenue, Rockford, Ill. 61101 
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Eico Model 385 Color -Bar Generator 
For copy of manufacturer's brochre, circle No. 32 on Reader Seri:ice Card. 

FOR several years Eico was among the 
very few manufacturers who offered 

a color generator for the TV service tech- 
nician that produced NTSC colors of 
exact phase and luminance level. This 
company has recently joined the ranks 
of the large majority of test -equipment 
manufacturers in producing the much 
more common, simpler, and less expen- 
sive gated -rainbow color -bar generator 
-the Model 385. 

This generator is quite compact, mea- 
suring about 81 /2 -in square by 21/2-in 
high, and quite light in weight (about 
41/2 lbs ) . What's more, it is battery -oper- 
ated from six "C" cells. Battery drain is 
fairly low so that the batteries won't 
have to be replaced too often. The unit 
we checked out drew about 40 to 50 
mA, depending on function. Permanent- 
ly attached to the Model 385 is an 
adapter cable with a conventional color 
CRT socket with built -in color- killer re- 
sistors. Each gun is controlled by 
switches on the front panel of the instru- 

01 
CRYSTAL 

OSC. 

187.2 KHZ 

HORIZ. 
HOLD 

12:1 

DIVIDER 
02; 03; 04 

COLOR 

ment. This cable is stored in the back of 
the generator. The arrangement does 
away with the need for insulation- pierc- 
ing clip leads for color killing. 

The generator produces the usual 
crystal -controlled patterns. These are 
color bars, seven horizontal lines alone, 
eight vertical lines alone, crosshatch pat- 
tern, and dot pattern. Output is on TV 
channel 3 ( 61.25 MHz) , and this out- 
put is also crystal -controlled. 

The circuitry uses 13 transistors, 6 
diodes, and 3 crystals. The arrangement 
is shown in the block diagram below. 
Basic pattern timing starts with crystal - 
controlled oscillator Ql. The output of 
this stage drives a divide -by -12 counter 
(Q2, Q3, Q4). A front -panel control in 
this circuit determines the horizontal - 
sync frequency and the number of Ver- 
tical lines displayed on the CRT. Next 
in the countdown chain is a divide -by -26 
counter which generates the horizontal 
lines. Frequency here is adjustable by a 

front-panel vertical -hold control. Next 
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in line is a divide -by -10 counter that 
produces the vertical -sync pulse. Other 
transistors serve as crystal oscillators, 
gate, and clipper circuit. 

Construction of the kit version of the 
generator is quite simple; all compo- 
nents including the two hold controls 
and printed -circuit function switch are 
mounted on a single large printed- circuit 

board. The ranges of the internal count- 
er adjustments were quite large and, 
although it's a little difficult to count the 
26 pips produced by the divide -by -26 
circuit, we were able to set up the count- 
ers properly and get a good, stable test 
pattern on our color receiver. 

Price of the Eico Model 385 is $80 in 
kit form, or 5110 factory -wired. 

Sencore Model SM 152 Sweep /Marker Generator 
For copy of 7nannfacturer's brochure, circle No. 33 on Reader Service Card. 

THE test -equipment field is a pretty 
competitive one and each company 

keeps an eagle eye on his competitors. 
That's why we sometimes see develop- 
ments in this field in spurts with several 
manufacturers producing their own ver- 
sions of fairly similar types of test equip- 
ment for the TV service technician. For 
example, we know of at least four such 
manufacturers producing or about to 
produce new solid -state sweep genera- 
tors with built -in facilities for adding a 
large number of crystal -controlled mark- 
ers. One of these new units is the Sen- 
core Model SM152. 

This combination instrument consists 
of a v.h.f. sweep generator, a u.h.f. 
sweep generator, a crystal -controlled 
marker generator, and a marker adder - 
all in a single unit. Linear sweeps are 
available from 10 MHz for FM i.f. align- 
ment all the way up to 920 MHz for 
u.h.f. TV r.f. alignment. Four overlap- 
ping ranges are used to provide this fre- 
quency range. The dial calibrations are 
in MHz as well as in channel numbers 
for easy use. Sweep width is calibrated 
from 0.3 MHz up to 15 MHz. In addi- 
tion, there is a 3.58 -MHz swept chroma 
signal that can be used to check the 
alignment of the video -frequency chro- 
ma circuits in a color -TV set. 

There is a row of push- button 
switches across the entire front panel of 
the instrument for crystal -marker inser- 
tion. There are markers available for the 
i.f. response curve and the chroma re- 
sponse curve. There are even crystal 
markers for the r.f. video carriers on 
channels 4, 5, 10, and 13; when the 
4.5 MHz push -button is depressed, the 
sound r.f. carrier is marked. 

For the technician who wants to align 
FM- stereo receivers, there is a marker 
push -button that simultaneously inserts 
three crystal markers at 10.6, 10.7, and 
10.8 NIHz to permit seeing the center 
FM frequency plus markers 100 kHz on 
either side when viewing the detector 
S -curve or the i.f. response curve. This 
should certainly make it easy to do align- 
ment with a minimum amount of wasted 
time. 

There is also a variable oscillator 
tunable from 39 MHz to 48 MHz for i.f. 
spot alignment of older receivers. 

The S \1152 uses post- marker injec- 
tion on all markers so that the amplitude 
and shape of the markers are not af- 
fected by the response curve of the set 
being aligned. The only other instru- 
ment needed to perform the alignment 
is an oscilloscope. The generator in a 
vinyl -clad steel case is $349.50. 

Sperry Model Ohm -25 Snap- Around V. O. A. 
For copy of manufacturer's brochure, circle No. 34 on Reader Service Card. 

THE snaparound or clamp -on a.c. am- 
meter has in the past been used 

mainly by electricians or high- current- 
appliance technicians. This is because 
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the meter can be used to measure large 
values of a.c. current conveniently with- 
out interrupting the circuit. The user 
merely opens the jaws of the meter and 

if Increase Engine Power 

if Increase Gas Mileage 

Reduce Engine Main- , 
tenance 

Instant Starting in All 
Climates 

CAPACITIVE 
DISCHARGE 

IGNITION 
SYSTEM 

Order 
Today! 

ONLY 

529.95 
Completely wired, ready - 
to- install (not a kit) 

Easy installation (use original coil) 

Solid state reliability 

G -10 type spacecraft circuit board 

Distributor points last lifetime of car 

Spark plugs last 3 to 10 times longer 

No changes required on timing 
or dwell 

EXCLUSIVE built -in switch for 
instant change from CD unit to 
standard ignition system while 
engine is running (for tune -ups, 
testing) 

For 12 -volt negative ground 
systems only 

1 -year written guarantee 

DEALER / DISTRIBUTOR 

INQUIRIES INVITED! 

ea PRODUCTS, INC. 
P.O. Box 9562, Houston, Texas 77011 

Please send Model SW100 Capacitive 
Discharge Ignition Systems @ $29.95. 
Enclosed is $ El Ship ppd. Ship C.O.D. 

Name 

Address 

City /State Zip 

Ea 
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BREAKTHROUGH 

IN ELECTRONICS CALCULATING 
Still plodding through math and electronics 
problems the slow pencil- and -paper way? 
Smash the paperwork barrier with this new 
Electronics Slide Rule. 

Even if you've never used a slide rule 
before, you can whiz through resonant fre- 
quency calculations and inductive or capaci- 
tive reactance problems. You can find 
reciprocals for resistance formulas in- 
stantly. You can even locate tricky decimal 
points in a jiffy. 

You can also work regular math prob- 
lems in a flash: multiplication, division, 
square roots, logarithms, trigonometry. 

Anyone can use this sturdy 12 -inch, all - 
metal slide rule. We show you how with 
our complete 4- lesson instruction course. 
Slide rule, course, and handsome leather 
carrying case deliberately priced low as our 
way of making friends with men in Elec- 
tronics. FREE booklet gives full details. 
Mail coupon below today. 

MAIL THIS COUPON FOR FREE BOOKLET 

CIECleveland Institute of Electronics G 1776 E.17th St., Cleveland, Ohio 44114 
Please send me, without charge or obligation, your booklet 
describing the Electronics Slide Rule and 4- lesson instruc- 
tion course. Also FREE if I act at once -a handy, pocket - 
sized Electronics Data Guide. 

How to Solve Electronics Problems in Seconds 

wBn new Electronics Shee Rule and Inatrwion COMO 

Name 
Ipiease 

Address 

City State Zip 

Accredited Member National Home Study Council A Leader in Electronics Training...Since 1934 
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EW-166 J 

You never 
saw a scope like this 

for twice $229. 
Leader's five -inch LBO -53B 
has a bandwidth running 
from DC to 10MHz. (About 
twice the bandwidth of any 
other scope in the same 
price range.) 

Its sensitivity rating is 
10 my /cm or better. 
(About half -again the 
sensitivity of any other 
scope in the same price 
range.) 

It has FET vertical and 
horizontal inputs, directly 
coupled with push -pull 
amplifiers for no- distortion 
display. (You won't find 
that on any other scope 

B<? 53B uSCILI o>.cOPE 

for the money.) 
It's the perfect test 

companion for Leader's 
LCG -388 color bar gener- 
ator. The only one that's 
perfectly stable, the 
instant you turn it on. 

The LBO -53B: only 
$229, and now you know 
what we mean about never 
seeing a scope like it for 
twice the price. 

At your distributor's, 
along with the LCG -388 
and other Leader test in- 

struments. For the distrib- 
utor nearest you, just 
drop a line or call. 

Seeing is believing. 
LEADER INSTRUMENTS CORP. 

24 -20 Jackson Avenue, Long Island City, N. Y. 11101 (212) 729 -7411 

lets them snap closed around a single 
conductor carrying a.c. current. The 
magnetic field around the conductor in- 
duces a voltage into the single -loop con- 
ductor in the meter jaws, and current 
flows through the meter movement in- 
dicating the amount of a.c. current flow. 
The position of the loop is not critical as 

long as it encircles the current -carrying 
conductor. The meter, in effect, acts as 

its own instrument transformer. 
The Sperry Model Ohm -25 a.c. volt - 

ohm- ammeter should be of interest to 
electronics and TV technicians too be- 
cause of its low -current ranges. The 
two lower current ranges are 5 and 25 A 
full -scale, and when the Model E -1 line - 
cord adapter is used with the meter, 
these are cut to 0.5 and 2.5 A, respec- 
tively. The technician can then check on 
the amount of line current being drawn 
by a TV set and can often find leaky 
electrolytics, shorted rectifiers, and other 
causes of excessive line current or fuse 
blowing. 

In using the snap -around meter you 
cannot get a current reading if you en- 
circle a conventional two -wire line cord. 
Because the two conductors are carrying 
equal currents which are flowing in op- 
posite directions at any one instant, the 
external magnetic field is largely can- 
celled. You have to split the conductors 
apart so that the transformer jaws are 
around one of the conductors, or you 
can use the line -cord adapter, which ef- 
fectively splits the line for you. Also, of 
course, you cannot get a reading from 
BX or shielded cable. 

The Model Ohm -25 has three a.c. 

current ranges (5, 25, and 125 A), two 
a.c. voltage ranges (150 and 300 V) , 

and one resistance range (25 ohms mid - 
scale ) . The voltage and resistance ranges 
use conventional leads which plug into 
the meter. One Of these leads contains a 
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penlite cell and fuse for the resistance 
scale. The leads, incidentally, use thread- 
ed banana clips at one end and combina- 
tion clips and prods at the other. Hence, 
the leads won't pull out of the meter if 
the user has to do some stretching while 
using the instrument. 

The accuracy of the meter is specified 
as within 3 percent of full -scale. The 
one we checked out did considerably 
better than this. On the a.c. voltage 
ranges, line -voltage readings were with- 
in ±1 /z percent and on a.c. current, read- 
ings were within -!-11/2 percent of full - 
scale. 

The v.o.a. has a bright yellow plastic 
case that can be swiveled around into 
five different positions while permitting 
the meter to always face the user. The 
instrument, imported from Japan by 
A.W. Sperry Instruments Inc., sells for 
$40 including a carrying case. The 
Model E -1 line -cord adapter mentioned 
above costs an additional $5. 

OPTO- ELECTRONICS 
MARKET BOOMING 

ACCORDING to figures just released 
by the EIA, U.S. factory sales of 

semiconductor light- emitting and light - 
sensing devices amounted to $29 million 
in 1968. 

The report attributes 63.4% of the 
1958 LSD dollar volume to photocon- 
ductive devices, 27% to photovoltaic, 
and 9.6% to all others. The latter cat- 
egory includes multilayer, photoelectro- 
magnetic, semiconductor emitters, 
photon isolators, semiconductor trans- 
ducers, and various types of thermoelec- 
tric devices. 

Over -all factory sales, excluding pro- 
duction of captive market companies, 
were 5,967,000 photoconductive, 2,946,- 
000 photovoltaic, and 1,015,000 all 
other. The average value of the photo- 
conductive devices was $3.08, photo- 
voltaic $2.65, and other $2.76. 

The EIA has estimated that 1967 sales 
were approximately $23 million, indicat- 
ing an increase of about 26 percent from 
1967 to 1968. A 

"For the last time, Wilson, no more problems 
in feminine logic!" 
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B &K has done it again! We've made 
the ins and outs of transistor analysis 
the fastest, most streamlined oper- 
ations ever. 

Now, for the first time, you can accu- 
rately check both bi -polar and FET 
transistors in- circuit or out -of- circuit. 
using the same simple testing pro- 
cedure. It's like having an entire elec- 
tronics laboratory in one compact 
package! 

The Model 162 checks DC Beta from 
1 to 5,000! Gm readings to 50,000 
umhos. It checks FET's for Gm, IGSS, 
and Ions leakage. And tests gates 1 

and 2 separately. Regular transistors 
are checked for Beta gain, Icto, as 
and Icto leakage. Unique DC injection 
provides more accurate in- circuit tests 
in low- impedance circuits. A flick of 
the switch tells you if an unknown 

New Silent Partner Model 162 
FET Transistor Analyst... Fastest 
Method of Checking Transistors 
In- Circuit /Out -Of- Circuit. 
transistor is NPN or PNP type. Special 
safety circuits protect the Model 162 
from internal damage even if wrong 
settings or leads are used. 
All this comes complete with a con- 
cealed- handle compartment with stor- 
age and protection for test leads. A 
flip -top, programmed guide speeds 
and simplifies testing with B &K's ex- 
clusive step -by -step instructions. 
Why not contact your nearest B &K 
distributor for complete details on 
how the 162 can show you the ins and 
outs of transistor servicing. In time 
and work saved, the Silent Partner 
Model 162 will be a real profit booster! 
FET Transistor Analyst 
Model ,:;162.. Net: $99.95. 

Product of Dynascan Corporation 
1801 W. Bette Plaine 
Chicago, Illinois 60613 

B&K puts an end to test equipment. 
We've developed Silent Partners. 
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FOREDOM MINIATURE POWER TOOLS 
for the Professional Technician 

Drill, grind, debar, 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 8W250 

IZI11:1111:11 

THE FOREDOM ELECTRIC COMPANY 

Bethel, Connecticut 06801 
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BOOK 
REVIEWS 

"LABORATORY COURSE IN PULSE CIRCUITRY" by Joseph B. 

Berkley, Sr. Published by Prentice -Hall, Inc., Englewood 
Cliffs, N.J. 206 pages. Price $7.95 paper bound. 

This workbook was designed for use in junior -college 
electronics -technician programs and is intended to be used 
as an adjunct to classroom lectures. 

Prerequisites include an understanding of circuit funda- 
mentals, reasonable mathematical skill, and a basic know- 
ledge of vacuum tubes and semiconductor devices. The 
equipment required to perform the experiments is typical 
of that found in most school electronics labs. 

There are 24 experiments including a "get- acquainted" 
session with the test equipment. Each experiment is de- 
signed to be completed in the normal three -hour lab session. 

Each section starts off with an Information paragraph 
detailing the purpose of the experiment, a Preparation 
section, Performing the Experiment, a Review, a suggested 
topic for Discussion, and a listing of books from which 
additional information can be obtained. 

"TRANSMISSION LINES FOR DIGITAL AND COMMUNICA- 
TIONS NETWORKS" by Richard E. Matick. Published by 
McGraw -Hill Book Company. New York. 354 pages. Price 
$14.50. 

Subtitled "An Introduction to Transmission Lines, High - 
frequency and High -speed Pulse Characteristics and Appli- 
cations," the title is virtually a review in itself. Written by a 
member of the Technical Staff of IBM's Director of Research, 
this volume provides all relevant information and important 
concepts required to understand and use transmission lines. 

This book can be used either as a text to learn or relearn 
the subject or as a field reference book. Recent advances 
such as anomalous skin effect, superconducting lines, and 
directional coupling effects are covered, along with a discus- 
sion of the velocity of propagation. Special emphasis is 
placed on pulse characteristics and behavior. 

The text is illustrated and the treatment is mathematical. 
For those with the requisite background, this should be a 
valuable adjunct to their professional or pre -professional 
training. 

"AN INTRODUCTION TO ELECTRICAL ENGINEERING" by Allen 
E. Durling. Published by The Macmillan Company, New 
York. 451 pages. Price $10.95. 

This is an orientation text which the author lias prepared 
for a course given to all engineering students at the Depart- 
ment of Electrical Engineering, University of Florida in their 
sophomore year. The idea is to acquaint students in other 
engineering disciplines with things going on in the electrical 
and electronic areas. 

To use this text, the student will need a background in 
differential and integral calculus plus some familiarity with 
basic engineering concepts. The author's style is informal and 
the material is presented in almost classroom lecture form. 
The twelve chapters cover a large -scale system, definition 
and ideal elements, signal description, elementary circuits 
and theorems, system response, system responses to sinusoi- 
dal excitation, superposition in linear systems, principles of 
electronics, circuit models of electronic devices, linear small- 

70 

signal electronic circuits, nonlinear electronic circuits, and 
energy conversion. The text is lavishly illustrated. 

* * * 

"HOW TO SELECT AND INSTALL ANTENNAS" by Lon Cantor. 
Published by Hayden Book Company, Inc., 116 W. 14th 
Street, New York 10011. 106 pages. Price $3.95 paper. 

The emphasis in this book is on practicality. Written for 
the man who will actually install various antennas for black - 
and- white or color -TV and FM, the author has drawn on his 
own years of experience as well as that of his friends and 
acquaintances -in the antenna industry. 

Information on all the latest advances in antenna tech- 
nology is followed by step -by -step instructions and illustra- 
tions showing how to install antennas for u.h.f., v.h.f., FM, 
or complete master systems. The book includes complete 
information on selecting the correct components, shows how 
to mount and stack antennas, covers the type of lead -in wire 
and preamplifier to be used, and discusses the special recep- 
tion problems of local, fringe, and near -fringe areas. 

* .: * 

"DC -AC LABORATORY MANUAL" by Thomas C. Power. Pub- 
lished by Prentice -hall, Inc., Englewood Cliffs, N.J. 150 
pages. Price $7.95 paper bound. 

This workbook is designed to be used in connection with 
lectures in a course for tyro electronics technicians. It deals 
with such basics as the color codes, meters and their uses, 
Ohm's Law, series and parallel circuits, ammeters, volt - 
meters. ohmmeters, thermistors, Wheatstone bridges, ca- 
pacitors, the oscilloscope, sine waves, inductive reactance, 
RLC circuits, resonances, LC filters, transformer impedance 
matching, Lissajous figures, diode action, triode charac- 
teristics, semiconductors, and filter circuits. 

Each of the experiments includes a statement of pur- 
pose, a list of equipment, an introductory paragraph, pro- 
cedure, and instructions for preparing the observation 
sheet. The requisite forms for preparing data sheets and 
graphs are included. 

"ELECTRONIC CONNECTION TECHNIQUES AND EQUIPMENT 
1968 -69" edited by G.W.A. Dummer and J. Mackenzie 
Robertson. Published by Pcrgamon Press Inc., 44 -01 21st 
Street, Long Island City, New York 11101. 552 pages. 
Price $32.00 

This volume in the publisher's Data Series features a com- 
pilation of techniques and equipment as used in the special- 
ized field of electronic connections. There are descriptions of 
all current connection methods, including automated systems 
and microelectronic interconnections, system selection pa- 
rameters and application techniques, as well as information 
on reliability. A comprehensive bibliography is included. 

Techniques and equipment used in the UK and U.S. are 
covered along with information on soldering, welding, bond- 
ing, wrapping, crimping, pressure, wire and cable strippers, 
and ancillary items. The text material is lavishly illustrated. 
The products and procedures are about evenly divided be- 
tween the two sides of the Atlantic. 

* .: * 

"ELECTRONICS REFERENCE DATEBOOK" by Norman H. Crow - 
hurst. Published by Tab Books, Blue Ridge Summit, Pa. 
17214. 227 pages. Price $7.95 hard cover, $4.95 paper. 

Mr. Crowhurst has developed a new approach to supply- 
ing data -he explains how it is to be applied rather than 
merely listing page after page of pertinent material. 

Problems at virtually every level of interest -from elec- 
tronics theory to measurements, tests, and circuit design 
work -are covered. The text itself is divided into ten chapters 
covering units, basic electronics, applications of "J" operator, 
exponential and other tables, attenuators and equalizers, 
filter design, practical component design and use, semicon- 
ductors and tubes, feedback, and transmission lines. The 46 
tables are indexed separately for quick reference. 
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Communications Satellites 
(Continued from page 48) 

of the bandwidth -limited satellite to 20 -24 channels. Since 
most programs originate at either Los Angeles or New York, 
the problem is how to transmit up to 20 -24 channels on the 
single available 500 -MHz up -link band. This number of 
channels is required on fall weekends when the ABC -CBS- 
NBC-NET networks are telecasting different programs in 
each time zone plus regional football games. 

Frequency Allocations and the Future 
It is apparent that the above problem is a symptom of in- 

sufficient available bandwidth. At the end of next year, the 
ITU plans to convene a World Administrative Radio Con- 
ference (WARC) which will consider, among other things, 
the allocation of additional frequencies for communications 
satellite use. Table 3 shows present and 
proposed frequency assignments. The 
two 500 -MHz bands currently allocated 
at 4 and 6 GHz are shared with terres- 
trial microwave links. This has led to 
specific restrictions on satellite power 
levels so that they will not interfere with 
established microwave links. The same 
situation is true for the military band, 
but the problem here is not as severe 
since the traffic needs are considerably 
less. 

In preparation for the WARC, the 
FCC recently recommended additional 
assignment of two 20 -MHz bands at 
L -band for mobile aerosat use, and two 
additional new 1000 -MHz bands exclu- 
sively for communications satellite use. 
Although the new point -to -point bands 
would triple the currently available 
bandwidth, the new frequencies are in 
the millimeter band where they are 
severely attenuated by rain. For reliable 
operation, several widely spaced re- 
dundant earth stations might be re- 
quired at each site so that one would 
always have favorable propagation. This 
is expensive and so Comsat would like, 
and has requested, the additional allo- 
cation of shared frequencies at X -band 
on an "as available" basis. Comsat has 
also requested that the v.h.f. aeronau- 
tical and marine bands be shared with 
an aerosat. 

Although there exists justifiable eco- 
nomic reluctance to begin development 
of a millimeter band for communica- 
tions satellites, the use of this band is 
inevitable. Communications satellites 
have become popular candidates for 
many domestic applications and the 
pressure for exclusive frequencies for 
advanced domestic applications is great. 
Only in the millimeter region is exclu- 
sive allocation possible. 

Not only has this portion of the spec- 
trum room for a fantastic amount of 
communications, it also offers the hope 
of extremely inexpensive world -wide 
communications. By the turn of the cen- 
tury it is quite likely that most industries 
and many homes will have direct milli- 
meter -wave access to communications 
satellites. This will not only allow al- 
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most instant global connections, but will also allow the 
centralization of facilities that are now too expensive to 
duplicate at several locations. It will start the era of cen- 
tralized world libraries with computer -aided searching and 
abstracting, global facsimile transmission, automated med- 
ical diagnosis using centralized case storages, home tele- 
shopping with individual televiewers and banking units 
that debit our account when we place an order, as well 
as direct communications between computers to form 
fantastic control systems. Also operating will be huge broad- 
cast satellites that can transmit radio and TV programs di- 
rectly into the home. Considering what communications 
satellites have achieved in the past ten years, the only real 
question is whether it will take as long as 30 years for this 
next revolution to happen. 

The author would like to thank the Communications 
Satellite Corporation, NASA, and the U.S. Air Force for 
their kind help in preparing these articles. 

UNIVERSITY JUST MADE YOU A 
SOUND INSTALLATION EXPERT 

TCS = Totally 
Coordinated Sound 
systems you 
can install yourself. 

Uriversity just invented TCS - Totally Coordinated 
Sound systems so painstakingly pre- engineered anyone 
can install them. Everything you need comes with each 
system: speakers, amplifiers, microphones, color -coded 
cables, plus assembly and installation instructions. All 
pre -engineered, pre -matched, pre- sized, for hundreds 
of applications. 
1l you can twist a wire, screw a screw, push a plug into 
a socket - congratulations! University just made you 
a sound installation expert. 
Write for details today about how you can 
install your own PA sound system tomorrow. rr 

UNIVERSITY'SOUND 
FOR HI -FI PRODUCTS INFORMATION 

CIRCLE NO. 106 ON READER SERVICE CARD 
FOR PUBLIC ADDRESS PRODUCT INFORMATION 

CIRCLE NO. 105 ON READER SERVICE CARD 
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TUBE 
TESTER 

OWNERS 
WE HAVE THE 

LATEST TUBE 
DATA AND 
ADAPTERS 
FOR -- 

Don't let your 
tube tester 
become 
obsolete 

CLIP AND MAIL COUPON TODAY 

COLETRONICS SERVICE INC. 
1744 Rockaway Ave., 
Hewlett, N.Y. 11557 

Please send me information on 
Model No and Make 

Name 
Address 
City - State Zone 

r 

Schober Recital Organ 

9ì25! 
Includes 

finished walnut 
console. (Only 

$1361 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 in your 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 $599.50. No charge, no obliga- 
tion. If you like music, you owe yourself a Schober 
Organ! 

Theandet Organ Corp., Dept. RN -68 
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 

7 

o 
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An Electronic Mail Service 
(Continued from page .32) 

present special delivery, a letter could 
be mailed, opened, and put on the 
WU facsimile service for instant trans- 
mission to the post office nearest to the 
addressee, sealed again, and delivered 
by the existing special delivery service. 
For long distances, now covered by air- 
mail, a day or two may be saved. 

Combined with WU's multiple -ad- 
dress service, such a scheme might be 
very attractive to business organiza- 
tions who want to send out price lists, 
catalogue- change pages, or other infor- 
mation to dispersed offices. While this 
service might cut into airmail revenues 
somewhat, it would reduce the sorting 
and nail handling problem immediate- 
ly, since intermediate post office stops 
could be eliminated. 

In February of this year General 
Electric, in a special filing before the 
FCC, described its proposed "Tele- 
mail" service which could transmit a 
600 -word letter anywhere in the U.S. 
for 33 cents by 1975. Using a large 
domestic satellite system with ground 
stations connected to computer -con- 
trolled switching centers, a whole range 
of communications services was pro- 
posed. While G -E is not in the point - 
to -point communications business, its 
concept of MADS (Multiple Access 
Digital System) could tie into WU's 
network. 

Future Benefits 

Thus far we have only considered 
presently existing communications fa- 
cilities, but two new services are due 
to emarge in the near future which will 
benefit any WU -P.O. combination. One 
of these is some kind of domestic satel- 
lite which will add many more chan- 
nels to the wide -band capacity of WU's 
microwave system. While such satel- 
lites will be used for telephone, picture 
phone, TV, and various data services, 
they will also provide sufficient addi- 
tional channels for record communica- 
tions. The second, already emerging, 
service is cable -TV. 

There are many services which cable - 
TV provides the individual set owner, 
but its application to record or message 
communications deserves special con- 
sideration. RCA has already developed 
an inexpensive printer which, when 
connected to the TV set, decodes infor- 
mation transmitted during the vertical 
synchronizing period of a TV signal and 
then is able to print such information as 
stock- market reports, news, and adver- 
tisements. When a cable, rather than the 
individual antenna, brings TV into the 
home, this multiplexed approach is not 
necessary since a separate frequency 
can be used for the additional data ser- 
vice. In place of an alphanumeric print- 
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er, an inexpensive facsimile machine 
could be used and that would permit 
not only text but pictures to be printed. 
Xerox already offers a very compact 
device which can reproduce a facsimile 
from narrow -band (4 -kHz) data. 

Now we can combine all of the com- 
munications features into a system of 
the future and, as shown in Fig. 3, we 
can see how the prophecy of "mailing 
a letter in your living room" can be- 
come a reality. The coaxial cable con- 
necting our TV set with the local 
cable -TV system will actually connect 
us to many other local services, and, 
through the WU -P.O. combination, to 
all parts of the country and, eventually, 
the world. In all likelihood we will have 
the option of either a printer and key- 
board or a facsimile machine in our 
home. Either will contain a slot for in- 
serting our credit identification card so 
that, instead of buying stamps, we can 
charge the cost of sending letters. The 
same device will let us charge the cost 
of seeing special programs over pay - 
TV, get stock quotations, order grocer- 
ies, or pay the monthly cable -TV bill. 

We will be able to get our mail 
wherever we happen to be, by simply 
notifying the computer- controlled 
switching center. Within a particular 
city we will only have to insert our 
identification card into the nearest ter- 
minal and push the "Reserve Request" 
button. 

Thus far we have thought mainly of 
private, individual communications, but 
it is easy to see how such a system will 
benefit every type of business and gov- 
ernment activity. Sales orders, and their 
confirmation, will be handled rapidly. 
Medical prescriptions, important rec- 
ords of all sorts, and information in all 
of its forms will be automatically trans- 
mitted between any two terminals, and 
terminals will be located wherever a 
TV set or a telephone is installed. 

There are, of course, many problems 
associated with this dream of the fu- 
ture, and some of them might even turn 
out to be nightmares. Right now we 
are besieged by a flood of advertising 
mail. What if this flood now comes di- 
rect to us via the printer or facsimile 
machine? Of course, we can shut off 
the machine, but then we might miss 
some really important message. Could 
we persuade the system to send us only 
mail addressed in our private code? 
Would this lead to "private code mail- 
ing lists" for sale? How about servicing 
the equipment? Would WU or a local 
dealer be involved? Would the facsim- 
ile machine or printer be leased or 
owned? What about the legal problems? 
How about the profitability of such a 
system? Clearly many questions remain 
and much development work is needed, 
not only in the purely technical but 
also in the economic, legal, and polit- 
ical fields. 
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Japanese 
Trade -Name Directory 
A listing* of the most popular Japanese transistor radios and hi. -fi equipment, 
along with the addresses of U.S. representatives offering sales and servicing. 

BRAND NAME COMPANY 
AGS Sterling Hi Fi Inc., 22 -20 40th Ave., Long Island City, N. Y. 
AKAI Camart Products, 1845 Broadway, New York, N. Y. 
AIRCASTLE Spiegel Inc., 1061 W. 35th St., Chicago, Ill. 
AIRLINE Montgomery Ward, 619 W. Chicago Ave., Chicago, Ill. 
AIWA Rand Assoc., 1270 Broadway, New York, N. Y. 
AIWA Selectron International, 4215 W. 45th, Chicago 60632 
AMBASSADOR Allied Stores Purchasing, 401 Fifth Ave., New York, N. Y. 
AMD World Mark Electronics, 663 Dowd Ave., Elizabeth, N. J. 
ASTROTONE Lafayette Radio Electronics, 111 Jericho Turnpike, Syosset, N. Y. 11791 
AUTOSONIC Martel Electronic Sales, 2339 S. Cotner Ave., Los Angeles, Cal. 90064 
AZTEC Aztec Sound Corp., 2140 S. Lipon, Denver, Colo. 80228 
BRADFORD W. T. Grant Co., 1441 Broadway, New York, N. Y. 
BRENELL Fen -Tone International, 106 Fifth Ave., New York, N. Y. 
CIPHER Metric TV Parts, 65 Lexington Ave., Passaic, N. J. 
CORONET Arrow Trading Co., 5 West 26th St., New York, N. Y. 
CRAIG Cardinal Elect., 5069 Broadway, New York, N. Y. 
CRAIG Craig Corporation, 2302 E. 15th St., Los Angeles, Cal. 
CROWN Industrial Suppliers, 755 Folsom St., San Francisco, Cal. 94107 
DELMONICO Delmonico International, 50 -35 56th Rd., Maspeth, N. Y. 11378 
DEMPA' Delta International, Ltd., Box 1946, Grand Junction, Colorado 
DENON Nippon Columbia (Corp. of America), 501 Fifth Ave., New York, N. Y. 10017 
EBNER Fen -Tone International, 106 Fifth Ave., New York, N. Y. 
ELECTRA Electra Radio Corp., 30 W. 23rd St., New York, N. Y. 10010 
ELECTROPHONIC Electrophonic Corp., 92-00 Atlantic Ave., Ozone Park, N. Y. 11416 
ESSEX Lloyd's Electronics Corp., 59 N. Fifth St., Saddle Brook, N. J. 07662 
EVERPLAY Gulton Industries, 212 Durham Ave., Metuchen, N. J. 
FLEETWOOD Transworld Industrial Corp., 5204 Hudson Ave., West New York, N. J. 
GLOBE GC Electronics Co., 400 S. Wyman St., Rockford, Ill. 
GRANADA Fried Trading Co., 423 Bedford Ave., Brooklyn, N. Y. 
HIGHWAVE Marvel International, 30 E. 42nd St., New York, N. Y. 10017 
HITACHI Hitachi Sales Corp., 48 -50 34th St., Long Island City, N. Y. 11101 
JADE, REALTONE Realtone Electronics, 34 Exchange Place, Jersey City, N. J. 
JVC JVC America Inc., 50 -35 56th Rd., Maspeth, N. Y. 11378 
KENWOOD Kenwood Electronics Inc., 3700 S. Broadway Place, Los Angeles, Cal. 90007; 

69 -41 Calamus Ave., Woodside, N. Y. 11377 
LLOYDS Lloyd's Electronics Corp., 59 N. Fifth St., Saddle Brook, N. J. 07662 
MASTERWORK Masterwork Audio Products, 51 W. 52nd St., New York, N. Y. 10019 
MAYFAIR Artic Import Corp., 666 W. Kinzie, Chicago, Ill. 60610 
MERCURY Mercury Record Corp, 35 E. Wacker Dr., Chicago, Ill. 60601 
MIDLAND Midland International Corp., 1909 Vernon St., North Kansas City, Missouri 64116 
MIRANDETTE Allied Impex Corp., 300 Park Ave. S., New York, N. Y. 
MITSUBISHI Mitsubishi International, 277 Park Ave., New York, N. Y. 
NATIONAL Panasonic, 200 Park Ave., New York, N. Y. 10010 
NIVICO Delmonico International, 50 -35 56th Rd., Maspeth, N. Y. 11378 
ORION Orion Electric Co., 1199 Broadway, New York, N. Y. 10001 
PANASONIC Panasonic Parts & Repair, 43 -30 24th St., Long Island City, N. Y. 
PENNCREST J. C. Penny, 1301 Ave. of the Americas, New York, N. Y. 
PIONEER Pioneer Electronics USA Corp., 140 Smith St., Farmingdale, N. Y. 11735 
PLAYTAPE Playtape Inc., 1115 Broadway, N. Y. 10010 
RANGER Tenna Corp., 19201 Cranwood Pkwy., Cleveland, Ohio 
REALISTIC Radio Shack Corp., 730 Commonwealth Ave., Boston, Mass. 
REMBRANDT All Channel Products, 47 -39 49th St., Woodside, N. Y. 
RHAPSODY B & B Import- Export, 15755 Wyoming Ave., Detroit, Mich. 48238 
ROBERTS Roberts Electronics, 5922 Bowcroft St., Los Angeles, Cal. 90016 
ROSS Ross Electronics Corp., 589 E. Illinois St., Chicago, III. 60611 
SANSUI Sansui Corp., 34 -43 56th, Woodside, N. Y. 11377 
SANYO Sanyo Electric Co., 350 Fifth Ave., New York, N. Y. 
SATELLITE Best of Tokyo, 11 W. 42nd St., New York, N. Y. 
SHARP Sharp Electronics Corp., 178 Commerce Rd., Carlstadt, N. J. 07072 
SONY Sony Corp. of America, 47 -47 Van Dam St., Long Island City, N. Y. 
STANDARD Standard Radio Corp., 36 -09 39th Ave., Woodside, N. Y. 11377 
SUPEREX Superex Electronics, 4 Radford PI., Yonkers, N. Y. 10701 
SUPERSONIC Spiegel Inc., 1061 W. 35th St., Chicago, Ill. 
TEAC Teac Repair Center, 404 Jericho Turnpike. Syosset, N. Y. 
TECHNICORDER Oki Electric Industry Co., 202 E. 44th St., New York, N. Y. 
TELMAR Martel Electronic Sales, 2339 S. Cotner Ave., Los Angeles, Cal. 90064 
TOSHIBA Toshiba America, 477 Madison Ave., New York, N. Y. 10002 
TRUETONE Western Auto Supply, 2107 Grand Ave., Kansas City, Mo. 
UNICORD American Geloso, 251 Park Ave. S., New York, N. Y. 
VISCOUNT Consolidated Merchandise Corp., 520 W. 34th St., New York, N. Y. 10001 
VISTA Craig Corp., 2302 E. 15th St., Los Angeles, Cal. 90021 
WILCO Sanyo Electric Co., 350 Fifth Ave., New York, N. Y. 

*For a more complete list of Japanese consumer electronic products, write Electronics Div., Japan Light Machinery Information Centre, 437 Fifth Ave., New York 10016, , Publishers of Japanese television schematic diagrams. 
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Radiation 
Detector 
Sounds 
O 

By EUGENE WALTERS 

Fig. 1. Compact monitor can be 
carried easily in a shirt pocket. 

Unknowingly, people can be exposed to high level 
radiation. This monitor helps prevent such accidents. 

pEOPLE who work with nuclear radiation must carry 
some kind of personal detector or monitor for their 
protection. These units come in a variety of forms, 

most of which are checked visually, or by developing in a 
photographic darkroom long after the radiation may have 
exceeded safe limits. Many devices, especially capacitive 
type monitors, require daily recharging. These methods are 
cumbersome, costly, and time- consuming -and can even be 
dangerous, especially if radiation levels are subject to sudden 
changes. 

The ideal personal monitor should be small enough for a 

shirt or jacket pocket and provide a loud audible warning 
when radiation levels increase above a preset limit. Few 
devices manufactured today -to our knowledge- fulfill all 
of these requirements. 

The most sensitive and practical basic radiation detector is 

still the Geiger -Mueller tube. In addition, this halogen - 
quenched tube is particularly useful because of its resistance 
to environmental conditions. The monitor described here uses 
a special ultraminiature G -M detector, the Anrperex 18509. 
Although there are some roughly equivalent types available, 
none of them has performed as well as this one. Cost of the 
tube is relatively low; the single quantity price is $25. 

Battery -Powered 

Surprisingly, perhaps, the operation of the personal radia- 
tion monitor ( Fig. 1) is relatively uncomplicated. The cir- 
cuit diagram is shown in Fig. 3. Note transistor Q1's circuit 
forms a blocking oscillator to switch the 4 -volt input supply 
(through a voltage quadrupler) up to the 520 V needed for 
the G -M tube. 

Ql's rate of oscillation can be adjusted by changing the 
effective resistance between its base and the plus side of the 
battery. In the circuit, this is the parallel combination of 
R8 and the scaler pulse amplifier system -composed of 
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Q2 and Q3. Ordinarily this oscillator works at a very low 
repetition rate -about 50 pulses per second -just enough 
to maintain suitable voltage at the detector tube in low - 
radiation fields. 

While this oscillator is generating the 520 volts needed for 
the G -M tube, it also sends a signal to audio amplifier 
Q4 and to the speaker through capacitors C7 and C8. Be- 

cause the audio amplifier is almost turned off at this point, 
the speaker produces only a faint ticking sound, which is 

not audible to the wearer in normal use. Battery drain is 

very low, approximately 0.5 mA in low radiation fields, 
allowing a battery life of about 2000 hours or three months 
of continuous operation. 

When higher radiation levels are encountered, pulses 
from the G -M tube build up a charge on C5, which then 
fires the neon lamp (PL 1), sending a pulse of current to 

Q2 and Q:3. The amplified and lengthened pulse (about 0.5 
second) is then fed to audio amplifier Q4. At the same time, 
the pulse changes the blocking oscillator's rate from 50 

Fig. 2. Simplified block diagram of the personal radiation 
monitor. The "alarm tone generator" is activated by a signal 
from the high -voltage supply oscillator to the audio amplifier. 

HIGH - SCALER ALARM 
SPKR 

VOLTAGE PULSE 

SUPPLY NEON 
BULB 

AMPLIFIER GENERATOR 
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to about 3000 pulses per second. The 
oscillator rate then decays back to its 
idling rate. The decay time is deter- 
mined by the value of capacitor C6. 
This action produces a characteristic 
"chirping" sound through the speaker - 
the monitor's way of warning the user 
that radiation is present. 

Frequency vs Voltage 
Accelerating the oscillator frequency 

in response to the scaler pulse has an- 
other important function. It generates 
the higher voltage needed to compen- 
sate for the increased current through 
the G -\I detector tube. Although zener 
diode regulation of the high- voltage 
pulse amplitude in the transformer 
secondary would best control the high - 
voltage output, suitable high- voltage 
zeners are expensive and difficult to ob- 
tain. Much the same regulatory effect is 
possible svith the low- voltage zener and 
a blocking capacitor (shown by the 
dashed lines between "A" and "B ") . 

Regulation is not as good as with the 
other methods but the difference is not 
noticeable and, of course, it is a lot 
easier and less expensive. 

Since a personal monitor must have a 
wide operating temperature range, sili- 
con transistors are used except for oscil- 
lator Q1, a germanium type 2N1304. 

Silicon devices are inherently more 
reliable, even in high radiation fields. 
If the monitor is going to be used in 
continuous high- temperature environ- 
ments where freezing temperatures are 
never encountered, extra reliability is 
possible with circuit modifications. Re- 
duce R8 to 100,000 ohms and R4 to 15,- 
000 ohms, and move the ungrounded 

side of R4 to base of Q4 for added quiet- 
ing. 

Variable Sensitivity 
Sensitivity can be changed by altering 

C5 within the limits of 0.001 to 0.05 
eF. The 0.005 -ALF value used in this 
model provides a sensitivity of one 
"chirp" every 5 seconds for a radiation 
level of 5 milliroentgens /hour (mR /h). 
At one chirp every half -second. radia- 
tion intensity is 50 mR h, calibrated 
with a radium -226 standard. If short - 
term high sensitivity is needed, a mo- 
mentary- contact push -button switch 
which throws a larger capacitor in 
parallel with the smaller C3 will ac- 
complish this. 

Neutrons are as big a hazard in radia- 
tion laboratories as beta particles and 
gamma rays. Therefore, a certain 
amount of neutron sensitivity is built 
into the monitor. A small piece of 5 -mil 
thick silver foil wrapped around one - 
half of the G -\I tube does the job. 

What happens is this: thermal neu- 
trons hit the silver atoms and knock off 
an electron which, in turn. is counted by 
the detector. Carried in the pocket. the 
detector is still sensitive to fast neutrons. 
Incidentally, leaving half the detector 
tube uncovered retains the instrument's 
beta particle and low- energy gamma 
ray sensitivity. 

(The basic circuit can be modified to 
operate with larger, more sensitive halo - 
gen- quenched G -111 tubes of the type 
commonly used in portable radiation 
survey instruments. This tube requires a 
much higher operating voltage -about a 
kilovolt. Thus extra stages must be add- 
ed to the multiplier network.- Editor) A 

R1 -2 megohm. t/t W res. 
R2, R4- 100,000 ohm, ,A W res. 
R3, R5, R6 -5100 ohm, SS W res. 
R7 -1500 ohm, V..t W res. 
R8- 470,000 ohm, Vi W res. 
Cl, C2, C3, C4, C8, C11- 0.0022 µF, 600V ce- 

ramic capacitor 
C5 -0.005 µF, 200 V Mylar capacitor 
C6, C7, C9, C10 -1 mF, 10 V tantalum or ceramic 

capacitor 
C12 -56 µF, 6 V tantalum capacitor 
PL1 -1/25 W neon lamp, Type AlB or NE -2 

August, 1969 

Fig. 3. Circuit 
diagram of the 
personal radia- 
tion detector. 

TI- Miniature trans. (Microtran M -8073) 
T2- Output trans. (Microtran UM -27F) 
Sl- S.p.s.t. miniature slide sw. 
Spkr -8 -ohm speaker 
D1, D2, D3- 1N3255 or equiv. 
D5- 1N963B, 12 V, 400 mW zener diode (see 

text) 
V1- Geiger -Mueller tube (Amperex 18509) 
Q1- 2N1304 germanium transistor 
Q2, Q3, Q4- 2N697, 2N2714, 2N2380A silicon 

transistor 
B1 -4.2 V battery (Eveready EI 33 or equiv.) 
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The 
outdoor speaker 

that doesn't sound 
like one. 

Most outdoor speakers sound pretty bad. 
The result of too many design compromises, 
they end up hardly hi -fi. 

But, Altec has built an outdoor speaker 
with a quality rivaling some of our indoor 
models. 

The secret is our famous 755E 8" full - 
range speaker. It fits neatly into a one- cubic- 
foot enclosure of a durable, cocoa -brown 
weather -resistant material. 

Less than 15" high, our Patio Speaker will 
serve as a portable unit, complete with its 
own stand, or may be mounted on walls or 
beneath eaves. 

With a frequency response from 70 to 
15,000 Hz and a 90° dispersion of high fre- 
quencies, the Patio Speaker will provide 
you with beautiful music for balmy summer 
evenings outdoors. 

See it at your Altec dealers. Or write us 
for our catalog which also describes other 
Altec Lansing speaker systems, includ- 
ing the world's finest -"The Voice of the 
Theatres "' systems. 

A DIVISION OF & 7 LING ALTEC INS. 

.1515 S. Manchester Ave., Anaheim, Ca. 92803, 
CIRCLE NO. 147 ON READER SERVICE CARD 

Ivo ELECTRONICS 

111 

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. High school graduate or 
equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 

Dept. RD, Valparaiso, Indiana 46383 
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Relay Circuits 
(Continued from page 36) 

upper /switch contacts are closed, the 
relay is energized by current flowing 
from the transformer, through the 
switch, diodes D1 and D3, the relay 
coil, diode D6, the normally closed 
contact circuit of the relay, and back 
to the transformer. The relay latches 
through the normally open control 
contacts and resistor R4. Toggling one 
of the switches down sends a pulse 
through the control circuit which is of 
opposite polarity to the signal from 
the relay's holding or latching circuit. 
This immediately releases the relay 
and opens the latching and power cir- 
cuit. Capacitor C3 filters the half -wave- 
rectified current as it is applied to the 
relay coil. With the relay de- energized, 
toggling the switch down, closing the 
lower contacts, finds diodes D2 and 
D6 in opposition, which blocks the 
flow of control current and the relay 
will not pull in. 

This circuit is discussed in U.S. 
Patent 2,892,132. Component values 
are included in Fig. 3 for a typical 

ON 

DI -D6 -TYPE ASO 

PLI DI 
1619 

tacts with the circuit as shown in Fig. 
3. This type of operation is not de- 
sirable in many cases as the relay will 
automatically revert to its de- energized 
condition and turn the power circuit 
"am" should the control -circuit a.c. sup- 
ply fail or if it should be interrupted 
for any reason. 

The circuit of Fig. 4 provides a true 
pilot -light indication of the power cir- 
cuit's "on" condition by using a relay 
with three "Form A" or normally open 
contacts. In the relay's unenergized 
position, diodes D2, D4 and D5 block 
flow of lamp current. When one of the 
switches is toggled up, polarized a.c. 
current flows through D1 or D3, D5, 
and the relay coil. The relay latches 
through the lower and middle "Form 
A" contacts, diode D6, and resistor 
R4. Simultaneously, diode D5 is shunt- 
ed by resistor R5 and the closed mid- 
dle "Form A" contacts, which permits 
lamp current to flow in the reverse 
direction through the relay coil, resis- 
tor R5, diodes D2 and D4, and lamps 
PL1 and PL2. The forward current 
flowing through the relay coil is enough 
larger than the reverse lamp current 
to keep the relay latched in. Because 

CIRCUIT 
CONTROLLED 

-oL..__ 

RS 
22011 

RELAY 

D6 

02 R4 
22on 

24V I/zW 
472fL 

OFF 

rfTlff1 

24 -28 volt d.p.d.t. relay, with silicon 
rectifying diodes, operating from 24 
volts a.c. 

Remote pilot -light indication of the 
attitude of the control relay is possible 
without using additional control wires. 
The addition of lamps PLI and PL2 
and diode D5 (shown in dotted lines) 
in Fig. 3 accomplishes this. The lamp 
glows when the relay is not energized 
as a small current will flow through 
the lamp, D1 and D3, the relay coil, 
diode D6, and the normally closed re- 
lay contacts. If diode D5 were not in 
the circuit, the lamp would glow con- 
tinuously. 

With the relay latched in, diodes 
D1, D3, and D5 are in opposition and 
blocking so no current flows through 
lamps PL1 and PL2. A low- current 
lamp must be used because the cur- 
rent flowing through the relay must be 
less than that required to pull it in. 
For the pilot light to indicate that the 
power circuit is "on" would require the 
use of the normally closed power con- 

Fig. 4. This circuit is 
used to indicate a true 
"on" status. When "off," 
diodes D2, D4, and D5 

prevent current from 
flowing in the lamp. 

of the reverse lamp current, capacitor 
C3 nmst be somewhat larger in this 
circuit than in other circuits in order 
to hold in the relay. Toggling down 
any of the switches shorts PLI and 
PL2 and applies a reverse- polarity 
pulse to the relay. This opens the re- 
lay and immediately removes the shunt 
resistor (R5) from diode D5. With 
the switch still closed, diode D5 
blocks the flow of any additional cur- 
rent. 

Three -pole, normally open relays are 
not readily available as stock items, 
so the component values of Fig. 4 ap- 
ply when using a general -purpose, 
three -pole, double - throw, 24 -volt d.c. 
relay operating from 24 volts a.c. and 
using a single 1819 pilot light. If two 
or more 1819 pilot lights are used, the 
value of resistor R4 will have to be 
reduced to insure that the relay re- 
mains latched in. 

This circuit is well suited for use 
with reed -switch relays since the basic 
reed switch is normally open. 
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NEW PRODUCTS 
& LI7'CRA1'UHE 

For additional information on items 
identified by a code number, simply 
fill in coupon on Reader Service 
Card. In those cases where code num- 
bers are not given, may we suggest 
you write direct to the manufacturer. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

HOME MATV DISTRIBUTION SYSTEM 
A home entertainment distribution wiring 

system is now available as a package to permit 
wiring any home for all- channel TV and stereo 
FM. Each package includes everything required 
to install a four -set system: amplifier, all trans- 
mission line, wall plate outlets, and u.h.f. /v.h.f. 
signal splitters for each set. 

Two models are currently being offered. 
Model HWK -75 is a 75 -ohm kit which uses 
interference- shielding coax cable, and the Model 
HWK -300 which uses a foam -type 300 -ohm 
twin -lead transmission line for an economy in- 
stallation where interference is not likely to be a 
problem. 

A brochure giving details on both systems will 
be supplied on request. Finney 

Circle No. 1 on Reader Service Card 

ELECTROSTATIC HEADPHONES 
The Model ESP -7 electrostatic headphone is 

powered by a separate, small energizer and is 
considerably lighter than the predecessor ESP -6. 
The energizer connects directly to a good -quality 
amplifier or receiver. 

According to the company, the ESP -7 gives 
smooth, peak -free response from 35- 13,000 Hz 
±6 dB. The new push -pull electrostatic design 

automatically cancels all second -harmonic dis- 
tortion. 

Other features include fluid -filled ear cushions 
for high ambient noise isolation, sponge -foam- 
lined wide headband for maximum comfort, and 
a dynamic level indicator light (on the energizer 
box) to pinpoint average listening level. 

The Model ESP -9, with a frequency response 
15- 15,000 Hz ±2 dB, is also available. Its sep- 
arate energizer unit contains larger transformers 
and a switch for the choice of energizing through 
an a.c. power line or self -energizing from the bias 
supply. 

The ESP -9 has been designed to be lighter 
than the earlier ESP -6 for the comfort of studio 
engineers who must wear headsets over extended 
periods of time. 

Complete details on either or both of these 
headphones are available on request. Koss 

Circle No. 2 on Reader Service Card 

8 -TRACK STEREO CHANGER 
An automatic 8 -track stereo tape changer has 

just been introduced as the Model 48. Designed 
for either home or car, the unit accepts twelve 
tapes and will play them in three distinct se- 
quences, all at the option and control of the lis - 
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tener. In addition, individual tapes can be dialed 
in manually and cartridges can be rejected or re- 
peated at any time. 

The unit is designed around a circular maga- 
zine, similar in principle to that used in many 
modern slide projectors. The magazine is remov- 
able and additional magazines can be purchased 
to store large tape collections. 

Used as a playback deck, the Model 48H may 
he integrated into an existing home stereo sys- 
tem by connecting its preamp outputs to the 
high -level inputs on a stereo amplifier. It is also 
available with matching speakers to become a 
self -contained home music system with 24 watts 
of peak audio power. Frequency response is 50- 
15,000 Hz ±3 dB: total harmonic distortion (at 
5 W) is less than 1%; and signal -to -noise ratio 
is 50 dB. Controls are provided for tape selector, 
programming mode, volume, tone, stereo bal- 
ance, and magazine release. 

The auto version is designed to be mounted 
inside the car trunk thus eliminating the possi- 
bility of theft, tape damage, and tape wear, 
Qatron Corp. 

Circle No. 3 on Reader Service Card 

HOME MATV DISTRIBUTION KITS 
Four "Program Center" kits, each containing 

wall outlets and other accessories for all TV 
channels and all mono and stereo FM transmis- 
sions, are now available. 

The Model HS41 -300 is designed for city and 
suburban areas and works with 300 -ohm sys- 
tems. while the Model HS41 -75 is for 75 -ohm 
installations. The other two kits are designed for 
fringe and poor- reception areas and are desig- 
nated Models HS42 -300 (300 ohms) and HS42- 
75 (75 ohms). 

A colorful 8 -page brochure describing the line 
and various available accessories will be for- 
warded on request. JFD 

Circle No. 4 on Reader Service Card 

REVERB UNIT 
A new reverberator which is designed to be 

used with any stereo or mono sound system is 
now available. It features a ten -watt amplifier 
specifically designed for reverb and uses solid - 
state components throughout. Distortion is less 
than 3% at 1000 Hz and both input and output 
impedances are 8 ohms. 

Connections to the unit are simplified with 

handy terminals on the rear panel for stereo or 
mono amplifier leads and an auxiliary reverb 
speaker. Controls on the front panel permit full 
tone control and amount of reverb. It is also pos- 
sible to run the music source without turning on 
the reverb unit or disconnecting any amplifier or 
speaker leads. 

The unit is housed in an attractive furniture - 
style cabinet designed to blend in with any decor. 
Gibbs 

Circle No. 5 on Reader Service Card 

CONNECTOR LAB KIT 
A boxed assortment of 25 selected Type N 

field serviceable connectors in eight popular 
physical configurations is now available in a 
"Lab Kit" for laboratory use and prototype man- 
ufacture. 

The connectors included in the kit are manu- 
factured in accordance with MIL -C -39012 and 
represent the latest in coaxial connector design 
to insure performance within the limits stipulated 
by the specification. 

More information on this kit and the con- 
nectors included will be supplied on request. 
Amphenol RF Div. 

Circle No. 6 on Reader Service Card 

23- CHANNEL CB UNIT 
The all solid -state "Messenger 123" features a 

high -performance, high -reliability circuit design 
with full 23- channel operation. 

The unit is equipped with a special compres- 
sion circuit that puts maximum voice intelligence 
into the radiated signal. Power input to the final 
amplifier is the maximum allowable 5 watts. It 
has a super- sensitive receiver with 0.4-AV sensi- 

tivity with sharp filtered 7 -kHz selectivity to pull 
in distant stations while rejecting interference 
from adjacent- channel users. A high -efficiency 
noise limiter reduces ignition and other forms of 
radiated noise interference. The solid -state cir- 
cuitry has low current drain and is fully tempera- 
ture compensated to operate from -22° to 
+140° F. 

Only 21/2" high x 6116" wide x 834 deep, the 
unit can be installed in the smallest underdash 
space. Weight is 5 pounds. E.F. Johnson 

Circle No. 7 on Reader Service Card 

STEREO RECEIVER 
The KR -77 is a budget -priced, solid -state 

AM -FM- stereo receiver which features two FET's 
and two IC's in the FM i.f. stages. Sensitivity 
is 1.9 µV, selectivity 45 dB alternate channel, 
and the capture ratio is 2.5 dB. 

The receiver permits great amplifier flexibility 
with left- and right -channel preamplifier outputs 
and corresponding power amplifier inputs to al- 
low separate operation of any amplifier and 
make possible connection of a multi -channel sys- 
tem. The center -panel keyboard switches offer 
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control of interstation muting, low and high 
filter circuits, and loudness. Front panel jacks 
provide easy access for dubbing /tape record and 
stereo headphone. 

The receiver comes complete with a simu- 
lated walnut cabinet. Full technical specifications 
are available on request. Kenwood 

Circle No. 8 on Reader Service Card 

TV DIAGNOSTIC INSTRUMENT 
The Model 1077 television analyst is designed 

for troubleshooting all types of TV receivers, in- 
cluding u.h.f. and transistorized types and color 
sets. 

The instrument uses a flying-spot scanner sys- 

tem and signal -substitution techniques. TV sig- 

nais can be injected at any time, at any point in 
the circuit, and used to track down the source of 
intermittents or general TV troubles. The pro- 
cedure is designed to reduce troubleshooting time. 

The new instrument is housed in an attractive, 
modern cabinet and comes with an illustrated 
108 -page instruction manual. Additional infor- 
mation is included in Catalogue AP24 -B which 
will be forwarded on request. B &K 

Circle No. 9 on Reader Service Card 

COMPACT MUSIC SYSTEM 
The Model 35 -106 compact stereo music sys- 

tem features 60 watts music power, an AM -FM- 
stereo receiver, an integrated Garrard automatic 
record changer with magnetic cartridge, and two 
acoustic -suspension speaker systems with a front - 
loaded 8" woofer and 31/4" tweeter with elec- 
trical crossover. The system comes complete with 
oiled walnut decorator cabinets. The speakers 
measure 111/4" x 171 /4" x 81/4" deep. 

Specifications include frequency response 20- 
25,000 Hz with 40 -dB separation; loudness 

a.f.c., stereo /mono, and tape- monitor controls; 
and provisions for adding remote speakers with 
a front -panel selection switch. The tuner section 
features a stereo indicator light and toning 
meter; better than 3 -µV sensitivity with over 30- 
dB stereo separation; 300 -ohm FM antenna; and 
a built -in ferrite loop for AM. Claricon 

Circle No. 10 on Reader Service Card 

V.H.F. CRYSTAL OSCILLATOR 
The new CO -221 series crystal oscillators pro- 

vide a stable fixed frequency output in the 25- 
125 MHz range and are suitable for use either 
directly at the oscillator output frequency or for 
multiplication to u.h.f and microwave fre- 
quencies. 

Use of a precision "Koldweld" overtone 
crystal results in a low aging rate, while a high - 
gain integrated -circuit proportional oven control 
system results in a stability better than ±5 x 
10-a over 0 -50° C with -55° C to +75° C 
operation optional. 

The output level of this 2" x 2" x 4" package 
exceeds 10 mW into 50 ohms. Voltage frequency 
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control is optionally available. Complete specifi- 
cations will be forwarded on request. Vectron 

Circle No. 11 on Reader Service Card 

ELECTRONIC RHYTHM KIT 
The new "Combo Sideman ", which plugs 

into a music amplifier, will reproduce, electroni- 
cally, the sounds of bass drum, snare drum, and 
cymbals. The sounds are generated and mixed 
in various combinations and timing, controlled 
by the operator, to produce six precise, perfectly 
timed rhythms. 

The kit is easy to assemble as there are only 
a few wires to be connected. An assembled PC 
board contains the solid -state timing circuits. 
Operation is from a single 9 -volt battery. Jacks 
are provided for remote control of start /stop 
and solo functions. The assembled unit fits into 
a small case which measures 71/2° x 7" x 2 ". 

The kit, Model KG -392, comes complete with 
battery, footswitch, and output cable. Full de- 
tails are available on request. Allied Radio 

Circle No. 12 on Reader Service Card 

FOUR -CHANNEL MIKE MIXER 
A new microphone mixer with adjustable, 

built -in reverberation, suitable for the full range 
of multi -microphone applications in commercial 
p.a. and paging systems is now available as the 
Model M68RM. 

The unit is fully transistorized and features 
four microphone input channels, each with an 
individual volume control and an individual 
slide switch to select high or low impedance. 
One of these channels also doubles as an aux- 

iliary high -level input that accepts tape recorder, 
tuner, and accessory signals for maximum flexi- 
bility. 

With its adjustable reverberation capability, 
the new unit can simulate the acoustics of a 

large concert hall to provide "mellow" sound 
output. A master volume control governs the 
volume of all four inputs simultaneously. Shure 
Brothers 

Circle No. 13 on Reader Service Card 

WEATHER RECEIVER 
A 12- transistor, single- frequency weather re- 

ceiver, set out the ESSA -U.S. Weather Bureau's 
continuous broadcast frequency of 162.55 MHz, 
has been introduced as the "Weathercaster." 

This compact 5" x 3" x 11/2" deep receiver 
operates front a single 9 -volt battery. There are 
two tuned r.f. stages, three i.f. stages, and a 

limiter for greater sensitivity and more rejection. 
Reception is a minimum of 40 miles from the 
transmitter, more in some areas. There are nine- 
teen cities where such broadcasts emanate: New 
York, Chicago, Los Angeles, San Francisco, 
Honolulu, Kansas City, Washington, D.C., Bos- 

ton, New Orleans, Lake Charles, Baton Rouge, 
Corpus Christi, Galveston, Charleston, S.C., 

WEATNEReASTER 

Norfolk, Atlantic City, Jacksonville, Tampa - 
Clearwater, and Miami. 

The instrument is designed for a wide variety 
of applications wherever accurate, up- to -the- 
minute weather information is of importance. 
Radio Communications 

Circle No. 14 on Reader Service Card 

ADHESIVES KIT 
A new kit for various electrostatic /electro- 

magnetic shielding and adhesive applications (or 
tests) includes four different silver conductive 
paint formulations and two epoxy -based ad- 
hesives. 

The adhesives are two -component formula- 

tions: one for fast setting at room temperature 
and the other with rapid low -temperature cure 
of class -B electrical and physical properties. The 
paints include a silver -filled single- component 
lacquer for elevated temperatures; a silver -filled 
vinyl -based coating for a high degree of flexi- 
bility; silver -filled paint which accepts conven- 
tional tin -lead solder; and acrylic -based silver 
conductive for general- purpose shielding. 

The kit comes in a reusable styrofoam pack, 
with complete technical information and stain- 
less steel mixing spatula. Epoxy Products 

Circle No. 15 on Reader Service Card 

DECADE COUNTER KIT 
A new decade counter kit for the electronics 

experimenter is now available as the Model 
DC10 -1. The counter module uses Signetics' 
"Utilogic" IC's for high noise immunity and a 

guaranteed 10 -MHz clock rate. Eleven neon 

lamps illuminate the ten digits and a decimal 
point on the readout face. 

The modules include a fully drilled G -10 
fiber glass PC board. An assembled and tested 
version of the counter is also available. A data 
sheet on this new kit will be forwarded on re- 
quest. Display Electronics 

Circle No. 16 on Reader Service Card 

150 -WATT SOUND CENTER 
The Model 6000 150 -watt AM- FM- stereo 

sound center is designed to permit any of several 
popular automatic turntables to be mounted on 

the precut walnut cabinet of the receiver. Besides 

accommodating any of the current Dual or Gar- 
rard SL65 or SL55 automatic turntables, a phono 
sensitivity switch is provided to accommodate 
any recent stereo magnetic phono cartridges. 

Music power output, which is rated 150 watts 
±1 dB at 4 ohms, is adequate for use with any 
quality component speaker system and is de- 

signed to handle multiple speaker systems as well 
as a mono center -channel or remote -extension 
speaker. 
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There are front -panel tape dubbing and stereo 
headphone jacks and an FET FM tuner. The six 
front -panel push -buttons control main and re- 
mote speakers, loudness contour, stereo /mono 
selection, tape monitoring, and high filter. A 
front -panel tape jack provides for stereo tape 
playback and recording of reel -to -reel or cassette 
tapes. Additional rear -panel stereo tape jacks per- 
mit dubbing from one recorder to another or 
simultaneous stereo recording using two tape re- 
corders. Sherwood 

Circle No. 17 on Reader Service Card 

NEW TURNTABLE 
A new Perpetuum -Ebner turntable, the PE- 

2018, is a three speed (78, 45, 33 r /min) unit 
which incorporates all of the essential features of 
the earlier PE -2020. 

The turntable features a 15° vertical tracking 
angle adjustment, gentle lowering action of the 
tonearm, stylus protection as the tonearm will 
not lower on the turntable unless a record is on 

the platter, and automatic selection of record 
size. 

Also included is anti -skating, pitch control, 
and automatic cueing. The tonearm and motor 
are the same as those used in the PE- 2020. Elpa 
Marketing 

Circle No. 18 on Reader Service Card 

CLAMP -ON V.O.A. 
A 41/4" x 2'/2" x l3s" five- range, clamp -on 

volt- ohm -ammeter is now available as the Model 
YT0525 /100. It has two voltage ranges (0 -1511 
600 V a.c.), two current ranges (0 -25 /100 A 
a.c.), and a 25 -ohm midscale ohmmeter range. 
A second version, without the ohmmeter range, 
is also available. Accuracy is +3°/ full- scale. 
Voltage test leads are supplied. A fused ohm- 
meter battery attachment is also included. Am- 
probe 

Circle No. 19 on Reader Service Card 

OUTDOOR SPEAKER 
A new series of portable indoor /outdoor 

speaker systems has been introduced with a num- 
ber of new features. The new "Musicasters" re- 
tain the bass -reflex -type enclosures and forward - 
facing wide -range speakers of the earlier models, 
but a t% -inch Acoustifoam barrier, sandwiched 
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the new 

11555 

The AU555 by Sansui is an outstanding, professional control ampli- 
fier. 60 watts (IHF) of music power, bandwidth from 20 to 30,000 Hz 
and a distortion factor of less than 0.5% assure you of clean sound 
reproduction. The Sansui AU555 offers almost unlimited versatility 
with its pre- and main amplifier sections designed for independent 
usage, 2- adjustable speaker damping factors, 4- position speaker 
selector switch, 4- outputs and 7- inputs, and much, much more . . . 

At your franchised Sansui dealer. $159.95. 

SW 
SANSUI ELECTRONICS CORP. Woodside, New York, 11377 Los Angeles. California. 9000/ 

SANSUI Electric Co., Ltd., Tokyo, Japan European Office Frankfurt a.M., West Germany 

CIRCLE NO. 116 ON READER SERVICE CARD 

MILLIONS ARE 

SPENT TO FIX 

2 -WAY RADIOS. 

WHAT'S YOUR 

CUT? 

i AddIca 

IF you'd like to get into a 

top -paying job, maybe FM 
2 -way radio is for you. 
Each year, more and more 
businesses are buying 
2 -way. That means serv- 

ice. And service means 
money. We can train you 

to get in on the action. 
Our special home study 
course is the place to start. 
We teach you FM 2 -way 

radio servicin ,and prepare 
you for an FCC license. 

Send me FREE Evaluation 
Examination 

Send details on Home Study 
Course on FM 2 -way radio 
servicing. 

9gcl details on how you can 
erepare me for an FCC license. 

Occ pai on 

Cry State 7op 

MOTOROLA 
TRAINING INSTITUTE 

1301 Algonquin Road, Schaumburg, III.60172 

CIRCLE NO. 122 ON READER SERVICE CARD 
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between the silicone -treated speaker and the 
front grille, provides improved waterproofing. 
The enclosure itself is of glass -filled polyester for 
appearance, durable finish, and light weight. 
The speaker is a 12 -inch unit. 

Nominal impedance of both units is 8 ohms. 
Frequency response of the "Musicaster 1" is 80- 
I11,000 Hz while the "Musicaster 11A" extends 
high frequencies to 16,000 Hz. Power handling 
capacity is 30 watts program material and 60 
watts peak. Electro -Voice 

Circle No. 20 on Reader Service Card 

MANUFACTURERS' LITERATURE 
SHORT -FORM CATALOGUE 

A condensed short -form catalogue which pro- 
vides useful information on an extensive line of 
jacks, plugs, switches, connectors, indicating de- 
vices, and audio accessories is now available for 
distribution. 

The 28 -page publication pictures and describes 
products which the company markets through 
industrial distributors. For those requiring engi- 
neering specifications on any of the products, 
the company provides a prepaid post card to 
facilitate such requests. Switchcraft 

Circle No. 21 on Reader Service Card 

ELECTRONIC TEST ACCESSORIES 
A 52 -page general catalogue of electronic test 

accessories is now available. The new publication 
lists 375 products, 78 of which are new in the 
line. Featured new products include a series of 
shielded "black boxes" slotted to accept circuit 
hoards, a new series of coaxial adapters. a new 
series of push -on coaxial cables, an a.c. high - 
voltage probe with built -in voltmeter, and a line 
of standard and miniature unmounted banana 
plugs and jack hardware. 

Complete engineering information as well as 

photographs of the products, dimensional draw- 
ings, schematics. specifications, features, and op- 
erating ranges are included. Pomona Electronics 

Circle No. 22 on Reader Service Card 

POWER SUPPLIES 
A 12 -page catalogue (No. 68) covering power 

supplies, precision voltage references, laboratory 
instrument accessories, and potentiometer voltage 
supplies is now available for distribution. 

Specifications are presented in tabular form 
along with construction details, optional features 
available, and package outlines. Ordering in- 
formation and delivery schedules are also in- 
cluded. Dynage 

Circle No. 23 on Reader Service Card 

COMPONENT SELECTOR 
A 36 -page "Component Selector" catalogue 

has been issued as No. 300. Complete information 
on an extensive line of resistors, rheostat /po- 
tentiometers, potentiometers, trimmers, tap 
switches, variable transformers. capacitors, relays, 
power controls, light dimmers, r.f. chokes, meter 
savers, and design aids is provided. 

Specifications are tabularized and application 
data is provided for each product, along with 
photographs and pertinent mechanical details. 
Ohmite 

Circle No. 24 on Reader Service Card 

ELECTRONIC SWITCHES 
Aleo Electronic Products, Inc., P.O. Box 1348, 

Lawrence, Mass. 01842 has issued a new 20- 
page "Alcoswitch" catalogue featuring an ex- 
panded line of miniature electronic switches and 
keyboard assemblies. 

There are five complete lines of toggle switches 
including the 5 -amp standard and 6 -amp series, 
waterproof series, ''.ax" bushing series, and lock- 
ing toggle series. S.p.d.t., d.p.d.t., 3 -pole d.t., and 
4 -pole d.t. configurations are available in each 
group. 

An illuminated push- button switch features 
easy lamp removal without use of tools. The 
reed -actuated keyboard assemblies are available 
in four standard stock models. Push- button mod- 
ule sections are also listed for the engineering 
designer. 

Write direct to the company at the above 
address on your business letterhead for a copy 
of this catalogue. 

ELECTRONIC COMPONENTS 
All electronic components stocked by the 

company's distributors are covered in a new 32- 
page catalogue just issued by Erie Technological 
Products, Inc, 644 West Twelfth Street, Erie, 
Pa. 16512. 

Contents include ceramic, mica, electrolytic 
fixed capacitors; air ceramic, glass, quartz, and 
plastic variable capacitors; EMI filters; resistors; 
and semiconductor devices. Illustrated with pho- 
tos, diagrams, and charts, the catalogue provides 
a quick -reference guide for selecting the correct 
component. 

Business letterhead requests to the above ad- 
dress will be honored. 

CERAMIC CAPACITORS 
Maida Development Company of Hampton, 

Virginia 23369 has just issued a new 32 -page 
catalogue describing its line of ceramic capacitors 
and multilayer monolithic chips. The publication 
contains graphs, performance curves, and dimen- 
sions charts. Four pages are devoted to test speci- 
fications for capacitors. 

Also outlined in the publication are high - 
voltage disc, 75 -V ceramic disc, 500 -V disc, and 
leads for disc capacitors, ceramic feedthroughs, 
leadless disc ceramic capacitors, power insulators, 
500 -V tubular ceramics, axial lead tubular ce- 

ramics, spark gaps, and ceramic trimmers. 
A request on your business letterhead will 

bring a copy of this catalogue. 

COILS AND TOROIDS 
A new 16 -page catalogue covering the c 

plete line of products manufactured by Auto- 
matic Coil Co., Mineola, New York 11501 is 

now available for distribution. 
The catalogue describes in detail the wide 

variety of standard coils, toroids, and transformers 
available from the company. Special assemblies 
including discriminators and filters; r.f. high - 
voltage transformers; variable pitch coils; variable 
inductor and capacitor assemblies; and many 
other types are shown. 

Write the company on your business letterhead 
for a copy of this catalogue. 

MATV SPECIFICATION GUIDE 
For architects and engineers who plan master 

antenna television systems, copies of a new 
guide, Specification No. 5319 -102, are available. 

Including recommended minimum specifica- 
tions for equipment and signal levels at all points 
of MATV systems, the guide is applicable to all 
such systems, whether in apartments, hotels, mo- 
tels, schools, commercial or industrial buildings. 

The 37 -page guide includes the step -by -step 
procedures that should be followed in balancing 
an MATV system and in proving its satisfactory 
performance. The booklet also lists minimum 
specs for each component of a system. Jerrold 

Circle No. 25 on Reader Service Card 

VTR DATA SHEETS 
Two four -color data sheets on new video 

equipment are now available for distribution. 
One of the publications details the latest ad- 

dition to the company's EV Series, the EV -310 
"Videocorder" video tape recorder, and includes 
complete specs, call -outs of all controls, and a 

brief description of the optional accessories. The 
other data sheet describes in detail one of these 
options, the CLP -1B video color pack, which 
provides a unique and economical method of re- 
cording and playing back color tapes on the EV- 
310 and PV -120 Videocorders. Sony Corp. 

Circle No. 26 on Reader Service Card 

SMALL -SIGNAL /POWER TRANSISTORS 
A 52 -page condensed catalogue, featuring the 

company's line of silicon and germanium small - 
signal and power transistors for military, indus- 
trial, and commercial applications, is now avail- 
able for distribution. 

The publication also lists many new devices 

introduced by the company during the past 
twelve months, including r.f. power and "p -n -p" 
power transistors, and special products such as 

hybrids, die and wafers, and multiples. 
Each family of transistors is presented in a sepa- 

rate section and includes typical hem:, V51:..111 
and V, o;,..,, curves, along with specification 
charts, outline dimension drawings, and actual 
size photos of the standard cases. Brief suggested 
applications are included throughout the cata- 
logue. Solitron Devices 

Circle No. 27 on Reader Service Card 

PRECISION TEMPERATURE SENSING 
Texas Instruments Incorporated has issued a 

comprehensive application report showing how 
to use "Sensistor" precision temperature- sensitive 
resistors. This 20 -page booklet (Bulletin CA -125) 
contains a section on compensating drift of 
transistor bias, because of temperature changes, 
through use of Sensistor resistors. 

A second section describes eleven sensing or 
control applications of the resistors. A typical 
circuit is given for each application. Applica- 
tions include a d.c. voltage regulator, a fire alarm, 
an electric thermometer, and a temperature thres- 
hold detector. A third section provides help in 
designing circuits using the resistors. 

Write to the Inquiry Answering Service, MS 
308, Box 5012, Dallas, Texas 75222 on your com- 
pany letterhead for a copy of the bulletin. 

STEREO CONSOLE BROCHURE 
A colorful 20 -page brochure covering the cnn- 

pany's entire line of stereo consoles has been an- 
nounced. Each of the models is shown in a hand- 
some decorator setting with details regarding the 
cabinetry listed. Technical specifications on the 
various models are listed in a special section at 
the back of the booklet. Tabular specs are includ- 
ed for making buying comparisons. H.H. Scott 

Circle No. 28 on Reader Service Card 

CCTV PRODUCT DATA 
Ncw literature is now available on an exten- 

sive line of black- and -white CCTV products. The 
literature includes general descriptions, features, 
specifications, and photos of the Models 2961 and 
2962 cameras and the Model 2943 monitor. 

The Model 2961 camera comes with 25 -mm 
lens, standard "C" lens mount, and automatic 
light control. The Model 2962 has a 5" electronic 
viewfinder and a 5 to 1 zoom lens. The Model 
2943 is a 9" monitor which weighs just 13 

pounds. Bell & Howell 
Circle No. 28 on Reader Service Card 

MANUAL SWITCHES 
Catalogue 51a, the first revision of the firm's 

manual- switch listings, has been announced by 
Micro Switch, 11 W. Spring St., Freeport, Ill. 
61032. 

The 56 -page catalogue reviews eleven cate- 

gories of lighted and unlighted push -buttons, 
indicators, matrix -mounted switches, and toggle 
switches. This publication contains over 500 
photographs, diagrams, and cutaway drawings 
of these manual switches. In addition to informa- 
tion on electrical ratings, terminals, and colors, 
the catalogue also discusses hand- and tool -re- 
vamping techniques, special circuitry, hermetic 
sealing, locking configurations for toggles, button 
options, lamps, screens, and decorative hardware. 

For a copy of Catalogue 51a, write on your 
business letterhead direct to the company. 

BATTERY REPLACEMENTS 
RCA Electronic Components, Harrison, New 

Jersey 07029 has just issued a comprehensive 
Battery Replacement Guide which includes in- 
formation on batteries used in radios, tape re- 

corders, phonographs, TV sets, and CB receivers 
made by over 300 manufacturers. 

The material is presented alphabetically by 

manufacturer and model numbers and then the 

suitable RCA battery replacement number is 

listed. 
Copies of this publication, BAT -137, are 25 

cents each. Send your order and payment direct 
to the company at the above address. 
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EW Lab Tested 
(Continued from page 13) 

as a logical choice for a second system, 
in a den or boy's room, since many of its 
special features are less likely to appeal 
to the lady of the house. 

The Hallicrafters CR -3000, complete 
with a walnut -grained metal cabinet, 
sells for $230. 

Miracord 620 and 630 
Automatic Turntables 

For copy of manufacturer's brochure, 
circle No. 31 on Reader Service Card. 

rr HE Miracord 620 and 630 automatic 
turntables offer many of the features 

and most of the performance of the 
highly regarded Model 5011, but at sub- 
stantially lower prices. The 620 and 630 
are basically the same machine, with 
few obvious differences. 

The trim of the more expensive 630 
is more attractive, with chrome details 
and chrome push -button operating con- 
trols, compared to the flat black used on 
the 620. The arm is the same on both, 
but there is a small difference in the 
plug -in cartridge slide. On the 620, the 
cartridge stylus must be aligned with 
two white dots on the plastic slide dur- 
ing installation, to provide the correct 
stylus overhang for minimum tracking - 
angle error. The 630, on the other hand, 
has a screw on the end of the slide which 
moves the cartridge within the slide 
after installation, and a retractable post 
on the motorboard which serves as an 
index for setting the stylus overhang. 
hi both models, the cartridge slide re- 
moves easily and installation of the car- 
tridge is exceptionally convenient. 

The arm counterweight, isolated in 
rubber, screws on easily and is adjusted 
by a simple rotation for arm balance. 
The tracking -force dial, on top of the 
pivot housing, is calibrated in intervals 
of /4 gram up to 6 grains, and is accurate 
to within less than 0.25 gram once the 
arm has been correctly balanced. We 
found that the optimum balance point 
was with the arm a few degrees above 
horizontal, and we suggest the use of an 
accurate external stylus gage when mak- 
ing the initial installation. 

A ring around the base of the arm 
pivot housing adjusts the anti- skating 
correction force. It is calibrated to 

August, 1969 

Need high temperatures in tiny places? 
The amazing Little Torch is so tiny 
it can throw a flame of 6300 °F. 
through the eye of a needle. It sol- 
ders, brazes, welds and heats with 
exacting precision in the smallest 
places; uses oxygen and acetylene, 

hydrogen, propane, natural gas or 
Mapp. It's available with five tips 
ranging in size from one large 
enough to weld 16 ga. steel to one 
small enough to weld .002" copper 
wire. For free brochure write to: 

Instrument 

Dept. 833 -9, 2633 S.E. 4th St , Minneapolis, Minnesota 55414 
CIRCLE NO. 107 ON READER SERVICE CARD 

COOPERATE 

WITH THE 

ZIP CODE PROGRAM 

OF THE 

POST OFFICE 

DEPARTMENT. 

USE ZIP CODE 

IN ALL 

ADDRESSES 

`...Ó'ÑÈY^ 
` \. cjs 1 IÌ- rú., -need óp; money for any piece of surplus 

equ,pment. Payment in 24 hours. We also pay,ship- 
' pin ,, insurance. Call collect or send list for quick 

quote. SPACE.ELECTRONCS CORP. 11 Summit Ave. 
i)1East' àtersoni! dew!J ersey (201) 

-' 

791; 5050 ii 
L. s 

: , I 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 
NO COMMERCIALS -NO INTERRUPTIONS 

It's easy! Just plug Music Associated's Sub 
Carrier Detector into multiplex jack of your FM 
tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of con- 
tinuous commercial -free music you are now 
missing. The Detector, self- powered and with 
electronic mute for quieting between selections, 
permits reception of popular background music 
programs no longer sent by wire but transmitted 
as hidden programs on the FM broadcast band 
from coast to coast. Use with any FM tuner. 
Size: 5r /2" x 9 ". Shipping weight approx. 7 the 

54950 KIT 
(with pre -tuned coils, no alignment necessary 

WIRED $7500 
COVER $4.95 EXTRA 
List of FM Broadcast Stations with SCA 
authorization $1.00 

MUSIC ASSOCIATED 
65 Glenwood Road, Upper Montclair, N.J. 07043 

Phone: 12011- 744 -3387 
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A giant buyer's guide 
packed with over 180 
pages of the latest in stereo hifi com- 
ponents- listing more than 1600 individual 
items by 176 different manufacturers! 
Nine Individual Sections Complete With 
Specs, Photos, Prices . . . The Works! 
Photos, complete technical specifications, 
special features, model numbers, optional 
accessories and dimensions plus prices 
-on amplifiers, changers and turntables, 
cartridges, arms and speakers and cabi- 
nets, tape recorders, integrated systems, 
antennas, microphones and accessories. 
You'll compare feature for feature, dollar 
for dollar. 
Special How -To -Buy Features . . help 
you to know what to look for and listen 
for in hifi equipment. How to buy. What 
to pay. Plus informative technical informa- 
tion for pro and amateur alike. 

i 

Ziff -Davis Service Division, Dept. SD EW -89 
595 Broadway, New York, N.Y. 10012 
YES: Send me the new 1969 STEREO /HIFI DIREC- 
TORY as checked below: 

$1.25 enclosed, plus 25¢ for shipping and han- 
dling. Send me the regular edition. ($2.00 
for orders outside the U.S.A.) 
$3.50 enclosed. Send me the Deluxe Leather - 
flex -bound edition, postpaid. ($4.50 for orders 
outside the U.S.A.) Allow three additional 
weeks for delivery. 

name 

please print 
address 

city 

state zip 

PAYMENT MUST BE ENCLOSED WITH ORDER - 

Enjoy Relaxing Background 

Music at Home with .. . 

NO COMMERCIALS! 

Size: 6'/ x 5 x 21/2 
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 -1. 
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 plus full construction plans $12.50 
One year parts guarantee 

FREE National S.C.A. station list 
supplied with every order. 

SOLD FOR HOME USE ONLY 

SCA Services Co. 
Box 601 Port Washington, N.Y. 11050 
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match the tracking force, and is sup- 
posed to be set to the force in use. As 
with many record players we have test- 
ed, we found the optimum anti- skating 
setting to be about 2 grams higher than 
the tracking force in use, but this is not 
critical and one can obtain most of its 
benefits by following the manufactur- 
er's instructions. The measured tracking 
error of the arm was less than 0.6 degree 
per inch of record radius, which is good, 
and there was no significant resonance 
in the audio range. 

The push -button controls used on all 
Miracord turntables are noteworthy for 
their smoothness, positive action, and 
low operating force. The 620 and 630 
are no exceptions to the high standards 
set by their predecessors. Three buttons 
are marked 7, 10, and 12, for the three 
record sizes. Pushing any of them puts 
the player into operation, indexing the 
arm to play the selected size. If the auto- 
matic changer spindle is inserted in the 
center hole of the turntable, records 
drop and play automatically, and the 
machine shuts off after the last one is 
played. By simply removing the auto- 
matic spindle and inserting the short 
manual -play spindle, a single record 
may be played, with automatic arm in- 
dexing still effective. Alternatively, the 
arm may be picked up and set down 
manually, and the motor starts as soon 
as the ann is lifted off its rest. 

If the short manual -play spindle is in- 
serted upside down, the record on the 
turntable will be played repeatedly un- 
til the player is stopped by pushing the 
Stop button, or by picking up the arm 
and placing it on its rest. The Stop but- 
ton may be used during automatic play, 
in which case the arm returns to the 
rest and the motor shuts off. If it is 
pressed again later, the record on the 
turntable is replayed, while pressing one 
of the three Start buttons drops the next 
record and initiates a new play cycle. 
At any time, either in manual or auto- 
matic play, the Cue lever can be used 
to lift the pickup from the record, and 
lower it smoothly to the same groove. 
It is hard to think of any form of record 
playing which is not available in these 
units. 

Both models are four -speed players, 
using the same four -pole induction mo- 
tor. The operating speeds were essen- 
tially correct and did not change signifi- 
cantly over a line -voltage range from 90 
to 135 volts. 

The major functional difference be- 
tween the two units lies in their rotating 
turntable platters. The 620 has a drawn 
aluminum platter weighing about 2.5 
pounds. The 630 platter is a balanced 
casting which weighs about 4.5 pounds. 
The measured rumble levels of both 
units were nearly the same. Combined 
vertical and lateral rumble was -30 dB, 
by NAB standards (unweighted) . Can- 
celing out the vertical rumble by par- 

alleling the cartridge outputs had no 
effect in the 620, but lowered the 630 
to -32 dB. These figures, while not as 
low as the top -priced Model 50H, are 
good and rumble is not audible in use. 

The major measured difference in 
performance was in the wow and flutter, 
which one would expect to be affected 
by turntable mass. The lighter 620 had 
a wow figure of 0.25% at 16% r /min, 
0.15% at 33;:, and 0.09% at both higher 
speeds (45 and 78) . Its flutter was 
0.15% at 16% r /min, 0.08% at 33 %, and 
0.05% at the higher speeds. These are, 
of course, quite low figures and are neg- 
ligible from a listening standpoint. 

The 630 with its heavy cast platter 
had a measured wow of 0.07% at 16% 
r /min, 0.05% at 3336, 0.04% at 45, and 
only 0.025% at 78 r /min. The latter is 
essentially the residual level of our test 
record and instruments. Flutter was 
0.03% at all speeds, which is also near 
the limit of our measuring ability. These 
are as low as we have measured on any 
turntable. 

The Miracord 620 sells for $99.50 
and the 630 for $119.50. Apart from 
styling considerations, there is little 
practical difference between them. The 
extremely low wow and flutter' of the 
630 should appeal to the audio purist, 
although we could not at any time hear 
any difference between them. Both are 
well made, very flexible, and as easy to 
use as any record player we have seen. 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 85¢ 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. 50¢ 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. Additional words may be set in bold caps at 10¢ extra per word. 
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (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, III. 60634. 
GOVERNMENT Surplus Receivers, Transmitters, 
Snooperscopes, Radios, Parts, Picture Catalog 
25¢. Meshna, Nahant, Mass. 01908. 

METERS Surplus, new, used, panel or port- 
able. Send for list. Hanchett, Box 5577, River- 
side, 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. 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AO or WRITE FOR CATALOGS 

COMPUTER TRANSISTORS ON HEAT SINKS 
IBM computer Quality Units 

1422 -9281 Unit consists of une Ito- 
non potter ira "n[ h ribbed, d, 
alumin heat k. Ilan) experimental um 
sur. (I lb.) 

cost Gov't [nier $lost $1.99 

r 
14229151 1 d two io 

watt P 1 µ 1 

deb w' heat, i... 
ribbed cola 11 1 a (.i,k,. Ideal ter ord. as 

L,,.I .,,ot Over $35.011 $4.91 t. - 

RUNNING TIME METER 

1 )of 1 I number of , /9.11 
raine hou of electric hors, and 

Imbues, 
electrical 

Besse 
such 

and hundredths i eal lours. Fnth. P tj 
94',9.99 houri. For weig 40.-, . `_ 

Size 4 'í'w3 "z2','. Shipping weight Ib.' $5.69 coal .e 

, 

t39.00 

12 and 24 -VOLT TRANSFORMER 
t 015 -920 ) - n rai Lice trie 11 1.1,11, 
-.r1, t 12 and '_4 -.nit. .arts, 

I3 -anus. .4vnhr, ha_eillp,. at u' 

le. Iselin for M11,44 char;;,,., mining 
111' odors, etc. a , , 

.' 
0In 111,.,) 

' Cost me, $35.09 $16.72 

EXPANDED SCALE 0 - 15 DCVM 

1 421 -900 ) -- Wand nee', expensive voltmeter 
eade 9.5 to In -volts ill' and 5 to n- .'Dits. very nnelul 

for amnmoli,r and aircraft Mltew charge Indicator. 
D'A4sonval movement, black phenolic case. 2x5 " .v 2'1'. (311,x,) 

List $32.50 $ 1 2.95 

SURPLUS TELETYPEWRITERS 
FF 

( ITEM 022 -036 I - -Issa I......, ..11,.m 

c150o.09 
I 

m01ar1 h, 

SPECIAL 
invited ntmlwr MoI 19 

.. S249.50 .I`p .,4b 
1.. a,. 

"' SEND 255 COIN OR STAMPS FOR CATALOGS 

-Q¡,iFtá _ " All Items FOB Money Back Guarantee 

:: 4? SURPLUS CENTER 
60501 -- DEPT. EW -089 LINCOLN, NENE. 
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ELECTRONIC ignition, various types. Free litera- 
ture. Anderson Engineering, Epsom, N.H. 03239. 
MUSIC LOVERS, CONTINUOUS, UNINTER- 
RUPTED BACKGROUND MUSIC FROM YOUR 
FM RADIO, USING NEW INEXPENSIVE ADAPT- 
ER. FREE LITERATURE, ELECTRONICS, 11500 -Z 
NW 7th AVE., MIAMI, FLORIDA 33168. 
TREASURE HUNTERS! Prospectors! Relco'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. 
WHOLESALE components: Manufacturers and 
distributors only. Request free catalog on busi- 
ness letterhead. WESCOM, Box 2536, El Cajon, 
California 92021. 
FREE ELECTRONICS PARTS FLYER. Large cata- 
log $1.00 deposit. BIGELOW ELECTRONICS, 
BLUFFTON, OHIO 45817. 
EUROPEAN wholesale new products catalog. 
$1.00 refundable. Deecow, 10639 Riverside, 
North Hollywood, Calif. 91602. 
JAPAN & HONG KONG DIRECTORY. Electronics, 
all merchandise. World trade information. $1.00 
today. Ippano Kaisha Ltd., Box 6266, Spokane, 
Washington 99207. 
RECTIFIERS, transistors, other components. 
Free Catalog. Lowest Prices. Electronic Com- 
ponents Co., Box 2902E, Baton Rouge, La. 
70821. 
FREE Catalog low priced, high performance sub- 
miniature listening devices direct from manufac- 
turer. Dealers welcome. Emery W -8, 156 Fifth 
Avenue, New York, N.Y. 10010. 

ULTRA -SENSITIVE AND POWERFUL METAL 
DETECTORS -join the many who are finding 
buried coins, minerals, relics and artifacts. Don't 
buy till you see our FREE catalog of new models. 
Write Jetco, Box 132 -EW, Huntsville, Texas 
77340. 
ANSWERING ADS? GUARANTEE REPLIES! Use 
your own personalized correspondence cards. 
Name, address and zip printed on 100 cards, 
$1.95. Meshna, North Reading, Mass. 01864. 
SAVE direct from Japan, KITS, PARTS, COMPO- 
NENTS. Catalog $2.00. International Hobbyist, 
1-27 Miharucho, Yokosuka 238, Japan. 
REPAIR YOUR OWN T.V. TUNERS- Color -Tran- 
sistor -VHF -UHF. Earn to $1,700 monthly. No 
customer headaches. Simple, complete course. 
First of its kind. Copyrighted. Years in prepara- 
tion. Six sections, 33 chapters. All field- tested. 
Jigs, fixtures, adapters, "setting -up." Special 
probes. Quick- checks. How alter and use test 
sets. Repairs without equipment. Unique power 
supplies. Fast -fix luxuries. Equipment you can 
build. Professional tricks. Illustrated schemat- 
ics, pictures, drawings, sketches. Plans for all 
items. Troubleshooting. Alignment. All tests and 
adjustments. Common mistakes. How and where 
to buy parts. Specific repairs common problems. 
Index of all tuners. Much, much more. Pro- 
grammed teaching. Major course: Details, Intro- 
duction, plus two sample lessons $1. Optional 
condensed courses (Complete in themselves). 
VHF $9.50, UHF $4.50, Transistor Tuners $4.50. 
TV TUNER SERVICE, Frank Bocek, Box 3236W, 
Redding, Calif. 96001. 
NEW heavy duty CD ignition system. Details 
free. Kit, $28.95; assembled, $39.95. Delta Inter- 
national, Ltd., Box 1946Z, Grand Junction, Colo. 
81501. Dealers invited. 

PSYCHEDELIC strobes 200 flashes per -min. 
$14.95, guaranteed. Zipcom, 5620 W. 12, L.R., 
Arkansas 72204. 

FOR SALE TV & RADIO SHOP, three story hotel, 
-two stores, all in one building. Large parking 
lot on side. located center of town, cafe now 
rented $150.00 month, one store rented $60.00 
month, TV shop in other store. Cafe and hotel 
completely furnished, TV shop has $6000.00 in- 
ventory. I have been in TV and radio here for 24 
years. TV technician could have all work he 
wanted. Reason for selling -am getting too old. 
Sell everything- $44,500. John Baxter, Main 
Street, Blackshear, Georgia 31516. 

HEARING AIDS below wholesale. Smallest, most 
powerful. Free home trial. No salesman will call. 
Free details. Write Prestige -C -44, P.O. Box 10880, 
Houston, Texas 77018. 

SENCORE TEST EQUIPMENT UNBELIEVABLE 
PRICES. FREE CATALOG AND PRICE SHEET. 
FORDHAM RADIO, 265 EAST 149TH STREET, 
BRONX, N.Y. 10451. 

EPDXY MODULE MAKING KIT. Now encapsulate 
electronic circuits -easily -with tough epoxy. 
Hundreds of applications. 1 lb.- $2.25, 2 lbs. - 
$4.39, 3 lbs.- $6.29. Postpaid. ABSCO, Box 
45275E, Chicago, Illinois 60645. 

ADVERTISING SHORTHAND IN THIS AD: 
A: As in, 

` 
received from a Iarge prime. C: Over- 

hauled, , new part & tube, a needed. [hello calibrated 
by ndary Staml:nds Lab; with Haled sticker, 
grid goo,llras ti,,. 

NEW LOW DIGITAL- COUNTER PRICES: 
C: l4- digit Ito Ice. _''I, ndlz, HI' fo III, 5251,13.895.00 
C: Sault.. but toiese mounter Is N F .14-20..825.00 
C: Same, 1 t I , unter io Il.l -In 1...950.00 
C: '.one. Icla INI,e count,. is 11.1'. 240...995.00 
C: Any :11 1,01 up to 510 notioz, add ... 125.00 
C: 111 Iv¡- _odor.. 11.1'. slid -state _.{31.....850.00 
C: 111 1 . - - 1 t nlz & period: (\IC .203A ....165.00 
C: i ht- -I Holtz, Universal: (' \I(' _ 2It. \....195.00 
Item) CDC cell. a. 4-,liglt freq. .' - 295.00 
Nolen -.t:ne .,.,li :'ii V to freq. ,.top tooler 395.00 

NEW LOW OSCILLOSCOPE PRICES: 
Tek =321A 1 4 III solid -.tale i.ii inliz. C 550.00 
=531: (1.10 mhz. A: 350.00 C 450.00 
=535: Calibrated delay. A: .450.00 C 550.00 
=536 with "T" Time Bare. C 550.00 
=541: 11 -30 mhz. C ............... 525.00 
-581 with cal Adapter. It -111(1 mho. C 750.00 
B olugin, 5 ntv /cm. A 75.00, C 95.00 
.CA: 2- tribe 0-24 mhz. A 135.00. C ...175.00 
.53/540: 2- trace. A 100.00. C 135.00 

100.00 .L: 0-:n1 mhz, 5 Inv /en,. C 110.00 
Fairchild .,,li,l- late 11 -25 Itlltz, dual -hare, delaying 

M Li 1; <. C ...... Calibrated 895.00 
Dumont 304e n,II.,Ina it', favorite. C 129.50 
Dumont 401: III m, , , m. A ...175.00. C 199.50 

A FEW SIGNAL GENERATORS FROM OUR LIST: 
Boonton =2028 FM -AM re :uqr 3.1 to 21,1 oul.i 
Deviatin -' lib, meter 110, _4. 11 -811. anti 11 -241) 
Alta. All vain, on 

on 
n- .5,o'; . C 595.00 

Jerrold .900A wit!, PM, Detector: Sweep Generator 
21111 khz to pino mica: .,,'Ii width 1011 khz to 2111) 
tlthzi C 595.00 
Meas. CO,,. =82: 211 Hz to 50 MHz CW Or AM up to 
5p ';. Output call,. to 1 v into 50 ohms. It Is the 
only IF Gin, with Piston Attenua lur; easy to Use, no 
resistor burnout,. C 450.ú0 
Marconi TF- 8010/1: t0 to 470 MHz CW & AM up to 9p:. Xtl -calib each S MHz and resettable dial 
hairline. AGI'. keeps level cmistant. O . t to 1 v 
from 511 ohms into Tye N. (Sap.-coupled turret io 
'witch. no rubbing contacts. Practically zero leakage \l. C 595.00 

H.P. í608A: 10 -500 MHz CW or AM up to 00% 
. 

0.1 
uy to over 1.11 v Into 50 ohms. C 395.00 
H.P. .6O8B: Similar above, 111 -4011 !QHZ C 375.00 
H.P. =6080: 10 -420 MHz. C 950.00 

L &N Bridges & Pots at LOW Prices ASK! 
AutematIC Line Voltage Regulators ASK! 
New ae,InislUml. ill Uv.I'.. IiF1 equipment, t'anoly'a 
of . Sport runt :\11rí} z.r. ASK! 

WE PROBABLY HAVE THE BEST INVENTORY OF 
GOOD LAB TEST EQUIPMENT IN THE COUNTRY, 
BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR 
SPECIFIC ITEMS OR KINDS OF ITEMS YOU NEED! 
WE ALSO BUY! WHAT DO YOU HAVE? 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213. office 272.5707, messages 275.5342 
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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! 

AN /APR -4Y FM & AM RECEIVER 
"FB" FOR SATELLITE TRACKING! 

11101 preelslon lab Instrument, for monitoring and 
t 

ing frequency and relative signal strength, 38 
to 4000 Mc, in 5 tuning ranges. For 110 V 80 cycle 
AC. Bulltln power supply. Original circuit 
diagram included. Checked out, perfect. .rr Vx ux ßt11 

LIKE NEW 
All Tuning Units Available for Above 

t BC 645 TRANSCEIVER. 15 tubes, 
-135 hi 51,0 51e. Easily I I t ' for 
g way VOIV11 011 C1/1112 011 FLU, Mobile, 

{{ Band, With tubes. 1 less Power 
- F íi7 I pl , I $16.9 

SPECIAL PACKAGE OFFER Ili tLi3 
7r. - Pymunotnr nl all 

l 

Including antings, UHF Antenna As. tmolete 
n l N i e s . control born set of Con- $26.95 n,tors. plugs. BRAND NEW 

LORAN APN -4 
eft Cl FINE QUALITY S NAVIGATIONAL 
öA `{ EQUIPMENT 

4-Channel long range dual units. will determine exact 
geographic position of your boat or plane, Indicator 
anti receiver complete with all tubes and crystal. 
INDICATOR ID -6B /APN -4, and RECEIVER C06.50 
R -9B /APN -4. complete with tubes. Exc. Used 40 

LORAN R -65 /APN -9 RECEIVER 
a INDICATOR 

4- Channel single it system. used in - - ships and aircraft. Determines position 
by radio signals from known e. -:111 tiers. 
Accurate to within 1 %'- of distancr. 
l'ontple to with tithes and (Its 

$88.50 

._'.., 
la'. IN LIKE NEW Condition. 
All a,,t sorles for Loran Equipment in stuck. 

SCR -274 -N, ARC -5 COMMAND SET HQ! 
Freq. Exc. Like BRAND 
Range Type Used New NEW 
RECEIVERS. Complete with Tubes 
190 -550 Kc...BC -453 .$23.50 ..$27.50 ..$18.95 
3 -6 Mc. BC -454 ..516.50 
6 -9.1 MC BC -455 ..514.95 .$19.50 ..$22.50 

.$17.95 - .521.50 
1.5 -3 MC R -25 .... - .$19.50 .521.50 
TRANSMITTERS, Complete with tubes 
4 -5.3 Me 00 -457 .5 6.95 .5 8.95 , $11.95 
5.3 -7 Mc BC -458 
7 -9.1 Me 00 -459 

. $ 6.95 

.$17.95 
.5 8.95 
.519.50 

. $12.95 

.$23.50 
2.1 -3 Mc T -18 .. 
3.4 Mc T -19 .. .$10.50 .5 9.95 

.$12.50 
.511.95 
.516.95 

TERMS: 
hither 25 

C.O.U. -011 . ioec.5 tvllh order - iirc in Fnit. 
bat.cce 

Mini. 
Order 51.hu, All shipments F.O.B. 

warehouse. NYC. N YU. All merchandise subject to prior 
tfml alle price change. 

G & G RADIO SUPPLY COMPANY 
Telephone: (212) CO 7 -4605 

75 -77 Leonard St., New York, N.Y. 10013 

ARCTURUS SALE 
1700 transistor types at 391: each. 
40 watt germanium power transistor, same as Del - 

co 501, 2N278 (etc), cat. #349, 59$ each. 
Color TV cartridge focus rectifier 6.5 kv, Used in 

every color TV. Cat. #CFR -20, 790 each. 
Motorola 2500 ma. at 1000 pis, high voltage /cur- 

rent epoxy silicon rectifier, axial leads. Cat. #HEP- 
1 170, 49$ each. 

2 Printed circuit I.F. transformers, 4 lug. 455 kc 
input and output, cat. #1909P4, 99$ each. 

RCA UHF transistor type TV tuners, KRK -120 
(long- shaft) cat. #UHF -20; KRK -120 (short -shaft), 
cat. #UHF -21, each $4.98. 

RCA VHF transistor type TV tuners, KRK -146, cat. 
#VHF -74, $9.99 each. 

Transistorized U.H.F. tuners used in 1965 to 1967 
TV sets made by Admiral, RCA, Motorola, etc. Re- 
movable gearing may vary from one make to another. 
Need only 12 volts d.c. to function. No filament 
voltage needed. Easy replacement units. Cat. #UHF. 
567, $4.95. 

U.H.F. Tuner- original units as used in TV sets 
such as RCA, Admiral, etc. covering channels 14 
through 82, as part #9413173.2. Complete with 
tube. Drive gearing is removable. Can be used in 
most sets. Cat. #UHF -3, $4.95. 

Color yokes. 70° for all round color CRT's. Cat. 
#KRC -70, $12.95. 90° for all rectangular 19 to 25" 
color CRT's. Cat. #XRC-90, $12.95. 

Kit of 30 tested germanium diodes. Cat. #100, 
99$. 

Silicon rectifier, octal based replacement for 5U4, 
5Y3, 5AS4, 5AW4, 514, 5V4, 5Z4. With diagram. 
Cat. #Rest -1, 99$ each. 

7 ", 90° TV bench test picture tube with adapter. 
No ion trap needed. Cat. #7BP7, $7.99. 

Tube cartons 6AÚ6 etc. size, $2.15 per 100. 
6SN7 etc. size, $2.55 per 100. 5U4GB size, $2.95 
per 100. 5U4 G size, 4C each. 
Send for complete free catalog. Include 4% of dol- 
lar value of order for postage. $5 MINIMUM ORDER. 
Canadian check, $% dollar differential. 

ARCTURUS ELECTRONICS CORP. 
582.22nd. St., Union City, N.J. 17817 Pont. MEW 

Phone: 201 -864 -5568 
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CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this 
frequency discounts, closing dates, etc. 

section for complete data concerning terms, 

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 

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, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -869 

7IP 

PLANS AND KITS 

OSCILLOSCOPE improvement kits. High speed 
triggersweep eliminates sync problems. Dual 
trace FET switch displays two waveforms to- 
gether. Solid -State Services, P.O. Box 901. 
Cupertino, California 95014. 

INTEGRATED CIRCUIT KITS: COMPUTER, AU- 
DIO, Others. New catalog free. KAYE ENGI- 
NEERING, Box 3932 -B, Long Beach, C,talifornia 
90803. 

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. 

DEGREE in Electronics Engineering earned 
mostly by correspondence. Free brochure. Dept. 
G -9, Grantham School of Engineering, 1505 N. 
Western Ave., Hollywood, California 90027. 
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 $360.00. 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. 

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. 

FCC First Class License in six weeks -nation's 
highest success rate -approved for Veterans 
Training. Schools in Dallas, Atlanta, Chicago, 
New Orleans, Minneapolis and Houston. Write 
Elkins Institute, 2603C Inwood Road, Dallas, 
Texas 75235. 

Electronics 1lórld 
SUBSCRIBER SERVICE 

Please include an address label when writing about 
your subscription to help us serve you promptly. 
Write to: Portland Place, Boulder, Colo. 80302 

CHANGE OF ADDRESS: 
Please let us know you i 
are moving at least I 
four to six weeks in 
advance. Affix maga- 
zine address label in 
space to the right and 
print new address be- 
low. If you have a 

question about your 
subscription, attach 
address label to your 
letter. 
TO SUBSCRIBE: 
Check boxes below. 

New Renewal 
5 years $21 
3 years $15 
1 year $6 

SPECIFY: 
O Payment enclosed - 

You get 1 extra issue L 
per year as a BONUS! 
Bill me later. 

+-AFFIX LABEL-4. 

....... ," 1 a p 

_ 
m 

< á 3 
...< I c 

,N c 

Add' I postage: SI per year outside] 
U.S., its possessions & Canada./ 

nome please print 0290 

address 

City 

stole zip -code 

ELECTRONICS WORLD 
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DEGREE in Electronics Engineering earned 
mostly by correspondence. Free brochure. Dept. 
G -9, Grantham School of Engineering, 1505 N. 
Western Ave., Hollywood, California 90027. 
SHIP RADIO OFFICER TRAINING -SHIPS have 
been held up awaiting needed personnel, train 
now at Long Beach, the home of the Queen 
Mary. Radio Officers earn a large base pay plus 
overtime. Write for free information. Western 
Technical School, 4940 Long Beach Blvd., Long 
Beach, Calif. 90805, Desk B. Approved for 
Veterans. 

TUBES 

TUBES -330 each. Year guarantee. Tuner Clean- 
er $1.00. Free catalog. Cornell, 4213 -W Uni - 

4 versity, San Diego, Calif. 92105. 
TUBES, SEMICONDUCTORS, ELECTRONIC 
EQUIPMENT & 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- 
c,ans, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jer- 
icho Turnpike, Mineola, N.Y. 11501. 
TUBES -lowest prices in the world. Hard to get 
British, German, foreign and American obso- 
lete and present day special purpose transmit- 
ting tubes. Send for giant tube and parts cata- 
log. United Radio Co., Dept. W -56 Ferry St., 
Newark, N.J. 07105. 

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). 

DO -IT- YOURSELF 

PROFESSIONAL ELECTRONICS PROJECTS - 
$1.00 up. Catalog 25¢. PARKS, Box 25655A, 
Seattle, Wash. 98125. 

TAPE AND RECORDERS 

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. 
TAPEMATES make available to you ALL 4 -TRACK 
STEREO TAPES -ALL LABELS -postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES, 5727 W. Jefferson Blvd., 
Los Angeles, California 90016. 
RENT 4 -track open reel tapes -all major labels - 
8,000 different -free brochure. Stereo -Parti, 55 
St. James Drive, Santa Rosa, Calif. 95401. 
TAPE RECORDER SALE. Brand new nationally 
advertised brands, $10.00 above cost. Amazing 
discounts on stereo components. Arkay Elec- 
tronics, 1028 -B Commonwealth Ave., Boston, 
Mass. 02215. 
STEREO Tapes, Save 30% and up; no member- 
ship or fees required; postpaid anywhere U.S.A. 
Free 70 -page catalog. We discount batteries, 
recorders, tape /cassettes. Beware of slogans, 
"not undersold," as the discount information 
you supply our competitor is invariably reported 
to the factory. SAXITONE, 1776 Columbia Road, 
N. W., Washington, D. C. 20009. 
STEREO TAPES: CARTRIDGES, CASSETTES, 
REELS, 33% DISCOUNT. UNAVAILABLE ELSE- 
WHERE. MAIL 200- CATALOGS. STAR RECORD - 
INGS-EW, BOX 1055, EL PASO, TEXAS 79946. 
CASSETTE blanks, also educational and lan- 
guage, accessories and recorders. Literature- - 
write CASSETTES UNLIMITED, P.O. Box 13119 - 
W. Pittsburgh, Pa. 15243. 
TAPES . blank recording . pre -recorded 
music. Catalog 100. Tower, Lafayette Hill, Pa. 
19444. 
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INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

TR IACS 
PRV 5 AMP 10A 
100 .90 1.20 
200 1.40 1.75 
300 1.75 2.25 
400 2.25 2.75 
500 2.60 3.25 

ER900 TRIGGER DIODES. These 
bidirectional trigger diodes are 
one of the best and cheapest 
methods to trigger SCR's and 
triacs 3/$1.00 

MOUNTING HDWE KITS 
These kits are used to mount our 
SCR's, zeners, & rectifiers etc. 
6 a 32 (3, 12 Amp rectifiers, 7 

Amp SCR's) 6 sets /$1.00 
1/4 1 28 (20, 40 Amp rectifiers, 20 

Amp SCR's) 4 sets /$1.00 
Fl N- CHANNEL FET'S TO-18 plastic 
units, low noise, low leakage, 25 volts 
source to gate, 50 ma gate current 
Gain to 9000 µmho's. $ .80 

SQ -10A DISCRETE 
OPER. AMPL. MODULE 
Voltage Gain 60,000 Min. 

$4.95 each 

p NEON LIGHT OR NIXIE TUBE 
DRIVERS. An NPN, TO -18, SI 

Transistor. With a VC80 of 120 
3/$1.00 

Silicon Power Rectifiers 

PRV I 3A 12A I 40A 
100 .09 .30 I .75 
200 .16 .50 

I 
1.25 

400 .20 .70 I 1.50 
600 .30 1.00 I 

1.80 
800 .40 1.25 

1000 .55 1.50 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. Include 
Postage, Average Wt. per package 
i/1 lb. No C.O.D.'s. Minimum Order 
$3.00 

Rated companies 30 days net 

LINEAR CIRCUITS 
FM IF AMPLIFIERS $ .90 
702C WIDE BAND DC AMPL $2.75 
709C OPERATIONAL AMPL $2.75 
710C HI SPEED DIFF. AMP. $2.75 
7110 DUAL COMPARATOR $2.75 

DIGITAL RTL CIRCUITS 
2 -914 QUAD 2 Input gates $1.25 
2 -923 Dual JK Rip flops $1.50 

Controlled 
Avalanche 
or Epoxy 
Rectifiers 
1 AMP. 

PRV 
100 
200 
400 
600 
Soo 

1000 

.07 
.09 
.12 
.l8 
.22 
.35 

Silicon Control Rectifiers 
PRY I 

50 
100 

I 

200 
300 
400 I 

500 I 

600 I 

700 
1000 I 

3A 
.35 
.50 
.70 
.90 

1.20 
1.50 
1.80 
2.20 

TA 
.45 
.65 
.95 

1.25 
1.60 
2.00 
2.40 
2.80 

20A I 70A 
.70 I 

1.00 I 4.00 
1.30 

I 8.00 
1.70 I 

2.10 12.00 
2.50 I 

3.00 I 16.00 

5.00 124.00 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St, Cambridge, Mass. 

ALES 
Tel. (617) 547-4005 
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GOVERNMENT SURPLUS 

JEEPS Typically From $53.90. . Trucks From 
$78.47 ... 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. 

RECORDS 

SPECIAL INTEREST RECORDS AVAILABLE, PRO- 
DUCED BY THE EDITORS OF THE WORLD'S 
LEADING SPECIAL INTEREST MAGAZINES. 
SEND FOR FREE CATALOG. RECORD CATALOG - 
EW, ZIFF -DAVIS PUBLISHING COMPANY, ONE 
PARK AVENUE, NEW YORK, N.Y. 10016. 
PROTECT your LPs. Heavy poly sleeves for 
jackets 50, poly lined paper sleeves for records 
100. House of Records, Box 3238, Hillburn, New 
York 10931. 

UNUSUAL GIANT FREE 

BARGAINS 
SHOPPING MART CATALOG! 6A 

BY MAIL A selection of products available by moil for readers of Electronics World 148- PAGES 

All merchandise sold on a money -back guarantee. Order direct by Stock No. Send check or M. O. 

3" Astronomical Telescope 
See the stars. moon. phases of Venus. 
Mane, close up. ti0 to 180 po,,er 
Aluminized and o oared 3" diame- 
ter f /10 primary mirror, ventilated 
cell. Equatorial mount wlth locks on 
both . Equipped wittl 611x eye - 

piece telescope, 
Barlow lens. 3x 

cluded FREE: ' TAR 
hardwood 

HART"; 
272- 
72 

page HANDBOOK OF HEAVENS ": 
HOW TO USE YOUR TELESCOPE." 

Stock No. 85,050ÁK 929.95 Pod 
4t /.a" REFLECTOR 
Stock No. 85.1055K 5 84.50 FOB 
6" REFLECTOR 
Stock No. 85.0860K 5169. S0 FOB 

Tune In and Turn On Your Own 

Psychedelic Light Show 
Take one bookshelf sized conservative 
looking oiled walnut finished light box -with its built -in kicker. an indiv. 
controlled 3- channel color organ. Acti- 
vate by attaching to hi -fi or stereo 
speaker. !'lug in and switch onl Music 
fills the roost and the prismatic screen 
leaps into pulsating life. Patterns are 
wild and wonderful or soft and sooth- 
ing-responding dli -reti , in time and 
Intensity to music. Perfect home en- 
tertainment, little theater or bos. 
House current. (18 "Wx12 "Hx9 "D) 

NO. 80.126AK 549.95 Ppd. 

SEE MUSIC IN DAZZLING ACTION 

1du5k I.SMO*, DRAMATIC .- BREAKTHROUGH 
IN AUDIO- VISUAL ENJOYMENT 
Actually ace favorite musical selec- 
tions translated into fantastic pat- 
terns Of beautiful color -cork di- 

i.dual note creating' its own I tique, 
twisting. radiating shape . each 
shape oiancing and prancing, whirl 
inc. in and swirling In perfect tier with 
the Easily attached to stereo, 
radio. rape recorder. Send 254 in 

In fo- 1,i- Ila..e booklet .11i)ttIs K. 
BOY'S STARTER KIT 
No. 71.095ÁN .56.00 Ppd. 
8" DO -IT- YOURSELF KIT 
No. 71.009AK ..22.50 Ppd. 
WALNUT CABINET MODEL 
No. S5.181AK 99.50 F.O.B. 

"Fish" With a Magnet 
GO treasure hunting on the bot- 
tom! Fascinating fun .@ sometimes 
profitable. Tie a line to our 5 -lb. 
Magnet -drop it overboard in hay, 
river. lake or ocean. Troll it along 
bottom -your "Treasure" haul can 
he outboard motors, anchors, oth- 
er metal valuables. 5 -lb. Magnet Is 
war .surplus- Alnico V type - 
Gov't cost 850. Lifts over I511 lits- 
Stock No. 70,571AK.512.50 Ppd. 
31/2-lbs (40 lbs.) 
Stock NO. 70,57OAK ..58.75 Ppd. 
71!2 lbs. ( 175 lbs.) 
Stock No. 70.572ÁK ....518.75 

World's Smallest Bible 

See entire lh,l, liihle -;ilI 7i:1.- î48 
"a 

lrvls 0 1,245 pages -re- 
duced to piece of filet 1- 5/18" 
reduction el llb Incredible 

p81i tochramlc 
lye, micro-image technique that 

begins where micofilm leaves o8. 
Needs 100X microscope to read. 
Astnlmll your friends! tarry in 
your wallet or purse. Project it 

wall a1Ì with 'scone and prism. 
Real conversation piece. 

Stock N. 41,1918K. .52.00 Ppd. 
50X, 150X. 300X MICROSCOPE 
Stock No. 70,OO8AK.516.50 Ppd. 

GIANT FREE CATALOG 
148 Pages- 1000's of Bargains 

Completely 1plln 
edition, New wItems, 

Dozens l of electrical and 
electromagnetic paria, 
accessories. Enormous 
selection of Astronom- 
ical Telescopes. Stiero 

Mpes. Binoculars, EBrr agnifiers Magnets. lapl 
l 

i Lenses. Prisms. Many 
war surplus items: 
for hobbyists. a eri- 

e tens, workshop, factorryy. 
Mali coupon for catalog "AK". 

CO. EDMUND SCIENTIFIC C 
300 EDSCORP BUILDING. 
BARRINGTON. N.J. 08007 
NAME 

ADDRESS 

CITY 

l'ATI: I I' 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

EDMUND SCIENTIFIC CO 
300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 08007 
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-GREGORY ELECTRONICS 

An Extensive Selection of 
General -Electric 

Progress Line 2 -Way 
Mobile Equipment 

30 -50 MHz Vibrator Power 
14" Case Complete Access. 
Fully narrow -band (Tx & Rx) 
MA /E 13 6/12v, 30w 

MA /E 16 6/12v, 60w 
MD /Y 16N 6/12v, 60w 
Dynamotor Power Supply 
MT /16 12v, 60w 
Transistor Power Supply 

$178. 

$198. 

$138. 

$228. 

148 -174 MHz Vibrator Power 
14" Case Complete Access. 
Fully narrow -band 
MA /E 33 6/12v, 30w 
MA /E 36 6/12v, 60w 
Vibrator Power Supply 

FA/E 33 6/12v, 30w 

$198. 

$228. 

$188. 

450-470 MHz 15w Vibrator 
Power Supply MA /E 42, 
with accessories 
MT 42 12v, 15w 
Transistor Power Supply 

$148. 

$198. 

450 -470 MHz General- Electric 
Progress Line Accents 

10 watts, 12 volts /transistor power supply; front or 
rear mount. Complete accessories. Model No. EG48S 
Wide Band $168 
Narrow Band $188 

EG 48CT (Trunk) EG 48CF (Front) 

GE Progress Line Receiver Strips 25 -50 MHz 
Narrow Band $45 Wide Band $35. 

Voice Commander II 
Fully transistorized, 148 -170 MHz, portable, 
1 -Watt, complete with nicad batteries. 

1 unit $148. 
3 units -15% discount ea. $125.80 
6 units -30% discount ea. $103.60 

Crystals & tuning if desired, add $45. 

BATTERY CHARGERS 
1 unit $16. 

3 units -15% discount ea. $13.60 
6 units -30% discount ea. $11.20 

Reconditioned & Used FM 2 -Way Radio Equipment 

We By Late Model Equipment for Cash 
Send For '69 Catalog- 

6RlGORY 3 
GREGORY 

ELECTRONICS 
CORPORATION 

249 RT. 46, Saddle Brook, N.J. 07662 
Phone: (201) 489 -9000 
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PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL FILM -Adults only -"Childbirth" one 
reel, 8mm $7.50; 16mm $14.95. International 
W. Greenvale, Long Island, New York 11548. 

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. 

HIGH FIDELITY 

FREE! Send for money saving stereo catalog 
:E8W 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. 

88 

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. 
DON'T THROW YOUR OLD CARTRIDGE AWAY. 
Send us $50.00 and any old used cartridge and 
we will ship you via air Prepaid anywhere any 
one of the following Top Stereo Cartridges: 
Shure V -15 Type II, Empire 999VE, ADC 10EMK 
II, Stanton 681EE. Write for lowest quotations 
all stereo components. DEFA ELECTRONICS, 
2207 Broadway, New York, N.Y. 10024. 
HI -FI components, tape recorders, sleep learn - 
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. 
LOW, LOW quotes: all components and re- 
corders. Hi -Fi, Roslyn, Penn. 19001. 
DON'T THROW YOUR OLD CARTRIDGE AWAY. 
Send us $19.95 and any old cartridge. We will 
ship PREPAID any one of the following top 
rated elliptical diamond stereo cartridges NEW: 
Shure M75E, M91E, M92E, Empire 888E, Picker- 
ing V15AME3, XVI5 ATE, ADC 660E, 550E. 
Write for lowest quotations all stereo com- 
ponents. DEFA ELECTRONICS, 2207 Broadway, 
New York, N.Y. 10024. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through interna- 
tional correspondence. Illustrated brochure free. 
Hermes, Berlin 11, Germany. 

SECRET LOANS BY MAIL. Borrow $100 to $1500 
for any good reason in absolute privacy. No 
interviews, no endorsers, no co- signers. Fast 
service. Write Dial Finance Co., Dept. H -594, 
410 Kilpatrick Bldg., Omaha, Nebraska 68102. 

HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning. 
Catalog! Drawer H400, Ruidoso, N.M. 88345. 
HYPNOTIC Sleep Learning recordings produce 
fabulous results. Details free. ASR Founda- 
tion, Box 7021eg Henry Clay Station, Lexington, 
Kentucky 40502. 

EMPLOYMENT OPPORTUNITIES 

TWO -WAY RADIO TECHS for positions in the 
U.S. Virgin Island, 3 hours from New York in the 
Caribbean Playground. Send resume to: Elec- 
tronics Unlimited, P.O. Box 2326, St. Thomas, 
U.S. Virgin Islands 00801. 

TECHNICAL WRITERS. Freelance, Electronics 
topics. Send resume. Electronic Writers and 
Editors, Inc., P.O. Box 504, New Hyde Park, N.Y. 
11040. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN ACCIDENT INVESTIGATION. Train at 
home to earn $750 to $1,000 monthly. Car 
furnished. Expenses paid, No selling. No college 
needed. Full or spare time. Men urgently needed. 
Free placement service. Write for FREE infor- 
mation. No obligation, Universal Schools CZ -8, 
6801 Hillcrest, Dallas, Texas 75205. 
USED Correspondence Courses and Books sold 
and rented. Money back guarantee. Catalog 
free (Courses Bought). Lee Mountain, Pisgah, 
Alabama 35765. 

LEARN WHILE ASLEEP, Hypnotize! Strange 
catalog free. Autosuggestion, Box 24 -ZD, 
Olympia, Washington 98501. 

INVENTIONS WANTED 

ELECTRONIC 
EXPERIMENTERS 
7i ANOt7OOK 

1969 -WINTER $1.25 
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. 

I 1969-SPRING $1.25 
ELECTRONIC EXPERIMENTER'S 

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

ii 

O 

1 

I 
I 
I 
I 
I 
I 
I 
I 

1969 $1.25 
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 . r r For Sheer 

Electronics Enjoyment! 

TAPE Rain s 

CQMMÚÑICATINS 

HP.NnEiíX-t< .-.69 

--'r 

ELECTRONICS 
HANDBOOK 

1969 $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. 

1969 $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 com- 
plete guide to communications. 

1969 $1.35 
ELECTRONICS INSTALLATION 

& SERVICING HANDBOOK 
For the serviceman who is also a 
businessman - the hobbyist who 
is also a perfectionist! Covers all 
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 
595 Broadway, New York, N.Y. 10012 
Please send me the annuals I've checked below: 

1969 Electronic Experimenter's Handbook- Winter 
1969 Electronic Experimenter's Handbook- Spring 
1969 Stereo /Hi -Fi Directory 
1969 Tape Recorder Annual 
1969 Communications Handbook 
1969 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.) 

PATENT Searches including maximum speed, I print name 
EW -89 

full airmail report and closest patent copies, 
$6.00. Quality searches expertly administered. I 
Complete secrecy guaranteed. Free Invention I 
Protection forms and "Patent Information." 
Write Dept. 23, Washington Patent Office Search I 
Bureau, 711 14th Street, N.W., Washington, D.C. I 
20005. 'PAYMENT MUST BE ENCLOSED WITH ORDER' mw 

address 

city 

state zip 

ELECTRONICS WORLD 
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INVENTORS! Receive free invention analysis at 
no risk to you. Send for FREE disclosure form 
today. New York Invention Service, Dept. 19, 
160 Broadway, New York, N.Y. 14438. 
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. 

EMPLOYMENT INFORMATION 
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. 

MAGAZINES 
BACK DATE MAGAZINES! Send needs. Midtown, 
Box 917 -EW, Maywood, N.J. 07607. 
MAGIC MAGAZINE -Monthly since 1936. 44 
pages. All phases. 3 month trial $1.00. Genii, 
P.O. Box 36068, Los Angeles, CA 90036. 

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. 
FREE BOOK "990 Successful Little -Known Busi- 
nesses." Work home! Plymouth 345 -H, Brook- 
lyn, New York 11218. 
MAILORDER ... Operate cash -in- advance busi- 
ness! Details. Methods, 1417 -F.D., Lafayette 
Pennsylvania 19444. 

STAMPS 
RUSSIA high -value collection. 32 different Rus- 
sia -some over 50 years old! Commemoratives, 
Czarist Issues, Airmails, catalog price $2.50. 
Special get- acquainted offer -all for only 10e! 
H. E. Harris, Dept. GG -54, Boston, Mass. 02117. 
WOW! 110 all different Germany 100 --com- 
memoratives, airmails, high values, big catalog, 
bargain lists also, fine stamps from our ap- 
proval service, which you may return without 
purchases and cancel service at any time. 
Jamestown Stamp, Dept. A89EG, Jamestown, 
N.Y. 14701. 

CHEMICALS 
CHEMICAL Lists $1.00. Deductible First Order 
Spectro, 1354 Ellison, Louisville, Ky. 40204. 

REPAIRS AND SERVICES 
PHOTO etched XXXP from ink drawing. 5x7" 
maximum $2.50. Hornung, 1751 Creek Drive, San 
Jose, California 95125. 

MISCELLANEOUS 
WINEMAKERS: Free illustrated catalog of 
yeasts, equipment. Semplex, Box 122-76, Minne- 
apolis, Minn. 55412. 
EMPLOYMENT Resumes. Get a better job & 
earn more! Send only $2.00 for expert, corn- 
plete Resume Writing Instructions. J. Ross, 
80 -34 Kent St., Jamaica, N.Y. 11432 Dept. EW. 
AS YOU SCAN THESE COLUMNS, more than 
170,000 monthly buyers of ELECTRONICS 
WORLD are doing the same. These men are all 
Electronics Professionals -individuals involved 
actively in electronics from a business or hobby 
viewpoint -they are doubly interested in those 
advertisements which will enhance their careers 
or their leisure hours. They look to the pages 
of the ELECTRONICS MARKET PLACE for prime 
sources of products and services of interest to 
them. They will buy from you if your advertising 
appears regularly in their favorite magazine. 
Send copy and payment now using the handy 
order form printed in these columns. Or, if you 
want additional information write today to: Hal 
Cymes, Classified Advertising Manager, ELEC- 
TRONICS WORLD, One Park Avenue, New York, 
New York 10016. REMEMBER: October issue, on 
sale September 18th, closes August 1st. 
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$100.000 "EYE SEE" INTEGRATED CIRCUIT 

BONANZA BY POLY PAK 
eklAIly far the biggest Integrated Circuit Sale in our 
history. NOBODY! That's right NOBODY under- ` sells Poly Paks. Imagine -buy 1 Integrated Circuit 
at our bargain price and get the 2nd one for 
ONLY lr that's right ONE CENT! Nil 
1.1MlT I'Elt ITEM ! Every item guaranteed as 

advertised. All include data on Integrated ('ireuit,, 

EPDXY SILICON 
TRANSISTORS ~ 
5 for $1 

Tvoe 
[ 2N 706 
[ 2N2222 [ 2N2368 
E 2N2711 
[! 2N3396 

2N3565 
L 2N3568 

2N3638 
D 2N3641-3 [ 2N3645 
[_ 2N3662 
Ci 2N3683 
[ 2N3692 
Li 2N3793 

2N4140.1 
[! 2N4248-9 [ 2N4284.5 
C 2N4288-9 [i 2N4290- l 

Sale 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for SI 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for 51 
5 for $1 
5 for Si 
5 for $1 

Foirchdd 
900 
902 
903 
904-904* 
910 
914 
915 
923 
923-923* 
925 

U 927 
930 
933 
944 
946 
952 
953 

n 954 
955 

[, 961 
962 

No. * Two identical IC's in one package EACH le MORE 

IlufTer 1 for 1.49 2 for 1.50 
R -S Flip Flop 1 for 1.49 2 for 1.50 
11 In. Gate Nand /Nor 1 for 1.49 2 for 1.50 

Dual ILalf adder 1 for 1.49 2 for 1.50 

Dual Two Input Gate 1 for 1.29 2 for 1.30 

Dual 'l'wu Input Gate 1 for 1.29 2 for 1.30 

Dual a Input Gate Nand /Nor 1 for 1.49 2 for 1.50 
.1K-Flip Flop 1 for 1.49 2 for 1.50 

Dual .11< flip Flop 1 for 1.98 2 for 1.99 

Dual _ Input. Gate, Expander I for 1.49 2 for 1.50 
Quad Invert,. 1 for 1.98 2 for 1.99 

Dual I Input Gate Nand/Nor 1 for 1.49 2 for 1.50 
Dual Input Gate. Expautiler 1 for 1.49 2 for 1.50 

Dual 4 Input Power Gate 1 for 1.49 2 for 1.50 
Quail 2 Input Gate Nand /Nor 1 for 1.49 2 for 1.50 

Dual ti Input Inverter (:ate 1 for 1.29 2 for 1.30 

2-2-3-Input and Gate I for 1.29 2 for 1.30 

Dual 4 Input and ( ;acte 1 for 1.29 2 for 1.30 

8 Input and Gate w '2 output 1 for 1.29 2 for 1.30 

Dual 4 Input Gate u /expander 1 for 1.49 2 for 1.50 

Triple Gate 1 for 1.49 2 for 1.50 

LOWEST PRICES ON 
LINEAR AMPLIFIERS 

Guaranteed! 
Spec' She 

s 
22 

ets! 

EACH 3 EO( 
$6 

DIGITAL ' Operational 
AMPLIFIERS 

COUNTING 

O 
8 Bit memory cell 

ii TO -5 case 

9 With Spec. $ With 
Sheets! /// _Spec. Sheets! Il 

Perms: a.1 postage. Rated: net 30. cod's 2:1 
Phone Orders: N';iF, -(ì LI, Maso. (1117) 21 7.3S2l) 
Retail: 'JI1 Ali i nn, '., Wab, ti.Id, Star 

Type Use 
702 D.C. Amplifier 
709 Operational Amp 

1710 Differential Comparator 
Li 711 Sense Amplifier 

IANT "SUMNER CATALOC ON: Parts, Rectifiers. 
Transistors, SCRs. I.C.'s. Equipment, i OC 

P.O. BOX 942W 
LYNNFIELD, MASS 

01940 
POLY PAKS 

CIRCLE NO. 119 ON READER SERVICE CARD 

ABOUT YOUR SUBSCRIPTION 
Your subscription to ELECTRON ICSWORLD 

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 
MaryJones. 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. 

FREE Catalog 0:NEST VGOV'T 
SURPLUS ELECTRONIC BARGAINS 

Now BIGGER and 
BETTER Than Ever! 

r- -- -MAIL COUPON TODAY - - - -1 

NAME: 

I ADDRESS: I 

I CITY: STATE 

FAIR RADIO SALES 

ZIP NO 

Dept. EW BOX 1105 
LIMA, OHIO 45802 
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PEP$ 
Dollar Sale 

EACH PACKAGE 
MONEY BACK GUARANTEE 

1 AMP 
Silicon Rectifier 

Choice of Package 
Bullet -Glass -Min -Metal 
E 20 -70V 7 501111V 

11 1; -I00V n .1111111V 
E 12- 21111V P 3.12.1V 

1.5 AMP 
ñ; 

18-5I1V 5,1111V 
IS-11111V Cl -10011V 

FI III.21111V 2.121111V 

3 AMP 
7 1sa4V _. 

4 -0611V 
10 -11111V n 111V 

ii 8 -2nnV 2-1111111V 
L ii-4uuV P I -1221111V 

5 AMP n In..5:1V I 1 4.1011V 
-r 8-11111V n Ii .01111V r 0-21111V - I 2-111n1V 
r' 5-:111I1\' n 1-12011V 

8 AMP STUD 
ii 0- HMV :1.41111V 
H 4-2011V 'l 2-01111V 

12 AMP STUD 
0 -10ov 

n 11- 5111V -7 1- 1111111V 

20 AMP STUD 
H 4 -511V 12 51111% 

á.100V 7 1 -1111111\ 

40 AMP STUD 
D li -:SIIV 1.111111'.' 
n 2 -11111\ 

60 AMP STUD 
n 2.5IIV H 1- 1111111V 

ZENER -DIODES 
250- WO II %V 

1 EA 4V- 1iV- SV -10V 

1 WATT 
1 EA 4V- 0V- 8V -111V 

2 WATT 
12 to 011V 

CHO11'I. OF '1'011E1: 

10 WATT 
I EA 11V- SV -111V 

10 WATT 
12 to 611V THREE 

SILICON- CONTROLLED 
RECTIFIER 

TO -S PACK;111F: 
n s.suv 21111\ 

-1 -11111V 2 -1110V 

7 AMP 
rl 4-soV -1 Vi ::2'y a-u111V ó ï-Ì11nuV 

20 AMP 
n 2 -SIIV 1- 110101' 

GENERAL PURPOSE 
GERMANIUM 
TRANSISTOR 

SIMILAR to 2 \'4114 
ri l' \ITN 

$1 HOBBY CORNER SPECIALS $1 
SILICON RECT LOW V COMPUTER DIODES 

1 AMP FAST SWITCHING 
50 units $1.00 NO TEST 

3 AMP 100 units $1.00 
LOW VOLTAGE 

E 35 units $1.00 HALF POUND 
STUD MOUNT Rect, Diodes, Transis- 

15 AMP tors Etc. Each different 
25 units $1.00 $1.00 

NO SALES TAX -WE PAY POSTAGE 
OTHER PRODUCTS ON REQUEST 

PARK ELECTRONIC PRODUCTS 
P.O. Box 78 N. Salem, N.H. 03073 
LET US TRY TO HELP YOU WITH YOUR ENG PROBLEMS 

CIRCLE NO. 120 ON READER SERVICE CARD 

LIBERTY PAYS MORE! , 
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 674G) 

' .'' 
Only 

$12000 

F.0 B. 
New York 

Calibrated from 40 to 230, and 470 to 860 
in 4 Bands Megahertz, from 10 to 50,000 
Microvolts. Nothing makes it easier to prop- 
erly and speedily find the correct place to 
install TV, FM and Communication Antennas. 
You can measure and hear the signals with 
this 4'/2 volt battery economically powered 
unit. There is nothing else like itl 

LIBERTY ELECTRONICS, Inc. 
546 Broadway, New York, New York 10012 

Phone (212) 925 -6000 

CIRCLE NO. 125 ON READER SERVICE CARD 
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ADVERTISERS INDEX 

READER 

SERVICE NO. ADVERTISER PAGE NO. 
READER 

SERVICE NO. ADVERTISER PAGE NO. 

148 Allied Radio 73, 74 130 Heath Company 5 

147 Altec Lansing 78 129 International Crystal Mfg. Co., Inc. 7 

Arabian American Oil Company 56 
128 Judson Research & Mfg. Co. 77 

127 Kenzac 66 
146 Arcturus Electronics Corporation .... 86 

lampkin Laboratories, Inc. 56 
145 B & K 69 

140 Leader Electronics 68 
144 Bay Products, Inc. 67 

125 Liberty Electronics, Inc. 90 
150 Belden Corporation ...SECOND COVER 

124 Mallory & Co., Inc., P.R. 2 

143 Bell P/A Products Corporation 6 

123 Mosley Electronics, Inc. 58 

142 Burstein -Applebee Co. 58 

122 Motorola Communications & 

CREI, Home Study Division, McGraw - Electronics 81 

Hill Book Company ....18, 19, 20, 21 

Music Associated 83 

141 Cleveland Institute of 
Electronics 62, 63, 64, 65 National Radio Institute ...8, 9, 10, 11 

126 Cleveland Institute of Electronics .... 68 
121 Olson Electronics, Inc. 77 

120 Park Electronics Products 90 
Coletronics Service Inc. 72 

149 Pearce -Simpson THIRD COVER 
Comsat Corp. 13 

119 Poly Paks 89 
139 Crown International 4 

RCA Institutes, Inc. 52, 53, 54, 55 
138 Delta Products, Inc. 14 

RCA Sales Corp. 22 

137 Edmund Scientific Co. 87 

118 SCA Services Company 84 

136 Electro- Products Labs 59 
117 Sams & Company, Inc., Howard W. 61 

114 Electro- Voice, Inc. FOURTH COVER 
116 Sansui Electric Co., Ltd. 81 

135 Fair Radio Sales 89 
115 Schober Organ Corporation 72 

134 Finney Company, The 49 
110 Sencore, Inc. 57 

133 Foredom Electric Co. 69 
109 Solid State Sales 87 

G & G Radio Supply Company 86 
Space Electronics Corp. 83 

Goodheart Company, Inc., R.E. 85 108 Surplus Center 85 

Grantham School of Electronics 1 107 Tescom Corporation 83 

132 Greenlee Tool Co. 66 106 University Sound 71 

131 Gregory Electronics Corporation .... 88 Valparaiso Technical Institute 78 

CLASSIFIED ADVERTISING 85, 86, 87, 88, 89 
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Boy, do they. Stuff like HetroSync® 
Circuitry that substantially reduces spu- 
rious frequencies. 

A Pearce- Simpson exclusive. 
Our dual conversion superhet re- 

ceiver that pulls in signals where others 
fade. Nuvistor front end that gives you 
a very fine signal to noise ratio. The re- 
sult: the biggest ears in the industry. 

Automatic speech clipping by high 
level saturation limiting. Big, easy to read 
dual function S Meter and RF Output 
Meter. Illuminated channel selector. Mod- 
ulation indicator. Transistorized AC /DC 
power supply. Not to mention complete 
hand wired circuitry. 

But what really frosts them is how 
we put all of these goodies into a com- pact, 23- channel beauty like the Guard- ian- include crystals, microphone, power 
cords and mounting cradle -and beat the daylights out of their prices: 

Guardian 23 (which is both a mo- 
bile and base unit) with palm micro- 
phone, $269.90. Guardian 23B (base sta- tion with built -in preamp), $264.90. With Super Mod ceramic desk microphone, 
$279.90. 

Write us and we'll send you a spec sheet on the whole line. Pearce- Simpson 
Inc., P.O. Box 800, Biscayne Annex, Miami, 
Fia. 33152. Dept. EW -869 

Our competitors 
hate our guts. 

Pearce -Simpson 
A C ivision of 61.11/1/11116 
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E-V FOURA 
12" 3-way $199.95 

E-V FIVEC 
10" 2-way $99.95 

Any similarity between 
these four Electro Voice 
bookshelf speaker systems 
is strictly scientific! 

0 These four speaker systems share 
a surface beauty. But don't be mis- 

led. Underneath - where it counts - 
there are scores of important differences. 
There have to be. 

Because what's right for a small system 
may be all wrong for a big one. And what 
works well in a 2 -way system may be 

poison for a 3 -way. (Even a little change, 
like just l" more cabinet, can upset the 
design of every component inside.) 

Of course not everybody can afford 

E-V SEVENB 
8" 2-way $66.50 6" 2-way $47.00 

E-V EIGHTA 

to design every speaker in their line from 
scratch, the way Electro -Voice does. But 

then, not everybody has a scientific com- 

puter that pre -tests hundreds of ideas on 
paper to find the few good enough to 
build. 

And not everybody has a huge ane- 

choic chamber (like the one above) to 
prove the superiority of each design. Nor 
the staggering array of test equipment 
that goes with the chamber. Or - most 
important- the engineering talent and 

musical sensitivity to take full advantage 
of these unique laboratory facilities. 

When you select an E -V speaker sys- 

tem - regardless of size or price - you 
can be certain it truly represents the state 
of the art ...and good value to boot. 

Anything less would be a cop -out. 

But don't take our word for it. Listen. 
Compare. The difference you see and 
hear is what high fidelity is all about. 

ELECTRO- VOICE, INC., Dept. 894N, 

629 Cecil Street, Buchanan, Michigan 49107 

For name of nearest dealer, call TOLL -FREE: (800) 243 -0355 ANY HOUR, ANY DAY. 

In Connecticut call collect: 853 -3600 

FOR INFORMATION ON E -V PRODUCTS: 

Microphones 
CIRCLE NO. 111 ON READER SERVICE CARD 

PA Speakers/Accessories 
CIRCLE NO. 112 ON READER SERVICE CARD 

i 

Musician's speakers /microphones 
CIRCLE NO. 1.13 ON READER SERVICE CARD 

High Fidelity speakers /electronics 
CIRCLE NO. 114 ON READER SERVICE CARD 

ram, 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 
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