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Can a tough, 
little 
X49.20 

microphone 
make the 

big time? 

(91. 

A good little microphone, the E -V 
635A. But just how good? After 

all, it was intended to replace the "work- 
horse" Model 635 ... a dynamic micro- 
phone that had earned its title under 
fire in studios and on remotes all around 
the world. 

So when we introduced the 635A we 
put it to a critical test. A major recording 
studio was loaned a dozen 635A's and 
asked to test them. The engineers weren't 
told the price, but they got the idea that 
it was somewhere near $300.00. 

They were so delighted with the sound 

FOR INFORMATION 

Microphones 
CIRCLE NO. 111 ON READER SERVICE CARD 

PA Speakers /Accessories 
CIRCLE NO. 112 ON READER SERVICE CARD 

(A success story.) 

that they cut several big band recordings 
with nothing but 635A's. "Best $300.00 
microphone we've got." Then we told 
them the price. They were shocked. 
$49.20? They couldn't believe their ears. 

Meanwhile, 635A's were beginning to 
appear in force on music and variety 
shows on every TV network. Mostly hand 
held. Something to do with ruggedness 
and good balance... but mostly because 
of the sound. Especially during ultra - 
close miking. 

The rest is history. Radio and TV 
newsmen quickly adopted the 635A as 

ON E -V PRODUCTS: 

Musician's speakers /microphones 
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High Fidelity speakers /electronics 
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their new "workhorse ". After all, news 
only happens once, and the 635A was 
their best insurance against bad sound. 

To most professional sound engineers, 
the E -V 635A is already an old friend, al- 
though it's only been around since 1965. 

At the price, they can afford to use it 
almost everywhere. And they do. (We 
told you it was a success story.) 

ELECTRO-VOICE, INC., Dept. 101 N 

629 Cecil Street, Buchanan, Michigan 49107 

MODEL 635A Omnidirectional dynamic. Response 80- 13,000Hz. 
Output -55db. Balanced low impedance. Includes Model 310A 
stand clamp and lavalier neck cord. Fawn beige Micomatte finish. 

A SUBSIDIARY OF GULTON INDUSTRIES, INC. 



Grantham School of Engineering Ew -1a0 

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

Gentlemen: 

Please mail me your free Bulletin which explains how 
the Grantham home -study educational program can pre- 
pare me for my Associate in Science Degree in Elec- 
tronics Engineering. 

Name Age 

Address 

City State Zip 

Grantham School of Engineering 
has conferred on 

John Doe 
the degree of 

Associate in Science in Electronics Engineering 

with all the rights and pnvdeges 'hereunto appertaining_ In Witness thereof thw diploma duly signed 
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Grantham 
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School of Engineering 
Home Study Division 

1505 N. Western Ave. 

Hollywood, Calif. 90027 

Telephone: 

(213) 469 -7878 

Three Big Steps 
to Success... 
in 

ELECTRONICS 
ENGINEERING 

There they are - three big steps that lead electronics tech- 
nicians to greater success - three deliberate steps to greater 
recognition and more income. Your future is shaped by the 
moves you make - by the steps you take. Begin now with 
Step #1. 

STEP #1 is a simple request for full information on the 
Grantham Electronics Degree Program. You take this first 
step by filling out and mailing the coupon. Then, we mail 
our catalog to you; we do not send a salesman. 

STEP #2 is earning your Associate in Science Degree in 
Electronics Engineering (the ASEE). If you have completed 
at least one year of fulltime experience as a bona fide elec- 
tronics technician, you may earn your ASEE Degree almost 
entirely by correspondence - including a minimum resident 
attendance of only two weeks. 

STEP #3 is earning your Bachelor's Degree in Electronics 
Engineering. Upon earning your ASEE Degree you may 
have reached your objective. or you may wish to continue 
and earn your BSEE Degree. The Grantham BSEE Degree 
program is offered in evening classes in Hollywood, and is 

designed especially for employed engineering technicians 
who hold the ASEE Degree. 

Accreditation, and G.I. Bill Approval 
The Home Study Division of Grantham School of Engineer- 
ing is accredited by the Accrediting Commission of the 
National Home Study Council. Both the Home Study Divi- 
sion and the Resident Division are approved under the G.I. 
Bill, and both divisions are legally authorized to grant aca- 
demic degrees. 

The Home -Study Method 
Grantham School of Engineering is a specialized, college - 
level, educational institution- established in 1951 -which 
teaches engineering by the so- called "new approach." This 
is the method (often referred to by names such as "inde- 
pendent study ") that has recently created great interest 
among college educators. Actually, this "new approach" is 

not new at all. Grantham and many other good schools have 
been using it for years, under such names as "home study" 
and "correspondence instruction." 

Now that the method has become "respectable" and is being 
used by reputable colleges to lead to bachelor's degrees, 
Grantham can offer electronics technicians the opportunity 
to study for an accredited ASEE Degree mostly by corre- 
spondence. As a technician, you already know the "hard- 
ware" side of electronics, and you can upgrade from tech- 
nician to engineer while you continue your employment as 
a technician. Get complete details. Mail the coupon for our 
free bulletin. 
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.MALLORY/ DU R AT A P E0 
INSTANT LOADING TAPE CARTRIDGE 

The sensibly priced tape cassette 
...from MALLORY. 

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

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

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

MALLORY 

Batteries Capacitors 

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

Our DURATAPE Cassettes are tough but we put them 
in unbreakable, easy -to -stack containers just for extra 
protection. Like in the rain or through the mail. 

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

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

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY & CO. INC. 
Box 1668, Indianapolis. Indiana 48208; Telephone: 317 -0386363 

Cassette Tapes Controls Resistors Semiconductors Sonalert® Switches Timers Vibrators ICs 
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THIS MONTH'S COVER 
shows a grouping of small, 
portable color -TV sets in a 

holiday -gift setting. Tied in 
with this illustration is our 
2 -page chart directory on 
the new 1970 color -TV chas- 
sis along with their features 
and specifications. The re- 
ceiver at the left is the 11- 
in Magnavox Model 6104, 
priced at around $260. At 
the top is a prototype of the 
new, all- solid -state 9 -in Pan- 
asonic portable Model CT- 
991P, expected to sell for 
around $330. The set at the 
right is the General Electric 
Model WM229HWD, a 10 -in 
portable that sellsforaround 
$220. We have simulated 
the color -TV pictures on 
these receivers with photos 
from the Swiss National 
Tourist Office. Cover pho- 
tograph by Dirone -Denner. 
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NEW 
HOLLOW 
SHAFT 

nuidriver set 
with locknul/Screw 

adjusting feature 

Speeds, simplifies setting of combination lock - 
nut /slotted screw adjustments on rheostats and 
similar controls used in a wide variety of elec- 
trical and electronic equipment. 

Handle is drilled so you can run an 8" screw- 
driver blade right through its center and down 
through the hollow nutdriver shaft. 

Ideal for all- around production, maintenance, 
and service work, this new HSC -1 Set contains 
eight interchangeable hollow nutdriver shafts in 
the most popuar hex opening sizes from 3/16" 
thru 9/16 ". 

Really compact! Set 
is small enough, 

light enough to carry 
in your hip pocket. 

Sturdy, see -thru, 
plastic carrying case 

doubles as a bench stand. 

WRITE FOR BULLETIN N867 

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

MONTH 
SPECIAL FEATURE ARTICLES: 

EIfc1:Ivlll(s "()Iid 

4- CHANNEL STEREO 
There is tremendous excitement within the hi -fi industry regarding 4- channel stereo 
reproduction -the new "surround sound." It started not too long ago in Boston and was 
also in evidence at the Los Angeles Hi -Fi Show. Since then, we've had 4- channel FM 
broadcasts in Boston and, more recently, in New York. Electronics World will bring you 
several articles on this subject including a discussion of recording techniques (there are 
different opinions of which is best). We'll also cover proper speaker placement in the home 
and the psychological effects of 4- channel stereo. Noted authorities like Bob Berkovitz 
(Acoustic Research) and Russ Molloy (Telex -Magnecord- Viking) will give us their views. 

ELECTRONICS & THE HEART 

Fred Holder (Bendix Field Eng. Corp.) 
will discuss the various electronic de- 
velopments in equipment and systems 
now being used for prolonging the life 
of heart patients. Great efforts are being 
made in this field and there are many 
exciting new electronic developments. 

COLOR TV FOR 1970 
The first of a 2 -part series by Forest 
Belt covers most of the new circuits that 
have made their debut in the 1970 line 
of color -TV receivers. 

DESIGN & CONSTRUCTION OF 
REGULATED POWER SUPPLIES 

Design considerations and general con- 
struction hints for a very stable, inex- 
pensive, regulated power supply. In ad- 
dition, the article specifically details a 
20 -volt, 1.5- ampere regulated supply 
with better than 1% regulation. 

ELECTRONIC DICE 

Design and construction of an electronic 
die used in games of chance. A novel 
approach by R. W. Fox of GE Semi- 
conductor Products Div. 
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Shocked? Don't be. Does this man look like a criminal? 
He's not. This man is in the business of preventing crime. (One of the 
fastest growing industries today.) He's a Radar Sentry Alarm dealer repre- 
sentative. 
What could this possibly mean to you? Perhaps nothing. On the other 
hand, ii could change your entire life. 
As a Radar representative, you could make $1,200 a month if you sold 
only one system each week. Most of our dealers make much more. Two 
sales a week would net you $28,000 a year; five a week, $46,000 a year. 
We make the finest solid state microwave burglar alarm system available; 
one that's easy to install and easy to service ...for both home & business. 
We're presently expanding our organization of dealer representatives. We'll 
train you, provide you with leads and offer continuing counsel. You can 
operate full-time or part -time. Later, you may want to expand and orga- 
nize your own sales staff. 
But for now, let's get better acquainted. Fill out the coupon. In a few days, 
you'll receive complete details about how you can live a life of crime -and 
make it pay, handsomely. 

Radar 
Sentry Alarm. 
The Crimebuster. 
RADAR DEVICES MFG. CORP. 
22003 Harper Ave., St. Clair Shores, Michigan 48080 
Rush me RSA Distributor Info. 
I understand there is no obligation. 

Name 
Address 
City State Zip 

EW- I 

L 

Live a life of crime, 
honestly. 
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LAB TESTED 

HI-FI PRODUCT 
PEPUR'l' 
TESTED BY HIRSCH -HOUCK LABS 

Kenwood KT -7000 AM /Stereo -FM Tuner 
Scott S -15 Speaker System 

Kenwood KT -7000 AM /Stereo -FM Tuner 
For copy of manufactu,er's brochure, circle No. I on Reader Scrrice Card. 

,411116MEMOlibitgam4etu, aee,w.,, 

THE Kenwood KT -7000 AM /stereo- 
FM tuner matches the company's 

KA -6000 amplifier in styling and size. 
Its numerous circuit refinements help 
establish the KT -7000 in the top echelon 
of tuners. For example, the FM front 
end has two FET r.f. amplifiers, with 
three tuned circuits preceding the FET 
mixer. As a result, the KT -7000 is highly 
resistant to overload from strong local 
stations and from cross -modulation ef- 
fects. The i.f_ amplifier, with four in- 
tegrated circuits (IC's), also has two 
crystal -filter stages replacing the usual 
i.f. transformers. These filters give the 
KT -7000 an almost ideal bandpass char- 
acteristic, with outstanding rejection of 
adjacent- and alternate- channel signals. 
Most i.f. alignment requirements are 
eliminated, and other secondary benefits 
include a linear phase characteristic that 
shows up in the form of very uniform 
stereo separation over the full audio 
range. 

The ratio- detector output goes to a 
conventional multiplex demodulator. in 
which the 38 -kHz subcarrier is recon- 
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stituted by frequency doubling of the 
19 -kHz pilot carrier. The KT -7000 has 
interstation -noise muting and automatic 
stereo switching on FNI using some 
moderately complex circuitry. We noted 
from the schematic diagram that some 
nine transistors and a number of diodes 
are employed for these functions. The 
left - and right -channel audio signals 
from the multiplex circuit go to individ- 
ual three -stage audio amplifiers with 
low- impedance emitter -follower out- 
puts. Within the audio amplifiers are the 
38 -kHz traps that effectively eliminate 
ultrasonic components from the outputs. 
thus preventing "birdies" when tape re- 
cording from FM broadcasts. 

The audio outputs are normally taken 
through a six- position step attenuator, 
which matches the tuner level to the 
requirements of the associated amplifier 
and speaker systems. A second pair of 
outputs is then taken off ahead of the 
attenuator for feeding a tape recorder. 
There is also a mono output that is con- 
nected to the input of the multiplex sec- 
tion. 

35. 
20 50 100 200 500 1k 

FREQUENCY -H: 
2k 5k 10k 20k 

The Kenwood KT -7000 has a hand- 
some appearance. It has a gold -colored 
front panel with a brushed -satin finish, 
an edge -lighted slide -rule dial (which is 
opaque with power off) , and fluted con- 
trol knobs. The tuning knob, which is 
larger than the others, has a peculiar 
"rubbery" feel. However, the tuning is 
unusually smooth and noncritical, prob- 
ably because of the "flat- topped" i.f.- 
response characteristic. 

There are two meters, a signal -level 
indicator for FM and A \I. and a zero - 
center tuning meter for F \I with a red 
stereo- indicator lamp at its center. We 
found this to be most convenient, since 
there is a tendency to watch the pointer 
while tuning a station and one's eyes 

10 

AUDIO OUTPUT 

IL ii 
114Illi' I 

1111109[1111111d11 
_. 

Ëllifii 

1:111i1 

'.?!I°:II 

, 
} 

........., =--.: 
"1 MODA nT0100 H T ION,N016E I+UM RE: IOO 

2 5 10 20 50 100 200 501 100 
INPUT -MICROVOLTS 

need not move from that spot to deter- 
mine the presence of stereo. 

The A \I tuner, which we did not test 
except by listening, appears to be quite 
conventional. It has a ferrite -rod anten- 
na- tuned r.f. stage, separate mixer and 
oscillator stages. two i.f. amplifiers, and 
a diode detector. However, there is evi- 
dently more to it than appears on the 
surface. since it is one of the best sound- 
ing AM tuners we have heard in years. 

The control lineup, in addition to the 
tuning knob and node selector, includes 
a combined power and FM inter 

muting switch and the output at- 
tenuator. The latter, we feel, could just 
as well have been located in the rear, 
since it is unlikely to be used once it is 
correctly set. Two blue pilot lamps on 
the front panel indicate the use of mut- 
ing and the multiplex filter. The filter 

(Continued on page 58) 

CIRCLE NO. 128 ON READER SERVICE CARD-* 



JFD is ready!... 20 million homes are ready!,. 
Get ready, , ,get set...go with new 

Home Entertainment JFDR Program Center Kits 

nl 

* Provide up to 4 TV sets with different programs - 
from 1 antenna. 

* Beautifully packaged in full -color carry -home display 
carton. 

* Distribution amplifier powerful enough to drive 
up to 12 sets - with additional splitters. 
Whether you install it yourself or sell it over -the -counter, 
the unique JFD Home Entertainment Program Center Kit 
gets you in on the ground floor of a lucrative new untapped 
market - 20 million households with two or more sets that 
can use a distribution system. 

r 

D 
Program 
Center 
Kit 

V,,ets 
nt@nr,a 

,. 

Make every home an 
entertainment center! 
housands of 
ld home owners, 
ew home owners, 
ontractors, and 
uilders in your area 

are ready -to -buy 
prospects for (4) 
JFD Program 
Ce ter Kit 

asy ó sell! 
Easy to install! 

EE YOUR DISTRIBUTOR 

R WRITE FOR OUR PROM DTION KIT 

JFD ELECTRONICS CORP. 
18 AVENUE AT 82 STREET, BROOKLYN, NEW YORK 11219 

JFO INTERNATIONAL, 2200 SHAMES GRIVE, WESTBURY, N.Y. 11590 / JFO CANADA LTG., ONTARIO, CANADA 
JFD DE VENEZUELA, S. A.. AVENIOA LOS RATICOS 126 -97; MARACAIBO, VENEZUELA p 1969 JFD 



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

Some NRI firsts in training equipment 

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

a 

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

ELECTRONICS WORLD 



NRI's "discovery" method is the result of over 
half a century of leadership simplifying 
and dramatizing training at home 
The FIRSTS described below are typical of NRI's half century of leadership in Electronics home 
training. When you enroll as an NRI student, you can be sure of gaining the in- demand technical 
knowledge and the priceless confidence of "hands -on" experience sought by employers in 

Communications, Television -Radio Servicing and Industrial and Military Electronics. Everything about 
NRI training is designed for your education ... from the much- copied, educator -acclaimed 
Achievement Kit sent the day you enroll, to "bite- size" well -illustrated, easy to read texts programmed 
with designed- for -learning training equipment. 

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK 
There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in 

spare time, have a business of your own or qualify quickly for career positions in business, industry, 
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you 

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

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

the new NRI Catalog. Mail postage -free card today. No salesman is going to call. 
NATIONAL RADIO INSTITUTE, Washington, D.C. 20016 

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

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

designed from chassis up for your education 

I òt 
to give you true -to -life experiences as a 

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

January, 1970 

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

if Increase Gas Mileage 

Reduce Engine Main- 
V tenance 

Instant Starting in All 
Climates 

eav CAPACITIVE 
DISCHARGE 

IGNITION 
SYSTEM 

Order 
Today! 

ONLY 

$7ß.05 

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! 

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

E-1 

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

Name 

Address 

City /State Zip 
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LETTERS 
FROM OUR 

READERS 

WEATHER- BUREAU BROADCASTS 
To the Editors: 

I have been listening to the official 
U.S. Weather Bureau radio broadcasts 
in the New York City area for some time. 
These are FM broadcasts on the v.h.f. 
frequency of 162.55 MHz. The reports 
are very detailed and they are updated 
every few hours, so that I consider them 
a very useful service. Since I am moving 
to San Francisco shortly, will I be able 
to continue to receive the local forecasts 
for that city on this special weather fre- 
quency? 

JOHN STEINER 
Bellerose, N. Y. 

In 1967 there were only four Weath- 
er- Bureau stations operating on 162.55 
MHz. Now, however, this service has 
been expanded to the following nineteen 
cities, with more to be added in the fu- 
ture: New York, Chicago, Los Angeles, 
San Francisco, Honolulu, Kansas City, 
Washington, Boston, New Orleans, Lake 
Charles, Baton Rouge, Corpus Christi, 
Galveston, Norfolk, Atlantic City, Jack- 
sonville, Tampa- Clearwater, and Miami. 
So you will be able to continue to receive 
the local broadcasts on your v.h.f FM 
receiver. -Editors 

* * * 

ELECTRONIC IGNITION SYSTEM 
To the Editors: 

I have read with great interest Herb 
Keroes' recent article in the July ELEC- 
TRONICS WORLD entitled "High -Q In- 
ductive Electronic Ignition System." It 
is refreshing to see a different approach 
to an old problem. 

However, I question what I consider 
an omission from the article. You make 
mention of comparisons of the high -"Q" 
system with what you choose to call a 
"conventional" electronic system. Fur- 
ther, you define the "conventional" elec- 
tronic system as one which uses only 
solid -state switching between the dis- 

. tributor points and the coil. 
But what about the capacitive -dis- 

charge system? How does the high -"Q" 
inductive system compare with a capaci- 
tive- discharge system which is infinitely 
better than the simple "conventional" 
switching system? 

EUGENE A. WILLIE, Chief Engineer 
Voice of America Hue Relay Station 
Hue, Vietnam 

Our author lias not made any direct 
comparisons with C -D systems. How- 
ever, from the experiences of others, he 
feels that his own system should give 
better performance at high speeds due 
to the greater energy content of the fir- 
ing prrls produced.- Editors 

* * 

PRINTED CIRCUIT SECTION 
To the Editors: 

I must, in all sincerity, extend my 
kudos for the marvelous Special Section 
on "Printed Circuits" in October's ELEC- 
TRONICS WORLD. It was profound, to 
say the least. 

After 38 years of serving the public 
in the consumer electronics line, from 
pocket radios to CB, car stereo, and 
amateur equipment, I shut down oper- 
ations to return to school. I am taking 
an engineering drafting course lasting 
one year, with intent to branch out into 
printed -circuit drafting. I have been 
studying two years. 

My library on the subject is now ap- 
proaching 3000 pages, and the cost is 
near $200, but you and your staff have 
edited almost all of this information 
down to 24 pages of ELECTRONICS 
WORLD. 

JOSEPH T. BECK 
Beck Radio Service 
Tampa, Fla. 

MULTICHANNEL RECORDING 

To the Editors: 
Ron Wickersham's article, "Multi- 

channel Recording for Creating the 
`New Sound' " in the Sept., 1969 issue, 
gives an insight into the technical con- 
siderations involved in 16 -track record- 
ing. However, the failure to explain the 
Ampex sel -sync system, which makes 
the new multichannel recording tech- 
niques possible, leaves a reader without 
prior knowledge of multitrack recording 
techniques in the dark. 

With a conventional three -head re- 
corder, putting additional music on a 
second track while listening to a first 
track has one serious drawback. Since 
the playback head is a few inches away 
from the record head, the material re- 
corded on the second track, when 
played back, will be heard a short time 
after the material on the first track. 
Thus, the two tracks are not in syn- 
chronization. 

ELECTRONICS WORLD 



In simple terms, sel -sync (for selec- 
tive .synchronization) utilizes the record 
head to play back the previously re- 
corded tracks. The performer monitors 
this playback, and records additional 
tracks using the same head stack as he 
is monitoring from. Thus, all tracks are 
in synchronization. 
HOWARD G. MULLINACK, Chief Engineer 
WNEU, Northeastern Univ. 
Boston, Mass. 

.. 

MEDICAL ELECTRONICS SERVICING 

To the Editors: 
Please accept my congratulations on 

your article, "Medical Electronics Ser- 
vicing" by John Frye in the October 
issue of ELECTRONICS WORLD. It was a 
welcome change for me to read an arti- 
cle of this type in your magazine. You 
were very clear in explaining some of 
the specialized equipment not familiar 
to other readers, and the fact that one 
must be prepared to work long hours 
and take care of the equipment when it 
fails. 

I can assure you that some of the 
problems encountered are not quite so 
obvious as those found in industrial 
equipment, and that a good background 
in theory is essential. 

I hope this article will draw some 
good technicians to the medical field 
who swill be needed to repair and service 
everything from a computer to a heart - 
lung machine. 

JOSEPH LEWANDOwSKI 
Presbyterian -University of Pa. 

Medical Center 
Philadelphia, Pa. 

HOMEMADE BATTERY 
To the Editors: 

In your No\ ember, 1968 issue of 
ELECTRONICS WORLD there appeared an 
article on the silver chloride- magnesium 
battery. 

After re- reading your very interesting 
article, I, with the help of my high 
school ( Beecher City Comm.) chemis- 
try teacher, constructed a one -cell bat- 
tery. We boiled down a precipitate 
which yielded an AgC1 electrode, and 
used a magnesium strip for the other 
electrode, placing both in a salt -water 
electrolyte. Using a v.o.m., we read a 
maximum of 1.75 volts. This voltage 
plus several outstanding characteristics 
impressed many of the students; how- 
ever, to my dismay, I found one bad 
trait. I used alligator clips, of unknown 
composition, which were hooked to the 
electrodes, then to the meter. The clip 
hooked on the AgCI electrode was in- 
volved in the reaction, and within 12 
hours, it crumbled like a cracker. 

NEAL HELNIBACIIER 
Shumway, Ill. 

Obviously, the battery manufacturer 
uses terminals made of different materi- 
al.- Editors A 
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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. 

. plus 
the new 

FIELD EFFECT 

TRANSISTORS 
too! 

LARGE 6" METER 

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 lobo leakage. FETs 
are checked for transconductance and lgss leakage. only $12950 

NEW SENCORE TF17 compact in and out of circuit 

transistor FET tester. Same as TF151 except in new 

Sencore Nandi case and with 4-1/2" meter. . .$109.50 

NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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Announcing the NEW STANDARD in Stereo Testing! 

The most complete... most so 
Test Disc available today... 

Who Needs the 
New Model SR12 ? 

If you've read this far, 
you do. Whether you're 
an avid audiophile 
who'll settle for nothing 
but peak performance 
from his stereo com- 
ponents . a casual 
listener who'd like more 
insight into the chal- 
lenging world of stereo 
reproduction ... or a 
professional technician 
who needs precise 
standards for lab test- 
ing ... the new MODEL 
SR12 will be the most 
important disc in your 
entire collection. 

histicated ... most versatile 

ti(t914 titra it!, 

STEREO TES i 
RECORD 

MODEL SR 12 

FOR HOME AND LABORATORY USE 

A M 
FO 

TOOL 

R SETTING UP. DJUSTING. AND 

EVALUATING STEREO SYSTEMS 

Like its predecessor Model 211, 
MODEL SR12 has been pro- 
duced by Stereo Review Maga- 
zine (formerly HiFi /Stereo Re- 
view) as a labor of love - by 
music lovers ... for music lovers 
who want immediate answers to 
questions about the perform- 
ance of their stereo systems and 
how to get the best possible 
sound reproduction. 
Now greatly expanded and up- 
dated with the most modern 
engineering techniques, MODEL 
SR12 is the most complete test 
record of its kind - containing 
the widest range of checks ever 
included on one test disc. An 
ear -opener for every serious 
listener! 

Frequency response -a direct warble -tone check of nineteen 
sections of the frequency spectrum, from 20 to 20,840 Hz, which 
will pinpoint any frequency response defects in your system. 

Separation -an ingenious test which Indicates whether you have 
adequate separation for good stereo. 

Cartridge tracking -the most sophisticated tests ever devised for checking the performance of your cartridge, stylus and 
tone arm. 

Channel balance -two broad -band, random -noise signals which 
permit you to eliminate any imbalances originating in cartridge, 
amplifier, speakers or room acoustics. 

Hum and rumble -foolproof tests that help you evaluate the 
actual audible levels of rumble and hum in your system. 

Flutter -a sensitive "musical" test to check whether your turn- 
table's flutter is low, moderate, or high. 

PLUS! Cartridge and Speaker Phasing 
Skating Adjustment "Gun Shot Test" for Stereo 
Multi- purpose Musician's "A" Equal- tempered 
Octave Guitar -tuning Tones. 

Anti - 

Spread 

Chromatic 

Consider the hundreds -even thousands -you've spent on your set- 
up and you'll agree $4.98 is a small price to pay for the most valuable 
performance tool ever made. So to be sure your order is promptly 
filled from the supply available, mail the coupon at right with your 
remittance ... today! 
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Attention professionals: Stereo Review's new Model SR12 Stereo Test 
Record is also designed to be used as a highly efficient design and 
measurement tool. In the following tests, recorded levels, frequencies, 
etc. have been controlled to laboratory tolerances- affording accurate 
numerical evaluation when used with oscilloscope, chart recorder, out- 
put meter, intermodulation -distortion meter and flutter meter. 

1,000 -Hz square waves to test transient and high- frequency response 
of phono pickups. 
500 to 20,000 Hz frequency- response sweep. 
Sine -wave tone -bursts to test transient response of pickup. 
Intermodulation test using simultaneous 400 -Hz and 4,000 -Hz signals. 
Intermodulation sweep to show distortion caused by excessive res- 
onances in tone arm and cartridge. 
1,000 -Hz reference tones to determine groove velocity. 
3,000 -Hz tone for flutter and speed tests. 

Sample waveforms -illustrating both accurate and faulty responses are 
provided in the Instruction Manual for comparison with the patterns 
appearing on your own oscilloscope screen. 

Nothing is left to chance . . . or misinterpretation. Every segment of 
every band is fully, clearly, graphically explained. You'll know exactly 
what responses to listen for in each test. Which 'sounds and patterns 
Indicate accurate performance ... which ones spell trouble ... as well 
as the cause of trouble and precise corrective measures to follow 
and help you pinpoint, analyze and cure your stereo headaches! 

Records Ziff Davis Service Division 
595 Broadway New York, N.Y. 10012 
Please send test records at $4.98 each, postpaid. 
My check (or money order) for $ is enclosed. 
(Outside U.S.A. please send $7.00 per record ordered.) N. Y. State resi- 
dents please add local sales tax. 

EW-1-70 

Print Name 

Address 

City 

State Zip 

PAYMENT MUST BE ENCLOSED WITH ORDER 
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ßadioPTeievisí 
By FOREST H. BELT /Contributing Editor 

Another Political Fire to Quench 

It's enough to make a TV manufacturer paranoiac. An alarm is ringing in newspapers for an end to 

"fires" in television receivers. The fact that the incidence of fires in TV receivers is only a few thousandths 

of a percent hasn't been stressed. One story said 10 deaths were attributed to TV- caused fires. It didn't 
mention that there are now 85 million sets in use. The source of the stories is a report of the National 
Product Safety Commission. 

Television producers are acting predictably, with worry and haste, mindful of the long- drawn -out ad- 

verse publicity over color -TV x -rays. The news began hitting the newspapers just as dealers were girding 
for a hopeful push toward high Christmas sales. We don't know the results at press time, but you can bet 

the fire -scare noise is drowning out some well -planned sales pitches. With 80 million automobiles, we have 

50,000 -plus auto deaths a year. Someone seems to be scratching pretty deep to find some issue to hit the 

TV industry with. 

Trends in Factory -Owned Service 

RCA unabashedly set up RCA Service Co. years ago. It touched off plenty of objection by independent 

service dealers especially those who sold and serviced RCA. But the cries were ineffective if not unheed- 

ed. It has become a giant, and competes with independent service in most cities. General Electric has fac- 

tory -owned repair stations. Admiral has a regional operation. A non -manufacturer, Sears- Roebuck, has 

one of the nation's most extensive "captive" service operations. Others exist, but with less fanfare. Still 

other manufacturers have tried it and given up. 
Latest to capture notice is Sylvania. It bought Philadelphia's largest TV shop, Alert TV. This adds to 

other scattered Sylvania -owned service companies. There's no overt trend, but signs suggest this may 

spread nationwide. If it does, or even spreads noticeably, there'll be strong objections from independent 

service organizations. 
Are objections entirely fair? Of course, there is a solid nucleus of businessmen /technicians around 

the country who own and operate competent, solvent shops. However, thousands in the servicing industry 
won't spend money on technical training, won't spend time on training even when it's free, won't give more 

than passing thought to learning business management, won't join an association, won't admit that many 

problems are of their own making so they can set about correcting them. Manufacturer spokesmen that 

we have talked with recently seem short of patience with this particular type of individual, and rightly so. 

Indeed, why shouldn't manufacturers develop their own service organizations? Programs sponsored by 

service associations both local and national, aided often by manufacturers, are helpful. But they aren't 
extensive enough to lick the big problem. And they don't have any more luck attracting those thousands 
who "won't" than schools or manufacturers do. So, energy spent battling a trend toward factory -owned 

service shops is energy wasted. And perhaps unwisely, to boot. 

X -Ray Filter Glass for CRT 

A special glass formula using strontium carbonate will go into faceplates of many 1970 color picture 

tubes. The reason: to absorb even better any x -rays that might be released by the CRT beams bombarding 
the color phosphors. The new glass has an absorption coefficient up to five times as effective as the glass 

used in most present tubes. 
RCA is the only CRT- producer we've heard of so far that will have the new glass right away, but others 

are sure to follow. Early in 1970, RCA color picture tubes are expected to include x -ray shielding in the 

bell, too. That should lay to rest another of the worries of consumers who believed all that x -ray scare 

publicity. 

Christmas Color Fraud 

Newest gimmick figured out by the cheats, frauds, and gyps is the false -face color -TV. It's merely a 

cheap black- and -white set that's been doctored a little. First, a plastic sheet with three strips of color is 

pasted over the screen. Then, little rainbow- colored decals are pasted beside a couple of knobs. Then the 
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chassis is stamped "color filter installed." Finally, a large rainbow is glued on the carton. Lo and behold: 
a name -brand TV set ready to be peddled to some unsuspecting buyer as a color set. The bait, of course, 
is a real "bargain" color -set price -usually two or three times the true selling price of the undoctored set. 
This fraud was reported in New York City early in the Christmas selling season. It popped up in a few 
other cities, too. 

Are Parts Available or Not? 

Judging from complaints by technicians at a recent national service conference, they are not. Yet, more 
than one manufacturer's man there insisted there's no problem. We decided to spot -check on our own. Cer- 
tain specific parts for major color brands were requested at the local distributor for those sets. In every 
case. at least one part was not in stock and would not be available for a week to three weeks. 

In one instance, a part was not available anywhere in the surrounding region, even from the company's 
own service organization. Twice we were told the part "doesn't ever go bad" and so is never stocked. The 
part requested actually was bad, in a set received dead -on- arrival in its carton. 

We hear that some set -makers are making special efforts to combat this "nonexistent" problem. Good. 
But we suggest this, from our own observations: (1) Don't pretend to service -industry leaders that the 
problem doesn't exist; they know better. (2) Distributors shouldn't base their parts stock entirely on 
what's popular; that's unfair to the customer who buys other brands, and to the technician who is unfor- 
tunate enough to have to service them. 

Another VTR Approach 

Periodically. there's another announcement of some method for home video recording. Now it's two 
Japanese companies. Their timing follows closely the announcement last month of RCA's holographic 
video recordings. 

First, Sony tells about a machine that plays a cassette that has in it about 90 minutes worth of video - 
and- sound -recorded 34 -inch magnetic tape. The advantage is low cost : under $500 for the player and $20 
for blank cassettes. An off -air recording attachment makes the unit sell for $100 more. Shortly after, Mat- 
sushita (Panasonic) displayed a prototype of a similar video -cassette player at a convention of the Na- 
tional Association of Educational Broadcasters. 

The odd thing about all these announcements, including the RCA and the earlier CBS /Motorola EVR 
announcements, is this: None of these companies can yet deliver a working unit to the market. All await 
further development, and you won't see some of them for sale until 1971 or 1972. Jumping the gun with 
announcements seems to be a fad in video recording. 

Crystal- Gazing the Decade 

At the start of every year, writers- especially of news columns -are afflicted with a passion to predict. 
They. and their readers, get caught up in a concern for what the ensuing year is to bring. It's seldom they 
get the opportunity to anticipate a whole decade 1 after all, how often does one begin?). But here it is, the 
start of the 1970's, and we just must have our brief stint of forecasting. 

It's late 1979. Color -TV dominates home entertainment. But much of it's packaged differently. You buy 
color -video cartridges and play "canned" programs that suit just your taste. Sports, humor, musicals, 
variety. There are also plenty of programs on air and cable. but you can buy and play the special -interest 
stuff you want. Pay -TV is passé, having survived the fad years but making no big or lasting impact. 

The most exciting television is cultural and educational. Instruction techniques unpracticed 10 years 
earlier make learning from TV efficient and even a pleasure. The best of art and science blend in a cultural 
renaissance that's free to anyone. Color -TV is the purveying medium, mainly through our national satel- 
lite and its worldwide hookup. 

There's plenty of hardware. Of nearly 100 million TV sets, 80 million are color. Tape machines. mostly 
cassette, play much of the music. Yet, disc records are still around; 3 million players are sold each year. 
FM radio has swept the country; AM stations are dwindling. There's no such thing as an AM -only 
portable. 

Prices are hard to compare with those of 10 years ago. Business downturns in the first years of the 
decade bounced values around a lot. The economy is more level now, and people can afford some home 
electronics as never before. 

That's only a brief picture, but an educated one. (There's an extended forecast on page 25, telling 
what the whole TV industry will be like 20 years from now.) 
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Johnsen Messenger 125 $9995 

Only the famous Johnson "talk- power" is big as ever on Johnson's 
radically new Messenger 125! Virtually every vehicle on the road, 

including the 1969 and 1970 models, can easily accommodate this 
versatile new radio. Its far -ahead features make operation extremely 
simple and enjoyable. Best of all, we sliced the most out of the 
price! 

Features 
5 push button channels -ro knobs slide -lever vol. and squelch 
World's smallest panel configuration -1 16" by 41%2 ", just 7" deep 
4 watts output at 13.8 VDC Accessories for portable use 

CIRCLE 

E. F. JOHNSON CO. 
WASECA, MINNESOTA 56093 
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Better than 
9 out of 10 
CIE their, "tickets, 

the very first time they try 
(NATIONAL 

urOF3) 44 ' 

1. 

Cleveland Institute of Electronics 

of success in obtaining a 
Government FCC License 

The Cleveland Institute of Electronics hereby warrants that 
upon completion of the Electronics Technology, Broadcast 
Engineering, of First -Class FCC License course, you will be 
able to pass the FCC examination for a First Class Com- 
mercial RadioTeIephone _License(with Radar Endorsement) ; 

OR upon completion of the Electronic Communications 
course you will be able to pass the FCC examination foi a 
Second Class Commercial Radio Telephone License; 

AND in the event that you are unable tapass the FCC test 
for the course you select, on the very =first try, you will re- 
ceive a FULL REFUND of all tuition payments. 

This warranty is valid for the entire period of the com- 
pletion time allowed for the course selected. 
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You can earn more money 
if you g et an FCC License 
...and here's our famous CIE warranty that 
you will get your license if you study with us at home 

NOT SATISFIED with your present income? 
The most practical thing you can do 

about it is "bone up" on your electronics, 
pass the FCC exam, and get your Govern- 
ment license. 

The demand for licensed men is enor- 
mous. Ten years ago there were about 
100,000 licensed communications stations, 
including those for police and fire depart- 
ments, airlines, the merchant marine, pipe- 
lines, telephone companies, taxicabs, rail- 
roads, trucking firms, delivery services, and 
so on. 

Today there are over a million such sta- 
tions on the air, and the number is growing 
constantly. And according to Federal law, 
no one is permitted to operate or service 
such equipment without a Commercial FCC 
License or without being under the direct 
supervision of a licensed operator. 

This has resulted in a gold mine of new 
business for licensed service technicians. A 
typical mobile radio service contract pays 
an average of about $100 a month. It's pos- 
sible for one trained technician to maintain 
eight to ten such mobile systems. Some men 
cover as many as fifteen systems, each with 
perhaps a dozen units. 

Coming Impact of UHF 
This demand for licensed operators and serv- 
ice technicians will be boosted again in the 
next 5 years by the mushrooming of UHF 
television. To the 500 or so VHF television 
stations now in operation, several times that 
many UHF stations may be added by the 
licensing of UHF channels and the sale of 
10 million all- channel sets per year. 

Opportunities in Plants 

And there are other exciting opportunities 
in aerospace industries, electronics manufac- 
turers, telephone companies, and plants op- 
erated by electronic automation. Inside in- 
dustrial plants like these, it's the licensed 
technician who is always considered first for 
promotion and in -plant training programs. 
The reason is simple. Passing the Federal 
government's FCC exam and getting your 
license is widely accepted proof that you 
know the fundamentals of electronics. 

So why doesn't everybody who "tinkers" 
with electronic components get an FCC Li- 
cense and start cleaning up? 

The answer: it's not that simple. The gov- 
ernment's licensing exam is tough. In fact, 
an average of two out of every three men 
who take the FCC exam fail. 

There is one way, however, of being pretty 
certain that you will pass the FCC exam. And 
that is to take one of the FCC home study 
courses offered by the Cleveland Institute 
of Electronics. 

CIE courses are so effective that better 
than 9 out of every 10 CIE -trained graduates 
who take the exam pass it. That's why we can 
afford to back our courses with the iron -clad 
Warranty shown on the facing page: you get 
your FCC License or your money back. 

There's a reason for this remarkable rec- 
ord. From the beginning, CIE has specialized 
in electronics courses designed for home 
study. We have developed techniques that 
make learning at home easy, even if you've 
had trouble studying before. 

In a Class by Yourself 

Your CIE instructor gives his undivided per- 
sonal attention to the lessons and questions 
you send in. It's like being the only student 
in his "class." He not only grades your work, 
he analyzes it. Even your correct answers 
can reveal misunderstandings he will help 
you clear up. And he mails back his correc- 
tions and comments the same day he re- 
ceives your assignment, so you can read his 
notations while everything is still fresh in 
your mind. 

It Really Works 

Our files are crammed with success stories 
of men whose CIE training has gained them 
their FCC "tickets" and admission to a higher 
income bracket. 

Mark Newland of Santa Maria, Calif., 
boosted his earnings by $120 a month after 
getting his FCC License. He says: "Of 11 

different correspondence courses I've taken, 
CIE's was the best prepared, most interest- 
ing, and easiest to understand." 

Once he could show his FCC License, CIE 
graduate Calvin Smith of Salinas, California, 
landed the mobile phone job he'd been after 
for over a year. 

Mail Card for Two Free Books 

Want to know more? The postpaid reply card 
bound -in here will bring you free copies of 
our school catalog describing opportunities 
in electronics, our teaching methods, and our 
courses, together with our special booklet, 
"How to Get a Commercial FCC License." 
If card has been removed, just mail the cou- 
pon at right. 

2 NEW 
CIE CAREER 

COURSES 

1. BROADCAST (Radio and TV) ENGINEERING...now includes 
Video Systems, Monitors, FM Stereo Multiplex, Color Trans- 
mitter Operation and CAN. 

2. ELECTRONICS ENGINEERING...covers steady -state and tran- 
sient network theory, solid state physics and circuitry, pulse 
techniques, computer logic and mathematics through calculus. 
A college -level course for men already working in Electronics. 

.:r 
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Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
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THESE CIE MEN PASSED THE FCC 

LICENSE EXAM ... NOW THEY 
HAVE GOOD JOBS 

Matt Stuczynski, 
Senior Transmitter 
Operator. Radio 
Station WBOE 

"I give Cleveland In- 
stitute credit for my 
First Class Commercial 
FCC License. Even 
though I had only six 
weeks of high school 
algebra, CIE's AUTO - 
PROGRAMMED@ lessons make elec- 
tronics theory and fundamentals easy. I 
now have a good job in studio operation, 
transmitting, proof of performance, equip- 
ment servicing. Believe me, CIE lives up 
to its promises." 

Chuck Hawkins, 
Chief Radio 

Technician, Division 
12, Ohio Dept. 
of Highways 

"My CIE Course en- 
abled me to pass both 
the 2nd and 1st Class 
License Exams on my 
first attempt...l had no 
prior electronics train- 

ing either. I'm now in charge of Division 
Communications. We service 119 mobile 
units and six base stations. It's an interest- 
ing, challenging and rewarding job. And 
incidentally, I got it through CIE's Job 
Placement Service." 

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 reply card for G.I. Bill 
information. 

r- 

Cleveland Institute of Electronics 
1776 E. 17th St., Cleveland, 0. 44114 
Please send me without cost or obligation: 

Your 40 -page book "How To Succeed In 
Electronics" describing the job opportuni- 
ties in Electronics today, and how your 
courses can prepare me for them. 

Your book on "How To Get A Commercial 
FCC License." 
I am especially interested in: 

Electronics 
Technology 

Electronic 
Communications 

Broadcast Industrial 
Engineering Electronics 

First Class D Electronics 
FCC License Engineering 

Name 

Address 

City 

State 

(PLEASE PRINT) 

Zip Age 

Check here for G.I. Bill information 

EW -69 

L J 
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There's more here 
What you are looking than meets diagrams, pictures, and 

at is RCA's solid -state'` everything there is to know 
color chassis -the CTC -40. about our CTC -40. 
A whole lot went into that the e e,. You can buy it from your 
chassis. Like fifteen years of tech Y RCA Consumer Electronics Dis- 
nical research. Pioneering in the development tributor, but there's a better way. 
of Solid State. And the backing of a national Attend the next RCA Consumer Elec- 
workshop program like nobody else's. tronics Distributor CTC -40 Workshop and get 

That's where you come in. the manual free. Our distributor can tell 
We've written a technical manual you when it will be held next in your 

on the CTC -40 especially for Elec- area. See you there. 
tronic Service Technicians. It has color one tube rectifier 
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NEWS 
HIGHLIGHTS 

What's New Around? 
Looks like drudgery normally associated with office rou- 

tines is about to draw last breath. Sony Corp. of America 
has come out with low -cost, programmable, electronic desk - 
calculator (ICC- 2500W) that handles all invoicing, payroll. 
cost analysis, and other office routines with ease. Impres- 
sive features are its nine memories and simplicity of pro- 

gramming format. Average secretary can program calculator 
up to 111 program steps and visually check each program 
on panel display. . . . Housewife hasn't been forgotten 
either. According to Neiman- Marcus catalogue, Honeywell 
is offering a household minicomputer for the woman who 

doesn't have everything (except an affluent husband). Com- 
puter can make hundreds of menu -recipe selections and be 

programmed to handle budgeting, checkbook balancing. 
and children's homework. Cost of minicomputer plus 2 -week 
program course is $10,600.... And for those with sensitive 
proboscises, Honeywell has introduced a "Scentrol Sys- 
tern" control for ridding home of unpleasant odors. Re- 

sembling portable radio, it can be mounted on a wall or 

installed in the ductwork of a central heating unit. When 
turned on, a fan is activated that disperses an odor coun- 
teractant that chemically alters odor particles to make them 
odorless. Slight trace of counteractant is left in air. Unit 
will retail for $49.95, plus installation, and four -ounce bottle 
of counteractant, available in either mint. orange blossom. 
floral bouquet, or mountain air, and good for three months. 
will cost $6.... Plastic wood? Only the carpenter knows.' 
Pressured by high costs and shortages of furniture hard- 
wood and skilled wood -craftsmen, General Electric Co. re- 

cently announced development of "Acoustaform" material 
that "looks like wood, feels like wood. sounds like wood, and 

even smells like wood." Shapes, textures, and finishes with 
product are unlimited and desirable physical and acoustical 
properties make it ideal for console cabinets. 

Information Retrieval 
Mohammed didn't go to the mountain so the mountain 

came to Mohammed. To disseminate latest medical infor- 
mation to doctors unable to find time to keep abreast of 

their profession, the University of Missouri Medical Center 
has installed 13 medical -lecture playback machines, con- 
nected to regular telephone networks, that contain 500 

tape- recorded talks on the latest and most significant 
medical subjects. During out -of- office hours or in emer- 
gency situations, doctors can now bring themselves medi- 
cally up -to -date by simple spin of telephone dial. Plan is to 
increase number of taped lectures from 500 to a maximum 
of 5000. 

Shades of 1984 
Now even fish are "bugged." Commuting habits of skip - 

jack tuna in Hawaiian waters are sonically determined by 
force -feeding three -inch -long by one -inch -in- diameter trans- 
mitters powered by aspirin -size Mallory batteries to indi- 
vidual fish in schools. The Department of the Interior's 
Bureau of Commercial Fisheries has been conducting these 
operations in an attempt to increase the harvest yield of 
this valuable food -fish from 5000 tons to a potential of 
hundreds of thousands of tons. 

Color Coding Goes 3 -D 
After years of intensive studies the Electronic Industries 

Association (EIA), in conjunction with groups associated 
with industry and government. has devised a new and more 

definitive color -code standard for identifying electronic and 

electrical components. Replacing the two -dimensional 
(hue and value) system of defining colors with a three - 
dimensional definition (hue, value, and chroma), the EIA 

hopes to insure the correct identification of electrical 
characteristics and functions of electronic products. To 

date, the American National Standards Institute has adopted 
these new color -code standards and optimistic reports 
indicate imminent acceptance by the National Electrical 
Manufacturer's Association and the Department of Defense. 

God Helps Those. .. . 
The first medical training program, called "Home Hemo- 

dialysis Training" has been made available to those suffer- 
ing with malfunctioning kidneys. Hemodialysis is a method 

of purifying patient's blood by circulation through an arti- 
ficial kidney. Realizing the limited number of successful 
kidney transplants, crowded hospitals, and prohibitive cost 

of hospital -performed hemodialysis, scientists at Auto - 

netics, Div. of North American Rockwell Corp., in coopera- 
tion with leading kidney specialists, have developed an 

audiovisual program to train kidney patients and compan- 
ions (wife, husband, etc.) how to perform hemodialysis with 
kidney machines installed at home. Medical training pro- 
grams of this type. geared for the average layman, and 

conducted under the auspices of recognized medical fa- 

cilities could hopefully reduce the number of needless 
deaths that occur each year. 

Engineering Know -how 
The 20th annual National Engineers Week, based on 

theme "Engineering . . . Environmental Design for the 

1970's" will be held Feb. 22 -28, 1970. This "Week" and ex- 

treme urgency of its theme will be publicly endorsed by 

President Nixon and most state governors. Some 535 local 
chapters of the National Society of Professional Engineers 
will emphasize to engineering community the role they 
must assume to protect and preserve our environment 
from the poisons that man continuously spews forth in his 

wild and blind rush to achieve a technological Utopia. 
News media will dramatize need for government- sponsored 
crash program for 70's. similar to that proposed and suc- 
cessfully completed for placing a man on the moon. The 

hope is to reverse the processes that are rapidly depleting 
our environment. 

Radio Patriarch Honored 
Prior to the NEW (National Electronics Week) show to be 

held in Chicago May 11 -13 a testimonial dinner in honor of 

Sam Poncher, a veteran of 40 years in the electronics in- 

dustry and present chairman of Newark Electronics, Inc., 

will take place at the Hilton Hotel on Saturday evening, 
May 9, 1970. Looking back over his long and active career 
which started with his acquisition of the Newark Electronics 
Co. in 1930 (now division of Premier Industrial Corp.), presi- 

dent of Electronic Industry Show Corp. (1960 -61), president 
of National Electronic Distributors Association (1964 -65) 

and later as chairman of the board (1965 -66), and up until 
last year president of Radio Oldtimers, leaves no question 
in anyone's mind as to why the Williford Ballroom of the 
Hilton Hotel is expected to be filled to capacity. A 
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THESE TWO 
MAKE BEAUTIFUL 
MUSIC TOGETHER 
When you hear them together, 
you will know why they were 
made for each other .. . 

KENWOOD's sophisticated twosome is made for 
lovers -music lovers. The KT -7000 FM /AM 
Tuner and the KA -6000 Stereo Amplifier reflect 
the ultimate in creative audio engineering. 

KENWOOD SOLID ETATS AMfM ETEREO TUNER 

(TOP) KENWOOD KT -1000 FET IC XTAL SOLID STATE FM /AM AUTOMATIC STEREO T11NER...$249.95* 
(BOTTOM) KENWOOD KA -6000 SOLID STATE 180 -WATT STEREO AMPLIFIER... $249.95* 

*includes cabinet 

the sound approach to quality 
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TELEVISION: 
20 Years From Now 

By FOREST H. BELT / Contributing Editor 

Two decades can change a world. At the doorway to the 1990's what 
will U.S. television be like? Will TV still be free? Will telecasting be 

over the air or on cable? What about programming and TV servicing in 

the future? Here are some of the answers from leaders in the industry. 

TODAY, at the threshold of the 1970's, a giant specter of change looms 

over the television- broadcasting industry in this country. Its nature 
and extent seem sure to penetrate every corner of our living -even into 
situations barely touched by TV today. As the next 20 years unroll, some 

changes will be startling, some exciting, others perplexing; a lot of them 
will provoke resistance and conflict in one quarter or another. 

The overwhelming question right now, in 1970, is: Will national tele- 
casting in 1990 be over the air or through cables? A controversy has been 
building up around that question for nearly 10 years. 

Cable television ( formerly called community antenna television or 

CATV) has grown phenomenally in that time. Some watched it, some 

ignored it; some hid their heads in the sand and hoped it wasn't real, some 

fought it, some joined it, some hampered it; but certainly nothing stopped 
it. And now the question is, how far can it go? 

The story of CATV is marked by controversy. In the 1950's, systems 

were quietly installed in mountain communities where normal TV recep- 
tion was poor or impossible. They offered a unique community service. 

Then around 1960 someone realized not all towns getting community 
antennas were isolated. A closer look revealed why: there's a chunk of 

money to be made in CATV. People will pay to receive more stations 
and stronger signals than a rooftop antenna can provide. 

Antenna manufacturers set out to stop the cable systems from setting 
up in towns where some TV could be received. They wasted most of their 
efforts. CATV went wherever it wanted to. 

The dollars attracted large companies. Early CATV systems were "mom 
and pop" operations. But wheeling and dealing soon spawned the CATV 
conglomerates that are still growing today. 

AUTHOR'S NOTE: People in all sorts of voca- 
tions and avocations, in and out of the TV field, 
show concern for the future of TV. The more 
articulate of them willingly shared their views 
of the next 20 years. Naturally, they didn't al- 
ways agree. 

Several, particularly in high circles within the 
industry, carefully avoided meaningful commit- 
ment. Some we talked with obviously prefer the 
status quo; others like change, but merely for 
its own sake. Some didn't seem willing or able 
to face unwanted possibilities. Discussions 
with a few seemed hindered by "keep it for 

ourselves" secrecy. One slogan we heard para- 
phrased fairly often was "let the market (in this 
case, the viewing public) decide," as if dollars 
alone are arbiters of what is good or bad. 

Futurology leans heavily on present and 
past. You examine existing technology and 
trends, compare them with history, and then 
extrapolate your own assessment of what's to 
come. That's how this analysis of 20- years- 
hence was prepared. The conclusions are my 
own, seasoned by opinion from the editors of 
this publication and from the field's top thinkers 
and doers. 
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More opposition sprang up. Broadcasters, suddenly fear- 
ful for their own future status, raised a ruckus. They went 
all the way to Washington and the Government got into the 
melee. Eventually, not long ago, the Federal Communica- 
tions Commission asserted its right to regulate cable -TV 
systems like it does broadcasting. 

At broadcaster instigation, copyright owners decided they 
would try to collect royalties from cable operators. They 
failed. 

Cable -TV has been held back only vaguely in any direc- 
tion. Much heat today centers around what opponents call 
broken promises by cable owners. Here are some examples: 

Before 1960, CATV people insisted their only purpose 
was to serve communities that were without TV service. 
Their purpose has since been amended; they serve com- 
munities that don't have adequate TV service. The term 
"adequate" gets loose interpretation. New York and Los 

"The wired country is a strong possibility. Once it's 
really started, broadcasters themselves will switch, or 
else become suppliers of mass -appeal entertainment. 
The cable owners themselves for years had no idea 
of the extent to which the public was going to accept 
-even demand -the many services that have devel- 
oped in CATV." 

Frederick W. Ford /President, 
National Cable Television Association 

Angeles, both with plenty of local stations, are getting cable 
systems "because of reception problems." The most- quoted 
excuse today for cable expansion is "demand of the market." 

In 1964, cable spokesmen insisted they had no intention 
of originating programs. They would only rebroadcast sig- 
nals. Within the year some cable systems were carrying 
weather reports and news, and later, movies. Thirty percent 
of all cable systems now have their own programs. Proposed 
FCC rules will require them to include original program- 
ming. 

One justification of the monthly cable charge was that it 
frees programming from the constraints of commercials. But 
there have been commercials on cable systems for years 
now; and there's every assurance they'll be a part of all 
cable programming. 

It's no wonder, then, that very few expect any other 
"taboos" to hold. Outsiders worry about: Extra charges 
(pay -TV) for special- interest movies or sports events. New - 
set sales by cable companies. Set -servicing charges added 
right into the monthly cable charge. Set leasing with cap- 
tive servicing. Nothing has barred cable operators from other 
activities they decided on; there's no reason to believe they 
won't get into these too, whenever they're ready. 

Why not? The income potential is there. Cable is a ready 
medium for promoting whatever package an imaginative 
entrepreneur dreams up. And cable men are imaginative. 

The conclusion seems inescapable. Television in 1990, 
barring drastic unforeseen and powerful blocks to cable sys- 
tems, will be wired and nationwide. 

An official of the National Cable Television Association 
(NCTA) predicts 90% of U.S. television homes will be wired 
for cable within 10 years, let alone 20 years. Even allowing 
for optimism of industry politics, that estimate seems exag- 
gerated. 

But accurate or not, this prediction reflects the intention 
of the cable -TV industry. What's more, enthusiasm and 
power are not the only reasons a TV -wired nation is likely. 
Other powerful forces are influencing a shift from air TV to 
wire TV. 

One is a clamor after more spectrum for public- safety 
radio services, and for radios in land, sea, and air vehicles. 
Needs multiply faster than technical improvements. One so- 

lution is to put TV on r.f. cables. freeing the television 
spectrum for operations that can't be tied down to a wire. 

There's another good reason wire TV looks like the way 

An advanced antenna system for direct broadcast of TV pro- 
grams from an orbiting satellite to home receivers is being 
designed today for NASA by Sylvania. By concentrating pro- 
gramming to small areas of the earth and transmitting about 
100 times the power of present satellites, the antenna system 
will provide signals strong enough for reception by modified 
home equipment. A two -foot diameter antenna and small con- 
verter, like the early u.h.f. TV converters, will be required. 

to go. A cable system, even a large contiguous one, is easily 
divided into small local segments. This offers a medium for 
community self -expression that may be paramount to the 
social and cultural ferment in our cities and subcities. Mul- 
tiple channels give a cable operator flexibility for minority 
interests without every program having to "pay." Air TV, 
as it exists, can't pinpoint multiple audiences like that, either 
technically or economically. 

We hear those who contend an all -wire system is out of 
the question. They offer various reasons. 

One fellow says, "The broadcasters won't let it happen. 
They're too powerful." 

Don't kid yourself. Antenna makers and broadcasters both 
tried. Neither was more than an annoyance to cable prog- 
ress. Several broadcasters ( and at least two antenna firms) 
gave up trying to lick the cable operators and quietly joined 
them. Half of all cable systems now are owned partly by 
broadcasters; 30% are controlled by companies that also own 
broadcast stations. Why would broadcasters scuttle cable - 
TV at this stage? 

"Several Congressmen own broadcast properties. They 
won't let cable-take over." 

Wishful thinking. You can't pin down what most Con- 
gressmen own. But it's an even gamble that just as many 
owls cable systems as own broadcast stations. 

Ai I'm skeptical about direct satellite broadcasting, 
because of cost. It might be a way to serve rural areas 
through ground stations. The key (would be) to ac- 
commodate satellites to local broadcasting." 

Robert E. Lee /Commissioner, 
Federal Communications Commission 
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"The networks...." 
Forget it. Networks supply programs for distribution to 

the viewing public. Whether by air TV or cable, outlets 
won't affect 'their profit sheets. There are indications that 
cable may enhance profits. Columbia Broadcasting System 
already has bought a couple dozen cable systems in the U.S. 
and Canada; they're shrewdly hedging their bets, 

"The Federal Communications Commission...." 
Yes, the FCC has put some brakes on cable recently. But 

the FCC is highly vulnerable to the vagaries of politics. Its 
attitude today doesn't mean much four years from now -nor 
twenty. 

Actually, the most valid FCC concern is over "concentra- 
tion of media control." If a market has nine TV stations, 
they're owned and controlled by nine different companies. 
But a cable system, even with 20 channels, is in the hands 
of one company. A market as large as New York City has 
been divided up so at least four cable companies are in- 
volved. But smaller markets won't be. Here's a legitimate 
danger to deal with A cable system under biased control 
would be a powerful propaganda machine. 

One answer to this is a common- carrier concept. The 
cable operator is permitted only one channel for his own 
use. Whatever other channels are not carrying "network" 
or educational telecasts must be leased to non -owner cable - 
casters for their own programs. A whole channel could be 
leased. or merely time on a channel. 

From what we can make out, only the public has any 

if The leasing idea isn't impossible. It is already 
done with hotels, motels, and hospitals. There will 
definitely be changes in the means of getting Instru- 
ments into the hands of the consumer, but 1 don't 
think they'll be that drastic." 

B.S. Durant /former Chaiïrman, 
RCA Sales Corp. 

power to stop cable -TV. If viewers refuse to pay, no cable - 
TV. 

But don't count too heavily on that happening. As limited 
as cable -TV offerings are today by comparison with what's 
in store, subscribers seem surprisingly ready to accept it. It's 
common for 40 to 50 percent of the TV homes in a wired 
community to sign up right away for installations. Viewers 
even go out and buy new TV sets -especially color -to take 
advantage of the numerous and (ostensibly) better signals. 

We can't agree with the doubters. Good or bad, right or 
wrong, the television wave of the future looks like cable. 

What happens 20 years from now depends a lot on politi- 
cal and economic factors. Predicting technical changes is 
easy by comparison. 

The population of the U.S. by 1990 will have grown to 
about :300 million. Barring economic or political disaster, 

the gross national product should have reached $2 trillion. 
More than half the families in the country will be earning 
nearly $20,000 a year ( based on today's dollars) . Everyone 
will have more leisure time. and there'll be more cultural 
and educational interests than there are today. 

The wire -TV system will be a nationwide grid of coaxial 
cables. made up of regional systems. A cable will be able 
to carry 50 channels or so of TV. A few giant companies 
will own the big regionals; but there'll be a few hundred 
independent operators, mostly with small semi -rural systems 
that aren't economical for the biggies. These little systems 
will tie into the big ones for many of their programs. 

Who will these giants be? Among the networks, CBS is 
already a cable company. Top cable operators are growing 

` Discussing the future of broadcasting is a some- 
what sensitive undertaking. Any projections would be 

inappropriate." 

Vincent T. Wasilewski /President, 
National Association of Broadcasters 

fast even now, merging small companies and starting new 
ones. Phone companies like the looks of cable too; Conti- 
nental Telephone in St. Louis and United Utilities in Kansas 
City (Mo.) each own cable systems with nearly_ 50,000 sub- 
scribers. Publishers, looking for new ways to beat printing 
costs, are eying cable to distribute news, pictures. and ocher 
information; Time, Inc. has $15 million invested in cable 
operations so far. 

Watch for cable giants to evolve on the order of commu- 
nications monopolies like American Telephone and Tele- 
graph, et al. When that happens, you can look for even 
more serious effects than those we'll be telling you about 
later. 

Regional or local systems will probably carry no more 
than 25 channels of television. 

There'll be at least six national entertainment networks. 
Their programs may be fed to regional systems by s.h.f. 
satellites or by network cables. They'll offer a large variety 
of entertainment. A \That's carried at different times of the 

THE TV SERVICE TECHNICIAN 
OF THE FUTURE 

"The independent service technician won't exist 
under this system. He will, instead, be an important 
member of the cable organization. He'll be well - 
trained, respected, adequately paid. 

"Many headaches of consumer servicing will be 

gone. The technician will still have customer -rela- 
tions problems, but with much sting taken out. After 
all, with no repair bill to pay, a customer has a differ- 
ent attitude. If a set is a tough dog, the technician 
just leaves another or replaces whatever module 
tests bad. In the shop, sets will be reconditioned, up- 

dated with newer modules, and kept like new. 

"Whereas today there are some 100,000 techni- 
cians, many poorly paid, by 1990 there will be 200,000, 

all well paid. Technicians who haven't kept up with 
technology and techniques will have long before left 
the field. The top -notch type of guy who becomes a 

successful shop owner now will then be service 
manager for a cable company -or he may be the 

owner of a mall cable operation somewhere." 
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day will be determined by audience research, much as it is 
today. The six entertainment channels will still carry com- 
mercials. 

There will be a national and international news channel, 
maybe fed alternately by two or three news services. This 
channel will operate 24 hours a day. A separate news chan- 

ff f feel it would not be appropriate to discuss 
(CATV, pay -TV, and domestic satellite services for 
broadcasters) for publication, at this time." 

Leonard H. Goldenson /President, 
American Broadcasting Companies, Inc. 

nel will be reserved for local interest -much like a town 
newspaper. The local news channel will also carry time, 
weather, and special bulletins, but no commercials. 

At least six channels will be reserved for education. Four 
of them will be regularly programmed by a national educa- 
tion network. One may handle adult self -improvement, and 
another, professional studies. Or the six may carry school 
curricula by day and adult courses by night. Whether at 
home or in "resource" rooms at school, children will get a 
significant part of their instruction over these education 
channels. 

Five channels will carry cultural cablecasts. Local schools. 
drama groups, churches, civic clubs, and libraries will use 
two of these, probably at no cost. Two will carry cultural 
telecasts generated by national groups like the Corporation 
for Public Broadcasting, the Metropolitan Opera, the Mu- 
seum of Modern Art, and similar groups. One will be for 
cultural telecasts from overseas via satellite. 

One channel will be for political activity and debate - 
with time divided up among national, state, local, or minor- 
ity politics, or any far -out political philosophy. The years of 
political spoon -feeding we live in now will have created a 
strong desire to have all sides of major issues aired, no 
matter who holds a view or how little others may agree 
with it. 

Of the remaining five channels, one will be for the cable 
company to program as it wishes, with commercials if it 
pleases; probably, fare on this channel will be largely local 
entertainment. 

The other four will be leased to cablecasters who don't 
own systems; this is the common -carrier concept mentioned 
earlier. Users of these channels may offer entertainment, 
education, or whatever, with or without commercials. They 

A LOCAL 25- CHANNEL 
TV SYSTEM MAY PROVIDE: 

6 National entertainment networks, 
with commercials 
1 National and international news channel 
1 Local news, time, and weather channel 
6 Educational channels, 
including 4 on national networks 
2 Local cultural channels 
2 National cultural channels 
1 International cultural channel 
1 Political activity and debate channel 
1 For use by cable company, 
for local entertainment 
4 For lease to cablecasters, 
for pay -TV or other services 
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may even be used for pay -TV; a subscriber will pay a fee 
to the pay -TV operator for a descrambler to watch special 
programs. 

Obviously, this has been an exercise in educated guess- 
work. Additional ways to use channels will develop, too. But 
you can surely begin to see why wire -TV is so likely to be 
the system by then. 

About 80% of the U.S. population will live in the "top 
100" television markets. That's where the concentration of 
cable systems will be. Another 10% will live in non -rural 
places that won't be hard to serve with cable. 

But what about rural locales? \Vire won't reach them eco- 
nomically. One cable- association executive suggests that 
Congress will pass an act resembling the Rural Electrifica- 
tion Act. (That's what finally brought electricity to virtually 
all the nation's rural areas.) 

Here's a plausible alternative. By 1989, the two or three 
s.h.f. satellites will be technically sufficient to reach right 
into any home that has a suitable antenna and converter. 
They may already be feeding network TV to cable systems. 
as well as being used for education purposes. Instead of 

Ali Cable, if left afone, will kill broadcasting as we 
know it today -especially pay -TV by cable, which is 

a direct and immediate threat to broadcast TV. But 
the FCC will prevent total wipeout, leaving at least 
the small markets for broadcasting." 

Isaac S. Blonder /Chairman of the Board, 
Blonder- Tongue Laboratories, Inc. 

big ing cable service, rural viewers could spend their money 
on s.h.f. receiving gear. Even such curtailed service would 
be more than is available to them today. 

One of the first casualties of tomorrow's television system 
may be today's way of distributing, merchandising, and 
maintaining television receivers. You can expect the giant 
companies to lease them to subscribers directly, maintenance 
included. 

With today's rampant consumer complaints, the concept 
will be easy to sell. It won't necessarily be any better, ac- 
tually, because ordinary people will still build, install, and 
repair the sets. But there are reasons it could be better. 
And the cable operator has a market that is psychologically 
ready. 

The effect on manufacturers may be for the public good. 
There'll be fewer, and they'll build a limited number of 
standard models -some plain, some fancy. With repairs 
cutting into cable company profits, receiver quality will be 
top priority. Maintenance aids will be built in. Sets may 
cost more to build, but direct selling in huge lots will trim 
distribution and sales markups. Some giants may make their 
own sets. Consumer cost in the long run will be less -and 
for more dependable operation. 

The independent service technician won't exist under this 
system. He will, instead, be an important member of the 
cable organization. He'll be well -trained, respected, ade- 
quately paid. 

Many headaches of consumer servicing will be gone. The 
technician will still have customer -relations problems, but 
with much sting taken out. After all, with no repair bills to 
pay, a customer has a different attitude. If a set is a tough 
dog, the technician just leaves another or replaces whatever 
module tests bad. In the shop, sets will be reconditioned, 
updated with newer modules, and kept like new. 

Whereas today there are some 100,000 technicians, many 
poorly paid, by 1989 there will be 200,000, all well paid. 
Technicians who haven't kept up with technology and tech- 
niques will have long since departed the field. The top- 
notch man who becomes a successful shop owner now will 
then be service manager for a cable company -or else he 
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di The electronic box office (pay -TV) can deliver the 

products of the finest creative talents directly to the 

home more conveniently and more economically than 

any other method." 

Joseph S. Wright /Chairman, 
Zenith Radio Corp. 

may be the owner of a small cable operation somewhere. 
To the viewer, who pays all the bills in the long run, the 

system described for 1990 will have countless advantages. 
Programs will be, if not better, at least more numerous and 
fit a broader range of tastes. Equipment will be more de- 
pendable and service more competent. Cost may well be no 
higher than it is today -perhaps even less. Rates will be 
tied to costs by Federal regulation, and there are many 
chances for substantial economies. 

Whenever a writer ventures into electronics futurology, 
readers sooner or later expect some way -out technical pre- 
dictions. This sort of thing has already been done over and 
over. Besides, the set makers like to surprise everyone. But, 
not to disappoint any readers who are interested, a few 1989 
technical secrets can be revealed. 

Twenty years is an awkward prediction cycle. TV is bare- 
ly older than that. Yet, on the accelerating curve that traces 
electronic progress, 20 years of future bears little relation to 
20 years of history. We shouldn't overcompensate, however. 

Sets are the first thing most people ask about. They'll be 
big, and all color. They'll have thin screens, matrix- scanned. 
Size will be determined by viewing distance rather than by 
cost. New digital interlacing techniques will improve close - 
up viewing of large screens, within limits. A favorite size 
will be 3 by 4 feet. 

Four -channel stereo television sound may be optional, to 
go with oversize screens. Three -dimensional television, 
though, will still be waiting for fiber -optic cables and laser - 
beam transmission. A few big local cable systems might 
offer this kind of service as a novelty, but it won't yet be 
part of the national wire system. 

TV front -ends will have changed. The v.h.f. and u.h.f. 
TV bands will no longer have any significance. Much lower 

frequencies will go better over the cable. Front -ends will 
be tuned by touch, probably with ten buttons on which you 
merely punch the numerals of whatever channel you want 
to watch. Tuning will be instant. 

The cable will eventually carry all sorts of other services 
to and from your home. You've probably read about many 
of them. Not all of them will be in operation by 1989. 

The huge school -age population will have made educa- 
tion top priority among these peripheral services. There 
won't be enough classroom space; some home instruction 
will be a necessity. But it won't be the insipid stuff that 
passes today for much of TV instruction. 

Subliminal teaching lends itself handily to TV. Other 
high -speed programmed systems of teaching fit television 
formats. Pumping specific facts into a student's head can be 

"We must look toward a day in which all usable 

frequencies will be crowded. When that happens, it 

would seem best to reserve radio transmission for 

those uses to which it is particularly adapted, such as 

communications with ships, airplanes, automobiles, 
and, in general, people on the move." 

J.R. Pierce /Director of Research, 
Communications Sciences, 

Bell Telephone Labs 

done quickly then, leaving more time for teaching students 
to think and to put knowledge to work. Special technical 
gear will make these new education concepts work. 

Yes. this is what you can expect the television industry to 
be like in 1990 ... a mere 20 years from now. Of course, 
spokesmen in each segment of today's industry will have 
exceptions to take. But the louder they object, the less like- 
ly they are to hear the scratching finger that is writing on 
the wall. Every month, industry news heralds another step 
in the direction described. You'll recognize the trends if you 
watch for them. 

Of course, you and the industry today can determine how 
true or how false these predictions prove. You have about 
20 years to work out alternatives. 

WHERE CABLE -TV IS TODAY 

Congress seems to be sitting on the issue of cable -TV 

expansion, evidently waiting for some kind of agreement 
among the various and powerful pressure groups that are 
involved with major issues. That isn't likely, but at least 
some compromises are expected before legislative action 
is undertaken. Major issues are: 

Conditions under which cable can go into top -100 mar- 
kets 

Copyright and royalty payments 

Pay -TV 

Domestic -satellite policy 

The Federal Communications Commission has laid down 

rules for cable -TV in top markets, but is willing to suspend 
them on application. Witness New York City and Los An- 

geles, which are getting cable systems. "Final" rulemaking 
is scheduled for December or early January. Final com- 
ments date is November 3rd. 

Copyright legislation to affect all copyright law, but to 

finally include CATV, didn't get far at all in the 1969 ses- 
sion of Congress. It is in the works again for 1970 action, 

but the outlook for passage is pessimistic. Maybe a 

watered -down, partial version will get through, but it is 

nigh impossible to guess its effect on cable operation. 
The National Cable Television Association expresses will- 

ingness of members to pay reasonable royalties, but Con- 

gress has to legislate to whom -and how much. 

The FCC has approved over -the -air pay -TV. The approval 

is momentarily blocked by movie interests, in the courts. 
Meanwhile, however, subscription -TV principals are going 
ahead with plans. They are assured that, if the courts knock 

down the FCC decision, Congress will pass appropriate 
legislation. Pay -TV, insist its proponents, is inevitable. 

At press time, no decision has been announced on do- 

mestic- satellite policy. Quite a bit hinges on the Intelsat 
negotiations now in progress. Educated guesswork says 
we'll have domestic satellites as we want them. FCC will 

then clear the way for satellite -to -home experiments. Hard- 

ware is already being put together. Besides, technological 
"fallout" from our space programs promises to cut the cost 
of lofting and operating communications satellites. And 

advanced cmmunications capabilities seem to make do- 

mestc-TV satellites a foregone conclusion. 
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RECENT 

DEVELOPMENTS 

IN ELECTRONICS 
Giant Camera for Multilayer PC Boards. (Top left) What is 
believed to be the world's largest camera used in the elec- 
tronic industry has just been installed to help manufacture 
precision multilayer printed- circuit boards. The camera weighs 
six tons and is 28 feet long. It has an image accuracy of 
one -tenth of one mil (0.0001 "). The copy board for photo- 
graphing the printed circuit layout image is 60 inches by 80 
inches. To eliminate external vibrations which would affect 
the image accuracy, the camera is mounted on a concrete 
pad measuring 38 feet by 17 feet by 6 feet deep requiring 
285 tons of concrete. The atmosphere in the camera room 
is controlled to within 2 degrees and the relative humidity is 
maintained within 2 percent. A lighting box containing 32 
fluorescent tubes is utilized to back -light the copy board. 
The camera is in the new west -coast plant of Cinch -Graphik. 

Satellite Earth Station for Canadian TV. (Center) A new Cana- 
dian satellite earth station is being constructed at Ottawa. 
This experimental station will be used to test and evaluate 
a technique of receiving color -television signals in remote 
areas of Canada. Operating in the 4000 -MHz range, the new 
station will be used with that nation's domestic satellite, 
due to be launched in 1972. There is considerable interest 
in the satellite in the United States. At a recent Audio Engi- 
neering Society banquet in New York, a domestic -satellite 
system was proposed by Dr. Frank Stanton, head of CBS, as 
a supplement to our TV network facilities. The owner and 
operator of these facilities, AT &T, subsequently expressed 
interest in participating in such a system, which would be 
able to provide considerably expanded TV programing in many 
sections of the country. Signals from a domestic satellite 
would be received by elaborate ground stations, possibly 
using antennas of the type shown. From these ground sta- 
tions, the signals could be distributed to homes in the area 
either by radio or cable. Other proposals have been made to 
use domestic satellites to transmit TV signals directly to 
home receivers. The dish shown is at Northern Electric Labs. 

Surveillance -Radar Radomes Being Tested. (Below left) The 
six scale -model radomes on the ground are among the con- 
figurations being tested for the U.S. Air Force's Airborne 
Warning and Control System (AWACS). The radomes of vari- 
ous shapes were used in trade -off studies of radome effect on 
radar and aircraft performance. The new surveillance radar, 
capable of "looking down" and separating moving objects from 
ground clutter, will be carried by the aircraft in a 30 -foot 
diameter externally mounted radome. The shapes of the six 
radomes on the ground are, from left to right, symmetrical 
biconvex, symmetrical ellipsoid, two cambered ellipsoid varia- 
tions, an aerodynamically tailored asymmetric, and cambered 
ellipsoid. Mounted over the scale -model radar on the 1 /7th 
scale AWACS 707 jet aircraft is a symmetrical ellipsoid ra- 
dome. The tests are being conducted at Boeing's 5000-foot- 
long antenna range located near Kent, Washington. The 
company is competing for the prime military contract. 
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Air Traffic Control Radar Shows Digits. (Top right) Another 
item from Ottawa this month concerns the evaluation at Cana- 

da's Dept. of Transport Air Traffic Control Center of the 

newest in ATC systems. The display shows the ground con- 

troller the location, identification, and altitude of planes by 

use of digits directly on the radar scope. Employing ground 
interrogators and airborne transponders built by AIL, the 

display should reduce the communications workload of pilots 
and controllers. The company has just been awarded a $40- 
million contract for over 300 interrogators producing such a 

display for military air terminals in the U.S. and abroad. 

Pipes for Electronic Organ. (Center) The world's largest 
installation of pipes for an electronic organ has been made at 

the Cathedral of Tomorrow in Cuyahoga Falls, Ohio. Three 

groupings of pipes are used with a Conn organ console in 

order to provide coverage in the 5000 -person sanctuary. Tones 

are first shaped by the organ's voicing circuits and then am- 

plified. Amplifier outputs are then fed to loudspeakers which 
radiate their sound into the pipes. Unlike acoustic pipes, 
these pipes do not require tuning or the use of shuttered ex- 

pression chambers. Main organ pipe sets and speakers han- 

dle 400 watts of music power each; echo pipes handle 200 W. 

Thick -Film Hybrid IC's for Car Radios. (Below left) A num- 
ber of thick -film hybrid IC modules were used in 1969 car 

radios and the new 1970 models will be using even more. The 

modules use ceramic substrates on which are screen -printed 
thick -film conductors, resistors, capacitors, and crossover 
insulators. Discrete components are then attached to the IC 

chip. Three modules are available for use in AM radios: an 

r.f. module, i.f. module, and a.f. module. For FM sets 

there is an amplifier -limiter module and a stereo demodulator. 
The thick -film circuitry was fabricated by Du Pont, while the 
modules are in use in some Delco automobile receivers. 

Thin -Film Spiral Inductor. (Below right) In addition to thick - 
film products shown at the left, thin -film products are in 

the news this month too. The spiral inductor shown here is 

one of a series of new miniature coils being sold by Motorola 
for use in hybrid IC's. The coils have "Q's" of 20 to 30, in- 

ductances from 28 to 230 nanohenrys, and self- resonant fre- 
quencies from 0.7 to 1.8 GHz. The inductors, fabricated on 

a 0.01 -in. thick alumina substrate, use a proprietary conduc- 
tor and special photoresist technique that make possible con- 
ductor thicknesses of 0.3 mil. Such thicker conductors have 

lower resistance, hence higher "Q." These chip inductors 
are the first products in a line of encapsulated thin -film pas- 

sive parts. Resistors and capacitors will be available later. 
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The Altec Lansing 24- filter Acousta -Voice equalizer. Each of the filters can be adjusted in 1 -dB steps. 

EQUALIZING 
the Sound System 

TO MATCH THE ROOM 
Here's an equalizer system with 24 band- rejection filters that perniits the hi -fi 
system to be matched to any room -whether an auditorium, concert hall, or at home. 

By DON DAVIS and DON PAL MQUIST /Moo Lansing (Div. of LTV Ling Altee) 

I 
FIDELITY amplifiers can be purchased that 

are capable of maintaining a desired frequency re- 
sponse within ±0.5 dB over the audible range. Re- 

cording microphones are available that have a frequency - 
response accuracy within ± 1.0 dB. Phonograph cartridges 
are available to the home music listener with ±1.0 -dB varia- 
tion in response. In fact, everything proceeds with commend- 
able accuracy and inexorable control until the loudspeaker 
interfaces the sound system to the room, and the aeons- 

Fig. 1. Acoustic response of the same speaker system in various 
rooms, different locations in the same room (both positions along the 
same wall but about 12 feet apart), and in an anechoic chamber. 

ó 5 DIFFERENT LOCATIONS IN ROOM 

IT IS N RMAL FOR LOW -FREQUENCY RESPONSE TO DROP OFF IN 
ANECHOIC CHAMBERS DUE TO LACK OF REFLECTING WALL SURFACES 

40 100 200 500 Ik 2k 
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tics of the room interfaces the sound to the listener's ears. 
Taking the worst -case variations from recording micro- 

phone through the various manufacturing processes and the 
entire playback chain. the loudspeaker may be fed a signal 
in the typical high -quality hone- music system that is elec- 
trically accurate within +2 dB. 

In spite of this most impressive technological achievement, 
the listener actually receives an acoustic signal at his ears 
that is typically ±10 dB over the range of interest; and in the 
very best case, ±4 dB. In several cases observed, the signal 
exceeded ±15 dB in actual rooms with highly regarded 
high -fidelity equipment. 

( Considered subjectively, a change of 3 dB is judged a "just 
noticeable difference." An increase in level of I0 dB is judged 
to be about twice as loud. Normal speech levels at a distance 
of about four feet from the talker measure between 70 and 
76 dB.) 

The blame for this condition can be almost equally divided 
between the loudspeaker and the room. This is true mainly 
because there are no real standards for the performance ex- 
pected of either. Imagine how much easier the loudspeaker 
manufacturers' task would be if every listening room had 
the same shape, size, and absorption, with its loudspeaker 
placed in a standard location. This would mean that the man- 
ufacturer would build such a room at his factory and by 
placing measuring microphones at the "standard" listening 
position and the loudspeaker at its "standard" location, he 
could proceed with the optimum design to provide ±1 -dB 
acoustic amplitude response at the listener's ears. 

Until the housing industry decides that the audiophile 
market is of sufficient size to warrant such special measures 
and the required time cycle has elapsed to place everyone 
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in his new environment, the problem remains with us. 

Traditional Approaches to the Problem 
Superficial thinking and knowledge about the acoustical 

properties of rooms have led some to assert that loudspeakers 
that exhibit uniform response in an anechoic chamber will 
continue to do so in a well- behaved acoustic environment 
outside the anechoic chamber. Such illusions are quickly 
dashed by a single session with a real -time audio -frequency 
spectrum analyzer and any high -quality loudspeaker in a 
typical recording- studio control, cutting, editing or re -mix 
room. Home living rooms are an even more rewarding envi- 
ronment for such study purposes. 

An experimenter will quickly rediscover the over fifty years 
of observed "room effects" on the performance of a loud- 
speaker. Bass response will have "holes" in it, thanks to dia- 
phragmatic absorption. This means that some large wall sur- 
face in an enclosed space acts as a giant diaphragm and 
passes the sound at that frequency out of the room by vibrat- 
ing in resonance with the sound. "Peaks and valleys" attribu- 
table to standing waves resulting from the room's dimensions 
allow a build -up on wavelengths well within the audible 
range that first peaks the response and then cancels out, 
depending upon the listener's position in the room. Where 
the loudspeaker is placed in the room can have a profound 
influence on the response. For example, in the bass region, 
response can vary as much as 12 dB from a midroom location 
to a corner location. 

Finally, the room shape and absorption characteristics will 
have their inexorable effects on establishing the ratio of direct - 
to- reflected sound at the listener's ears. Fig. 1 illustrates the 
response of the same loudspeaker system in an anechoic 
chamber, in different rooms, and at different locations within 
the same room. 

Direct and Reflected Sound 
In an anechoic chamber or out -of- doors, as we listen to a 

loudspeaker at some comfortable normal distance, say 10 or 
20 feet, we hear predominantly direct sound. Most of the 
sound comes to us directly from the loudspeaker. When we go 
into an enclosed space, such as a living room, we encounter 
a situation where 10 or 20 feet from a loudspeaker we hear 
predominantly reflected sound. This means that most of the 
sound comes to us after first striking a wall or ceiling. 

The "deader" a room of a given size, the larger the listen- 
ing area where direct sound predominates. The "liver" the 
room is, the smaller is the area where direct sound predomi- 
nates. Most listeners, whether at home with their hi -fi systems 
or at the concert hall listening to a live orchestra, sit in what 
is called the reverberant field where the reflected sound pre- 
dominates. 

Some experimenters have seized upon this aspect of the 
listening environment and attempted to control the ratio of 
direct -to- reflected sound in the room. Actually, what is de- 
sired is to reproduce in the home environment the same tonal 
balance the recording hall has in its reverberant field. To do 
this requires some method of adjusting, in each and every 
case, the frequency response of the reverberant field at the 
listener's position in the home to a uniform response, thereby 
allowing whatever balance the recording has to assert itself. 

While different sounds can be produced by reflecting loud- 
speaker outputs off wall surfaces, accurate reproduction of a 
concert hall's acoustic environment conies from equalizing 
the loudspeakers used to produce essentially neutral inter - 
action with the listening room. Then what is heard is a repro- 
duction of the original environment. 

Others have attacked the problem from another direction. 
They take into account the theoretical desirability of an 
imaginary, omnidirectional, pulsating sphere. However, all 
frequencies must radiate omnidirectionally, and this cannot 
be accomplished. To further compound the problem, a musi- 
cal instrument does not radiate omnidirectionally (most have 
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Fig. 2. Response of two identical loudspeakers in a recording - 
studio editing room prior to equalization. Measurements were 
taken at the control console operator's position. Differences in 
response in the 100- to 500 -Hz region were dramatic on voices. 
Voices would appear to move rapidly from one channel to the other. 

pronounced polar patterns ) and, once in the reverberant 
field, one has difficulty telling direction in any case. 

There Must be an Easier Way 
During the past five years an idea was put forth that was 

first used to correct sound systems that had to operate in 
difficult acoustic spaces, such as cow -barn arenas, low -cost 
gymnasiums, or churches with poor acoustics. Both noise 
control and proper absorption materials had been neglected 
in many of these places. This idea was to use a highly refined, 
accurate, and rapid method of equalizing or adjusting the 
sound system to match the room rather than trying to adjust 
the room to match the sound system. 

The history of sound- system equalization had its early be- 
ginnings in the work of Harry Kimball of MGM, Ercel Har- 
rison of Peerless Electrical Products (a division of Altec 
Lansing), Wayne Rudmose of Tracor, and C. P. and C. R. 
Boner. In 1967 Altec Lansing produced the first fully adjust - 
able, fully calibrated, critical- bandwidth, band -rejection 
equalizer design to permit matching the sound system to the 
room ( see photo ) . The equalization process developed out 
of the use of critical- bandwidth filters is called "Acousta- 
Voicing®." 

The equalizer (patent pending) consists of 24 constant -k, 
bridged -T band -rejection filters spaced at the standard 13 

octave center frequencies from 63 Hz to 12,500 Hz. These 
cross over at their respective "half- pad -loss" points, thereby 
allowing continuous shaping of a complete spectrum. 

The term "Acousta- Voicing" is derived from the practice 
of voicing and regulating each pipe of an organ after it is 
installed in the room where it is to be used. The equalizer 
"tunes" the loudspeakers in the room where they are installed. 

The system removes none of the usable program material, 
but rather brings into equality with the majority of frequen- 
cies those special frequencies that the room and sound sys- 
tem together actually tend to over- emphasize. As each over- 
emphasized tone is brought into equality with all the normal 
responding tones in the room, the sound quality is vastly 
improved. Highs and lows are in perfect balance, and the 
spatial effect in a multi- channel system is startling. ( See 
Fig. 2.) Not only is the sound quality enhanced by being 
smoothed but now the original spatial relationships that pre- 
vailed at the original recording site are reproduced in sharp 
detail, scaled only by the relationship of the spacing of the 
recording microphones compared to the spacing of the moni- 
toring loudspeakers. 

The long -term effect on recording techniques remains to 
be seen, but it is possible to conjecture that when home sys- 
tems are properly equalized, the recording engineer; know- 
ing for the first time what the listener's environment actually 
is, can safely plan the final recording to sound its best under 
a "standard" listening situation. 

Cost of Voicing 
Voicing of a playback or reinforcement sound system to 

i-1 dB final acoustic response at the listener's ears can be 
accomplished in 11/2 hours per channel by a factory- trained 
engineer. This time is reduced to 10 to 15 minutes per chan- 
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Fig. 3. Attempts to equalize a playback channel with broadband 
13/3- octave) filters compared to critical -band (1/3 -octave) filters. 
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Fig. 4. The inadequacies of broadband equalization are again 
shown. This is what happened with a corner- moursted loudspeaker 
facing a wall of undraped floor -to- ceiling windows. The room 
"se zed" the slight bass emphasis and exaggerated it considerably. 

nel, after system set -up, with the use of a real -time audio 
frequency spectrum analyzer. The investment in test equip- 
ment is around 510,000 and the cost to the customer is 
approximately $1,500 per channel and up, depending on the 
complexity of the system. This is not restrictive for a large 
commercial installation, but it definitely is for all but the 
most elaborate home -music systems. 

Considerable research has been undertaken to simplify 
the voicing process in order to reduce the cost for home 
music systems. Early work attempted to use first five con- 
trols with 11/2- octave filters, followed by late Lï,...0 ,.I. 
controls with 2 /s- octave filters. While these allowed different 
sounds to be produced, they were not sufficiently detailed to 
actually improve the measured response. Unfortunately. they 
simply amounted to a more complicated set of tone controls. 

It was determined that 24 critical -bandwidth filters spaced 
at the standard 1 /3- octave center frequencies yielded optimum 
results. Any simpler equalizer could not provide equalization 
that corrected the problems measured without affecting ad- 
joining frequency regions not requiring correction. See Figs. 
3 through 5. 

Equalizing in the Home 
An intensive effort is being made Lo reduce the cost of the 

necessary 24 -filter equalizer and to find a very simple but 
highly accurate and reasonably easy-to-learn tuning method. 
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it is expected that these particular goals will be met shortly. 
The high- fidelity dealer will be instrumented for less than 

$500 to "see" the interaction of the total system -the cartridge, 
loudspeaker, room -and the change in the house curve with 
each adjustment of the critical- bandwidth, band- reiection 
filters. He will be able to guarantee the music system to the 
customer with ±1 dB acoustic response at the listener's ears. 
The voicing will be done at the customer's listening room in 
an hour per channel, and the total cost of the filters will be 
less than $1,000 for a stereo system. 

Fig. 6 is a diagram of where the equalizer is installed in 
the high -fidelity sound system. In altering a receiver, the 
technician should be aware that the output from the receiv- 
er's preamplifier will see a 600 -ohm load and will often be 
capable of generating only 1 or 2 volts across it with low 
distortion. AIost high- fidelity power amplifiers have input 
impedances in the region of 100,000 ohms and will require a 
termination resistor for the equalizer. 

There is no need to "build out" the output of the preamp 
to 600 ohms but care should be taken to be sure to use a 
low- impedance output. The amplifier should be capable of 
reaching full output from .1 volt or less in order to meet the 
required gain overlap of 20 dB (if the preamp only put out 
1 volt into 600 ohms) . 

It is obvious that only first -class equipment will easily 
adapt to voicing of this type. We suggest 50 watts as the 
minimum continuous power output to have available. This 
is because the equalizer is going to allow the system to use 
enormous power on a frequency- selective basis. This means 
that a signal can be sending the woofer 30 watts while the 
mid -range speaker may be receiving power on the order of 
.3 watt, even though equal sound pressure levels are being 
generated at both low and middle frequencies at the listener's 
ears. The 20 dB of equalization makes the difference. 

EDITOR'S NOTE: The lower - priced equalizer referred to 
above was demonstrated for the first time several months 
ago at the Los Angeles Hi -Fi Music Show. The equipment 
will be delivered shortly to selected hi -fi component dealers 
whose staffs will h' trained to do the tuning. 
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Fig. 5. The response curves of a relatively smooth system in 
which conventional tone controls can do much to restore over- 
all balance. This type of system is difficult to equalize corn - 
pletely due to close spacing and steep slopes of irregularities. 

Fig. 6. Installation of equalizing filters in high -fidelity system. 
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RELATIVE SOUND LEVELS. Sorre of the most 
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EQUAL LOUDNESS CURVES. Sound intensities re- 
quired to produce equal loudness at various sound levels. 
These curves, obtained by Robinson and Dadson, are 
slightly different from the cider Fletcher -Munson data. 
Both these curves and the Fletcher -Munson curves of 
equal loudness show the need to boost bass frequencies 
substantially and to boost the treble slightly when listen- 
mg at reduced volume levels. If this is not done, bass and 
treble tones will appear to be lost during reproduction. 
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FREQUENCY and VOLUME RANGES. The approxi- 
mate boundaries of normal hearing based on Fletcher - 
Munson data. No sound is heard below level indicated by 
the lower contour. Sound levels that are above the upper 
contour are felt rather than heard and may be accompan- 
ied by a sensation of pain. Also shown are volume levels 
and the frequency ranges of music as well as of speech. 
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MUSICAL FREQUENCY RANGES. 
Fundamental frequency ranges of voices 
and most musical instruments. Note 
that the overtones and transients, which 
give an instrument its particular timbre, 
are shown as extending to 20,000 Hz. 
While the exact limits vary widely, de- 
pending on the instrument and how 
it is played, the overtones may extend 
the frequency range required to repro- 
duce a given musical instrument by two 
or more octaves. Also shown are the 
fundamental frequencies for notes on 
the piano keyboard. The equally tem- 
pered scale is used and it is based on 
the American Standard Pitch (A =440). 
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Scintillation 
Radiological 
Survey 
Meters 
By J. G. ELLO 

Radiation Measurements 
and Instrumentation 

Industrial Hygiene and Safety Division 
Argonne National Laboratory 

Fig. 1. Eberline scintillation radio- 
logical survey meter, Model PAC - 
15 shown with alpha and beta - 
gamma scintillation detectors. 

The operation of radiological survey meters, 
specifically the scintillation type, is thoroughly discussed 
by the author. A complete description and maintenance techniques 
for a typical survey meter, the PAC-1S, are also included in the article. 

F 
OR a number of years, the nuclear instrumentation 
field has progressed at a steady pace, with many inno- 
vations in radiological detectors and their associated 

counting systems. Although many of the earlier types of sur- 
vey meters, such as Geiger -Muller, ionization, and propor- 
tional counters (see ELECTRONICS WORLD, January, 1966) 
are still in wide use, they do not meet all present -day re- 
quirements. Along with the demand for sophisticated instru- 
ments is an ever -increasing demand for the nuclear instru- 
ment specialist. The author hopes that through this article 
he will help electronics technicians in the profession by in- 
creasing their knowledge of basic nuclear instrumentation. 

Radiological instrumentation is now found in military, 
medical, and industrial fields as well as in research. This 
wide application of radiation has resulted in the develop- 
ment of new instrumentation and new types of detectors, 
such as thermoluminescent dosimeters, semiconductor de- 
tectors, and improved scintillation detectors. 

Of the three types of detectors mentioned, the scintilla- 
tion type is well established and in wide use in research 
and commercial work. The detector, with its photomulti- 
plier tube (photo -tube), has a wide range of applications as 
compared to the Geiger -Muller or ionization types. It is par- 
ticularly useful in accelerator studies where short resolving 
time and coincidence counting is required. In addition, the 
scintillator can measure the radiation energy and distinguish 
between types of radiation. 

There are a number of scintillation -type counters used in 
the nuclear field which have the same principle of opera- 
tion. In this article, the author discusses the Eberline survey 
meter, Model PAC -1S, shown in Fig. 1 with its detectors. 
Among other manufacturers that produce scintillation sur- 
vey meters are: Nuclear Chicago, Ludlum Measurements, 
and Victoreen Instrument Corporation. Selection of the 
Eberline instrument for discussion should not be construed 
as an endorsement of the meter, nor as an adverse criticism 
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of any of the meters used in the nuclear field today. 

Scintillators 
Scintillation counting is not new to the nuclear instru- 

ment field. With innovations in nuclear instrumentation, the 
scintillator has become a primary tool for the detection and 
measurement of alpha, beta, and gamma radiation. 

Scintillation, by definition, is a spark, flash of light, or a 
twinkle of a star. The phrase "scintillation counting" goes 
back many years. Originally studied by Becquerl and 
Crookes, they found that some materials would emit flashes 
of light when exposed to nuclear radiation (similar to a 
radium watch dial). These flashes of light are referred to as 
"scintillations." 

To make a scintillation detector, we must first have a 
phosphor material which scintillates when exposed to nu- 
clear radiation. The phosphor should be able to absorb al- 
pha, beta, or ganuna radiation and thereby produce ioniza- 
tion and excitation within itself. For practical purposes, we 
could say that nuclear energy is converted to light energy. 
This fluorescent radiation or scintillation, as we shall see 
later, is what the photocathode of the photomultiplier sees 
and amplifies. 

An ideal phosphor material is one which readily absorbs 
nuclear radiation, is highly efficient in converting nuclear 
energy to light energy (photons), has a fast scintillation de- 
cay, is transparent to its own scintillations, and has an emis- 
sion wavelength matching the photocathode sensitivity of 
the photo -tube used. 

At present there are five classes of phosphors (scintilla- 
tion material). These are organic liquid and solid solutions, 
organic crystals, inorganic crystals, and noble gases. The 
type to be used depends on the type of radiation to be de- 
tected. For example, if gamma radiation is of interest, we 
may use an inorganic sodium -iodide crystal activated with 
a small quantity of thallium to create luminescent centers. 
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NaI(TII Crystal 

Rubber Light Seal 
Mylar Alpha Window 

ZnS(A.I Scintillator 
Aluminum Can 

Aluminum Oxide Reflector 
Quartz or Glass Light Pipe 

Lucite Light Pipe 

A B - 

Fig. 2. Cross -sectional views of (Al gamma and (B) alpha 
scintillator packages showing physical and chemical makeup. 

For beta radiation, an organic anthracene crystal may be 
used, and for alpha radiation, a very thin layer (powdered 
screen) of organic zinc -sulfide activated with silver is used. 

For practical purposes, we can say there are three types 
of scintillation forms in use, that is, the phosphor material 
may be in a liquid, crystal, or powder form. Since we are 
discussing battery -operated survey meters, our interest lies 
in the latter two: the crystal state and powder scintillators. 

An important property of a scintillator is the efficiency 
with which it converts nuclear energy to light energy, that 
is, the number of photons produced per nuclear event. The 
photons produced must pass through the scintillator to the 
photocathode to be counted. For this reason, the packaging 
of the scintillator is also of great importance. 

Since the type of radiation to be detected determines the 
packaging technique to be used, we should review some of 
the basic properties of nuclear radiation. 

Nuclear Radiation 
Back in 1898, when Pierre and Marie Curie concluded 

that uranium gave off rays which were characteristic of that 
element and not related to its chemical state, they referred 
to this phenomenon as "radioactivity." As research work 
continued in the early part of this century, other elements 
were found to be radioactive which were also characterized 
by the emission of one or more of three types of radiation. 
The three types were named after the first three letters of 
the Greek alphabet. 

The first, called alpha (a) rays or alpha partioles, are 
helium nuclei each consisting of two protons and two neu- 
trons with a positive charge. When ejected from a radioac- 
tive atom, the particle moves with considerable speed, ap- 
proaching 20,000 mi /sec. It can only travel through 1 to 2 
inches of air and is unable to penetrate a few sheets of 
newspaper. 

The second type of radiation is called beta (l3) rays or 
beta particles. The beta particle is emitted from the nucleus 
of a radioactive atom and has a mass and charge equal in 
magnitude to that of an electron. Beta's can travel several 
hundred times farther than the alpha particle and at speeds 
approaching the speed of light. A beta particle, with the 
same energy as an alpha, will move much faster and go far- 
ther before its velocity is brought to zero by collision with 
the atoms which it ionizes. In other words, a beta particle, 
which can pass through a number of sheets of newspaper, 
is easily absorbed (stopped) by a 14 -inch sheet of Lucite 
even though its energy is the same as the alpha particle. 
This is logical since the mass of the alpha particle is approx- 
imately 7500 times greater than that of a beta particle. 

The third type of radiation is referred to as gamma (v) 
rays. Unlike alpha and beta radiation, gamma radiation 
does not consist of particles. It is a short -wavelength elec- 
tromagnetic radiation of nuclear origin. It is emitted from a 
disintegrating atom when an excess of energy remains after 
the ejection of an alpha or beta particle. Gamma rays move 
at the speed of light and are similar to x -rays, therefore, 
they have a greater penetrating ability. 

Protection against a and /3 particles can be obtained by a 
shield made of glass or a yr -inch thick plastic such as Lu- 
cite. However, with 7 rays, a lead, steel, or concrete shield 
is necessary. The best protection against nuclear radiation is 
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to keep as far as possible from the source and limit expo- 
sure time. 

Scintillator Detectors 
As mentioned earlier, the packaging of a scintillation de- 

tector depends on the penetrating ability of the radiation to 
be detected. It can be packaged in many shapes and sizes 
with the primary consideration being given to the preven- 
tion of any light transmission from the outside. The diagram 
of Fig. 2A is a cross -section view of a packaged gamma 
scintillator. It incorporates sodium- iodide activated with 
thallium to form an NaI(Tl) crystal which is enclosed in a 
0.0312 -inch thick aluminum can. The inside of the can is 
coated with a very thin layer of aluminum oxide for the 
purpose of light reflection. The photo -tube end of the can is 
sealed with a 0.01560 -inch thick glass, quartz, or Lucite 
window, referred to as a light pipe, and in this case, equal 
in area to that of the photocathode of the photo -tube. The 
scintillator package is then placed in a light -tight container 
housing the photomultiplier and its associated circuit, as 
seen in Fig. 1. When installing the scintillator package to 
the face of the photo -tube, it is necessary to have good op- 
tical contact between the two surfaces to minimize any re- 
flection at the interfaces. The optical connection may be 
accomplished by sandwiching some transparent material, 
such as silicone grease, between the photo -tube and the 
light pipe. 

A scintillator for detecting beta particles is packaged in a 
similar manner, except that a 0.1875 -inch thick anthracene 
crystal is used in place of the Nal(Tl) crystal. Also, the alu- 
minum can must have the end opposite the photo -tube re- 
moved and replaced by a 1 -mil (one thousandth of an inch) 
thick aluminum foil, which acts as the beta window. The 
window permits the beta particle to come in contact with 
the crystal and is similar in design to the alpha scintillator 
window shown in Fig. 211. 

An alpha scintillator may he housed like the beta type, 
that is, like the beta scintillator, it needs a very thin light - 
tight window to allow passage of low energy particles. The 
aluminum can must have both ends open. The photo -tube 
end of the can has a light pipe attached for light transmis- 
sion and is equal in area to that of the photocathode. The 
opposite end of the can, which is the alpha window, is con- 
structed from a 0.25 -mil thick opaque layer of aluminized 
Mylar. Directly under this Mylar window is the alpha scin- 
tillation material, consisting- of a silver -activated zinc -sulfide 
powder ZnS(Ag). A very thin layer of this powder has been 
specially fabricated as a decalcomania scintillation screen. 
This screen is highly sensitive to alpha particles, that is, 
they are readily absorbed, whereas the beta- gamma's are 
not and go on through the screen undetected. The zinc -sul- 
fide screen, as seen in Fig. 213, adheres to the transparent 
Lucite light pipe. In some instances, the screen can be ap- 
plied directly to the face of the photo -tube, thus obviating 
the need for a light pipe. 

When an alpha particle penetrates the Mylar window, it 
strikes the ZnS(Ag) screen, which undergoes a change and 
emits a minute flash of light which is seen by the photo - 
tube and is amplified accordingly. This same phenomenon 
occurs in the radium dials of clocks and watches. Here a 
small amount of radioactive material, such as radium, is 
mixed with some zinc -sulfide so that the alpha particles are 
always colliding with it, thereby emitting light. This light 
can then be seen on the dials in the dark. By using a sensi- 
tive photoelectric cell, such as the photomultiplier tube, 
these scintillations can be converted into electrical energy 
as is done in the alpha scintillator. 

Photomultiplier Tube 
In the early stages of scintillation counting, an attempt 

was made to use -an ordinary photo -tube. This particular 
tube may work fine in chain stores to open and close doors, 
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but it is unsatisfactory for scintillation counting. The draw- 
backs with this tube are its poor response toward faint light 
flashes and the high level of noise generated by its asso- 
ciated circuit. In 1944, it was decided to construct a special 
photo -tube which would be self- contained, consisting of a 
photoelectric cell followed by a high -gain amplifier that de- 
pended on the phenomena of photoelectric and secondary 
emissions. To understand this phenomenon, we should un- 
derstand that electrons are held captive in various materials 
by means of the potential barrier and that to release them 
sufficient energy must be applied to these electrons so that 
they are able to cross this barrier. For example, if incident 
(primary) electrons bombard a material and transfer all or 
part of their energy to the electrons the material contains, 
they in turn would release additional electrons which causes 
so- called secondary emission. 

By examining the basic configuration of a photomultiplier 
~ tube, shown in Fig. 3, we find it consists of four major in- 

terior parts: (1) The photocathode, which is a semi- trans- 
parent photosensitive film deposited on the inside of the 
fiat end of the tube's glass envelope. This photosensitive 
material should be dependent on the light wavelength of 
the emission spectra of the scintillation material used. A sen- 
sitive material consisting of an alloy of cesium- antimony is 
widely used because of its sensitivity to light wavelengths 
up to about 6500 A, which is well within the emission spec- 
tra of most scintillators. The main function of the photo- 
cathode is to convert light energy to electric energy by 
means of photoelectric emission, that is, to absorb photons 
and in turn release electrons. (2) The electron optical ele- 
ment or funnel, as it is more commonly called, acts as a 
guide to insure that all the electrons released by the photo- 
cathode are directed to the first dynode. When a proper 
voltage is applied to the funnel, it acts as a focusing elec- 
trode which accelerates the freed electrons to beam onto the 
first dynode; that is, all the freed electrons, irrespective of 
the emanating point on the photocathode, reach the first 
dynode. (3) The dynode assembly, the key factor of the 
photomultiplier tube, comprises the first dynode and all suc- 
ceeding dynodes. The assembly may consist of from 6 to 
14 dynodes, arranged in a cascade (ladder -like) configura- 
tion. By means of the secondary -emission phenomenon, each 
dynode is in itself an electron multiplier ( current amplifier) , 

thus the name, photomultiplier. The dynodes are construct- 
ed so that each one acts as an electron optical element for 
drawing the secondary electrons from one dynode to the 
succeeding dynode. To enhance secondary emission, an al- 
loy of cesium -antimony, silver- magnesium, or copper- beryl- 
lium is coated on the dynodes. (4) The anode, sometimes 
called the collector, which collects all the electrons from the 
last dynode. The output from the anode of the photomulti- 
plier is than coupled directly to the output counting circuit. 

Fig. 4 is a schematic of the scintilla- 
tion detector assembly consisting of a 
scintillator, photo -tube, and preampli- 
fier. With reference to Fig 4, the action 
within the detector is as follows. Nu- 
clear radiation (a) is absorbed by the 
scintillator ( b) causing ionization, 
which is the conversion of nuclear ener- 
gy into light energy (c), referred to as 
scintillation. By means of the light pipe 
(d) and reflector material (e) , a large 
portion of the scintillation reaches the 
photocathode (f) . By means of photo- 
electric emission, the freed electrons 
from the photocathode are funneled by 
the electron optical element (g) to the 
first dynode (h) . At the first dynode, as 
well as the other dynodes, the secon- 
dary- emission phenomenon occurs. The 
freed electrons released by the first dy- 
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-Optics Last Dynode 

Fig. 3. Photograph and cross -sectional view showing the four 
major parts of a photomultiplier tube. The dynodes, by the 
secondary- emission phenomenon, act as electron multipliers. 

node (i) are funneled to the second dynode. Upon impact, 
additional electrons are freed and, in turn, are attracted by 
the succeeding dynodes in sequential order. At each dy- 
node, the number of freed electrons multiply by the elec- 
tron- multiplication process. At the last dynode (j) all elec- 
trons are then funneled to the anode (k) , producing an out- 
put pulse (1) which may then be coupled to its associated 
counting equipment via the preamplifier. 

PAC -1S, Functional Operation 
The PAC -1S (Fig. 1) is a commercially available scintil- 

lation counter built to meet governmental and commercial 
specifications and designed primarily for scintillation count- 
ing. The PAC is battery operated by five standard "D" 
cells or five RM -42 mercury cells and is referred to by such 
names as "Radiac," "Scint Pac," and the early models as 
"Poppy." Scintillation counters are widely used by govern- 
mental agencies, commercial and national laboratories, and 
many educational institutions. The PAC can be used with 
either an alpha or beta -gamma detector and is calibrated to 
present a meter reading from 0 to 2,000,000 counts -pea- 
minute (CPM) of nuclear radiation in four range scales 
(X 1, x10, x100, and x1000). Meter readings are indicat- 
ed on a 0 -20 -AA meter and an audio output phone jack is 
also included. Each meter count gives an audible click. 

Fig. 4. Schematic representation of gamma scintillation detector showing func- 
tional relationship among scintillator, photomultiplier tube, and preamplifier. 

Preamplifier 

ement 

-Last Dynode 

Output-Couiting Ckt. 

41 



 

R201 
I 5mEGO 

L 

2112925 
0201 

r 
CR201 
!WISE. 

R26K 

C2 
0 001 
1500V 

R CR202 R204 
47K 

202 
111456 IOK 

8203 
8.2MEGO 

2112925 0202 
0201 
001 

RT201 R1202 
180 180 

RS 
390K 

C3 
0.1 

CR203 
193712 

tR208 

0203 0204 
1.2K 

C202 2113251 2112925 
820 PFD 

--3 R206 
180 

11207 

C203 
.314690 

fR20s 10 4- IOK 35V 

DISCR 
R8 
25K 

0205 
2N404 

i 020 
820 

4 
PFD 

R209 
1.26 

C205 
33PFD 

yl 
0206 
2112925 

R210 
22K 

CH2O4 
IN456 

R211 
476 

0207 
2N5251 

K2 

R213 ¡) 
A 

0K 

8214 
I 4 7K J 

)0> 

iC>--1- 

RESET 
S2 

BATT 
CHECK 
S3 

10K 

MI 
A 200A 

HV POWER SUPPLY P -7(8)E 

I 0101 
292416 

C1o2 
0.01 CR101 R103 RI044 

57101 31600V IN3285 1514E603.3ME80 I 

II 
VI01 
GV 3A-1240 

DETECTOR 
J4 

A 

C104 
0.01 
1600V 

L 

Cl CRI 
100 IN2069 T 

I ^ S.BV i 
tO.IV L 

R7 
82 

1Ó3289_ 
ZENER 

111111111 

FI 

1311- 815 

9 

i 
4- 

1 

>1 

,PHONE 
J6 

Ö 0Ì 
R9 
336 

R301 
22K 

C301 C3or C303 C304 
OI 180 180 180 180 

(B ( 
(C ( 
{D( 
(E (L----- --J 

RT3 
IK 

T306 
T305 

C307 C308 
8,0005 0.005 005 0.5 

CALIBRATION CONTROLS 

121 

10 
ti 

1 

J D / 6` 

SECTION 2 SECTION 1 

FRONT REAR 
SIC SIB 

CS 
100 

D12 

1101 R402 6403 R404 R405 6406 6407 R409 R409 R410 

12M 12M 12M 12M 12M 12M 12M 12M 12M 18M 

The electronic circuits are: a high -voltage supply for the 
detector, an amplifier, a pulse- height discriminator, and a 
trigger circuit. The panel- mounted controls (Fig. 1) con- 
sist of a range- selector combination "on -off" switch; a bat - 
tery -check button that, when pressed, will indicate on the 
meter the battery supply condition; a "Reset" button which 
returns the meter pointer to zero; and a discriminator con- 
trol, "Discr.," to determine the minimum size pulse to be 
accepted from the detector. In addition to the range- selec- 
tor switch, each range has an internal calibration control as 
shown in Fig. 5. 

Referring to the circuit diagram of Fig. 5 the basic opera- 
tion of the PAC is as follows. Regulated high voltage is 
supplied by a blocking oscillator circuit made up of transis- 
tor Q101, transformer T101, and their associated compo- 
nents. The a.c. voltage produced by the oscillator induces 
a voltage in the secondary winding of T101. Capacitors 
C102 and C103 and diodes CR101 and CR102 make up 
the voltage doubler and filter network. The resultant de- 
tector high voltage is regulated at 1240 volts by corona 
regulator tube V101. Capacitor C104 further filters this 
voltage which is then applied to the detector voltage - 
divider network through resistor R5. The divider network 
consists of a series- resistor string (R401 through R411) 
which provides each photo -tube dynode with the proper 
voltage for electron multiplication. 

When the detector is placed in a radioactive field and 
the proper regulated high voltage is applied to the detector, 
a negative -going output pulse will be coupled through 
capacitor C2 to the two -stage amplifier circuit, consisting 
of transistors Q201 and Q202 and their associated compo- 
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Fig. 5. Complete schematic diagram 
of the PAC -1S scintillation radiological 
survey meter manufactured by Eberline. 

nents. To compensate for temperature changes in the input 
components, the amplifier contains two temperature- sensi- 
tive resistors (RT201 and RT202) for stability. Diode 
CR201 is used to help prevent damage to the input transis- 
tor if the detector voltage should be shorted to ground. 
Diode CR202 is used to limit the amplitude of large input 
pulses. When panel- mounted discriminator control "Discr." 
(R8) is set at maximum, the over -all gain of the amplifier is 

approximately 250. The amplifier output is coupled to the 
pulse -height discriminator stage through discriminator con- 
trol network C3, R8, and C202. Discriminator input transis- 
tor Q203 is a common- collector circuit and its output is 

directly coupled to transistor Q204. Resistor R205 provides 
the bias for Q203, and resistor R206 supplies a negative 
feedback between Q203 and Q204. Transistor Q204 is 

wired as a common -base circuit and drives tunnel diode 
CR203. The function of Q204 is to supply a current source 
to control the tunnel diode. When this current source 
reaches 1 mA, it drive the diode into a high- voltage state 
( negative resistance) . This voltage is sufficient to saturate 
transistor Q205, which is normally cut off. Q205 will remain 
saturated as long as the diode is in the high- voltage state. 
When the diode current decreases sufficiently, the tunnel 
diode will revert to its normal state and Q205 will cut off. 

If pulses are of minimum amplitude, the trigger circuit 
which is a monostable multivibrator composed of transistors 
Q206 and Q207 and their composite parts, will go into 
operation. In its quiescent state, both transistors are at cut- 
off (non -conducting). When a proper size positive -going 
pulse appears at the base of transistor Q206, it turns 
Q206 on (conducting) and this, in turn, sets the trigger 
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circuit into operation. With this action, a negative -going 
signal is developed across resistor R210 which is coupled 
through preselected timing capacitor C308 and resistór 
R211 to the base of Q207, causing it to conduct. This, in 
turn, generates a pulse across collector resistor R214 of 
Q207. A portion of this pulse is fed back to Q206 through 
resistor R212, thereby maintaining Q206 in saturation. This 
additional voltage also holds timing capacitor C308 in a 
charged state which, in turn, maintains Q207 in saturation. 
During the charging time of C308, the base of Q207 ap- 
proaches the battery voltage, driving it out of saturation. 
During this time its collector voltage will also start to de- 
crease, thereby causing Q206 to start out of saturation. At 
this point, Q207 will cut off, causing its collector voltage 
to drop to near -ground potential. This drop in collector 
voltage is coupled to the base of Q206 causing it to cut off. 
The time that Q207 conducts depends on the preselected 
timing capacitor (C305, C306, C307, or C308) and their 
associated resistors (R1, R2, R3, or R4) which are also 
preselected by the panel -mounted range selector (S1A) . 

During the conduction period of Q207, a current will 
flow through the indicating meter (M1), developing a 
voltage drop across it. This voltage will charge up one of 
the preselected meter integrating capacitors (C301, C302, 
C303, or C304). When Q207 stops conducting, the pre- 
selected integrating capacitor will discharge through the 
meter, maintaining an average meter reading. The same 
pulses affecting the meter are also applied to the phone 
jack (J5) for aural monitoring. 

Maintenance 
Many scintillation survey meters, although ruggedly con- 

structed, are delicate instruments. Severe shock to them 
might result in damage to the microammeter movement, 
the photomultiplier tube, or cause the scintillator to crack. 
A word of caution: the indicating meter is very delicate. If 
it is necessary to make continuity checks, the meter should 
be shorted out by placing a wire across its terminals. The 
electronic components used in most survey meters are 
standard parts and can be checked readily by conventional 
means. It is good practice to remove the instrument from 
its case periodically and inspect for moisture, dirt, and 
battery -voltage contact corrosion. In due time the contacts 
become corroded and also electrodeposition action sets in, 
causing the survey meter to be erratic or fail to operate. 
When battery -operated instruments are to be stored, they 
should be kept in a dry place with batteries removed. 

The scintillation detector is the most expensive part of 
the survey meter, therefore it should be handled with care. 
A single photo -tube may cost from $25.00 to hundreds of 
dollars, depending on size. It is strongly recommended that 
photomultiplier tubes be stored in complete darkness and, 
when used in a survey meter, never be exposed to light 
when connected to the power supply. This is one of the 
main causes of failure of the alpha and beta scintillation 
detectors. The light -tight Mylar windows are very easily 
damaged by careless use, resulting in scratches or ruptured 
windows, thereby allowing excessive light to reach the 
photosensitive cathode. Whenever the window is damaged, 
the meter will indicate an excessively high reading or may 
saturate and give no reading at all. The damaged area can 
be repaired temporarily by applying a small amount of black 
lacquer over the damaged area, sealing the light out. It 
should be kept in mind that the lacquered area will not 
pass low energy particles such as alpha's. 

The scintillator is also expensive and should be handled 
with care. A scintillator can be affected by various condi- 
tions. For example, a false reading will be indicated on the 
meter if the scintillator is exposed to ambient light, me- 
chanical strains, heating, and to certain chemicals. Some 
crystals may rupture when exposed to excessive tempera- 
ture changes. A sodium- iodide scintillator, which is hygro- 

ABNORMAL INDICATION 

No indication on meter 

Indicates high reading 
on all ranges 

Indicates low reading 
on all ranges 

Indicates erratically 

Meter saturates (reads up 
then drops to zero) 

Resists proper calibration 

Incorrect reading when 
checked with check source 

Indicates up -scale with 
no radiation present 

PROBABLE FAULT 

(a) connections, battery contacts; 
(b) batteries; (c) controls; 
(d) meter movement 
(a) contamination; (b) detector; 
(c) noisy cable; (d) calibration; 
(e) see last abnormal indication 
(a) calibration; (b) batteries; 
(c) high voltage is low; 
(d) detector 

(a) connectors, battery contacts; 
(b) detector; (c) dirty insulators 
(a) detector; (b) high radiation field 

(a) detector; (b) controls; 
(c) batteries 
(a) calibration; (b) batteries; 
(c) detector 
(a) calibration; (b) detector; 
(c) high voltage too high 

Table 1. Fault- location chart for scintillation survey meter. 

scopic, must be hermetically sealed so as not to come in 
contact with moisture. 

Other components that can cause erroneous readings are 
the detector insulators, high- voltage insulators, and the 
feedthroughs. The slightest contamination of these parts by 
perspiration, dirt, or oil will create leakage paths. If surface 
leakage is suspected, cleaning with 170 -proof methyl al- 
cohol is recommended. 

False readings can also result if the alpha detector is ex- 
posed to high concentrations of alpha or beta -gamma nu- 
clear fields or nuclear contamination of the detector. For 
example, in some cases, should the alpha scintillation de- 
tector be exposed to high levels of alpha, the detector light 
level becomes so great that the counting circuit cannot re- 
solve the pulses, resulting in a zero or near -zero reading. As 
for the high levels of beta -gamma, an erroneous reading 
will result if alpha radiation is to be measured in an area 
also contaminated with beta -gamma radiation. If this kind 
of situation exists, the surface area of the detector should be 
blocked out with paper, this would then block out all alpha 
radiation. If the survey meter still indicates and the de- 
tector is not contaminated, one of two procedures should be 
used. (1) Measure the beta -gamma reading and subtract 
this value from the total alpha, beta -gamma reading, or (2) 
adjust the discriminator or sensitivity control until there is 
no beta -gamma indication on the meter (this makes the 
meter less sensitive). After the initial adjustment is made, 
be sure to check for alpha sensitivity with an alpha -check 
source. If the reading is lower than the calibrated value, all 
further alpha readings must be corrected by this factor. 
Upon completion of the survey, the meter should be re- 
calibrated for a proper alpha reading. Warning: Calibration 
of all types of survey meters should be clone only by qual- 
ified personnel trained in the use of n-ucl »ar radiation. 

In addition to the above limitations, a fault -locating chart 
( Table 1) is included. It indicates some of the typical mal- 
functions encountered and their probable causes. 

In general, most battery -operated survey meters have an 
accuracy of --10 to 20 percent of full -scale reading. They 
are designed to be used as indicators of radiation and not 
for absolute measurements. When purchasing any instru- 
ment, it is a good practice to read the instrument's main- 
tenance /operator's manual. A person can learn a lot about 
the instrument from its manual. For example, operational 
instructions, theory of operation, diagrams, preventive 
maintenance, calibration curves and procedures, pictorial 
illustrations, parts list, and above all, instrument limitations 
are usually included in the manual. Most reputable manu- 
facturers supply this information on request. 

Article is based on work performed under the 
auspices of the U.S. Atomic Energy Commission. 
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Taming 
Radar 

Weather 
Clutter 
By HOWARD L. McFANN 

Project Manager 

National Aviation Facilities Experimental Center, FM 

By using magnetic tape recorders to 
"capture" radar storm signatures, the 
FAA hopes, through test and evaluation 
programs, to improve control personnel's 
ability to identify and track air traffic 
in less -than -ideal weather conditions. 

Fig. 1. FAA project engineer adjusting two -channel Ampex 
F -950 rotary head instrumentation tape recorder used in 

development of a processing subsystem for radar data to help 

traffic control personnel better identify aircraft during storms. 

Air traffic control specialist for the FAA evaluates weather 
contours generated from recorded radar data. This data, col- 
lected from storms and aircraft, is evaluated so that in the 
future it will be easier for control personnel to differentiate 
aircraft from the various types of weather environments. 

INCREASING congestion in the skies above our nation's 
airports and along the airways constantly challenges the 
air traffic control specialists of the Federal Aviation Ad- 

ministration. Charged with the responsibility for the safe 
and orderly flow of air traffic, they fulfill their duty to 
thousands of air travelers each day despite forces that con- 
spire to complicate their job. 

One of these forces is the presence of lveather clutter on 
their radar indicators. The weather returns appear as noise 
that interferes with the radar signals from aircraft. As a 
result, it is often difficult to identify and track the air traffic. 

FAA's Answer 

But while everyone talks about the weather and few do 
anything about it, the FAA is developing a realistic answer 
to the problem by an aggressive program that seeks to 
improve the display of aircraft in clutter. The payoff will 
be to increase the capability of control personnel to direct 
air traffic in bad weather. 

At the National Aviation Facilities Experimental Center 
(NAFEC) of the FAA in Atlantic City, New Jersey, officials 
are perfecting a radar digital- processing subsystem for 
weather and aircraft data. The subsystem is part of the 
automated National Airspace System (NAS) that will pro- 
vide automated or semi -automated tracking and display of 
aircraft and radar weather clutter. Within a few years, it 
will be used throughout the nation to help direct the ever - 
increasing volume of air traffic. 

There are two complementary airspace systems being 
developed. One will be the enroute system with a 200 -mile 
range; the other a terminal system with a 60 -mile range 
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(Fig. 3). The enroute system is now undergoing test at 
NAFEC and the first stage has been implemented at the 
Jacksonville, Florida, Air Route Traffic Control Center. 
Future plans call for installation of the terminal system at 
high- density sites throughout the country. 

Instrumentation 
As part of the instrumentation used to develop the system, 

Ampex wide -band magnetic tape recorders are used to record 
radar data representing storm signatures and aircraft during 
different weather environments. These tapes are later 
played back for analysis and system optimization. The 
recorders are rotary -head instrumentation recorders similar 
in design and bandwidth to professional video tape record- 
ers. The NAFEC recordings are replayed as often as neces- 
sary to set up standards of comparison while testing system 
components. Before utilizing magnetic tape recording, storm 
signatures were impossible to simulate or record. As a re- 

sult, tests could only be conducted in "live" conditions, and 
no standard of comparison could be established. 

Storm Signatures 

Storm data is made up of radar returns from particulate 
matter such as ice and rain in the air. Each storm has a 

characteristic signature which shows direction and indicates 
approximate intensity in terms of the density of the hydro - 
meteors. Previously, conventional radar- indicating devices 
such as plan position indicators (PPI) and "A" scopes were 
used to study these storm signatures and their effect on 
aircraft signals in real time (Fig. 2). 

Now, using magnetic recording, it is possible to repro- 
duce with all its original intensity the storm data that has 
previously been recorded in the field. The characteristic 
signature of rarer disturbances such as hurricanes and tor- 
nadoes can be repeated at any time without waiting for 
another to occur. The highly accurate time base of the 
recorders reduce jitter problems to a negligible level so that 
the reproduced storm data can be used in digital detectors. 

Recorded Data 

Several types of radar data commonly recorded, both at 
Atlantic City and various field sites, are linear receiver out- 
put, logarithmic receiver output, moving target indicator, 
and beacon (ATCRBS) aircraft identification signals. In 
'situations where NAFEC wants to record more than one 
type of data simultaneously, a two -channel recorder is used 
( Fig. 1) . Radar data is presented to the recorder in the 
form of detected video made up of low- frequency clutter 
blocks and narrow pulses representing aircraft. The pulses 
may have a rise time as fast as 100 nanoseconds and repeti- 
tion rates up to 1500 pulses per second. The radar triggers 
are multiplexed as negative spikes while the radar video is 

positive -going pulses. Thus, full utilization of each wide- 
band recording channel is permitted. During recording, 
input radar signals are paralleled into a PPI scope for 
monitoring. 

To show radar antenna position, output from the two - 
speed positional servo system and an azimuth pulse gen- 
erator are multiplexed and recorded on the subsystem's two 
auxiliary channels. A time code and voice -cueing signal 
also are recorded on the auxiliary channels to aid in iden- 
tifying specific activities on the tape. 

Data Processing 

The recorder output is treated as a live radar source in 
two distinct test and evaluation programs. In one case, the 
analog radar signals are used as inputs to existing data 
processing and display hardware. By repeated playback, 
the equipment operating parameters can be optimized. The 
other use for the reproduced radar is in the computerized 
signature analysis. The recorded storm signals are processed 
by a multi -level quantizer for recording by the IBM 7090 
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Fig. 2. (Top) A typical plan position indicator display of 
weather clutter. Magnetic tape recording now makes it pos- 

sible to continuously repeat storm data to assist the FAA 

personnel in studying storm signatures' effect on aircraft. 
(Bottom) Single -sweep "A" scope display of weather formation. 

computer. The resulting digital tape is then used in various 
analysis programs that determine essential characteristics 
such as range and azimuthal correlation coefficients, and 
power gradients.. 

Instant Weather 

In effect, the illusive radar storm signatures have finally 
been captured. The NAFEC instrumentation, consisting of 
the Ampex FR -950 tape recorder and the IBM 7090 com- 
puter, provides instant weather for use in many of their 
test and evaluation programs. It is anticipated that this 
facility will be used with increasing frequency as more and 
more air traffic control engineers become aware of its 
capability. 

Fig. 3. FAA 60 -mile range terminal radar system that will 
be used in conjunction with a 200 -mile range enroute system 

to provide automated or semi- automated tracking and display 
of aircraft and radar weather clutter. The FAA has plans for 
automating such terminal radar systems at high density sites. 
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TV -FM LEAD -IN: 
How to select the right kind of lead -in for your antenna. Complete 
rundown of all the various types now available, performance, cost. 

IN some localities, an indoor TV or FM antenna works 
fine. But in most locations, you need an outside antenna 
to get a clean TV picture or good FM sound. To use an 

outdoor antenna, you need lead -in wire, to carry the r.f. sig- 
nal from the antenna to the receiver. But you cannot simply 
connect any type of wire between the antenna and receiver. 
You have to use the right kind, and there are several types on 
the market. Here's how to select the right one for your in- 
stallation. 

Lead -in Requirements 
To do the job properly, lead -in wire must meet certain 

requirements. 
1. The lead -in must match the impedance of the antenna, 

and that of the receiver's antenna -input circuit. Most TV 
and FM receiving antennas are 300 -ohm types, and most 
TV and FM receivers similarly have 300 -ohm inputs. You 
can get either 300- or 75 -ohm lead -in, and you can get trans- 
formers to match 300 ohms to 75, and vice versa. 

2. The lead -in should attenuate the r.f. signal as little as 
possible (or cause as little signal loss as possible) , because 
if the signal is too weak when it reaches the receiver, you'll 
get a snowy picture or a noisy FM signal. If you live in a 
high -signal area near the broadcast stations, this may be no 
problem. But if you live in a near -fringe or fringe area, you 
may need lead -in with the lowest possible loss. And color -TV 
and stereo -FM are even more sensitive to signal attenuation. 

3. The lead -in should not add anything to the signal it gets 
from the antenna, that is, the lead -in itself should not pick 
up any direct r.f. signal, whether from TV or FM stations, or 
other radio signals, or noise (ignition or otherwise). If the 
lead -in does pick up other signals, such signals cause inter- 
ference in the TV picture or FM sound. Of course, no lead -in 
is perfect, and all pick up some spurious signals. But some 
pick up less than others. If you live in a sparsely settled area, 
you won't have to worry much about unwanted lead -in pick- 
up, for there won't be much r.f. around. But if you live in an 
urban area, spurious r.f. and noise may be heavy in your 
neighborhood. Even if spurious r.f. and noise are no problem, 

Fig. 1. Common types of lead -in include (Al flat twin - 
lead, (B) coaxial cable, and (C1 shielded twin -lead cable. 
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direct pick up of the TV signal by the lead -in causes ghosting 
to the picture or multipath distortion with FM. 

4. The lead -in should be durable, since it's outside the 
house and exposed to wind, snow, ice, sun, rain, soot, and 
salt. All of these elements deteriorate the plastic insulation 
or jacket of the lead -in eventually; some go bad sooner than 
others. Also, with some lead -in types, rain, snow, and ice 
make the TV picture or FM sound worse. Obviously, long life 
is a desirable lead -in characteristic, as you have to replace 
the lead -in less often. and it costs you less in the long run. 

5. The lead -in should be easy to install. A lead -in which 
is sensitive to nearby metal objects (6" or closer) is more 
difficult to install than one which is not, because most houses 
have such metal objects as rain gutters and downspouts on 
the eaves and corners, and you have to avoid them when 
running the lead -in. The same consideration applies to lead - 
in types which are sensitive to nearby a.c. lines. With some 
lead -in types, also, the use of metal -ring stand -off insulators 
can be detrimental to signals; you have to use nonmetallic 
stand -offs. 

6. The lead -in should be reasonably priced. You can buy 
very good lead -in which will do quite well in meeting all the 
preceding requirements. But it may cost several times what 
more common types do. 

Stereo -FM, Color -TV, and U.h.f. 
All lead -in types attenuate the signal somewhat. This at- 

tenuation increases as the length of the lead -in does, and it 
also increases with the signal frequency. 

Since the noise level is generally constant at the receiver 
r.f. input, the greater the signal losses in the lead -in, the 
noisier the signal, or the snowier the picture. 

For good stereo -FM, you need a fairly clean r.f. signal, for 
noise degrades stereo separation by interfering with the rela- 
tively weak 19 -kHz pilot and the stereo -AM sidebands 
around 38 kHz. Similarly, for good color -TV you also need a 
fairly clean signal, for noise easily degrades the 3.58 -MHz 
color subcarrier and the color -difference signals. In both 
stereo -FM and color -TV, the additional information is multi- 
plexed on the main carrier at a lower level than main- channel 
information, making it more susceptible to interference. Also, 
stereo -FM and color -TV receiver bandwidths are usually 
greater than those of mono -FM and black- and -white TV. 
The greater the bandwidth of any system, the more suscepti- 
ble to noise that system is. 

In the days of only mono -FM and black -and -white TV 
considerable lead -in loss was tolerated. Ghosts and noise 
weren't so noticeable. Today, unless you don't plan to enjoy 
stereo or color, you should install lead -in to handle both. 
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What Kind to Use? 
By THOMAS R. HASKETT 

U.h.f. -TV signals also make stringent demands on lead -in. 

V.h.f. -TV signals range from 54 to 216 MHz, while the u.h.f. 
band runs from 570 to 890 MHz. Since lead -in losses increase 
with frequency, this means that some types will work satis- 
factorily at v.h.f., but not at u.h.f. 

Nearly every part of the country has at least one u.h.f. 
station on the air, and more are coming on every month. By 
federal law, all new TV receivers sold in interstate commerce 
must be capable of receiving both v.h.f. and u.h.f. Therefore, 
any new antenna installation should be all- channel. 

Basic Lead -in Types 

The most common type of TV -FM lead -in for many years 
has been ordinary fiat twin- lead, as shown in Fig. 1A. It has 

a characteristic impedance of 300 ohms, to match the im- 

pedances of most antennas and receivers. It is balanced to 
ground (that is, neither side is grounded) and unshielded. 

Less popular until recently is coaxial cable (Fig. 1B). Its 
impedance is in the range of 72 -75 ohms. Since few antennas 
and receivers can match this impedance, transformers are 
usually required at both ends of the cable, to match the 300 - 
ohm terminals. Coax is unbalanced ( the outside conductor 
is grounded) and shielded. (Since the matching transformer 
used with coax converts a balanced line to unbalanced, it's 
often called a balun.) 

More recently, a lead -in has been developed which com- 
bines the best feature of both twin -lead and coax. Called 
shielded twin -lead (Fig. 1C), it has 300 -ohm impedance, is 

balanced to ground, and is also shielded. 
As Fig. 2 shows, there are differences between coax and 

the two types of twin -lead in the distribution of the electro- 
magnetic and electrostatic lines of force which surround the 
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Fig. 3. Cross -sections of various types of lead -in. 
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conductors. These lines are produced by the current and 
voltage of the signal moving through the lead -in, and if the 
lines are disturbed, the signal may be impaired. 

In ordinary twin -lead ( Fig. 2A) , many of the lines of force 
extend away from the conductors, which is why you cannot 

Fig. 2. Magnetic fields (electromagnetic lines of force) and electric fields (electro- 

static lines of force) in (A) flat twin -lead, IB) coax cable, and (C) shielded twin -lead. 
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Type of Lead -in 
Signal losses in dB par 100 feet at: 

100 MHz 500 MHz 900 MHz 

Unshielded 300 -ohm twin -lead 
Open -wire 0.5 - - 
Oval 0.9 2.6 3.9 
Foam -core tubular 1.1 3.0 4.3 
Flat 1.1 3.0 4.5 
Twin -foam 1.1 3.5 4.5 
Heavy -duty 1.2 3.5 5.1 

Shielded 

300 -ohm twin -lead 2.5 5.4 7.7 
75 -ohm foam coax 2.7 6.4 8.0 
75 -ohm RG -6 /U coax 2.7 6.4 8.4 
75 -ohm RG -59/U coax 3.8 8.5 12.0 

run twin -lead near metal objects. Coax overcomes this diffi- 
culty ( Fig. 2B) as most of the lines are concentrated within 
the shield. The same is true of shielded twin -lead (Fig. 2C) . 

But there is a significant difference between coax and 
shielded twin -lead, regarding construction and performance. 
There are only two conductors in coax. In most types the 
outer conductor is a woven metallic braid; in others, it is a 
solid sheet of metal foil. The foil is slightly more effective as 
a shield. But since there are only two conductors, the shield 
carries current, which means that any interference is present 
in the signal circuit. 

In shielded twin -lead, on the other hand, there are three 
conductors. The two inner conductors carry the signal and 
nothing more. The outer shield carries only interference. To 
install shielded twin -lead properly, you should tie the shield 
and drain wire to chassis or ground at the receiver only, and 
let it float at the antenna. Any interference picked up by the 
shield is thereby drained to ground at one end only, and 
doesn't get into the signal circuit. 

Shielded twin -lead, then, is somewhat more immune to 
noise and spurious r.f. pickup than ordinary coax. This fea- 
ture can be useful in high -noise locations. 

Comparison of Lead -in Types 
A number of different types of lead -in are available today. 

Fig. 3 shows cross -sections of these types. 
Flat twin -lead (A) has been the most common type for 

many years because it's inexpensive. The conductors are sur- 
rounded by a polyethylene plastic insulator, which is avail- 
able in either of two colors. Clear or white twin -lead is usable 
only indoors, where it blends with wall baseboards. It can't 
be used outdoors for the ultraviolet in sunlight rapidly deteri- 
orates the poly. Brown twin -lead lasts longer outdoors, as the 
color keeps the ultraviolet light out. In twin -foam twin -lead 
(B), a core of foam poly surrounds each conductor. Foam 
poly is simply a mixture of polyethylene and air bubbles. 

Table 1. Lead -in comparison by sig- 
nal loss at the various frequencies 
indicated, under ideal conditions. 

Since air has lower dielectric losses than poly, foam twin -lead 
has less loss than solid poly. 

Oval twin -lead (C) was designed to keep contaminating 
moisture, soot, etc., farther from the lines of force surround- 
ing the conductors. Open -wire line (D) has insulating 
spacers which maintain the conductors at the proper distance 
and keep the line impedance constant. Since the dielectric is 
chiefly air (except for the spacers), open -wire line has the 
lowest losses of all -at least when the insulators are clean 
and dry. 

Hollow tubular twin -lead (E) is also designed to keep 
contaminating deposits away from the area between the con- 
ductors. The plastic insulator is formed in a tube, and since 
the core is hollow, the dielectric is mainly air. Unfortunately 
the hollow tube gathers moisture, which increases losses. In 
an effort to overcome this disadvantage, foam -core tubular 
twin -lead (F) was developed. The foam core gathers very 
little moisture. 

Heavy -duty twin -lead (G), which is also called "jacketed" 
or "encapsulated," is surrounded by a tough, plastic, insulat- 
ing jacket which resists the effects of weather and soot. 
Shielded twin -lead (H), as previously described, contains 
two conductors with insulation between, covered with a 
metal shield, and covered over -all with a tough, weather - 
resistant jacket. 

Solid -core coax, at (I) , as its name implies, has solid poly 
between the center conductor and the outer conductor 
(shield) . Two types- RG -59 /U and RG -6 /U -are suitable 
for home installations; RG -6 /U is slightly larger and has less 
loss. Foam -core coax (J) has an air- bubble -filled core which 
reduces losses. Most coax is covered with a weather- resistant, 
polyvinyl- chloride jacket. 

Comparison by Signal Losses 
Table 1 compares the various lead -in types by signal 

losses, at three frequencies. 100 MHz is roughly the middle 

Type of Lead -in 
Signal losses in dB at: 

100 MHz 500 MHz 900 MHz 

Shielded 300 -ohm twin -lead 3 6 8 
Heavy -duty 300 -ohm twin -lead 5 8 9.5 
Foam or RG -6 /U coax, 

with two transformers 5 8.5 10 
RG -59/U coax, with two 

transformers 7 11 16 
Foam -core tubular 300 -ohm 

twin -lead 10.5 16 20 
Flat 300 -ohm twin -lead 25 >35 >35 
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Table 2. Lead -in comparison by signal 
loss for a typical home installation. 
Naturally, these figures are only very 
approximate and will vary widely de- 
pending -in the particular installation. 

ELECTRONICS WORLD 



of the FM and the v.h.f. TV bands; 500 MHz is near the bot- 

tom, and 900 MHz near the top, of the u.h.f. TV band. 
As mentioned before, open -wire lead -in has the lowest loss 

of any lead -in, roughly l;th of the lossiest type at 100 MHz, 

if it can be properly installed. Exact figures were not avail- 

able at 500 and 900 MHz for open -wire, but average losses 

are around 2 dB for u.h.f. But open -wire lead -in is seldom 
used for TV or FM reception. It is difficult to install, not the 
least expensive, and highly susceptible to noise pickup, as 

well as losses if installed close to loss -inducing objects. It 
won't withstand weather conditions: you get a nice picture 
en a clear, dry day, but you may lose the signal when it rains 
or snows. Years ago, if the receiver were a great distance 
from the antenna, open -wire line was the only solution; any 
other type of lead -in would attenuate the signal too much. 
Today, you can use a mast- mounted preamplifier and con - 

ventional twin -lead or coax. 
Losses for the other unshielded types are very similar. 

Unshielded -line losses increase roughly three times at 500, 

MHz, and roughly five times at 900 MHz. (Hollow tubular 
twin -lead isn't shown because it has been largely superseded 
by foam tubular type.) 

Note that shielded lead -in losses are generally two to three 
times those of unshielded. But losses of shielded types don't 
increase as rapidly with frequency as those of the unshielded 
types. RG -59/U is the worst offender. With losses of 12 dB 
at 900 MHz, it is the least desirable in all- channel installa- 
tions. 

But the figures given in Table 1 were derived by measur- 
ing the various lead -in types under laboratory conditions, 
when the cables were dry and clean and removed from near- 
by objects. What happens to the various types at a typical 
home installation? The lead -in is run through stand -off insula- 
tors, perhaps routed through walls and near metal gutters or 
a.c. lines, and exposed to rain, snow, soot, and possibly salt 
spray. Inside the house, the lead -in may even be attached to 
walls with metal staples. All these factors cause greater losses 
in some types of lead -in than in others. 

Table 2 compares the various types by losses in a typical 
installation. Shielded 300 -ohm twin -lead has the least loss, 
followed by 300 -ohm heavy -duty twin -lead. Foam -core coax 
isn't bad. All three are usable at u.h.f. Ordinary RG -59U 
75-ohm coax works fairly well at 100 MHz, poorly at 500 
MHz, and badly at 900 MHz. Foam -core tubular and flat 
300 -ohm twin -lead don't work as well at any frequency in 
this particular case, although foam -core tubular is better than 
regular flat twin -lead. Naturally, these figures will vary 
widely, depending on the kind of installation. 

Coax suffers from an additional disadvantage in the typical 
installation. Very few antennas and receivers will work 
directly with 75 -ohm coax. Thus you must use matching 
transformers, which add 2 or 3 dB of loss to the over -all cable 
figure. Table 2 coax -loss figures include approximately 2 dB 
of balun loss. 

Noise Immunity and Durability 
An unshielded line is more susceptible to interference 

pickup than a shielded one. Thus most coax picks up less 
interference than most twin -lead. But twin -lead is balanced 
to ground, avoiding hum pickup more than coax, which is 

unbalanced to ground. This disadvantage partially offsets the 
noise immunity_ of coax. Shielded twin -lead is both balanced 
to ground and shielded. 

Some flat twin -lead isn't very durable, because the insula- 
tion deteriorates from the effects of the weather. When this 
happens, the insulation may fall apart, changing conductor 
spacing and line impedance. Standing waves are produced, 
causing ghosts on TV and loss of separation in stereo -FM. 
Oval and tubular twin -lead are a bit more immune than flat 
to such deterioration. The most immune types are heavy -duty 
and shielded twin -lead, and most coax. They are encapsu- 
lated in material impervious to weather and contamination. 
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TType of Lead-in yp 
Approx. price 

per 100 ft 

Unshielded 300 -ohm twin -lead 

Flat $1.70 
Hollow tubular 2.50 
Heavy -duty 2.63 
Open -wire 3.27 
Twin -foam 3.68 
Foam -core tubular 4.65 
Oval 5.35 

Shielded 
75 -ohm RG -59/U coax 5.58 

75 -ohm foam coax 6.07 

300 -ohm twin -lead 10.15 

75 -ohm RG -6 /U coax 16.80 

Table 3. Comparison of various lead -ins by price. The 

price varies somewhat depending on quality and source. 

To run ordinary flat twin -lead from antenna to receiver, 
you have to use stand -off insulators every 5 feet or so, and 
pull the line taut. Flat twin -lead whips easily in the wind 
and this flexing may break the conductors, requiring you to 

replace the line. It is also a good idea to twist the twin -lead 
in order to minimize noise and signal pickup. 

If you use an ordinary metal -ring stand -off, you bring 
metal near the twin -lead, possibly causing ghosts. It's better 
to use all- poly -head types, which don't surround the line with 
metal. Also, you must run twin -lead carefully to avoid gutters 
and rain downspouts, for the same reason. You must likewise 
be careful when running flat twin -lead through tlw house 
wall so that it does not come too close to pipes and elec- 
trical wiring. 

Oval and tubular twin -lead aren't much better than flat in 

Otis respect. 
All shielded lead -in types are inherently easy to install, 

simply because you can run them nearly anywhere with no 

deleterious effects. The shield prevents nearby metal objects 
from disturbing line impedance, and minimizes noise pickup. 
You can use any type of stand -off to hold the line, and you 
can even tape it to the antenna mast, or run it inside pipe or 
conduit, which you should not do with most twin -lead. You 
must not deform shielded line -or any other type, for that 
matter. When you deform the line you change conductor 
spacing and you may possibly reduce signals and create 
ghosts. 

Comparison by Price 

After comparing various lead -in types on the basis of how 
well they perform, there remains the matter of price. There 
isn't much point in paying more than you have to, for your 
particular installation. 

Table 3 compares the various lead -in types by price. The 
least expensive is flat twin -lead. Since most of the other types 
perform better, they cost more. Shielded types generally cost 
more than unshielded. RG -6 /U, the most expensive, costs 
nearly 10 times as much as flat twin -lead. 

Just as you cannot buy lead -in solely for its loss figure, or 
for its noise immunity, you cannot simply buy for price. You 
should consider all the previous criteria before making a 

choice. Even with flat twin -lead there are various qualities of 

insulation, several conductor sizes, and several conductor 
types ( copper or copper -coated steel, for high strength) to 

choose from. 

Over -all Lead -in Comparison 

Table 4 shows an over -all comparison of six lead -in types, 
assuming a 100 -foot run from antenna to receiver, some snow 
or rain, soot or other contamination, and a few metal objects 
and wiring near the lead -in. 
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Type of Lead -in 
dB 

Losses 
@ 900 MHz 

Noise 
Immunity 

Durability, 
Contamination 

Immunity 

Shielded twin -lead 8.0 Excellent Excellent 
Foam coax 8.5 Good Excellent 
RG -6 /U coax 10.0 Good Excellent 
Heavy -duty twin -lead 9.5 Poor Excellent 
RG -59/U coax 16.0 Good Excellent 
Foam tubular twin -lead 20.0 Poor Good 

*Includes cost of two matching transformers, average total price $6.18 

Approx. 
Total 
Cost 

$10.15 

12.25* 

22.98,e 

2.63 

11.76°` 

4.65 

Table 4. Over -all comparison of a number of lead -in types for a typical 100 -foot installation. 
Shielded twin -lead is preferred in most installations. Its 

only drawback is price, which is moderate compared to the 
least and most expensive shown in the table. Shielded twin - lead has the lowest loss at u.h.f. under poor outdoor condi- 
tions, has excellent noise immunity, durability, and contami- 
nation immunity. It is also easy to install. 

Foam coax is also good. The cost figure shown in Table 4 
is a bit higher than for shielded twin -lead because it includes 
the cost of two baluns. 

RG -6 /U has only fair performance and is more than twice 
as expensive as shielded twin -lead. Thus it doesn't seem very 
desirable for a home installation. 

Heavy -duty twin -lead is very inexpensive and durable, 
with excellent contamination immunity and moderate losses 
at u.h.f. in a typical installation. But it has poor noise immu- 
nity. If station signals are strong and interference and noise 
minimal at your location, heavy -duty twin -lead is probably 
a very good bet. 

RG -59 /U coax costs about the same as shielded twin -lead 
and performs as well, except it has less noise immunity and greater losses at u.h.f. 

Similarly, foam tubular twin -lead has higher u.h.f. loss and 
is also susceptible to noise pickup. 

Table 4 doesn't show the other lead -in types previously 
discussed, because they do not usually perform quite as well 

in a stereo -FM, color -TV, all -channel installation. Oval, twin - foam, hollow -tubular, and flat twin -lead usually have higher 
u.h.f. losses in a typical installation. and are susceptible to interference pickup. 

Although price is a factor in lead -in choice, don't forget one thing: The user has already invested $300 to $600 or more in a color -TV receiver, perhaps $30 to $60 in an an- tenna, and additional ,dollars for stereo -FM. Saving only a few dollars on lead -in cost may not be wise, for then the lead -in may be the weakest link in your equipment chain. 
Antenna Preamplifiers and Multiset Couplers 

In a fringe area, a high -gain antenna often picks up enough 
signal to provide a good picture or FM sound. But if the 
antenna is up on a tower, the downlead run may be long 
enough to negate the antenna advantage through line loss. 
And if you have noise and /or weather problems, the only 
solution is a mast -mounted preamplifier driving shielded line. 

The preamplifier (or booster) is even more useful if you 
have more than one TV or FM receiver driven by the anten- 
na, because to drive several sets you must connect then 
through multiset couplers which - introduce additional signal 
losses. In this case, an amplified booster may be located at 
the point where the lead -in enters the house and individual 
lead -in runs made to the separate receivers. 

A listing of some representative lead -in types along with their manufacturers and catalogue designations. 

Unshielded, 300 -ohm, flat twin -lead 
Alpha 5150 
Amphenol 214 -056 
Belden 8225 
Columbia 1010 
Lafayette 32T8912 
Winegard 8200 

Unshielded, 300 -ohm, twin -foam twin -lead 
Allied 11C1657 
Columbia 5790 Durafoam 
Lafayette 32T3604 

Unshielded, 300 -ohm, oval twin -lead 
Belden 8235 

Unshielded, 300 -ohm, hollow -core tubular twin -lead 
Columbia 1555 
Lafayette 3273608 

Unshielded, 300 -ohm, foam -core tubular twin -lead 
Belden 3275 Celluline 

Unshielded, 300 -ohm, heavy -duty twin -lead 
Alpha 5153 
Amphenol 214 -103 
Belden 8230 Weldohm 
Belden 8285 Permohm 
Columbia 5050 Permaline 
Lafayette 32T3605 

Unshielded, 300 -ohm, open -wire lead -in 
Allied 11C1473 
Lafayette 3273610 

Shielded, 72 -75 -ohm coax, RG -59/U 
Alpha 9810 
Amphenol 21 -025 
Belden 8241 
Columbia 5750 
Dearborn 59/U 
Lafayette 32T1715 

Shielded, 72 -75 -ohm foam coax, RG -59/U 
Alpha 9820 
Amphenol 621 -186 
Belden 8228 Duofoil 
Columbia 1112 
Dearborn 59/U 
Finco CX- 283 -100 
Jerrold Coloraxial 
Lafayette 3273134 
Winegard 2700 

Shielded, 72 -75 -ohm foam coax, RG -6 /U 
Alpha 9006A 
Amphenol 21-330 
Belden 8215 
Winegard 2800 

Shielded, 300 -ohm twin -lead 
Belden 8290 
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