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Where You Train Is 
As Important As Your 

Decision To Train 
Electronics is a growing and 
expanding industry. That's 
why so many ambitious men 
are deciding to train for ca- 
reers in this exciting field. 
They recognize the opportu- 
nities to advance and pros- 
per. But, where a man trains 
and how the school of his 
choice teaches Electronics 

. how it encourages him to reach his goals and realize his 
nhitions ... is most important to his success. 
its is a fast changing world. A school offering Electronics 
.urses must keep pace. That's why NRI -with nearly 50 years 
specialized experience -now offers eight choices of training 
thin the one field of Electronics. Select the course of most 

Merest to you and receive the kind of home -study training that 
epares you for a specialized career. NRI's large staff of 
'ecialists is always on the job keeping course material up -to- 
tte ... helping you earn your way while training ... assisting 
to with job placement when ready. In short, whatever branch 
Electronics you select, NRI is qualified through 

towledge and experience to help you grow. 

'ECIAL TRAINING EQUIPMENT INCLUDED 
RI "learn by practice" 
ethod is the time -proved 
ay to learn easier, faster, 
Ater. Most NRI courses in- 
-ude-at no extra cost -spe- 
al training equipment to give 
top and laboratory experi- 
ice in your own home. All 
.juipment is yours to keep. 

Projects you build, experi- 
ents you perform, make 
RI lessons come to life. Complex subjects become interest - 
g, easy to grasp. Your first projects are measuring voltage 
Id current in circuits you build yourself. You use a Vacuum 
abe Voltmeter which you construct. Later on, you progress 
to more involved experiments. If you like working with your 

dnds, you'll enjoy learning Electronics with NRI. 
rIE PROVEN WAY TO BETTER PAY 
°st of all, NRI provides training right in your own home and 
your spare time. No time wasted getting to school. You fit 

Ludy hours to your own schedule. You go as fast or as slow 
you like. Check the training of most interest to you; cut out 

id mail the postage -free card now. Read about Electronics 
)portunities, NRI courses, the NRI trial plan, convenient 
rms. 

America's Oldest and Largest Radio -TV 

Electronics Home -Study School 

Pick the ELECTRONICS 

CAREER You Want 

2 

3 
4 
5 

6 
7 

8 
From basic arithmetic review to graphs and electronic 
formulas in one complete "short course" package of 
five carefully prepared texts. Quick, complete and low 
in cost. 

INDUSTRIAL ELECTRONICS 
Learn Principles, Practices, Maintenance of Electronic 
equipment used today in business, industry, defens... 
Covers Electronic controls and measurement, compu- 
ters, servos, telemetry, multiplexing, many other sub- 
jects. 

RADIO -TELEVISION SERVICING 
Learn to service and maintain AM -FM Radios, TV sets, 
Stereo Hi -fi, PA systems, etc. A profitable, interesting 
field for part -time or full -time business of your own. 

COMPLETE COMMUNICATIONS 
A comprehensive training course for men seeking ca- 
reers operating and maintaining transmitting equip- 
ment in Radio -TV Broadcasting or mobile, marine, 
aviation communications. Prepares you for FCC Li- 
cense. 

FCC LICENSE 
Prepares you quickly for First Class License exams. 
Every communications station must have one or more 
FCC -licensed operators. Also valuable for Service Tech- 
nicians. You train at home. 

MOBILE COMMUNICATIONS 
Training in installation and maintenance of mobile 
equipment and associated base stations like those used 
by fire and police, taxi companies, etc. Prepares you for 
First Class FCC License exams. 

MARINE COMMUNICATIONS 
Shipboard transmitting equipment, direction finders, 
depth indicators, radar are all covered in this course. 
You prepare for your First Class Radiotelephone Li- 
cense with Radar Endorsement. 

AVIATION COMMUNICATIONS 
For men who want careers working with and around 
planes. Covers direction finders, ranges, markers, loran, 
shoran, radar, landing systems, transmitters. Prepares 
you for FCC License exams. 

MATH FOR ELECTRONICS 

MAIL POSTAGE -FREE CARD NOW 



crrimmrrnill 
take these boosters in this caddy /pak 

on every service call 

NEW BLONDER-TONGUE CADDY /PAK BOOSTS BOOSTER SALES 
TV Technicians - here's a bright new profit idea from 
Blonder-Tongue. Called the CADDY /PAK, it holds two 
indoor TV /FM boosters -one a transistor model, the 
other tubed - and fits easily in your tube caddy. The 

s boosters are: the new all-transistor, model IT -4 Quadra- 
` booster; and the industry's most reliable tubed model, 

the B -24c. 
This combination makes it easy for you to give your cus- 
tomer the right booster for any reception situation. 
Remember, transistor boosters provide higher gain and 
are more rugged, but they have one problem - overload 
(windshield wiper effect, loss or sync). If you use a tran- 
sistor booster in an area with one or more strong TV or 
FM signals - you may be buying too much booster. On 
the other hand, tubed boosters perform very well in 
these areas. 
With the Blonder- Tongue CADDY /PAK you can demon- 
strate both tubed and transistor models in a jiffy, by con- 

necting them to the terminals of the set. Either way your 
customer gets the finest indoor booster - a Blonder - 
Tongue. 
The CADDY /PAK fits in your tube caddy. It's imprinted 
with the profit- producing words - "WANT A SHARPER 
TV PICTURE? ASK ME." You can place it on the set you are 
servicing and let it sell for you. And it reminds you 
and all your technicians to mention boosters on every 
service call. 
You just can't help selling more - having more satisfied 
customers too - because they have the right booster. 
Today, see your Blonder- Tongue distributor and get de- 
tails on how you can get a free CADDY /PAK booster 
demo kit -the sure -fire approach to boosting booster sales. 

romww and alulahrfurw Oy 

BLONDER*TONGUE 
Il AWN St, AWN N. 2 N. J. 

Canadian Div.: Beeco Television Assoc.. Ltd., Tor., Ont. 
Export: Rocke In 1. Corp., N. Y. 16 - Cables ARLAB 

Rome TV Accessories UHF Converters Matter TV Systems CATV Systems CCTV Systems 
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SPECIAL REPORT ON A HISTORIC EXPERIMENT WITH 

THE EARTH STATION AT ANDOVER, MAINE 

Scott®tuner used for Telstar tests.,, 
Bell System engineers wanted to test FM reception from the 
Telstar Satellite orbiting in outer space. They used the sensitive 

Scott 310 -D broadcast monitor tuner (rack mounted) for this 
unique experiment. FM signals were sent to Telstar where they 
were rebroadcast to the earth station for Communicating by 

Satellite at Andover, Maine. The Scott FM tuner was success- 

fully used on this project. 

Scott congratulates the Bell System on their spectacular 
achievement and is proud to be part of this historic project. 

The Scott 310 -D was a logical choice. Like all Scott tuners it 
offers exceptional sensitivity and selectivity. Scott pioneered 
Wide -Band FM circuitry. Scott engineers perfected "Time 
Switching" multiplex circuitry for high fidelity reception. Only 

Scott silver -plates FM front -ends for highest sensitivity. Scott 
invented the first foolproof FM Stereo signaling device - 
the Sonic Monitor *. 

350B FM Stereo Tuner 

If you want the very best FM 

Stereo reception choose the 
tuners selected by profes- 
sionals ... choose the tuner 
most FM stations use for moni- 
toring their own broadcasts 
off the air ... choose Scott, 
America's most reliable name 
in FM Stereo. 'Patent Pending 

These superb Scott FM Stereo Tuners are proud products of 
the same engineering laboratories that developed the 310 -D 
used in Telstar. 
f you seek perfection choose one of these superb Scott tuners: 

4310 Broadcast Monitor FM Stereo Tuner, $475'; 350B FM Stereo 
Tuner, $21995 *; 333 AM /Fly Stereo Tuner, $259.95 *; 370 FM 

Stereo Tuner, $169.95 *; LT -1'0 FM Stereo Tuner Kit, $159.95 *; 
340 FM Stereo Tuner /70 Watt Stereo Amplifier, $379.95 *; 355/208 
AM /FM Stereo/BC Watt Stereo Tuner Amplifier, $469.90 *. 

Here's how the "Telstar" experiment worked 

L FM signals were relayed from Bell Telephone System Telstar 
satellite orbiting The earth at 16,000 M.P.H. at heights varying 
from 500 to 3,000 nautical miles. 2. Signals were beamed to the 
"Earth Station for Communicating by Satellite" at Andover, 
Maine, where 3. a giant horr antenna 180 -feet long and 95 -feet 
high received the sigrals. 4. Installation of Scott 310 -D Broad- 

cast Monitor Tuner (Rack Mounted) at Andover, Maine. 

Write today for new :963 Hi- 
Fi Guide including complete 
details on Scott FM Stereo 
tuners and kits and complete 
"Telstar" report. 

0 SCOTT 
H. H. SCOTT Inc., III Powdered!' Rd. , Maynard, Mass. Dept 
Export: Mochan Exporting Corp .458 Broadway, H.Y.C. 

Canada: Atlas Radio Corp . 50 Wingold Ave., Toronto 

'Shghtty higher west of Rabin, sabjecl t change wilts this notice. 
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Complete 
Colorgrams 
Service -Pak 
only 

SI 
i 

Designed 
By Leading 
Authorities 

Paul B. Zbar, 
head of elec- 
tronic dept. 

Voorhees 
Technical 

Institute, and 
Robert Cornell, 
former techni- 

cal editor of 
Electronic 

Technician 
Magazine. 

NEW CO 
amazing color -coded system pinpoints 

individual COLORGRAM CHARTS highlight specific TV receiver functions RAPID REPAIR !MANUAL 

B+ COLORGRAM GENERAL ELEC -RICIMÌI 
B+ DISTRIBUTION FOR HORIZONTAL COLORGRAM 
MULTIVIBRATOR a OUTPUT IN COLOR 
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LORG.. RANi` 
hard -to -find components, conductors 

COLOR -KEYED 

CHASSIS: LW 

2 I 

A 

sN , 

Gf G -111 

_ B+ BOOST 

B+ 

GROUND 
CONDUCTOR 

MASTER SCHEMATIC all based on original TV manufacturers. data 

COLORGRAM Charts (see sample on left hand 
page) are the key to a remarkable new 
method designed to help you isolate TV re- 
ceiver difficulties in less time and with less 
effort than has ever before been possible. The 
COLORGRAM system simplifies the use of any 
repair procedure you normally use. 

EACH COLORGRAM CHART SHOWS 

SEPARATE CIRCUIT SECTIONS 

Each COLORGRAM Chart is clearly color -coded 
to show signal -flow and continuity as dis- 
tinctly as the color -marked route on a road 
map. Each COLORGRAM Chart shows test 
points and voltages. The entire ground con- 
ductor is shown in its own distinctive color 
throughout all the COLORGRAM Charts. Every 
component in the circuit is clearly identified, 
and its relationship to other components 
made readily recognizable. 
There is a COLORGRAM Chart (like the sample 
shown) for each of these TV receiver func- 
tions: IF, Video, Audio, Vertical and Hori- 
zontal, (showing sync and sweep circuits), 
B+ distribution and AGC circuitry. 

COLORGRAMS ISOLATE TROUBLE AREAS 

Each COLORGRAM Chart enables you to color - 
shoot with little or no reference to schematic 
or manual. If you have a video problem, refer 
to the Video COLORGRAM Chart -audio prob- 
lem, the Audio COLORGRAM. The circuit is 
conveniently color- coded, localized and iso- 
lated. Even when a signal leaves the board 
and then returns, components and signal 
path are clearly indicated. You can concen- 
trate on that small portion of the set most 
likely to be the cause of trouble. There's no 
time wasted working back and forth between 
schematic and set looking for test points - 
wading thru superfluous information -iden- 
tifying components incorrectly. 

SPEED PRINTED CIRCUIT SERVICING 

Where receivers use printed circuits, each 
COLORGRAM Chart represents the actual sig- 
nal conductor pattern of the specific PC 
board, exactly as you see it in the set. Color - 
coding helps you easily concentrate on the 
signal flow of interest. And each component 
is clearly located and identified. 

COLOR-KEYED MASTER SCHEMATIC 

IDENTIFIES COLORGRAM CHART AREAS 

Easy -to -read schematic, provides an overall 
view of the receiver circuit. Shows the Tuner, 
IF, Video, Audio, Vertical and Horizontal 
sections, color -keyed to the colors used in 
individual COLORGRAM Charts. Also includes 
test points, waveforms, voltage, resistance, 
capacitance, practical alignment data, etc. 

4. - - --. 
, - __J` - 

b 
s - 1 

RAPID -REPAIR MANUAL CONTAINS 

PRACTICAL SERVICE DATA 

This effective guide to the use of the COLOR - 

GRAM System contains original manufac- 
turer's service notes, special instructions, 
circuit modifications, parts list and parts 
numbers. Includes Pictorial Tube and Com- 
ponent Location Charts, Tube Failure Guide. 

COLORGRAMS can help you with your TV repair problems -ACT TODAY! 

MO 

NOW AVAILABLE 

TV Colorgram Service Paks For: 

* RCA * General Electric 
* Motorola' Admiral 
r Emerson * Philco * West- 

inghouse * Magnavox. Other 
popular makes and circuits to 
be announced soon. 

get the 
colorgram 

story 
use this coupon 

COLORGRAMS INC. 
Division of TVDevelopment Corp. 

469 JERICHO TURNPIKE 
MINEOLA, NEW YORK 

Please send me: 
( ) Free cross -referenced COLORGRAM catalog. 
( ) Name of nearest Colorgram distributors 

NAME 
(please print) 

COMPANY 

CITY ZONE STATE 

Please fill in this information. My occupation is: 
( ) TV technician ( ) Engineer ( ) Hobbyist ( ) Other 

CIRCLE NO. 108 ON READER SERVICE PAGE (please specify) 



Captivating . . . thrilling . . . inspiring. 
The pure sound of Grommes. Hi- fidelity 
stereo that delights the senses. Superb 
custom components- modestly priced. 

mitmas, 
Model 101M FM multiplex stereo tuner...$139.95 
Model 36PG 40 watt stereo amplifier 

(pictured below ) ......................$129.95 
Write GROMMES 
Divisiol of Precision Electronics, Inc., 
91C1 King St., Franklin Park, Ill. 

sets the 
scene... 

CO MIN G 
NEXT MONTH 

Special 
Features 

Bionic Computers -Machines that Imitate the Brain -Will future computers be 
able to learn, reason, and think for themselves? By studying the human brain and 
nervous system and by imitating their operation, we are building electronic 
devices that come close to approximating "human" performance. 

Sound -Operated Fiber -Optic "Brain Cell " -Details on a practical application of 
"bionics" as represented by Sperry Gyroscope Company's "SCEPTRON," a spec- 
tral comparative pattern recognizer which identifies signals by their spectrum or 
frequency content. The unit can be exposed to any signal in the audio frequency 
range and will memorize it -it will then recognize that signal when it is repeated. 

ANTENNAS FOR BUSINESS RADIO 

Alost users, and even some engineers, do 
not fully appreciate how much the an- 
tenna contributes to the over -all per- 
formance of a two -way radio system. 
Howard H. Rice of Motorola Inc. has 
prepared a basic "handbook" of antenna 
types, outlining the advantages and dis- 
advantages of each and discussing instal- 
lation and maintenance procedures for 
maximum radiation. 

TURNTABLE TESTING AT HOME 

Edgar Villchur, president of Acoustic 
Research, Inc., details the most impor- 
tant characteristics which can be 
checked by the audiophile at home to de- 
termine the performance of his own 
turntable. The tests are relatively simple 
and the techniques involved produce re- 
sults that are just as valid as many lab 
measurements. Among the characteris- 
tics that can be checked in this way are 
speed drift, warp wow, arm inertia and 
pivot friction, tracking error, and the use 

of test records for determining flutter 
and rumble. 

SOLID -STATE 3- CHANNEL 

COLOR ORGAN 

A compact, well -designed display device 
that produces changes in color intensity 
and hue in step with musical signals. 
This transistorized unit can be con- 
nected to the output of any hi-fi ampli- 
fier and is capable of handling up to I 
kw. of light power. 

COLOR- PATTERN GENERATORS 

Curious about how an NTSC -bar or 
rainbow pattern are produced? Walter J. 
Cerveny, chief engineer for The Hickok 
Electrical Instrument Co., provides the 
answers on operation, applications, and 
points to consider before making the 
purchase of such an instrument. 

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

ZIFF -DAVIS PUBLISHING 
William B. Ziff 
Chairman of the Board (¡946 -1953) 

William Ziff 
President 

W. Bradford Briggs 
Executive Vier President 

Hershel B. Sarbin 
Vice President and General Manager 

ti u 
Member 

Audit Bureau ai 
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cu Loi 

COMPANY 
M. T. Birmingham, Jr. 

Vice President and Treasurer 

Robert P. Breeding 
Ci,e,,lation Director 

Charles Housman 
Financial Vice President 

Stanley R. Greenfield 
!'ire President 
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change of address. Include your o'd address. as well as new- enclosing if possible an address label from 

a recent issue. 

EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable 
care; hoss aver publisher assumes no responsibility for return or safety of art work. photographs. or 

manuscripts. 

6 ELECTRONICS WORLD 

F CIRCLE NO. 137 ON READER SERVICE PAGE 



in your concerto? 
... then "bargain" recording tape's no bargain! 

No doubt about it! Something's wrong with record- 

ing tape that carries a bargain- basement price, an unknown 

name. They're sure signs the tape would flunk some or many 

of the more than 100 quality tests that "SCOTCH" BRAND Re- 

cording Tapes are required to pass to assure flawless sound. 

Coating and backing thicknesses of "SCOTCH" Recording 

Tapes, for example, are held to microscopic toler- 

ances- especially important in today's 4 -track 

stereo. This uniformity not only guards against 

crack -ups in sound, it assures wide dynamic 

range, identical full fidelity recording properties 
throughout every reel, reel after reel. 

High potency oxides used in "SCOTCH" Tapes 

permit thinner, more flexible coatings that make 

intimate head -to -tape contact a certainty for 

February, 1963 

maximum frequency response. Exclusive Silicone lubrication, 
impregnated throughout the oxide coating, ensures smooth 

tape travel. This completely dry lubricant protects recorder 

against head wear and actually extends tape life. For your 

recording and listening pleasure, step up to the tape profes- 

sionals prefer: "SCOTCH" BRAND. 

On SCOTCH' BRAND Recording Tape, 
you hear it crystal clear! 

CIRCLE NO. 131 ON READER 
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the new 1963 Master 
helps engineers, 

servicemen, buyers, 
hobbyists 

SISaves "shopping" and buying time - 
truly an electronics supermarket, describes 
and illustrates 185,000 products made by 
more than 300 manufacturers. You can pur- 
chase direct from its pages. 

Aids in selecting the best product - 
comparison of specs, features, prices of 
many makes of similar type products is 
simplified. 

Leads to extra service income - in 

addition to radio -TV products, The MASTER 

details thousands of products for profitable 
hi -fi. sound and industrial servicing. 4 Includes new servicing items - sub- 
miniature and printed circuit components, 
color TV and hi -fi test instruments. 

eGuides hams in selecting best equip- 
ment to get the most out of their hobby - 
shows latest SSB, mobile and CB gear. j Spells better kit building - contains 
thousands of useful items not contained 
In smaller, incomplete catalogs. 

itShort -cuts delivery time - products 
shown in The MASTER are available from 
local distributors - just a phone call away. '. 

Saves design time - the product 
you are looking for is illustrated and com- 
pletely described with specs and prices. 

Cuts production costs -widest selec- 
tion helps you locate standard items that 
meet requirements. Eliminates need to 
order a custom item. 

a' °Locates the product you want in 

seconds - 32 product sections thoroughly 
indexed make world's biggest electronic 

SSalso easiest to use. 

S3 Simplifies foreign tube substitutions - NEW Foreign Tube Interchangeability 
Guide cross-references virtually all foreign 
tubes to their American types. 

NEW 
1963 

EDITION 
1680 pages ... get your 
copy today from your 
distributor, only $8.95 

In CanaA., 54.95 

The Radio -Electronic MASTER 
645 Stewart Ave. Garden City, N. Y. 

CIRCLE NO. 139 ON READER SERVICE PAGE 
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... for the Record 
By W. A. STOCKLIN 

New CB Regulations 
IN our editorial `CB and the FCC" 

( July, 1962 issue) we discussed a 
new law involving the FCC which 
would apply to class D Citizens Band 
licensees. Basically, it concerned the for- 
feiture of licenses and the imposition of 
rather severe fines for violating operat- 
ing rules and regulations. We did feel, 
before further penalties were imposed, 
that the FCC should re- evaluate the 
problem and clarify, once and for all, 
proper CB operation and regulations. 

As a result of similar suggestions from 
many other sources, the FCC has finally 
prepared extensive amendments to Part 
19 of its Rules and Regulations as per- 
tains to the Citizens Band. We have just 
received a copy of the proposed amend- 
ments and regulations and find that not 
only have they clarified many of the pre- 
viously misinterpreted regulations, but 
they have spelled out in considerable 
detail just what is and what is not per- 
mitted in the Citizens Band. The pro- 
posed amendments are much too long 
to be reprinted here, but we would like 
to review some of the more important 
changes. 

1. Communications among units of 
different stations will be restricted 
to only five channels in the Citizens 
Band. These are channels 12 
(27.105 mc.), 13 (27.115 mc.), 
14 (27.125 mc.) , 15 (27.135 
mc.) , and 23 (27.255 mc.) . Com- 
munications among units of the 
same station will be permitted on 
all 23 channels. 

2. Except for communications be- 
tween units of the same station, 
there will be a 3- minute time limit 
on contacts between stations. After 
this 3- minute period, the stations 
must remain silent for at least 5 
minutes and monitor their fre- 
quencies before any further com- 
munications are made. 

3. Transmissions relating to the tech- 
nical performance or capabilities 
of the radio equipment will be for- 
bidden, except for brief tests not 
exceeding 1 minute during any 
5- minute period. This testing must 
not interfere with any communica- 
tions already in progress. 

4. Unincorporated associations will 
no longer be eligible for a station 
license, except if proof can be 
shown that a station license could 

not feasibly be issued to an indi- 
vidual member. 

5. The maximum power input per- 
mitted will remain at 5 watts, but 
maximum power output will now 
be restricted to 3.5 %watts. 

Other prohibitions include the trans- 
mission of material intended for enter- 
tainment purposes, for advertising, or 
promoting the sale of goods or services. 
Messages transmitted in codes, ciphers, 
or by speech scramblers will not be al- 
lowed. A licensee of a CB station who 
sells such equipment may not allow pros- 
pective customers to operate under his 
license. Communications over a distance 
of more than 150 miles is not allowed. 

There are, of course, a great number 
of other changes. Those listed above are, 
in essence, the major points of interest. 
Bear one thought in mind, that the FCC 
has again emphatically stated with re- 
spect to CB operation, "There has been 
no intention to permit the operation of 
radio solely for the amusement of the 
operator or as a hobby in or of itself." 

These new restrictions will, at least 
on the surface, seem to be quite rough 
on a good many users of Citizens Band 
equipment, particularly those who are 
trying to use the band for no useful 
purpose other than hobby activity. On 
the other hand, we feel that the FCC 
has been patient long enough, has been 
quite fair, and should be congratulated 
on a job well done. 

The most drastic change is the one 
confining communications between units 
of different stations to only five channels. 
It is in these cases that most of the 
"hamming" has occurred, and those in- 
dividuals who have found great enjoy- 
ment in this form of communications 
will, obviously, complain vehemently. 
This reaction is certainly unjust since 
we do have available many types of 
amateur radio licenses and amateur 
radio bands where this form of operation 
is not only permitted, but frankly en- 
couraged. 

There is a real need for the Citizens 
Band for private use as well as for busi- 
ness. Considering that we now have 
350,000 licensed users, all since 1958, 
and that there is limited radio spectrum 
space available, we should make every 
effort to use these channels wisely and 
in the spirit for which they were orig- 
inally intended. 
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The move into electronics is your decision. GRANTHAM 
SCHOOL OF ELECTRONICS makes your move easier... 

...easier by teaching you electronics in a logical, 
step -by -step manner, while preparing you to qualify 
for your First Class Commercial FCC License. This 

license is a "diploma" issued by the U. S. Govern- 
ment to certify qualified electronics technicians, and 
is awarded only to those who pass certain technical 
FCC examinations. We teach you electronics and 
prepare you to pass these FCC examinations. 

Grantham training is Specialized Training, en- 
dorsed and recommended by many electronics firms 
throughout the nation, and accredited by the Na- 
tional Home Study Council. We teach you the how 
and why of basic electronics, with the necessary 
math taught as an integral part of the lessons. The 

GRANTHAM 
SCHOOL OF ELECTRONICS 

course is thorough, easy to understand, and lays a 

solid foundation for all types of electronics work - 
communications electronics, military electronics, com- 
puter electronics, automation electronics, broadcast- 
ing electronics, and many more. 

The time required to prepare for your first class 

FCC license, an important step toward your goal, 
is cut to a minimum through quality instruction - 
either by home study or in resident classes. You 

learn more electronics in less time because the 
Grantham Method is engineered with the student 

in mind. Complete details concerning Grantham 
training are available free for the asking. Now, its 
up to you - it's your move! 

(Moil in envelope or poste on posto) cord) 36.8 

To: GRANTHAM SCHOOL OF ELECTRONICS 
NATIONAL HEADQUARTERS OFFICE 
1505 N. Western Ave., Hollywood 27, Calif. 

Gentlemen: 
Please send me your free booklet telling how I con get my corn. 

merciai F.C.C. license quickly. I understand there is no obligotion 
and no salesman will call, 

Accredited Member of the National Home Study Council 

1505 N. Western Ave. 408 Marion Street 3t23 Cillham Road 821 19th Street, N.W. 
Los Angeles 27, Calif. Seattle 4, Wash. Kansas City 9, Mo. Washington 6, D.C. 
(Phone: HO 7 -7727) (Phone: MA 2.7227) (Phone: JE 1-6320) (Phone: ST 3.3614) 
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Ask yourself 
do you have the time to fool around 

drilling, sawing, filing ... trying to make 
a "Universal" replacement tuner fit in 

place of the original? Do you have all the 
expensive instruments and equipment to 
complete the alignment so essential after 
each tuner repair or replacement? Can you 
spare the time repairing and adjusting your 
own TV tuners and can you charge enough 
to justify the time spent? 

A Castle Overhaul eliminates 
every one of these problems. 

Castle replaces all defective parts (tubes 
and major parts are extra at net prices) 
and then aligns your tuner to the exact, 
original specifications. Simply send us 
your defective tuner complete; include 
tubes, shield cover and any damaged parts 
with model number and complaint. 

ALL MAKES ONE PRICE 

VHF TUNERS 

UHF TUNERS 

UV COMBINATIONS' 995 
'UVcombination tuner must be of one piece construc. 
lion. Separate UHF and VHF tuner with cord or gear 
drives must be dismantled and the defective unit 
sent in. 90 Day Warranty. 

Send for FREE Mailing Kit and complete details 

CASTLE 
TV TUNER SERVICE, INC. 

Check Map for the 
Castle Center Serving You. 

5717 N. WESTERN AVE.. CHICAGO 45. ILLINOIS 
653 PALISADE DR., CLIFFSIDE PARK. N.J. 
CANADA: 136 MAIN ST. TORONTO 13, ONTARIO 

Pioneers in L J TV Tuner Overhauling 
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FROM OUR READERS 
TUBES FOR HI -Fl 

To the Editors: 
I have just read your editorial on tran- 

sistorized hi -fi equipment in the Decem- 
ber ELEc:TnoNtcs \1'oat.u. 

I think that you do a disservice to your 
readers by implying that transistors are 
inherently better than tubes. There is 
no reason why transistorized equipment, 
per .se, should have wider frequency re- 
sponse, better transient response, less 
phase shift, higher damping factor, or 
any other advantage which you discuss. 
Transistors can result in more compact 
and more efficient equipment -but these 
advantages have nothing to do with qual- 
ity of sound reproduction. 

The transistor amplifier sloes give the 
opportunity to dispense with the output 
transformer (although tubes also permit 
this with some added complications). 
This will ultimately result in a reduction 
of cost but some of the other attributed 
advantages are rather dubious. I think 
you will find that every engineer will 
agree that a transformer is a far more 
linear device than a transistor. Getting 
rid of the transformer does not auto- 
matically bring an improvement in qual- 
ity. On the contrary, the elimination of 
the transformer creates severe problems 
of impedance matching. d.c. off -set of the 
loudspeaker, and other disadvantages. 

In a few years, it should he practical 
to make transistorized equipment which 
can compete with tube equipment on 
the basis of quality and price. Which 
type will sound better cannot be pre- 
dicted at this point since nobody has 
sufficient knowledge of the relative con- 
tribution made by each of the many 
subtle factors which influence sound 
quality. Anybody %vho expects a major 
breakthrough in sound quality has been 
more exposed to copywriting than to 
laboratory efforts. 

DAVID H %FI.ER 

President, Dynaco, Inc. 
Philadelphia, Pa. 

0 0 0 

DYNA FM TUNER 
To the Editors: 

I found your lab report on the D,¡na 
l' \i tuner (F\1 -1) and multiplex adapter 
í F \IX -3) quite interesting and informa- 
tive. However, the figure given in the 
text for IHFM usable sensitivity does not 
agree with the value shown on your 
graph (page 24) . \ \'hich is correct? 

ROBERT SWEENEY 

Akron. Ohio 

Reader Sweevu'(t's eyes are much 
sharper than those of our printer. Al- 
though the page had the correct cut on 
it when we proofread the lab report, an 
incorrect cut acts inserted on the page 
just before it was printed. The correct 
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graph for tlw Dena tuner and adapter is 
.shown here. Note that the IHFAI usable 
sensitivity measured by Hirsch -Houck 
Laboratories is 5.7 microvolts and that 
the 0 -db audio output is 1.95 volts r.m.s. 
-Editors. 

0 0 

NON- DIRECTIONAL STEREO 
To the Editors: 

I was extremely disappointed in the 
article -Non- Directional Stereo Effects" 
by Charles J. Hirsch in your October 
issue. It seems to have been based on 
the argument that: "Stereo is better, 
therefore stereo is better." 

In a very scholarly way, \Ir. Hirsch 
has made several extremely poor com- 
parisons. For instance, he states that the 
major drawback of monophonic repro- 
duction is the cancellation of tones from 
two out -of -phase sources at the saine 
frequency. At the same time he states 
that two musicians cannot synchronize 
their instruments to the accuracy needed 
to sustain this cancellation. Normally 
there are several instruments in an or- 
chestra producing tones of nearly the 
same frequency Nvith random phase 
orientation. Any two of these tones may 
cancel momentarily, but for all to cancel 
simultaneously is highly improbable. 

On the basis of random phase relation- 
ships. and yar 'ing individual amplitudes. 
the resultant is normally a non -zero vari- 
able. Such a summation takes place at 
each ear continuously, whether the 
sounds come from a single speaker or 
multiple speakers. 

\ir. Hirsch also draws an invalid com- 
parison bch\rcn binaural listeoinC (with 
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See Only the Scale You Want... in the Exact Range You Want 

just set the range switch 

and the correct scale appears 
AUTOMATICALLY 

V O MATIC 360 
AUTOMATIC VOLT -OHM MILLIAMMETER 

WITH 
BURN -OUT PROOF 

METER 

in the new 

VOM and VTVM 

Greatly simplifies your VOM use. Individual full -size scale for each range -and 
only one scale visible at any one time, automatically. Once you set the range 
switch, it is impossible to read the wrong scale. Reading in the range you want is 
amazingly easy -and direct. No reading difficulties, no multiplying, no errors. 
Sensitivity 20,000 ohms per volt DC; 5000 ohms per volt AC. Accuracy ±3 %a DC; ±5 %a AC; 
(full scale). DC Volts in 6 ranges 0 -6000. AC Volts in 6 ranges 0 -6000. AF (Output) in 4 ranges 
0 -300 volts. DC Current in 5 ranges 0 -10 amps. Resistance in 4 ranges 0 -100 megohms. 
Supplemental ranges also provided on external overlay meter scales. Meter protected 
against extreme overload and burn -out. Polarity reversing switch. Automatic ohms -adjust 
control. Mirrored scale. Complete with 11/2-volt and 9 -volt batteries, test leads. 
and easy -viewing stand. Net, $5995 

DYNAMATIC 375 
AUTOMATIC VACUUM -TUBE VOLTMETER 

Once you set the range switch, you automatically see only the scale you 
want and read the exact answer directly. Saves time, eliminates calcula- 
tion, avoids errors. Individual full -size direct -reading scale for each range. 
Simplifies true reading of peak -to -peak voltages of complex wave forms in 
video, sync and deflection circuits, pulse circuits, radar systems, etc. 
Includes DC current ranges, too. 

Accuracy ±3 %a full scale AC and DC. Sensitive 100 microampere meter movement. 
DC Volts in 7 ranges 0.1500. AC Volts (rms) in 7 ranges 0 -1500. AC Volts (peak -to- 
peak) in 7 ranges 0 -1500. DC Current in 3 ranges 0-500 ma. Ohms in 7 ranges 0 -1000 
megohms. Utilizes single DA -AC ohms probe and anti -parallax mirror. Swivel stand 
converts to carry -handle. Includes 11/2 volt battery. 
Operates on 117 volts 50 -60 cycle AC. Net, $8995 

Ask Your B &K Distributor 
for Demonstration, or 

Write for Catalog AP2O-N 

Fnl.r....rv 70:.1 

B& K MANUFACTURING CO. 
Division of DYNASCAN CO.''32 Y' 

1801 W. BELLE PLAINE AVE. CH1:.A37 13, ILL. 
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont. 
Export: Empire Exporters, 253 Broadway, New (ark 7, U.S.A. 
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\WIA Nn6 ffinatool* 
But 

(_Aot in Liliteftif 110° yokes 

* A tendency to return to its original form. 

Picture shrinkage and distortion 
so prevalent in 110° deflection systems, 
is generally caused by excessive heat, 
which expands and contracts the windings 
of a deflection yoke MERIT solved 
this problem "once and for all" 

MERIT laboratories developed an 
immersion process so efficient,that the 
yoke coils are locked in their prescribed 
forms permanently. 

Dort take our word for it! One trial 
will convince you. 

See your MERIT distributor. 

MERIT 
COIL and TRANSFORMER CORPORATION 

ÓNsslt f.aza d{oCiywooá, fo ida 
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earphones) and stereo listening. He 
claims that "stereo suffers appreciably 
fewer annulments of tones and creates 
appreciably fewer beats." The first part 
of this statement may be true, since 
doubling the number of speakers doubles 
the number of random phase vectors, 
but this is equally true of two speakers 
for monaural sound. The latter part is 
manifestly not true. The beat notes are 
clue to non -linearity of the human ear, 
and any two signals at sufficient ampli- 
tude and different frequency will pro- 
duce a beat note. Both of these signals 
may be on the sanie channel (L or R), 
is which case there is no advantage over 
monaural listening. However, one may 
be on one channel and one on the other. 
In this case there is a slight advantage 
(2 to 3 db) in the beat amplitude clue 
to the attenuation of the R channel in 
reaching the left ear and the L channel 
in reaching the right ear. Under normal 
stereo listening conditions, the opposite 
channel attenuation will not exceed this 
amount. 

A further indication of the prejudice 
displayed is in the conduct of the "field 
tests," in which the listener was allowed 
to select the form of reproduction him- 
self, as well as evaluate the quality. Such 
a test, in an area such as this where the 
differences included are at the limit of 
detection, is completely worthless. Only 
a slight pre -bias to,vards stereo (and 
everyone knows that stereo sounds bet- 
ter!) %vould end in overwhelming results 
toward the stereo reproduction. The 
only way to evaluate these small differ- 
ences is to have the listener select the 
type of reproduction he likes best with- 
out knowing which type it is. 

I found the article stimulating and 
full of new ways of stating well -known 
facts, but I consider that the conclusions 
reached were established a priori. and 
the argument filled in to that end. A 
large portion of the discussion is valid 
with respect to differences between bi- 
naural channels, but is invalid with re- 
spect to occurrences within a g;ven 
channel (L to H ) , and is not valid for 
stereo to the extent that stereo is no( 
binaural. 

LT. Cann. ROBERT IRVING, U. S. Navy 
Engineering Duty (Electronics) 

O O O 

SILICON RECTIFIER CHECKER 

To the Editors: 
The article "Silicon Rectifier Checker" 

appearing on page 98 of the November. 
1962 issue of EI.Ec.TtioxIs WORLD was 
taken from a "Tech -Tip" I wrote. Unfor- 
tunately, the parts list contained an error 
in two resistor values. R4 and R5 should 
each be 14 ohms instead of the 10 -ohm 
value indicated. 

K. H. SULKER 
Technical Products Manager 
Westinghouse Electric Corp. 
Youngswood, Penna. 
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formation about products advertised in this issue. 
Simply circle the number on the coupon that corresponds to the 
number at the bottom of the advertisement in which you are inter- 
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PRINT your name and address on the coupon and mail it to: 
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ELECTRONICS WORLD 
P.O. BOX 7842 
PHILADELPHIA 1, PA. 

TOTAL NUMBER 
OF REQUESTS 

N Void After 
Feb. 28, 1963 

2 

Please send me additional information concerning the products of the advertisers 
whose code numbers I have circled. 

100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 

120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 

160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 

NEW PRODUCTS & LITERATURE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

(Key numbers for advertised products also appear in Advertisers Index) 
NAME 

ADDRESS 

CITY ZONE STATE 

February, 1963 15 



 

1 ! 
1 

, 

EW Läb t 
-1l'1)IO PRODUCTS TESTED BY HIRSCH- HOI'CK LABS 

H. H. Scott Model 340 Integrated Tuner -Amplifier 
Don Bosco PHD -100 Universal Signal- Tracer Lab Set (page 20) 
Citroen Model 660 Tape Recorder (page 96) 

H. H. Scott Model 340 Integrated Tuner -Amplifier 
For copy of manufacturers brochure, circle No. 58 on coupon (page 13). 

THE E Scott 340 is a complete stereo 
tuner -amplifier on one chassis. It 

has an FM stereo tuner, essentially simi- 
lar to the company's Model 350, plus a 
60 -watt stereo amplifier and preampli- 
fier. 

The tuner has a cascode r.f. amplifier, 
pentode mixer and triode oscillator, two 
i.f. amplifiers, a limiter, and a wide -band 
ratio detector. The multiplex decoder 
uses switching circuitry. A unique fea- 
ture is the "Sonic Monitor" for identify- 
ing stereo broadcasts. When the "Sonic 
Monitor" switch is placed in the "Moni- 
tor" position, the 38 -kc. oscillator in the 
multiplex decoder is detuned a few hun- 
dred cycles. Its output is combined with 
the 19 -kc. received pilot carrier in the 
diode detector. The second harmonic of 
the 19 -kc. carrier, generated in the di- 
ode, beats with the internal oscillator to 
produce an audible tone in the speakers. 
If no pilot carrier is present, only a slight 
rushing sound is heard. 

The "Sonic Monitor" is not automatic 
--there is no indication on a stereo 
broadcast when it is in its "Listen" posi- 
tion. However, it sloes offer one real ad- 
vantage over ordinary visual signal in- 
dicators. When the tuning dial is ad- 
justed for loudest and clearest audio 
tone, the best stereo separation is ob- 
tained. In general, stereo tuners do not 
give their optimum separation when 
tuned for maximum signal level, but 
until now there has not been any con- 

venient means for the user to optimize 
his tuning. With the "Sonic Monitor ", 
we found that the tuner -amplifier could 
be tuned by ear to obtain the best sepa- 
ration of which the unit was capable. 

The amplifier is rated at 30 watts per 
channel (music power), using a pair of 
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7.391 output tubes in each channel. 
There are inputs for high - and low -level 
magnetic cartridges, plus a tape head. A 
front -panel switch selects the appropri- 
ate equalization for record or tape listen- 
ing. The input selector has positions for 
phono (or tape) , FM mono, FM stereo, 
plus an extra high -level input. There is 
a switchable sub -channel filter which re- 
duces noise in stereo reception, at some 
loss of separation. There are the usual 
bass and treble tone controls, separate 
for each channel. The volume control 
can be loudness compensated by a slide 
switch, boosting the bass response at the 
lower volume settings. There is also a 
tape monitor switch, for listening to tape 
recordings off the tape as they are being 
made. A scratch filter is effective on all 
inputs. 

The stereo selector switch is excep- 
tionally flexible. In addition to normal 
stereo and reversed- channel stereo, it has 
"Bal. Left" and `Bal. Right" positions, 
in which both channels are combined 
and fed to only one speaker at a time. 
These positions are used with the bal- 
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I.Others 
don't have 

this. 

2. Others 
don't have 

this. 3. Others 
can't have 

this. 

Three points of superiority of the Fisher KX -200 StrataKit 
over all other single- chassis stereo control -amplifier kits: 

1. Built -In d'Arsonval Meter. For easy, 
positive adjustment of bias and balance - 
with laboratory accuracy. Assures peak 
performance from the start; permits 
'touching up' for continued peak perform- 
ance throughout the years, regardless of 
tube aging. No other single- chassis con- 
trol- amplifier kit has this vital feature. 
2. Third -Speaker Output with Volume Con- 
trol. Blends the two stereo channel outputs 
to feed a third loudspeaker system -at any 
desired volume level. Ideal for center -chan- 
nel stereo fill -in or for a mono extension 
speaker in another room. Another Fisher 
exclusive among control -amplifier kits. 
3. The Fisher Name. The inimitable Fisher 
exclusive. Your guarantee of a head start 
in kit building - before you even pick up 
your screwdriver. 
And there is something under the chassis, 
too, that others don't have: StrataKit con- 
struction- assembly by totally error -proof 

February, 1963 

stages (strata). Each stage corresponds to 
a separate fold -out page in the instruction 
manual. Each stage is built from a separate 
transparent packet of parts (StrataPack). 
Major components come already mounted 
on the extra - heavy -gauge steel chassis. 
Wires are pre -cut for every stage - which 
means every page. Result: Absolutely equal 
success by the experienced kit builder or 
the completely unskilled novice! 
The KX -200 has a power output of 80 watts 
(IHFM Standard) - 40 watts per channel. 
Harmonic distortion at rated output is 
0.4 %. The architectural brass -finish con- 
trol panel is styled to match all other 
Fisher -built components. Price $169.50 *. 
The KX -100 StrataKit, an advanced 50 -watt 
stereo control -amplifier kit with center -channel 
speaker output, $129.50. 
The KM -60 StrataKit, world's most sensitive FM 
Stereo Multiplex wide -band tuner available in kit form, $169.50. 
The KS -1 3 -way speaker kit, only Slim -Line loud- speaker system available in kit form, $59.50'. 

FREE! $1.00 VALUE! The Kit 
Builder's Manual: a new, 
illustrated guide to high - 
fidelity kit construction. 

FISHER RADIO CORPORATION 
21 -38 44th Drive 
Long Island City 1, N. Y. 

Please send me without charge The Kit 
Builder's Manual, complete with detailed in- 
formation on all Fisher StrataKits. 

The 
Klt Sullderll 

Malwal 

Name 

Address 

City Zone State 

07211 

THE FISHER 
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Checklist for buying 
a full -power CB 2 -way radio 

look for these features: 

n TRANSMITTER POWER - For 
longest transmission range possible, 

choose a 5 watt unit, the maximum author- 
ized power input for Clcss D CB radios. 

I n SENSITIVITY -A greater sensitivity 
I rating indicates a better ability to 
reproduce weak signals. Look for a sen- 
sitivity rating below 1 microvolt to capture 
signals transmitted many miles away. 

SELECTIVITY -A radio's ability to 
reject interference from channels not 

tuned in, is largely determined by the 
type of circuit used: superregenerative, 
superheterodyne or dual- conversion 
superheterodyne. The latter circuit, the 
dual- conversion superheterodyne, is ac- 
knowledged by experts to be the best cir- 
cuitry for clearest reception. Says Len 

Buckwalter, noted communications author, 
in Electronics Illustrated May 1962. ".. . 

Look for the dual- conversion feature if you 
wish to get top receiver performance." 

CRYSTAL- CONTROLLED CHAN- 
NELS -Fixed crystal controls assure 

accurate, fast communications contact. 
They enable users to switch quickly from 
one channel to another to contact differ- 
ent persons, to find a channel that isn't 
busy. It is best to choose a CB unit with 
multiple crystal -controlled channels for an 
efficient, flexible 2 -way radio system. 

I I 

POWER SUPPLY -A power supply 
should be an integrated part of a CB 

radio. Since full -power CB radios are most 
often used in vehicles and base stations, 
a CB radio's power supply should be able 

4' 
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Cadre `510' 

to operate from both 12 -volt auto battery 
and 110 -volt AC line. 

AUTOMATIC SQUELCH - This 

automatically eliminates annoying 
background noise when o CB radio is on 
'standby' (not transmitting and ready to 
receive any rodio calls). Thus, hisses, 
crackles and other noises can't distract 
workers, drivers, etc. 

EiAUTOMATIC NOISE LIMITER - 
An effective automatic noise limiter 

Is necessary, especially in heavily popu- 
lated areas, to shut out extraneous inter- 
ferences such os ignition noise. Makes 
messages more intelligible. 

RELIABILITY - CB radios must 
withstand vibration and shock which 

occurs during mobile use. Solid -state com- 
ponents- transistors and diodes -are less 

susceptible to damage than fragile tubes. 

PORTABILITY - Some full -power 
CB radios may be used in the field 

as portable units when equipped with a 
portable case -battery accessory. These 
units are generally lightweight, compactly 
designed and offer greater operating 
flexibility. 

n INSTALLATION - Compact CB 
radios with simple mounting provi- 

sions don't steal leg room in vehicles, lower 
installation and maintenance costs. 
Cadre Industries hos two 5 -watt models 
that rate high in every category. Each is 

supplied with a press -to -talk microphone, 
set of matched channel crystals, universal 
mounting bracket and AC & DC cords. 

All- Transistor, 5 -Watt, 5- Channel, 
plus all- channel manual Tuner, $199.95 

Cadre `515' 
All- Transistor, 5 -Watt, 
5- Channel, $187.50 

See your Cadre distributor for a demonstration, or for more details, write: CAD.- E INDUSTRIES CORK O COMMERCIAL PRODUCTS DIVISION O ENDICOTT, NEW YORK O AREA CODE 607. 7483373 

Canada: Tri.Tel Assoc.. Ltd.. in Sneppard Ave.West. WillowdI., Ont. Export: Mornan E.port.ng Corp . 485 Broadway. New York 13. N. Y. 
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ante control to adjust the relative chan- 
nel volmes. There are also positions in 
%vhich either right or left channel is fed 
to both amplifier channels and speakers, 
and one in xvhich the outputs of a stereo 
cartridge are paralleled for playing 
mono records. 

In our lab measurements, the IHF \I 
usable sensitivity of the F \l tuner was 
:3.6 Av. At 1007 modulation, the distor- 
tion of the tuner was 1.44, increasing 
somewhat at very high signal -input 
levels. The stereo performance of the 
tuner was excellent, %with channel sepa- 
ration of 30 to :35 db at lower frequencies 
and better than 20 db all the way up to 
8 ke. As mentioned before, these figures 
are typical of those obtainable by the 
user, because of the 'Sonic Monitor." 

The tuner had very low drift ( there is 
no a.f.c.). a capture ratio of 5 clb, and 
extremely low hum ( -- 65 db referred to 
100q modulation) . 

The amplifier had excellent frequency 
response and equalization characteris- 
tics, being within y 1.5 db of the ideal 
response from 20 to 20,000 cps. The 
scratch filter was mild in its action. but 
nevertheless quite effective. The power 
amplifiers exceeded the manufacturer's 
specifications handily, developing over 
:30 watts per channel in continuous oper- 
ation ( with both channels driven) at 2q 
IM distortion. :\t outputs under 10 
watts, the I\I distortion Ivan a fraction 
of a per -cent. The power response was 
quite uniform over the entire range, with 
full output obtainable: at 17 or 27 har- 
monic distortion. At 0.37 distortion, the 
output below .0 cps was limited. Hum 
levels were low, about 70 db to - 80 
db on the "Extra" input and 64 db on 
"Phono," referred to 10 watts. The am- 
plifier Was stable under any capacitive 
or resistive load we could apply. 

The :340 operated as nicely as it meas- 
ured, delivering top quality sound from 
both tuner and phono inputs. \\'e did 
feel that the switching system for the 
F \I stereo and -'Sonic Monitor" sections 
was undesirably complex. For example, 
the "Sonic Monitor' switch must be set 
to "Nionitor" to tune in a stereo broad- 
cast, and returned to "Listen" to hear 
the program. The input selector must be 
set to "FM MPX" to make this circuit 
operative. Finally, there is an a.g.c. 
switch which must be in "Mono" for the 
tuning meter to operate, :aid should be 
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DESIGNED FOR COLOR T 

WINEGARD 

COLORTRON ANTENNAS 
4 gold anodized models from $2495 

--1--.. 

"Pot. Nos. U.S. 2,700,105; 2,955,289 (amid(' 511,984 Others Pending. 

AVAILABLE WITH REVOLUTIONARY 
NUVISTOR COLORTRON AMPLIFIER... 

Now, through continuous Winegard research, a new, im- 
proved Electro -Lens yagi has been developed -the NEW 

WINEGARD COLORTRON- PERFECT ANTENNA FOR COLOR TV! 
Colortrons have a flat frequency response (plus or minus 

1/Z DB across any 6 MC channel), no "suck- outs" or "roll -off" 
on end of bands ... accurate 300 ohm match (VSWR 1.5 to 
I or better) ... unilobe directivity for maximum ghost and 
interference rejection. They deliver today's finest color recep- 
tion, give a new picture quality to black and white. Colortrons 
are the only outside antennas that carry a WRITTEN FACTORY 

GUARANTEE OF PERFORMANCE. 

And Colortrons are built to last. High tensile aluminum 
tubing for rigidity and stability, insulators with triple mois- 
ture barrier, GOLD ANODIZED for complete corrosion- proofing. 

There are 4 Colortron models to cover every reception need, 
from suburbs to distant fringe areas ... $24.95 to $64.95 list. 

New Winegard Colortron r; in- nuvistor amplifier perfectly 
matches Colortron antennas. Gives added gain and sensitivity 
on both color and black and white. Ultra -low noise, high 

World's most Dowerlul TV antenna 

MODEL C -44 

GOLD ANODIZED $64.95 

gain Colortron Nuvistor Amplifier can easily drive 6 or more 
TV sets. 

With revolutionary twin -nuvistor circuit, Colortron ampli- 
fiers can handle up to 400,000 micro -volts of signal without 
overloading. This is 20 times better than any single transistor 
amplifier. The Colortron Amplifier will bring the weakest 
signals up out of the snow, yet strong local TV & FM signals 
will not overload it. A special life saver circuit gives the two 
nuvistors a life of 5 to 8 years. 

This amplifier is completely trouble free and the finest 
performing antenna amplifier you can own. 

Completely weather sealed, nothing is exposed to corrode 
and cause trouble ... has all AC power supply with 2 set 

coupler. (Model No. AP -220N, $39.95 list). Twin transistor 
model also available up to 80,000 micro -volts input. Nett type 
circuit protects transistor from static electricity built up in 

lightning flashes. (Model No. AP -220T, $39.95 list). 
Colortron Amplifier can be added to any good TV antenna 

for sharper. clearer TV reception. 
Ask your distributor or write for technical bulletin. 

r 
- 

MODEL C -43 

GOLD ANODIZED $51.90 

MODEL C -42 

GOLD ANODIZED $34.95 

MODEL C-41 

GOLD ANODIZED 524.95 

There's an extra bonus of quality and performance in every Winegard product. 
3003-2 Kirkwood o Burlington. Iowa 



D e 
CHECK 

YOUR FUTURE 
in the broad range of 

ELECTRONIC 

ENGINEERING 

TECHNOLOGY 
Associate of Science Degree 

College level 24- months course 

S PROFESSIONAL STATUS 
g TOP -LEVEL ASSOCIATES 
g STIMULATING ASSIGNMENTS 
g EXPANDING HORIZONS 
g AEROSPACE OPPORTUNITIES 
Edf HIGH SALARIES... ADVANCEMENT 

TELSTAR satellite - "a package of electronics" 
-is the most recent achievement of electronic 
application in the aerospace age. Electronic 
Engineering Technology opens career opportu- 
nities in virtually every type of activity: com- 
munications, computers, radar, aviational and 
navigational aids, industrial controls, guided 
missiles -the list is endless. The demand for 
trained Electronic Technologists is growing. 
Grow with it. World- famous Embry -Riddle is an 
institution built around a tradition of achieve- 
ment. Small classes. Personalized training. 
Accelerated instruction -three 15 -week trimes- 
ters per calendar year. Mail the coupon and 
get full information ... NOW. 

An Institution 
of Higher Education 
Founded, 1926. 

r Embry Riddle , 
A E I 7 U N A U T I C A L I N S T I T U T E 

DIRECTOR OF ADMISSIONS 
Embry -Riddle Aeronautical Institute 
Aviation Building, Miami 52, Florida 

Print Name 

Address Age 

City State 

o Electronic Engineering Technology 
Executive Pilot- Bachelor of Science Degree 
Business Pilot- B.B.A. Degree 
All Other Flight Courses 
Aeronautical Engineering -B.S. Degree 
Aircraft Maint. Engr. -B.S. Degree 
Aircraft Maint. Engineering Technology, 
Aeronautical Engineering Technology 

L MAI LTNIS COUPON TODAY J 
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in "MPX" when listening to stereo broad- 
casts. We could not detect any improve- 
ment in stereo broadcast noise levels 
when using it, however. It would be 
much more convenient if the "Sonic 
Monitor" function could have been in- 
cluded as an extra position on the input 

selector switch, which would make its 
use a simple one- handed operation. 

Apart from these minor criticisms, the 
Scott 340 must certainly be classed as 
one of the finest integrated stereo tuner - 
amplifiers we have tested. It sells for 
$379.95, less case. 

Don Bosco PHD -100 Universal Signal- Tracer Lab Set 
For copy of rnunufaetncr's hrocln,re, circle No. 59 on coupon (page 1.5). 

THE PHD -100, manufactured by 
Don Bosco Electronics, Inc., is a 

novel signal- tracing instrument. Incor- 
porating the company's "Stethotracer" 
and additional accessories, the set should 
prove very useful as a laboratory and 
field tool, as well as for radio and TV 
servicing. The "Stethotracer" resembles 
a fountain pen in size and shape, and 
contains a tiny 3- transistor amplifier and 
a 1.5 -volt battery. The clip serves as a 
power switch, turning the unit on when 
it is pushed toward the tip of the "pen." 

The amplifier output appears at a 
miniature connector on the side of the 
case, into which plugs a three -foot cord. 
The other end can be plugged into a 
small earphone, or a twin banana -plug 
adapter for connecting to a v.t.v.m. or 
oscilloscope. The input of the amplifier 
accepts any of several interchangeable 
heads, which extend the usefulness of 
the "Stethotracer" into many areas. The 
basic attachments include three prod 
tips, having 0 -db, 20 -db, and 40 -db at- 
tenuation. A fourth prod has a built -in 
diode, and is used as an r.f. detector. 

There are five additional screw -on 
heads for special applications. One has 
a standard phone jack, into which the 

output of a phono cartridge or tape head 
may be plugged. Another contains a 93- 
mil track width magnetic tape head, 
which can be held against a moving 
magnetic tape or sheet, allowing the pro- 
gram to be heard without additional 
amplification. This can be used to study 
magnetic recording behavior. There is 
a dynamic microphone head, covering 
speech frequencies, and a vibration pick- 
up operating from 200 cps to beyond 
audibility. Finally, there is a gold -plated 
microwave demodulator head, covering 
from 300 mc. to 10,000 mc. The entire 
set comes in a handsome, fitted case, 
measuring x 731" x 13r. 

We measured the electrical perform- 
ance of the "Stethotracer" by driving it 
from an audio generator and measuring 
its frequency response and distortion. 
This was done with the output adapter 
connected to an oscilloscope and v.t.v.m. 

Frequency response was within ±3 
db from 250 cps to 100,000 cps, falling 
steeply outside these limits. Mid -fre- 
quency voltage gain was 800. Since the 
input impedance is much higher than 
the output impedance, the actual power 
gain is much higher. The nominal out- 
put impedance is 600 ohms. The input 
impedance at 1000 cps was 4000 ohms 
direct, 50,000 ohms through the 20 -db 
head, and 330,000 ohms through the 
40 -db head. Through the r.f. head it was 
50,000 ohms. 

The "Stethotracer" is rated to deliver 
0.176 v. (r.m.s.) output. At 0.1 volt the 
harmonic distortion was 4.5 %, rising to 
6% at 0.2 volt. The residual noise level 
in the output was 3.5 millivolts measured 
with the input open -circuited. The meas- 
ured attenuations of the 20 -db and 40 -db 
heads (which are not intended as pre- 
cision attenuators) were 16.8 db and 
44.3 db respectively. 

We used the lab set under a variety 
of conditions, and were impressed by 

(Continued on page 96) 
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Two outstanding products by the HIDDEN 6 
C 

1 SPRAGUE 
.05 MFD.±10% 

I600V0C 

DIFILM 

01111M 

who plan for your future: 

BLACK BEAUTY 

molded tubular CAPACITORS 

gi;m? 
ORANGE DROP® 

dipped tubular CAPACITORS 

TWO GREAT TUBULARS . . . TAKE YOUR CHOICE! 

(± 10';; Capacitance Tolerance is standard at no extra cost) 

Sprague Difilm Capacitors can't be beat! Dual- dielectric con- 
struction combines the best features of both Mylar' polyester film 
and special capacitor tissue. And for additional reliability, Difilm 
capacitors are impregnated with Sprague's HCX " , a solid impreg- 
nant which produces a rock -hard capacitor section- there's no wax 
to drip. no oil to leak! 

BLACK BEAUTY Molded Tubulars are actually low -cost versions of 
the famous Sprague high -reliability capacitors used in modern 
military missiles. They're engineered to withstand 105 °C (221 °F) 
temperatures ... even in the most humid climates! And their tough, 
molded phenolic cases can't be damaged in handling or soldering. 

ORANGE DROP Dipped Tubulars are the perfect replacement for 
radial -lead capacitors now used by leading manufacturers of TV 
sets. Leads are crimped for neat mounting on printed wiring boards. 
Extremely small in size, they'll fit anywhere, work anywhere. And 
they're double- dipped in epoxy resin for extra protection against 
moisture. 

The "Hidden 600" are Sprague's 600 experienced researchers 
who staff the largest research organization in the 
electronic component industry and who back up the efforts 
of some 8,500 Sprague employees. 

Get your copy of Catalog C -614 from 
any Sprague distributor, or write 
Sprague Products Co., 51 Marshall 
Street, North Adams, Massachusetts. 

a5. 4ú2 WORLD'S LARGEST MANUFACTURER OF CAPACITORS 
February, 1963 CIRCLE NO. 146 ON READER SERVICE PAGE 
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Why Fred got a better job ... 
I laughed when Fred Williams, my old high school 
buddy and fellow worker, told me he was taking a 
Cleveland Institute Home Study course in electronics. 
But when our boss made him Senior Electronic Tech- 
nician, it made me stop and think. Sure I'm glad 
Fred got the break ... but why him ... and not me? 
What's he got that I don't. There was only one 
answer ... his Cleveland Institute Diploma and his 
First Class FCC License! 

After congratulating Fred on his promotion, I 
asked him what gives. "I'm going to turn $10 into 
$10,000," he said. "My tuition at Cleveland Institute 
was only $10 a month. But, my new job pays me $10 
a week more ... that's $520 more a year! In twenty 

years ... even if I don't get another penny increase 
. I will have earned $10,400 more! It's that simple. 

I have a plan ... and it works!" 
What a return on his investment! Fred should have 

been elected most likely to succeed ... he's on the 
right track. So am I now. I sent for my three free 
books a couple of months ago, and I'm well on my 
way to Fred's level. How about you? Will you be 
ready like Fred was when opportunity knocks? Take 
my advice and carefully read the important infor- 
mation on the opposite page. Then check your area 
of most interest on the postage -free reply card and 
drop it in the mail today. Find out how you can 
move up in electronics too. 



How You Can Succeed In Electronics 
... Select Your Future From Five Career Programs 

The "right" course for your career 
Cleveland Institute offers not one, but five different 
and up -to -date Electronics Home Study Programs. 
Look them over. Pick the one that is "right" for you. 
Then mark your selection on the reply card and send it 
to us. In a few days you will have complete details... 
without obligation. 

1. Electronics 
Technology 
A comprehensive program 
covering Automation, Com- 
munications, Computers, In- 
dustrial Controls, Television, 
Transistors, and preparation 
for a 1st Class FCC License. 

2. First Class 
FCC License 
If you want a 1st Class FCC 
ticket quickly, this stream- 
lined program will do the 
trick and enable you to main- 
tain and service all types of 
transmitting equipment. 

3. Broadcast 
Engineering 
Here's an excellent studio 
engineering program which 
will get you a 1st Class FCC 
License and teach you all 
about Program Transmission 
and Broadcast Transmitters. 

4. Electronic 
Communications 
Mobile Radio, Microwave, 
and 2nd Class FCC prepara- 
tion are just a few of tht 
topics covered in this "com- 
pact" program ... Carrier 
Telephony too, if you so 
desire. 

5 Industrial Electronics 
& Automation 
This exciting program in- 
cludes many important sub- 
jects such as Computers, 
Electronic Heating and 
Welding, Industrial Controls, 
Servomechanisms, and Solid 
State Devices. 

Cleveland 
February, 1963 

An FCC License ... or your money back! 
In addition to providing you with comprehensive train- 
ing in the area indicated, programs 1, 2, 3, and 4 will 
prepare you for a Commercial FCC License. In fact, 
we're so certain of their effectiveness, we make this 
exclusive offer: 

The training programs described will prepare you 
for the FCC License specified. Should you fail to 
pass the FCC examination after completing the 
course, we will refund all tuition payments. You 
get an FCC License ... or your money back! 

For Every CIE Student ... A New Electronics 
Slide Rule 

I 

Every CIE student receives this valuable Electronics 
Slide Rule and complete instructions for its use. As a 
student ... and throughout your electronics career, it will 
save you hours in solving difficult electronics problems. 

Job placement service ... another CIE extra 
to help you get ahead in electronics 
Once enrolled with CIE, you will get a monthly listing 
of the many high -paying interesting jobs available with 
top companies throughout the country. Many Cleveland 
Institute students and graduates hold such jobs with 
leading companies like these: American Airlines, Amer- 
ican Telephone and Telegraph, General Electric, General 
Telephone and Electronics, IBM, Motorola, North 
American Aviation, New York Central Railroad, Ray- 
theon, RCA and Westinghouse. 

Electronics is a fast moving, dynamic industry 
...Cleveland Institute keeps you current 
The Electron Bulletin is CIE's monthly digest of new 
developments in the world's fastest growing industry. 
As a CIE student, you will get a free copy throughout 
your training to keep you up -to -date on Masers, Lasers, 
Solid State Devices, and other new inventions. 

Full accreditation ... your assurance of 
competence and integrity 

Cleveland Institute of Electronics is accredited by the 
Accrediting Commission of the National Home Study 
Council. You can be assured of competent electronics 
training by a staff of skilled electronics instructors. 

Your Future In Electronics Is 

Up To You. Make It A Brighter One. 

Mail Reply Card Today. 

Institute of Electronics 
Dept. EW -74, 1776 E. 17th St., Cleveland 14, Ohio 
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NEW, MODERN, PORTABLE ... FOR THE MAN ON THE GO ., 

as oltmete 

new 3 ne x en'. e ' ew 
Portable Scope with New 
Features and Performance 
Unmatched by even the mos 

Q =tly 5 inch Oscilloscopes`. 

NEW 
SENCORE P5120 
PROFESSIONAL 
WIDE BAND 
OSCILLOSCOPE 

Ill 
3.58 

COLOR BURST 

Lowest priced 
Wide Band 3 
anywhere. All 

I ¡ere it is, the scope that technicians, engineers and service- 
men from coast to coast have been demanding. A portable 
wide band scope that can be used on the job anywhere, yet 
has the highest laboratory specifications for shop or lab. 
Cumbersome color TV sets, remote audio and organ install- 
ations and computers are just a few of the jobs that make 
owning a scope of this type so essential. Why consider a 
narrow band scope, when for only a few dollars more, this 
professional wide band sensitive scope equips you for any job. 

The PS120 provides features never before offered. Only 
two major controls make the PS120 as easy to use as a volt- 
meter. Even its smart good looks were designed for functional 
efficiency. New forward thrust design, creating its own 
shadow mask, and full width calibrated graph increase 
sharpness of wave form patterns. A permanent chromed 
steel carrying handle instead of untidy leather strap and a 
concealed compartment under panel for leads, jacks and AC 

S P E C I F I 

inch Scope 
hand wired. 

1245° net 
Kit $74.50 

line cord make the PS120 the first truly portable scope com- 
bining neatness with top efficiency. 

Electrical specifications and operational ease will surpass 
your fondest expectations. Imagine a wide band scope that 
accurately reproduces any waveform from 20 cycles to 12 
megacycles. And the PS120 is as sensitive as narrow band 
scopes .. all the way. Vertical amplifier sensitivity is .035 
volts RMS. The PS120 has no narrow band positions which 
cause other scopes to register erroneous waveforms unexpect- 
edly. Another Sencore first is the Automatic Range Indi- 
cation on Vertical Input Control which enables the direct 
reading of peak -to -peak voltages. Simply adjust to one inch 
height and read P -to -P volts present. Standby position 
on power switch, another first, adds hours of life to CRT 
and other tubes. A sensitive wide band oscilloscope like the 
PS120 has become an absolute necessity for trouble shooting 
Color 'ITV and other modern circuits and no other scope is as 
fast or easy to use. 

C A T I O N S 

WIDE FREQUENCY RESPONSE: 
Vertical Amplifier -flat within Vz DB from 20 cycles to 5.5 MC, down -3 DB at 7.5 
MC, usable up to 12 MC. 
Horizontal Amplifier--flat within -3 DB from 45 to 330 KC, flat within -6 DB 
from 20 to 500 KC. 

HIGH DEFLECTION SENSITIVITY: RMS P/P 
Vertical Amplifier -Vert. input caole .035V IN. 0.1V /IN. 

Aux. vert. jack .035V IN. 0.1V /IN. 
Through hi- imped. probe .35V IN. 1.0V /IN. 

Horizontal Amplifier- .51V IN. 1.44V/1N. 

HIGH INPUT RESISTANCE AND LOW CAPACITY: 
Vert. input cable 2.7 Meg. shunted by approx. 85 MMF 
Aux. vert. input jack 2.7 Meg. shunted by approx. 20 MMF 
Through hi- imped. probe 27 Meg. shunted by 8.6 MMF 
Horiz. input jack 330 K to 4 Meg. 
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The PS120 is a must for color TV 
servicing. For example, with its ex- 
tended vertical amplifier frequency 
response, 3.58 MC signals can be 
seen individually. 

HORIZONTAL SWEEP OSCILLATOR: 
Frequency range- 4 ranges. 15 cycles -150 KC 
Sync Range- 15 cycles to 8 MC usable to 12 WC 

MAXIMUM AC INPUT VOLTAGE: 
Vertical input cable - 
Aux. vert. jack- - 1000 VPP (in presence of 600 VDC) 
Hi.imped. probe - 
Horiz. input jack- approx. 15 VPP (in presence of 400 VDC) 

POWER REQUIREMENTS: 
Voltage - 
Power consumption- 

105.125 volts, 50.60 cycle 
On pos. 82 watts 
Stby. pos. 10 watts 

SIZE: 7" wide x 9" high x 111/4" deep -weight 12 lbs. 

S E N C O R E 
ADDISON 2, ILLINOIS 
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looks innocent... but this chassis has a "tough dog "* repair problem 
*no picture- raster okay -sound distorted 

you may be able to solve the 
trouble in an hour or more or you can do it in minutes 

With a PHOTOFACV Folder by your side, 
the job takes just minutes. You use the Tube 
Placement and Tube Failure Check Charts 
(found in every PHOTOFACT TV Folder) 
and test the Video, AGC and IF tubes -they 
check okay. Adjusting the AGC control pro- 
duces a weak picture, but the contrast con- 
trol has no effect. 

Referring to the Standard Notation Sche- 
matic, there is a normal waveform at the 
Video grid. There is a weak signal at the 
plate. Voltages are high. In just minutes, 
you've pinpointed the trouble. When com- 
paring resistance with the handy chart, rotat- 
ing the contrast control varies the reading, 
but you find it's high. The answer: A cold 
solder joint at the center of the control. 
Trouble solved -in just minutes -with 
PHOTOFACT! 

YOU EARN MORE DAILY when you 
have PHOTOFACT at your fingertips. 
It's your time- saving troubleshooting 
partner for everything that comes into 
your shop. Just reach for the easy -to- 
find PHOTOFACT Folder you need for 
any model. It provides everything you 
want -complete, uniform, authoritative. 

You get: Famous Standard Notation 
Schematics packed with all the service 
details you need; full Photo Coverage 
of all chassis views; Complete Replace- 
ment Parts Lists; Tube Placement Dia- 
grams; full Alignment Instructions; 
actual Waveform Photos; CircuiTrace' 
for printed boards; Alternate Tuner 
data; Terminal Identification and Con- 
nections; Disassembly Instructions 

OWN YOUR PHOTOFACT LIBRARY 
THIS EASY -BUY WAY 

More than pays for itself from the first day you put 
it into your shop! Now available to you on a Special 
Easy -Buy Deal: NO INTEREST NO CARRY- 
ING CHARGES ONLY $10 DOWN UP TO 
30 MONTHS TO PAY. And you get FREE file 
cabinets with your PHOTOFACT Library -so you 
have all you need for time- saving, money- making 
service work right at your fingertips. Get the 
PHOTOFACT Library details today. 

START A STANDING ORDER SUB- 
SCRIPTION TODAY Keep up with the 
rapidly- increasing current model output! 
See your Sams Distributor or send coupon 
now for full details. 

February, 1963 

(including auto radio removal); Field - 
Servicing Notes; Dial Cord Stringing 
Diagrams; Changer and Recorder "Ex- 
ploded Views" -plus dozens of other 
great features. 

Own the complete PHOTOFACT Li- 
brary-so you can instantly put your 
hands on all the quick help you need 

for any job on your bench! If you're 
not now a PHOTOFACT Library owner, 
you're more than paying for it in the 
time you lose every day. So take the 
right step to time -saving, profit -building 
servicing -see your Sams Distributor 
for details on an Easy -Buy PHOTOFACT 

Library and Standing 
Order Subscription--or 
send coupon today! 

HOWARD W. SAMS & CO., INC. 

L_ 

Howard W. Sams & Co., Inc., Dept. 5 -B3 
4300 W. 62nd St., Indianapolis 6, Indiana 

Send full information on Easy -Buy Plan e 

Enter my Photofact Standing Order Subscription 

My Distributor is 

'Amp Name 

Attn 

Address__ 

-Zone State 

CIRCLE NO. 140 ON READER SERVICE PAGE 
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108 KITS 
and FACTORY -WIRED too! 
CO , ófterï you the BEST BUYS of both. 

All El O models are available as Ki 
or assembled and Factory- Wired. S 
whether you build it yourself cr we d 
it for you- either way -they look, soup 
and perform ider.ti call - 1 best bu 
and top performers.. 

O ammn 
C '4 

OEM tam 
tEMII 

6 

7 

Over 2 million EICO instruments in use. 
Urn -card holders can buy at any EICO 
dealer with no down payment. Budget 
terms at most dealers. 

Losten to the EICO Flour, WABC -FM. V. Y.. 95.5 MC. 
Mon. -Fri. 7:15 -8 P. M. Export Dept.. Roburn Agencies 
Inc., 431 Greenwich St., New York 13 
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1. FM Multiples Stereo Tuner ST97 
Semi -Kit $89.95 Wired $149.95 Incl. Metal Cover & FET 

2. 40 -Watt Imegrated Stereo Amplifier ST40 
Kit $79.95 Wired $129.95 Incl. Metal Cover 

3. 70 -Watt Integrated Stereo Amplifier ST70 
Kit $99.95 Wired $149.95 Incl. Metal Cover 

4. FM Multiplex Autodaptor MX99 ;Patent Pending; 
Kit $39.95 Wired $64.95 Incl. FET Cover Optional $2.95 

5. FM -AM Stereo Tuner ST96 
Kit $89.95 Wired $129.95 Incl. Metal Cover & FET 

6. Transistorised Stereo /Mono 4 -Track Tape Deck RP100 
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Carefully controlled -hock can facilitate medical 
diagnosis, treat diseases, and save lives. The 
techniques and electronic circuits are described. 

By ED BUKSTEIN /Author "Medical Electronics" 

CCIDENTAL electric shock is an experience which at best is 
annoying and at worst is fatal. It is regarded with feelings rang- 
ing from mild apprehension to pure abhorrence. This is fortu- 

nate because it encourages a cautions attitude and a deep respect for 
things electrical. Nonetheless, electric shock can be both intentional and 
beneficial. Under the supervision of a skilled physician, amperes can be 
as useful as antibiotics. Carefully controlled electric shock can facilitate 
medical diagnosis, treat diseases, and save lives. 

Electric Shock Therapy 
Perhaps the best -known use of electric shock in medicine is its em- 

ployment for the treatment of mental disorders. As an alternative to 
insulin shock and other forms of chemo- therapy, electroshock offers the 
advantages of being easily and accurately controllable. The treatment, 
sometimes referred to as electrical conculsant therapy (ECT), is accom- 
plished by means of electrodes, one on each side of the patient's head. 
The electrodes are moistened with a conductive paste to improve the 
electrical contact, and a sine wave of current is passed through the brain. 
Currents up to several hundred milliamperes are employed, and treat- 
ment duration is generally in the range of .1 to 1 second. A.c. voltages 
over a range of 70 to 170 volts are commonly used. 

A typical circuit of a shock -therapy unit is shown in Fig. 1. Treatment 
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X -ray view of implanted pacemaker, which stimulates the 
heartbeat. The large circular areas are the mercury cells that 
operate the two- transistor (smaller circular areas) circuitry. 

Fig. 1. Time -delay circuit con- 
trols duration of shock impulses. 
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current is adjusted by means of a switch that selects one of 
several available taps on the transformer. A time -delay cir- 
cuit controls the duration of the treatment, which com- 
mences when the treatment push -button is depressed. At 
this time capacitor C begins to charge from the B- supply, 
and the resulting voltage drop across resistor R drives the 
tube grid positive. The relay therefore energizes and com- 
pletes the circuit from the transformer to the patient. As 
the capacitor continues to charge, the voltage drop across 
R gradually decreases and ultimately allows the relay to de- 
energize. The relay contacts now open to terminate the treat- 
ment. 

Several values of resistance are available so that the time 
constant of the charging circuit can be changed. In this 
manner the treatment duration can be preset. When the treat- 
ment is finished, as indicated by extinction of the glow in the 
neon indicator, the operator releases the push -button. The 
back contact of the push -button now discharges the capacitor 
through a small resistance, preparing the instrument for the 
next patient. 

Sudden application of voltage to the patient causes muscu- 
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lar contraction which may be so severe as to cause sprains, 
dislocations, or even broken bones. The sudden contraction 
can be prevented by allowing the treatment current to build 
up gradually as indicated in Fig. 2. Known as glissando, this 
mode of treatment is achieved by means of the spring -wound 
potentiometer in Fig. 1. Before the treatment is started, !the 
shaft of the potentiometer must be advanced to its extreme 
(minimum output) position. This action winds the spring. 
Through a mechanical linkage, the spring is released when 
the treatment button is depressed. The spring now drives the 
potentiometer shaft to its opposite extreme, gradually in- 
creasing the magnitude of the treatment current. A safety 
interlock switch is mounted on the potentiometer to prevent 
treatment until the potentiometer spring has been wound. 

Electrod iagnosis 
Late in the eighteenth century, Luigi Galvani discovered 

that a frog leg could be made to twitch by bringing it into 
contact with two dissimilar metals. Although the reason for 
this was not known at the time, we now know that the twitch 
resulted from electrical stimulation of the nerve and muscle 
tissue (the dissimilar metals functioning as a battery). This 
discovery established the basis for modern electrodiagnostic 
techniques. Today, electrical stimulation is employed to pro- 
duce muscular contraction for the purpose of testing the 
muscle and its nerve supply. Both direct and alternating cur- 
rents are used for muscle stimulation, the former are known 
as galvanic and the latter as faradic currents. Various wave - 
shapes, referred to as modalities, are illustrated in Fig. 3. 

Galvanic current is obtained from a conventional rectifier 
circuit of the type commonly used for B- supply. A mechanical 
interrupter such as a vibrator may be connected in series 
with the output to produce pulsed galvanic current. The 
surging galvanic modality is the unfiltered output of the 
power supply and is produced by opening a switch that 
disconnects the filter capacitors. Faradic current is generated 
by periodically interrupting the current flow through the 
primary of a transformer. As shown in Fig. 5, a vibrator is 
used to alternately make and break the primary circuit. 

Still another modality consists of a 60 -cps sine wave that 
is amplitude modulated to make it less painful to the patient. 
The modulation is produced by a motor -driven potenti- 
ometer. 

Diagnostic currents are applied to the patient through 
metal electrodes moistened with an electrically conductive 
paste. The active electrode is positioned over the muscle to 

Components of transistorized muscle activator. Device produces 
pulses that activate leg muscles, enabling wearer with seri- 
ous motor nerve damage to wa.k almost in a far al m;.nnei. 
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Fig. 2. Glissando eliminates severe muscular contractions. 
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Fig. 3. Waveforms employed for nerve and muscle stimulation. 

be tested, and the larger diyersing electrode is placed else - 
where on the body. The active electrode is smaller in area 
than the dispersing electrode so that current flow will be 
concentrated in the region of the muscle being tested. 

Direct current (galvanic) will cause a muscle to contract 
if the current is sufficient in both amount and duration. The 
minimum current required to produce contraction is known 
as the rheobase value. The minimum duration required with 
a current twice rheobase is known as the chronaxie value. 
Chronaxie measurement is useful diagnostically because an 
increase in this value indicates degeneration of the nerve 
supply to the muscle. 

Steady galvanic current produces contraction only briefly 
when the current is first applied. Interrupted (pulsed) gal- 
vanic current, however, produces a condition of sustained 
contraction. The muscle remains contracted because there 
is insufficient time for it to relax between successive pulses 
of stimulating current. If a muscle fails to respond in this 
manner, an increased chronaxie value is indicated (the 
muscle cannot contract within the duration of each pulse of 
stimulation). The same test can be performed using faradic 
rather than pulsed galvanic current. 

Sawtooth stimulation is also useful diagnostically. Healthy 
tissue will not respond to the slowly rising current -a charac- 
teristic known as accommodation. Denervated muscle how- 
ever, cannot accommodate and therefore contracts in response 
to the sawtooth stimulation. On this basis, the diagnostician 
can determine whether the nerve supply to a muscle is intact 
and functioning normally. An advantage of the sawtooth 
waveform is that it elicits response from injured but not from 
normal tissue. Contraction of the denervated muscle is there- 
fore not obscured by contraction of adjacent healthy tissue. 
A further advantage of sawtooth stimulation is that it is less 
painful because the sensory nerves also possess the property 
of accommodation. 

Sawtooth stimulation is usually obtained from a thyratron 
relaxation oscillator similar to those which were once popular 
as sweep generators in oscilloscopes. A typical circuit is 

shown in Fig. 6. Capacitor C in this circuit charges from the 
B- supply until the voltage across it is sufficient to ionize the 
thyratron. The ionized gas now provides a low -impedance 
discharge path for the capacitor. \\'hen C has discharged to 
the de-ionization potential of the thyratron, the gas de- ionizes 
and C begins to recharge. The slow charge and rapid dis- 
charge of the capacitor produce the sawtooth output. Saw - 
tooth frequency can be controlled by varying either R or C. 
The capacitor- selecting switch is a coarse step control, and 
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variable resistor R is used as the fine continuous control. 
Electrical stimulation is useful for treatment as well as 

diagnosis. Electrotherapeutic current, for example, is used 
to exercise paralyzed ( denervated) muscle. The nerve supply 
may eventually regenerate and regain control of the muscle, 
but until this happens the muscle must be artificially stimu- 
lated. Without such exercise, the muscle will atrophy from 
prolonged inactivity. 

Cardiac Resuscitation 
Cardiac arrest is a medical emergency that demands im- 

mediate attention. If normal or near -normal heartbeat is not 
restored within a natter of minutes, the condition is fatal. 
The cardiac arrest may take either of two forms: fibrillation, or 
.standstill. Fibrillation is a condition in which the heart muscle 
goes out of sync," that is, the muscle fibers contract at ran- 
dom rather than in a coordinated sequence. The heart there- 
fore loses its effectiveness as a pump for forcing the blood 
through the circulatory system. Cardiac standstill is a condi- 
tion in which the heart muscle does not contract at all. 

Cardiac fibrillation is treated by shocking the heart elec- 
trically. As a result of this shock, all of the muscle fibers of 
the heart contract simultaneously. This leaves the heart in 
a condition of standstill from which it may recover spon- 
taneously or may be triggered by a pulse generator. The in- 
strument employed to shock the heart out of fibrillation is 
known as a "defibrillator." By means of a pair of electrodes as 
shown in Fig. 7, 60 -cps current is passed through the heart. 
Currents as high as 15 amperes may be employed if the 
electrodes are applied to the surface of the chest. Less cur- 
rent is required if fibrillation occurs during cardiac surgery 
because the electrodes can then be applied directly to the 

Fig. 4. Subcutaneous 
extension of Char- 
dack - Greatbatch 
pacemaker termi- 
nates just below skin 
and can be reached 
through a fairly 
simple emergency in- 
cision. The resistor in 
the extension can be 
shorted out to in- 
crease pulse ampli- 
tude if required or to 
permit an external 
pacemaker to be con- 
nected. Although the 
circuit has been 
shown at the left for 
the sake of clarity, 
the terminals and re- 
sistor are actually 
contained in pigtail 
extension at bottom. 
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heart. Shock duration is in the range of .1 to .5 second and 
is controlled by a time -delay circuit. 

The defibrillator shown in the photo is designed for both 
closed -chest and open -chest cardiac resuscitation. Output 

ELECTRODES voltage can be set by means of a front -panel control to 120, 
240, 360, 500, 750, or 1000 volts. Another front -panel control 
permits adjustment of shock duration to .15 or .30 second, 
or to manual control which permits the operator to control 
the shock duration by means of a push- button. An auxiliary 
foot -switch can be connected to the unit and used instead of 
the front -panel push -button. 

Cardiac standstill is treated by stimulating the heart with 
a pulse generator known as a "pacemaker." Each pulse canses 
the heart muscle to contract, allowing the heart to regain a 
normal rhythm. Pulse duration is generally in the range of 
2 to 4 milliseconds, and pulse rate is adjustable from 20 to 

Fig. 5. Circuit of generator used for faradic stimulation. 
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200 pulses per minute. A representative circuit employing a 
blocking oscillator is shown in Fig. 8A. Output is coupled 

SAWTOOTH OUTPUT from an additional winding on the blocking- oscillator trans- 
former. A potentiometer between this winding and the elec- 
trodes permits control of pulse amplitude. 

Implanted Pacemaker 

Fig. 6. A relaxation oscillator for sawtooth stimulation. 

Fig. 7. Application of external defibrillator electrodes. 

Fig. 8. IA) Blocking oscillator generates pulses used to trig- 
ger the heartbeat. (B) Circuit d agram of the two -transistor 
pacemaker, a device which is su gically implanted in patient. 
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In addition to its use for emergency treatment, the pace- 
maker is employed on a continuous basis for long -term cor- 
rection of heart block. Such block may occur following cardi- 
ac surgery, coronary thrombosis, or in patients with Stokes - 
Adams disease. 

Earliest efforts to apply electronic "pacemaking" to such 
patients involved an external pacemaker and external elec- 
trodes strapped to the chest. This technique, however, re- 
quires considerable output power from the pacemaker and 
therefore necessitates a physically large instrument. By con- 
trast, only a few milliamperes of stimulating current are 
required if the electrodes are placed directly on the heart. 
This consideration led to the use of an external pacemaker 
in conjunction with internal (implanted) electrodes. By 
means of leads passing through the chest wall, the external 
pacemaker is connected directly to the patient's heart. 

A serious disadvantage of this technique is that infections 
occur frequently at the site where the leads pass through the 
chest wall. To overcome this problem, a system employing a 
radio link has been developed. A small, external transmitter 
is pulsed on and off at the desired heartbeat rate, and this 
signal is picked up by a small receiver previously implanted 
in the patient. Output leads from the receiver carry the stimu- 
lating pulses to electrodes in contact with the heart. Although 
the technique eliminates the need of through -the -chest con- 
necting leads, it still requires the use of external equipment. 

The obvious next step was the development of a completely 
internal pacemaker meeting the requirements of small size 
and long life expectancy. Such a unit could be surgically im- 
planted in the patient and connected to electrodes in contact 
with the heart. A two- transistor circuit employing miniature 
components is shown for such a device in Fig. 8B. The first 
stage is a blocking oscillator that develops pulses of proper 
duration and repetition frequency. These pulses are directly 
coupled from the emitter resistor of the first stage to the base 
of the second stage. The second stage is a grounded- emitter 
amplifier whose output is applied to the heart electrodes. 

The Chardack -Creatbatch pacemaker shown in Fig. 4 is 
a self -contained, implantable unit that Nveighs only 8 ounces. 
Including its battery of ten mercury cells, the pacemaker is 
6 centimeters (21,1") in diameter and 1.5 centimeters (%") 
thick. Life expectancy of the battery supply is estimated at 
five years. This instrument produces output pulses of 2- mtlli- 
seconds duration in the frequency range of 50 to 60 pulses 
per minute. Output rating is 10 milliamperes into a 1000 -ohm 
impedance, which is well above the stimulation threshold 
(typically 3 to 5 milliamperes). The entire pacemaker assem- 

(Continue'd on page 97) 
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DIGITAL READOUTS 
Though you can "see" a voltage on an oscilloscope, there is always 
the chance of an interpretation error. These devices will convert 
signals directly to numbers or letters eliminating all ambiguity. 
By WALTER H. BUCHSBAUM, Industrial Consultant, ELECTRONICS WORLD 

ONE OF the unfortunate aspects of electronics is that 
all signals are invisible. We can see the results of 
an electric current when it is converted into me- 

chanical motion, or into light, but special devices are needed 
to change signals into directly readable form. Though this 
consideration is important when testing and troubleshooting, 
it becomes a much greater problem with electronic data - 
handling machines and computers. There are many important 
applications ranging from digital voltmeters to stock -market 
quotation and airline flight- reservation boards in which num- 
bers and letters must be displayed. 

One advantage of a number or letter indication over a 
meter indication is that a reading error is less likely. Another 
is that everyone seeing the number knows exactly what is 
meant without having to interpret a meter scale, or worry 
about parallax and scale- factor errors. This is particularly 
important when the electronic system is used to display in- 
formation to the general public in applications such as pari- 
mutuel betting or bowling score announcements. Readouts 
are also widely used in industrial electronics. 

Just as the applications vary so do the types of readouts. 
There are some that display all letters of the alphabet as well 
as numbers, called alpha- numeric types, but the vast majority 
simply show the numbers O through 9 and possibly symbols 
such as --J- or -. From a technical viewpoint, all readouts 
can be divided into three major categories according to their 
operating principle. In the electro- mechanical group, the elec- 
trical signal is converted into mechanical motion which turns 
a chum or tape to display the desired character. Another cate- 
gory is called optical because the signal actuates lights. The 
third group consists of devices that combine mechanical and 
optical action. Within each category there are variations, too, 
depending on construction, driving signals, operating speed, 
and input codes. 

Optical Readouts 
The basic optical readout is the pilot light with a number 

painted on the lens. \Vhen large numbers are displayed, the 
pilot lights take up a lot of room and reading the full number 
is cumbersome and inconvenient. It would be simpler if the 
pilot lights for each decade could be behind each other; this 
is the principle of the edge -illuminated, engraved numbers 
shown in Fig. 2. Ten small lamps are located above each of 
the ten pieces of Lucite. When a lamp is on, only its associated 
Lucite plate is edge -illuminated and its engraved numeral 
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displayed. The numerals on the other Lucite pieces can hardy 
be seen; since they are not illuminated they appear only as a 
slight blur. As numerals are switched, they appear to travel 
back and forth due to the positioning of the Lucite plates 
behind one another. This type of numerical readout is found 
primarily in digital voltmeters and other test equipment as 
well as in some older computer accessories. Servicing con- 
sists of simply replacing bulbs which are located either at the 
top or bottom of the readout assembly. If a Lucite plate has 
become warped or cracked, a replacement can simply be in- 
serted in the correct slot. 

Similar to the edge -illuminated readout shown in Fig. 2 is 
one which General Radio Co. imports from England and 
installs in its equipment. In this "Numerick" unit the indi- 
vidual lamps are at the rear and the Lucite plates are ar- 
ranged in a series of nesting U's. Instead of engraving the 
numerals as smooth lines, the English supplier, K.\IG Elec- 
tronics, forms the numerals with a series of small dots, pre- 
sumably for better visibility. To avoid interference between 
parallel Lucite plates, thin sheets of opaque reflecting mate- 
rial are placed between the plates except at the viewing 
window. 

A refinement of the Lucite "in- line" readout is the Bur- 
roughs Corp. "Nixie" neon indicator shown in Fig. 1. Here, 
the principle of cathode glow, familiar in neon lamps, causes 
one of ten cathodes shaped like a numeral to glow. As in the 
case of the Lucite readout, the numerals not illuminated can 
be seen, but in the "Nixie" the glowing number is so bright 
that the others are practically invisible. Another advantage is 
that the numerals are so close behind each other that the illu- 
sion of the motion of numbers is greatly minimized. Recent 

Fig. 1. Numeral in "Nixie" tube is glowing cathode as in neon lamp. 
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Fig. 2. Numerals are engraved on Lucite that is edge -illuminated. 

Fig. 3. Projection readout is combination of small slide projectors. 

versions of the "Nixie" have been designed for greater jt \\ ing 
angle and there are even some available in semi -rectangular 
envelopes to permit closer spacing. "Nixies" are available 
in a wide range of sizes and, accordingly, in a range of dif- 
ferent voltages. Numeral sizes range from 0.3" high to 2" 
high. Operating voltages range from 120 to 300 v. between 
cathode and anode. 

Actual firing and extinguishing voltages vary. Of particu- 
lar interest are the low- voltage "Nixies," which are available 
in combination with transistors under the trade name "Trixie," 
that enable a transistor circuit to drive the "Trixie" directly. 
Although transistors cannot switch the entire firing voltage, a 
series resistor ( R, Fig. 5) forms a voltage divider with the 
transistor which operates as a switch to light a particular 
numeral. "Nixies" usually are reliable but have a limited life. 
Numerals get slim, don't light up at once, flicker, or only part 
of a number glows. The only remedy is replacement, which 
is simple since they plug into a socket. 

A readout that presents a single -place indication is the 
projection type available from Industrial Electronic Engi- 
neers, Inc and shown in cutaway view in Fig. 3. It is simply 
a compact arrangement of individual transparency projectors, 

all focused on the front screen. In addition to numerals, any 
combination of words, colors, and symbols can be obtained 
by this method since separate lamps, transparencies, and 
lenses are used for each letter, word, or numeral. Projection 
type readouts are available in character sizes from %" to 3%" 
and units can be stacked alongside or above each other prac- 
tically without limit. Access to the lamps is from the rear by 
means of a quick -disconnect, spring -loaded plug assembly. 
Servicing is not a problem since the only defect can be in the 
lamp and the circuit driving it. The optical portion is effec- 
tively sealed and trouble -free. Because the lamps require a 
fair amount of power, projection -type readouts are usually 
driven by relays rather than directly by transistors. 

Another type of one -plane readout produces the characters 
by combining individual segments, each of which is illumi- 
nated separately. In Fig. 6 the numeral six is formed by six 
separate neon bulbs, each shining through a slot, whose 
combined illuminated areas form the desired letter. Behind 
the optical portion are a number of resistors which make up 
the matrix necessary to light the right segments for each 
numeral. Variations of the 1.D.E.A., Inc. model shown here 
range in size from WG" to 10" high and vary in complexity 
from the seven- stroke version for numerals to a sixteen -seg- 
nient arrangement which shows both letters and numerals. 
This type of readout has the advantage of reliability since 
only the neon lamps can get dim and they are easily spotted 
and replaced. The matrix resistors generally do not fail be- 
cause little power is dissipated by them. Power requirements 
range from 1 watt at 150 volts for the smallest to 1.2 watts 
at 200 volts for the largest unit. Driving signals usually go 
through relays rather than transistors or tubes. 

Based on the same method of making up symbols from 
basic lines is another type of optical readout which employs 
electroluminescence to generate the light (Fig. 7). The front 
of the glass- and -phosphor sandwich contains a transparent 
conducting coating while the back has conducting strips in 
the shape of individual segments. Each of the rear segments 
has a separate terminal. The a.c. is applied between the 
conducting front coating ( "transparent conductor ") and the 
desired segments ( "conductor segments ") to produce a nu- 
meral or letter. These electroluminescent readouts are already 
in use in some counters and digital voltmeters and many 
other applications are planned. Sylvania, Westinghouse, and 
RCA make them. Because a relatively large a.c. potential 
(200 volts is a typical value) is required, this type of readout 
is usually driven either by tubes or relays. Troubleshooting 
consists of replacing the entire unit since it is a complete, 
sealed -in -glass assembly. 

Electro- Mechanical Readouts 

The next method of displaying numbers is by rotating a 
drum or belt on which numbers and letters have been printed 
until the desired character appears at a window. That is how 

Fig. 4. Solenoid- driven readout is used Fig. 5. With this drive circuit, "Nixies" 
can be used with transistorized equipment. in stock quotation and reservation boards. 
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Fig. 6. Numeral is formed by neon lamps 
whose light penetrates individual slots. 
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Fig. 7. Electroluminescent readout needs high a.c. driving voltage. 

all electro- mechanical readouts work, but details on how 
to stop the right character in front of the window, merit some 
discussion. One of the most widely used readouts is shown in 
Fig. 4. This Teleregister unit, available in various sizes, is 
used on stock market quotation boards, airline reservation - 
status boards, and in many other data systems. The numeral 
chum is driven by a ratchet drive from the solenoid at the 
rear of the unit. A printed -wiring commutator is mounted on 
the drum and contacted by stationary brushes that transfer 
the solenoid circuit to an external control circuit. When the 
circuit is opened, a number of pulses cause the solenoid to 
rotate the drum until it reaches a blank position at which 
time the commutator shuts power off. Troubleshooting this 
unit requires mechanical ingenuity and a familiarity with re- 
lays and stepping switches. The most likely defect is either 
contact trouble or else a broken connection, spring, or de- 
fective contact. 

A more complex readout is the Union Switch and Signal 
Co. series, two of which are shown in Fig. 8. The shorter unit 
displays numerals by means of a drum and the longer model 
uses a flexible metal tape to display up to 64 characters. Both 
units are driven by a very precise mechanism and are capable 
of accepting binary information to produce a display of num- 
bers or letters. The lower illustration shows the internal view 
of the drum -type numeral indicator. One -half of the assembly 
contains a special, flat d.c. motor which drives the numeral 
drum through a worm -gear arrangement. A binary coded 
printed wiring commutator is part of the drum. The other half 
of the assembly contains the brushes for the commutator and 
printed wiring to bring the brush connections to the plug -in 
socket at the rear of the indicator. A four -bit binary -code in- 
put connects power to the motor until the drum and its com- 
mutator are in the correct binary code position, which also 
corresponds to the decimal number to he displayed. At that 
position power to the motor is shut off. In the case of the 
64- character version the tape passes over two drums, one in 
front and one in the rear, and each of these drums has a com- 
mutator and a set of brushes, providing the required 6 bits 
of binary code for 64 positions. Illuminated versions of this 
readout are also in use and contain a very small bulb behind 
the rim of the numeral drum. The drum rim is made of trans- 
parent plastic permitting light to pass through. 

Troubleshooting this readout can be quite complex since 
poor brush contact, excessive friction, and other defective 
contacts and wiring may be hard to locate in the compact 
assembly. The motors are quite small and delicate so that 
failure of the motor itself should not be ruled out. Like the 
Teleregister unit shown in Fig. 4 this readout uses consider- 
able d.c. power and is generally driven through relay con- 
tacts. 

An entirely different type of electro- mechanical readout is 
Patwin's "Magneline" indicator shown in Fig. 9. In this unit 
the numeral drum is part of the armature of a ten -pole d.c. 
motor. A small permanent magnet, shown in Fig. 10, is at- 
tached to the large numeral drum. Stationed around the mag- 
net are ten electro- magnets, like the stationary poles of a 
d.c. motor. When two opposite coils are energized, the per- 
manent- magnet armature and the numeral drum attached to 
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will turn to line up the magnet. It ,i:. ,:ups -('r is removed, 
the residual magnetism in the soft iron pole and the perma- 
nent magnet itself will be sufficient to maintain the drum's 
position until another set of poles is energized. The typical 
value of power required to energize the coils is 200 ma. at 
6 v. d.c. Relays are usually used to translate from the machine 
data code to the decimal switching selection required here. 
Troubleshooting is simple becat'>e there are no moving con- 
tacts. It is only necessary to measure the resistance of each 
of the ten field coils to find electrical defects. Short of excess 
friction or a broken drum, very little can go wrong mechan- 
ically. 

Another version of the multi -pole d.c. motor drum readout 
is the new A.C.E. Co. Model SV -1 shown in Fig. 12. It is 
basically the same as the "Magneline" unit except that the 

(Continued on page 66) 

Fig. 8. Top: 12 lleftl- and 64 Irightl- character readouts. Exposed 
view below shows drum of smaller unit. Larger uses flexible tape. 

Fig. 9. Numeral drum is armature of ten -pole motor in "Magneline" unit. 
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RECENT 
DEVELOPMENTS 

IN 

ELECTRONICS 

Ultrasonic Transducer 
Ultrasonic energy is being used to measure pulsations and 

movements of blood vessels and organs deep within the human 

body. In operation, a series of ultrasonic pulses from the trans- 

ducer shown are directed in a narrow beam in the direction to 

be viewed. Measurements are made of the amount of time for 

an echo to return as well as its amplitude and phase. The differ- 
ent acoustic impedances of biologic structures produce the 

echoes. The bottom illustration is a recording of pressure in a 

neck artery as seen on a unit developed by Sonomedic Corp. 

-New Color Tube Plant 
Rows of color TV picture tubes travel along a special conveyor 

at RCA's new Marion, Ind. production plant. During this opera- 

tion, a glare -proof window is bonded to the face of the t ibe. The 

window eliminates the need for an external safety glass in the 

TV set. 
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TV- Viewed Microsurgery -- 
A new closed- circuit TV system, demon- 
strated at the New York Polyclinic Hospital, 
e -ables as many as 30 doctors to study 
microsurgical procedures at the same time. 
A 112 -lb. TV camera, developed by DuMont, 
is mounted directly on the barrel of an op- 

eration microscope. Procecures as seen by 

the surgeon through the microscope are re- 

produced, greatly enlaged, on the TV 

screen. 

'E-Semiconductor Crystal Laser 
A tiny semiconductor crystal suspended inside a glass container 

filled with liquid nitrogen is being used here to generate a beam 

of coherent infrared light. The laser beam is produced when 

large amounts of electric current are passed through the semi- 

conductor junction. The nitrogen is used for cooling the device. 

The new laser, developed at General Electric Laboratories, does 

not require pumping by means of a light or r.f. source. Instead, 

large pulses of current directly inject electrons and holes into 

the junction region of a tiny diode made of gallium arsenide. The 

directional beam is emitted from the junction -plane edges at 

two carefully polished and precisely parallel sides of Vie device. 

The crystal heart of the new laser is approximately cube -shaped, 

each edge measuring about one -third of a millimeter. 
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Super -Power Klystron 
A new method of focusing the electron beam in high -power 
klystrons was described by Sperry engineers. The klystron mi- 
crowave amplifier shown produces 22 megawatts of energy 
using a permanent magnet (keg -like object at left in photo) for 
beam focus rather than an electromagnet that has been stand- 
ard in the industry for 15 years. This was the first time such 
high power had been attained using this technique. Permanent 
magnet focusing previously had been limited to amplifier tubes 
producing only thousands of watts of power. Normally, the mag- 
net girdles the middle of the tube, being located between the 
top of the cathode and the base of the output waveguide. 

Experimental Transistor Microphone -- 
A new type of microphone that acts as its own amplifier has 
been developed by Bell Telephone Labs scientists. The mike is 
at least four times more sensitive than the carbon telephone 
transmitter, the most sensitive microphone now in use. The unit 
can be made very small and light -about the size of a tiny but- 
ton -and has many potential applications. Its main parts are a 
diaphragm, a sapphire stylus, and a junction transistor. Sound 
waves vibrate the diaphragm, move the stylus back and forth. 
The stylus bears against the transistor and causes the junctions 
resistance to change in step with the signal. This results in a 
varying current in the base -emitter circuit; an amplified signal 
is obtained in the collector- emitter circuit. The transistor mike 
uses 20 -100 times less current and has up to 100 times the 
efficiency of a typical carbon microphone. 
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<-300-foot Radio Telescope 
The world's largest movable radio telescope has 
been put intc operation at the National Radio As- 
tronomy Observatory, Green Bank, West Va. The 
huge telescope has an antenna with a 300 -foot 
diameter; its feed point is 225 feet from the ground; 
and its total weight is 600 tons. Known as a "trans- 
it" telescope, the parabolic reflector can be 
moved in a north -south direction only. Reception 
is possible on 750 and 1400 mc. simultaneously. 
Received data is automatically recorded on paper 
charts or punched at high speed onto tapes for sub- 
sequent analysis in a computer. Among the first 
objects to be studied is the planet Jupiter, a strong 
radio -wave emitter. 

FConveyorized Electronic Oven 
A conveyorized electronic oven, capable of heating 
hundreds of meals an hour from a frozen state to 
hot, has been demonstrated recently. The unit is 
equipped with five 2 -kv;. magnetrons, four above the 
conveyor belt and one below it. The oven will re- 
heat as many as five individual meals abreast in 
their packages, all in a matter of minutes. Originally 
designed by Phillips, the unit is being manufac- 
tured and marketed in this country by S. Blickman, 
Inc. 
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HI -FI 
LOUD SPEAKER 
CONES 
By CHARLES L. McSHANE / Chief Engineer, Cinaudagraph Acoustical Labs 

We know one speaker sounds different from another and we 

are beginning to understand why. Here are some design 
and construction variations that produce such differences. 
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Fig. 1. Performance of a 10 -inch loudspeaker. (Area Al Output determined by simple mass -compliance resonant circuit. Entire 

cone moves in phase. (Area B) Mass -controlled range. Output dependent on moving- system mass, air coupling, and motor ef- 

ficiency. Entire cone moves in phase. Output may be modified by broadened resonance "O." (Area C) Radial nodal action 

superimposed on piston movements of cone. May become severe enough to cause subharmonic "cone cry." (Area DI Edge resonance 

effects may be controlled by design of edge suspension; more severe when suspension is wide with many folds. (Area El Increased 

output after edge hole modified by heavier voice coil, shallow cury ilinear cone profile, apex decoupling rings, and other cone stock. 

The various sections of the loudspeaker cone are seen to move independently of each other as indicated by nodal patterns. 
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TO a large degree the performance of any hi -fi system 
is influenced by the behavior of the cones used in 
the speakers. The measured response characteristics 

as well as the subjective listening quality of a speaker or 
speaker system may be largely determined by such things 
as the cone shape, the paper pulp formulation, and the 
placement of stiffening body ribs and rolls. The speaker de- 
signer must select from a large number of varying cone paper 
pulp formulations as well as die configurations. 

A mathematical analysis of a vibrating disc may be ob- 
tained from classical physics texts, but the vibrating conical 
shell or "cone" has thus far eluded theoretical treatment. An 
electromechanical analogy that purports to represent the 
mechanical stiffness, mass, and frictional losses of a loud- 
speaker mechanism can only be considered valid for low 
and middle frequencies. At higher frequencies smaller seg- 
ments of the cone move independently and form innumer- 
able mechanical resonant circuits. In general, the mode of 
vibration and mechanical "Q" of these circuits produce the 
characteristic timbre or "tone quality" of any loudspeaker. 
The speed of sound in the paper pulp and its characteristic 
internal dissipation may be varied over a wide range in order 
to control mechanical "Q's" and influence nodal modes. 

It is the purpose of this article to discuss from a practical, 
intuitive viewpoint some of these fundamental problems. 
Among them are the following: (1) some of the more fa- 
miliar vibrational phenomena associated with cone behavior; 
(2) methods the speaker designer uses to control and "shape" 
the over -all response characteristics of a speaker; and (3) 
the theoretical and practical requirements of modern high - 
compliance woofers. 

While a great deal of material discussed here has been 
covered in depth in acoustical texts by Rayleigh, Morse, Mc- 
Lachlan, Olson, and others, it is felt that a non -mathematical, 
simplified treatment would be of particular interest to the 
audiophile who may only want to know why one loudspeaker 
sounds different from another and some of the constructional 
details that make these differences. 

A "felted" paper cone is manufactured by a flotation 
process in which paper pulp and water are drawn through 
an aluminum or brass screen. This is accomplished by a 
variable vacuum, which may be adjusted for both pressure 
and time. The screen is made from perforated aluminum or 
brass stock, which is spun to the precise shape of the cone. 
The deposit of pulp left on the screen is the embryonic cone. 
Variations of vacuum pressure, the time cycle, and the thick- 
ness of the pulp and water mixture in the tank produce 
varying characteristics. Further elements in controlling paper 
pulp characteristics involve the method of removing the wet 
cone from the screen, waterproofing treatments, and drying 
methods. For example, the use of a hot pressing die to force - 
dry the cone compresses the fibers and gives a characteris- 
tically lower internal dissipation, more pronounced nodal 
activity, and "peakier" response. 

Typical Cone Behavior 
Figure 1 shows a sound pressure versus frequency- response 

graph of a commercial ten -inch loudspeaker. While this 
speaker in no way represents what we would call "high fidel- 
ity," the behavior of the cone is typical in some ways of all 
cones. The measurements were taken in an anechoic cham- 
ber, substantially free of reflections down to about 70 cps. 
The microphone was placed 18 inches away from the speaker 
on its axis. The speaker was mounted in an infinite baffle 
large enough to avoid raising the bass resonance. 

The major response variations are indexed by letters which 
are keyed to the nodal pattern illustrations. Notice that the 
first discernible nodal patterns begin at a frequency almost 
three octaves above the major moving system bass resonance. 
Below this frequency output may be calculated on the basis 
of a simple electro- mechanical analogy. The rise in output at 
February, 1963 
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Fig. 2. Construction features and their effect on resaonse. 

ISKC. 

Identical speaker cone dies may produce a variety of charac- 
teristics through variations in pulp stocks. Cone on top is 
soft, wooly stock with die marks less apparent. Cone at bot- 
tom is considerably harder in finish with more compressed fibers. 

resonance (area A) will be determined by the mechanical 
"Q" of the moving system. Mathematically, speaker "Q" is 
defined as "Q" = 2c- f..M /R, where fo is the main bass reso- 
nance frequency. The components M and R are simplified 
representations of the combined moving -system mass (in- 
cluding the cone and voice coil) and the lumped resistive 
losses including air loading, radiation resistance, magnetic 
damping, and various mechanical viscous losses in the speaker 
and enclosure. 

If the cone mass is increased, and assuming everything 
else remains the same, the "Q" will increase. This means 
greater cone excursion at the primary bass resonance. 

The available magnetic gap energy affects three acoustical 
elements: (1) mechanical "Q" at the bass resonance and the 
shape of the voice -coil velocity curve; (2) output in the 
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Molded fabric edge suspensions employed in high -compliance, 
long -throw woofer designs. After assembly, fabric is treated 
with rubber or viscous compound to seal interstices of fabric. 

TOP PLATE 

VOICE -COIL WINDING 
OVERHANGS MAGNETIC 

GAP 

VOICE -COIL WINDING 
SHORTER THAN 

GAP 

/- - - - 
-- POLE PIECE 

-- CHAMFER 

Fig. 3. Construction at left shows moderate voice -coil diam- 
eter, long axial winding. There is a constant ratio between 
flux lines and voice -coil wire during long excursion. Con- 

struction at right shows a larger voice -coil diameter along 
with a shorter axial voice -coil winding and deep magnetic gap. 

Modern high -compliance woofer speaker using loop -type annu- 
lus and overhanging voice -coil design. Unit is typical of 

the loudspeakers used in present -day compact speaker enclosures. 

piston band; and (3) output in the bass range and the balance 
between bass and mid- range. 

Above resonance in area B it is assumed that the cone 
executes simple piston -like movements with all parts of the 
cone moving in phase. The response curve shape is deter- 
mined by the degree of control exerted over the bass reso- 
nance (as discussed above) , and by the mass of the moving 
system versus the electrical drive and motor efficiency. 
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In area C, output is reduced because the cone is vibrating 
out of phase in several areas. There are four or six nodal 
lines on the cone. These lines extend radially and separate 
several sections of the cone, each vibrating out of phase with 
the adjacent area. Radial nodes are associated with bending 
of the cone material in its weakest area near the edge. Deep 
straight -sided cones seem particularly prone to radial node 
activity. The design of the edge suspension also influences 
radial break -up. Edge dissipation of circumferential or radial 
nodes plus the suspension stiffening effect are significant 
factors in this response area. 

Complete elimination of this type of node is most difficult. 
The more obvious and violent manifestations of this include 
subharmonic "cone cry," which can be eliminated by judi- 
cious selection of cone shape, pulp, and reinforcing body ribs. 
However, low -grade variations of these nodes may exert a 

subtle influence even in the middle bass range. These varia- 
tions may involve only the outer area of the cone, and may 
be described as "edge flapping." They are prevalent in high - 
compliance woofer designs. A sound pressure response graph 
may or may not indicate their presence, but during violent 
cone excursions they may be observed under a strobscopic 
light through the use of lycopodium powder. 

The next major response variation (area D) is associated 
with the design of the edge suspension. If the edge suspension 
is wide with many folds in order to provide maximum cone 
movement for the bass frequencies, its own acoustical in- 
fluence will be felt. In our commercial ten -inch speaker there 
are two edge rolls, and the suspension is about %" wide and 
weighs 2.3 grams. The total cone mass is 6.30 grams. It can 
be readily seen that the edge suspension (accounting for 
about a third of the total cone mass) is likely to exert a signifi- 
cant influence on response. 

Middle and Higher Frequencies 

At frequencies above 370 cps the cone moves in phase out 
to the point where the paper bends in order to form the first 
edge roll. At this point a rolling action, involving only the 
small section separating the cone piston area from the edge 
suspension causes a rise in acoustical output between 450 and 
600 cps. The voice coil suddenly "sees" a reduced mechanical 
driving point impedance and the apex area is driven inde- 
pendently. The response hole after the peak occurs because 
the edge suspension moves out of phase with the piston area 
of the cone. The depth, width, and frequency of the edge 
hole is determined by the weight and compliance of the 
individual rolls comprising the edge suspension. In general, 
a compliant cone with many folds or rolls produces a more 
severe edge hole. Often a viscous fluid is applied to the edge 
suspension to eliminate or minimize the effect. However, such 
fluids may introduce viscous resistivity and mass that reduce 
efficiency. A broad, but not too severe edge hole may some- 
times be desirable. A "sway -back" curve with the 1000- to 
2000 -cps area depressed by perhaps 4 clb provides a "mellow" 
effect that may compensate for limitations in amplifier and 
enclosure construction. 

Response in area E is the key to maintaining a desired 
listening effect for any loudspeaker. The energy balance in 

this range makes the speaker sound either "harsh," "bright," 
"soft," or "mellow." To a large extent the designer can select 
the type of response he wants. Mechanically the controlling 
elements include: ( 1) voice -coil size; (2) the ratio between 
voice coil and cone mass; (3) cone shape and pulp stock; (4) 
cone body decoupling or stiffening rings; and (5) the dissi- 

pation characteristics of the annulus -suspension (the amount 
of acoustical energy traveling out to the cone edge that is 

reflected back into the cone versus the amount the annulus - 
suspension absorbs). 

Figure 2 shows the response -curve effects that are usually 
obtained by variations in these mechanical features. 

(Continued on page 82) 
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th_LEC IRONIC ANTENNA 
PROS and CONS /.n E,v symposium Conducted by CHARLES S. TEPFER 

Do integrated combinations have any special merit? 

Six leaders in antenna and booster design evaluate 

advantages and disadvantages for Electronics World. 

D I ?SPITE the periodic introduction of new designs, the 
TV antenna field has not been marked by any revolu- 
tionary developments in quite a while. In the past year 

or so, a significant innovation has given everyone something 
to talk about: the "electronic" antenna. 

To be sure, the term is not accepted everywhere in the 
industry. Some talk of the integrated amplifier- antenna, 
others of a booster simply mounted on the antenna, and still 
others of such coinages as a "Transis- Tenna." Whatever its 
naine, the product is being promoted and sold as something 
new in many quarters. Everyone who uses or deals with an- 
tennas wants to know exactly what the development means. 

To get the most authoritative information, ELECTRONICS 
\Wont.n has directly queried six leading sources. Since both 
a signal amplifier and an antenna are involved, whether or 
not design is integrated, manufacturers of both types of 
equipment were approached. Strictly as discussion "starters," 
the following four questions were put to them: 

1. \Why has it taken so long for antenna -mounted boosters 
to come into being? 

:2. Is there ally appreciable difference between an antenna - 
booster combination and a separate antenna with the booster 
mounted on the mast? 

3. Are there such things as boosters that are specifically 

designed for the antennas on which they are mounted? 
4. What are the differences between vacuum -tube and 

transistorized boosters? 
The answers were not only varied but, in turn, raised a 

number of other questions -and for these, too, there were 
many answers. For example, the "best" spot for the booster 
depends not only on noise level and matching, but on bow 
amplifier power is supplied and environmental considerations. 
(Should it be protected from the elements? Or is heat build- 
up indoors, as in an attic, less desirable ?) in turn, these 
factors depend on whether tubes or transistors are used. 
Which system affords the best dependability and /or the 
easiest maintenance? 

These examples merely suggest the multiplicity of relevant 
factors and the need to strike a balance when they clash. The 
disagreement in the answers is no indication that the industry 
doesn't know what ifs talking about. It rather illustrates 
differences in design philosophy. 

Instead of confusion, then, discerning readers will find the 
bases for choosing solutions that most closely serve particular 
reception needs. Is the level of signal or of noise the greater 
problem? How ninny sets will be feci? What are the physical 
characteristics of the building involved? And so on. The clues 
are scattered. But they are here. 

John R. Winegard 
President 

Winegard Antenna Systems 

MAST -MOUNTED antenna amplifiers have been avail - 
able for almost as long as TV itself. Although their ad- 

vantages for weak signal reception have always been well 
known, until recently their use had been very limited because 
of the lack of an ultra -low -noise amplifier at an economical 
price. The introduction of the 1Vinegard "Powertron" elec- 
tronic antenna, with its built -in amplifier, overcame former 
objections and set a new TV reception standard. 

In the early engineering of the "Powertron," it was found, 
from our many laboratory and field tests, that the only way 
to get maximum over -all performance and best system signal - 
to- noise ratio was to design the amplifier and the antenna 
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together. Our findings agreed perfectly with theory because, 
although most TV antennas and amplifiers are called 300 - 
ohm devices by their respective manufacturers, they are not 
that perfect. There is no such thing as an all -channel an- 
tenna that has an exact 300 -ohm impedance on all 12 v.h.f. 
T \' channels. Nor is there such a thing as a TV booster that 
has exact 300 -ohm impedance on all channels. 

It is common practice in the industry to call an antenna 
or an amplifier "300 ohms" if its voltage -standing -wave -ratio 
sloes not exceed 2:1 at any frequency involved when the 
device is connected to a :300 -ohm source or load. This degree 
of mismatch is normally of no consequence. However, when 
two such units are used together, the total mismatch can be 
as high as 4 to 1, and the results can be quite undesirable. 
The only way to eliminate this possibility is to design am- 
plifier and antenna together, so that variation in impedance 
characteristics from the design center is always under control. 

Simply mounting a good, universal, antenna amplifier on 
any conventional antenna will improve the signal -to -noise 
ratio of that system. But such a method can never be as 
perfect as that of a true electronic antenna, where an ultra - 
low -noise amplifier and a high -gain, all- channel antenna are 
engineered as one. (There is no price advantage either way.) 

\Ve manufacture both tube and transistor amplifiers for 
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the following reasons: While present transistors are as good 
as tubes as far as low noise and gain are concerned, their 
use is limited strictly to remote fringe areas because they 
will not work in areas that have a mixture of strong and 
weak signals. Transistors tend to overload and cause picture 
interference when the sum of all the TV and FM signals in 
an area is about 20,000 microvolts or more. Now it is pos- 
sible, with current transistors and circuits, to raise this input 
level somewhat by changing the bias voltage on the tran- 
sistor to a less than optimum value. This, however, results 
in less gain and, even more serious, a loss in noise figure. 
Existing tube amplifiers are immune to this overload prob- 
lem up to approximately 250,000 microvolts. 

We are introducing an electronic antenna that has a new 
ultra- low -noise amplifier with the amazing signal input of 
400,000 microvolts. When these are available, an electronic 
antenna can be used anywhere -even within a stone's throw 
of a TV station -without cross modulation and overload prob- 
lems. Removing this last limitation will, of course, further 
increase the popularity of electronic antennas by allowing 
their use in areas where a local transmitter is present. Many 
people in such areas would like to be able to pull in distant 
stations and need an electronic antenna. We will follow up 
with a similar antenna for FM. 

Electronic antennas answer another need in modern house- 
holds. There is a trend to two and three TV and FM sets 
in a home, plus the desire by many viewers to have the con- 
venience of antenna plug -in outlets in several rooms. The 
extra gain made possible by antenna amplification offsets 
the loss that occurs when splitting up an antenna lead -in to 
feed several sets or outlets. 

Edward Finkel 
Vice President, Sales 

JFD Electronics Corp. 

ACTUALLY, antenna -mounted boosters have been avail - 
able for several years. These units, however, were bulky 

and expensive. Engineers had to use several tubes (such as 
6J6 and 6AK5) and many more components to get satisfactory 
gain and bandwidth for all TV frequencies. The first break- 
through came with the introduction of the 6BQ7 and 6BK7 
tubes, used in cascode circuitry. Subsequently, frame -locked 
tubes, such as the 6DJ8, enabled the designer to use a single 
tube for a high -gain, low -noise circuit. It has only been dur- 
ing the past year or so that efficient, very- high -frequency 
transistors were manufactured at a price that makes possible 
an economical transistorized amplifier. 

There are some problems relative to boosters specifically 
designed for the antennas they are mounted on. As is well 
known, the impedance of an antenna varies more or less 
across its design frequencies. We found it economically im- 
practical to design an antenna amplifier to perfectly match 
this characteristic. Furthermore, the antenna characteristics 
also vary with height above ground, weather, and surround- 
ing objects in an unpredictable manner. 

The one advantage of the "matched" amplifiers is that 
they have presented to the public the concept of an "elec- 
tronic antenna." We make available a broad line of antenna - 
amplifier combinations, as well as the amplifier by itself. All 
amplifiers are designed for 300 -ohm input and output im- 
pedances. In this way, each user can match the appropriate 
combination to his precise area requirements. 

As for location, there are two basic advantages to an an- 
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tenna -mounted amplifier as against a mast- mounted type. As 
mentioned, it is almost impossible to match the amplifier in- 
put to the antenna precisely. If, at some frequency or fre- 
quencies, there is an appreciable mismatch, a length of line 
between amplifier and antenna allows a standing wave to 
be set up, and this can seriously affect the picture. At the 
same time, an incorrectly terminated short length of line can 
very easily act as a stub or trap to certain channels. 

Noise is the other important consideration. There is no 
way of preventing an antenna from picking up atmospheric 
and man -made noise. Consequently, the antenna's output 
consists of both desired signal as well as noise. But noise is 
also picked up by the transmission line; the longer the line, 
the greater the noise pickup. The booster, in turn, will am- 
plify whatever appears at its input; it cannot differentiate. 
So, for best signal -to -noise ratio and, consequently, least snow 
in the picture, the signal should be amplified before addi- 
tional noise is added to it. The best way to accomplish this 
is to amplify the signal at the antenna terminals. 

In terms of gain and bandwidth, there is little if any 
difference between a well -designed transistor booster and a 
vacuum -tube type. The major disadvantage of a tube unit 
is lack of reliability. Tubes necessitate more frequent replace- 
ment. Since they also require higher operating voltages than 
transistors, it becomes impractical to send both the high 
voltage ( 100 to 150 volts d.c.) and the low -voltage filament 
current through the transmission line to the amplifier. Thus, 
the power supply must be in the amplifier itself, increasing 
its weight and bulk, and making it more liable to expensive 
repair. Sensitivity to weather is another disadvantage of the 
tube -type booster. \Vater may enter the unit, when it rains 
or snows. The high d.c. voltages present may cause electrol- 
ysis and accelerated corrosion of metallic parts. 

Transistor boosters suffer from limited signal swing and 
increased tendency to cross modulation. A transistor, by its 
nature, cannot handle as wide a range of signal amplitudes 
as a vacuum tube. This can be overcome, however, by the 
proper choice of transistor. JFD uses the Amperex PADT -28, 
a post -alloy diffused type. This unit can handle signal levels 
up to about 25,000 microvolts in a properly designed circuit. 
Cross modulation can be controlled by the use of appropriate 
traps at the antenna. 

An important feature of a transistor is its extremely low 
power drain and, so far as the consumer is concerned, low 
operational costs. As a corollary to this, the transistor gen- 
erates much less heat and correspondingly less component 
breakdown. Finally, a transistor is much more resistant to 
vibrational breakdown than a tube. 

Don Rogers 
Manager 

Distributor Products Engineering 
Jerrold Electronics Corp. 

JERROLD 
has been making mast -mounted preamplifiers 

for almost a full decade. The first ones, developed for com- 
munity antenna systems, were called "De- Snower" preampli- 
fiers. The reason such units did not catch on with consumers, 
until the transistor models came along, is that they worked 
with coaxial cable and sold for well over $100. 

To offset these limitations, we brought out models that 
use either coax or twinlead and list for well under $100. 
This really started us in the consumer end of the market. 
However, it was only a relatively few months after that that 
we were able to come out with the "Powermate" transistor 

ELECTRONICS WORLD 



amplifier. This dropped the price for an antenna amplifier 
from $89 list to $39 and enabled a simple and inexpensive 
installation. 

The difference in performance between transistor and tube 
boosters is slight. Both can be designed for approximately 
equal gain and noise figure. Transistor models tend to be 
simpler and more compact because they do not require as 
elaborate power -supply circuits and do not generate as much 
heat. On the other hand, the good r.f. transistors so far avail- 
able do not have the overload capabilities of tubes, which 
restricts their use in strong signal areas. 

In addition to the magic of the idea of transistors, there 
is the very real advantage that their probable life is well 
above that for ordinary receiving tubes. This reduced need 
for maintenance in a mast- or antenna- mounted device en- 
courages its wider use. 

There are small advantages in designing an amplifier as 
an integral part of an antenna, but these relate principally 
to optimizing the impedance match between the antenna 
and amplifier. Accordingly, we would expect the improve- 
ment over a well -installed, separate -amplifier arrangement 
to be less than 1 db. There are of course advantages in me- 
chanical simplicity. 

The improvement in TV picture quality from using a 
booster is either an increase in contrast due to the additional 
amplification or an improvement in signal -to -noise ratio due 
to improved noise figure, or both. No booster can improve 
the S/N ratio of the incoming signal at the antenna. It can 
only rescue the signal and amplify it so as to conserve that 
original S/N ratio, before the signal is attenuated by the 
lead -in transmission line. 

The noise figure of a device is the ratio of its output S/N 
ratio to that which would obtain with a perfect noiseless 
device. It is on the order of 5, 10, or 15 db for any practical 
TV set or booster. The problem is that the noise figure of 
the booster should be as low as possible to avoid worsening, 
and perhaps to improve the figure of the entire system. 

Advertising claims in the consumer market tend to be less 
specific than in the industrial market, where the appeal is 
made to technically trained people. In general, claims of the 
"up to" type are less trustworthy than statements of average 
gain, and these are less useful than statements of low noise, 
where the most reliable claim is one which states a maximum 
noise figure you can verify experimentally. 

The transistorized "Powermate" uses low- voltage a.c. rather 
than d.c. to power the preamplifier. There are three very 
good reasons for this: 

1. It .. ir, inates any and all nuisance associated with po- 
larity. This we have found to be a tremendous problem with 
consumers even when a switch is provided, because -wires 
become disconnected, switches get thrown, etc., and service 
calls are m.:de unnecessarily. 

2. By putting the filter and rectifier up in the preamplifier 
we protect the transistor against static discharges and similar 
voltage surges. 

3. We greatly reduce the possibility of corroding the ex- 
posed tvinlead terminals clue to electrolytic action that can 
talc, place when 1 constant d.c. voltage is present. 

There can also be small but very real advantages and dis- 
advantages in one type of neutralizing circuit, transistor, 
tr.m:;foimer core, etc., over another, but these depend to a 
groat 'xtent on the engineering considerations and how they 
ago i 1corporated into the circuit. Thus it is almost impos- 
sible to judge the relative merits of products employing them 
on the basis of such isolated criteria. Judgment must be 
based on the extra values really achieved, such as flatness of 
response, immunity to both low and high temperatures, long- 
time freedom from hum modulation, shielding between am- 
plifier and antenna, and ease of satisfactory installation. The 
important question is, "How does the unit perform in the 
field under operating conditions and over a relatively long 
period of time ?" 

As to the balance between performance and cost, there is 
an optimum installation for any receiving problem. To start 
with, there is no substitute for an antenna large enough and 
effective enough to capture a signal which is adequate at 
tlic top of the mast. But when we consider that the antenna 
array doubles in size for every 3 db increase in signal de- 
sired, it becomes obvious that, once the antenna is large 
enough to secure a good S/N ratio, we can add more gain 
for less money and less storm hazard by electronic methods. 
Thus we can overcome downlead and splitting losses and 
deliver a good signal to the receivers with a simpler and 
more satisfactory installation. 

I believe that this accounts for the increasing popularity 
of electronic antennas and outdoor amplifiers. 

Ben Tongue 
Vice President & Chief Engineer 

Blonder -Tongue Laboratories, Inc. 

IBELIEVE we were the first to introduce the mast- mounted 
transistor booster. \Vhy hadn't anyone ever done it before? 

Probably because reasonably priced, high -gain, low -noise 
transistors were not available until recently. It was also felt 
that it would be difficult, if not impossible, to neutralize a 
grounded- emitter transistor for the entire two- octave fre- 
quency range from 54 to 216 mc. Inadequately neutralized 
transistors are prone to oscillate when improperly termi- 
nated. Our model IT -3, an indoor transistor booster, was 
something of an engineering breakthrough. 

Once the IT -3 had proved its effectiveness, we dcidcd 
to design a mast -mounted unit. Our tube -powered, mast - 
mounted boosters are quite successful, and we thought that 
a transistor unit might be well accepted. 

One problem with transistor boosters is that they more 
easily overload than tube units. \Ve reduce cross modulation 
by placing an electrolytic capacitor between the base and 
emitter returns, but the problem persists. Since this method 
is not universally used, there are a few areas where some 
transistor 000sters will not work. These are areas where there 
are strong local signals in addition to desired weak ones. 

As for the claim that a built -in booster is more efficient than 
a separate unit, this is invalid when the separate antenna is 
truly designed for best average performance over all chan- 
nels into a 300 -ohm load. All good boosters, of course, are 
matched to 300 ohms. 

Another factor to consider is oscillation. If the output can 
couple to the input - more likely in built -in boosters - the 
amplifier will oscillate. Besides, a separate booster can be 
reached more easily for servicing and, if weather conditions 
destroy the antenna, the booster can still be used. Also, a 
separate booster can always be mounted indoors. 

On this last point, I feel it is a good idea to mount even 
a transistor booster indoors. In the first place, boosters are 
mast -mounted for only one reason: to improve the signal - 
to -noise ratio. Of course, every booster adds some noise, but 
if it is mast -mounted, it amplifies the signal before it is de- 
teriorated by the downlead. A hundred feet of downlead, 
when wet, can attenuate the signal by up to 10 db on chan- 
nel 13. Since the noise level remains about the same, the 
signal -to -noise ratio is affected adversely by this loss. So 
normally we say that the booster should be mounted as close 
to the antenna as possible. However, let's suppose that 20 
feet of wire would take us into the attic. Twenty feet of twin- 
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lead would only attenuate the signal by 2 db under the worst 
weather conditions. And 2 db is not enough attenuation to 
cause an easily discernible difference in picture quality. 
Therefore, you would be better off to mount the booster in 
the attic. One word of caution though: attics sometimes get 
very hot and transistors are sensitive to heat. A transistor 
booster should not be installed in areas where the tempera- 
tures may exceed 120 degrees F. 

Harold Harris 
Vice President, Engineering 

Channel Master Corp. 

THE development of new, low -noise v.h.f. transistors with - 
in the last year and a half has been the principal reason 

for the revived interest in TV boosters. Some earlier TV tun- 
ers used cascode circuits, which had a high -band noise figure 
of between 7 and 8 db. These were replaced about two years 
ago with circuits using the frame -grid tube, which has a noise 
figure of about 6 db. The transistors used in the new boosters 
have a still lower noise figure -about 4;í (lb. 

It must be remembered that the ability of a booster to 
improve picture quality depends not so much upon its gain 
as upon its noise figure. The noise figure must be below the 
noise figure of the TV set. The greater the difference, the 
greater the improvement in picture quality. Since most sets 
in current use employ cascode tuners (7 to 8 db noise), it 
is easy to see the tremendous improvement that a low- noise, 
transistorized booster (4;s db noise) can make. 

Of course, mounting the booster on the antenna goes a 
long way to improve the picture quality by eliminating the 
effects of line loss. which may be 2 db or more on the typical 
installation. Tube -type boosters overcome the line loss but 
do not necessarily improve the noise figure of the TV set. 
Transistorized boosters, on the other hand, not only over- 
come the noted line loss but also provide an approximate 3 db 
improvement in noise figure (with TV sets using cascode 
timers). Channel Master boosters are designed to provide 
the highest signal -to -noise ratios currently possible. 

The development of the low -noise transistor was also a 
great improvement because of its much greater reliability 
over electron tubes. This refers both to the transistor itself 
and the associated circuit components. 

For those who prefer it, we offer a packaged combination 
of antenna and booster. From the engineering standpoint, 
however, there is no unusual merit in such an arrangement. 
The chief advantage it might have is the fact that the output 
impedance of the antenna can be accurately matched to the 
input impedance of the amplifier. Yet the fact is that better - 
designed antennas are made to match -not a booster -but 
the 300 -ohm impedance of standard transmission line. 

Designing a booster to have an input impedance of that 
value is not difficult. Furthermore, the booster leads can be 
treated as an integral part of the input circuit, so that their 
effect can be predicted and included in the impedance meas- 
urement to insure a 300 -ohm system figure. This has actually 
been done in the case of some boosters, including our "Tel - 
star." I doubt that the advantages claimed for the matched 
booster -antenna combination would add up to 1 db. 

There are important differences among the power units 
used for antenna boosters and I would like to explain why 
we use our system. Our a.c.- to -d.c. converter is in the case 
behind the TV set, so we send d.c. up to the booster. We 
feel that the rectifier and associated components are the most 
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likely parts to need replacement after a long period of time. 
Mounting them at the antenna would be a hardship for the 
service technician and expense for the set owner. Also, there 
really is little problem of polarity reversal because, if a serv- 
ice technician installs the system, he will set it up so that 
the polarity is correct for the best picture (this is readily 
apparent). After that, there is really no reason for the set 
owner to make any change. If there is, he need only reverse 
the antenna leads at the power supply. D.c. at the booster 
terminals does not invite corrosion because the terminals are 
\veil shielded and in a water -tight case. Incidentally, because 
the case is water- tight, there is no reason to put the booster 
any place but on the mast or antenna. Water on the down - 
lead will not attenuate signal as much as some think, and 
attic heat may harm the transistor amplifier. 

All the foregoing tends to obscure the most important 
issue, which is simply this: good TV reception starts with 
a good antenna. There is no substitute for a good antenna. 
A booster should not be used as a "crutch" for an inadequate 
one. The reasons for this are simple. An antenna provides 
what might be called "pure" signal. There is no circuitry to 
generate noise. The purpose of any receiving antenna sys- 
tem is to pick up as much signal as possible. Then, and only 
then, are we ready to talk about amplifying this signal. 

Since good TV reception demands, first of all, the proper 
selection of a suitable antenna, this choice should be made 
solely on the basis of the best antenna available for a par - 
ticular reception problem. 

Once the proper antenna has been selected, it is then 
a simple matter to add a well designed booster, like the 
"Telstar," which has a very high signal -to -noise ratio. Further- 
more, the consumer who selects his antenna and booster sep- 
arately affords himself the advantage of full freedom of choice 
among the many different boosters on the market. And this 
is also important because boosters, too, differ in quality and 
features. From a mechanical viewpoint, this presents no 
problems. The booster can be attached quickly. 

L. H. Finneburgh 
President 

The Finney Company 

WHY HAS IT taken so long for mast- or antenna- mounted 
amplifiers to become popular? Probably the best an- 

swer is the wait for a satisfactory and reasonably low -priced 
transistor. It was difficult enough to replace tubes in a mast - 
mounted booster and, of course, the replacement of a tube 
in an antenna -mounted booster is even more difficult and in- 
convenient. Even with a transistorized amplifier, antenna - 
mounted, I believe it is intelligent to have the amplifier 
attached in such a manner that it can be easily removed if 
and when servicing is required. Likewise, I believe it is de- 
sirable to have the design such that, on those few occasions 
when the amplifier might require removal for service, the 
complete antenna is left intact and still usable for reception. 

Undoubtedly there is a slight theoretical difference be- 
tween an amplifier mounted at the antenna terminals and one 
mounted on the mast, since even a 3- or 4 -foot length of 
300 -ohm line connecting the antenna terminals to the input 
of an amplifier mounted on the mast would have some slight 
calculable losses. However, the losses of such a short length 
are extremely small and negligible. Therefore, if both the 
antenna and the amplifier are properly designed for 300 -ohm 

(Continued on page 92) 
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SONY TRANSISTOR SUBSTITUTION DIRECTORY 
SONY NO CES NO 

TYPE AND 

SERVICE 

JAMrttMUAN 

NUMBER MFGR. 

2111, 2T12 

2115 -2117 

P -a.f. amp. 2N322 MOT, G -E 

2113 P -a.f. amp. 2N323 1 MOT, G -E 

2114 P-a.f. amp. 2N324 
1 G -E 

2121 P -a.f., I.s. 2N319 

2N320 

.MOT, G -E 

MOT, G -E 2722, 2725 P -a.f., I.s. 

2723, 2724 P -a.f., I.s. 2N321 MOT, G -E 

2726 P -a.f., I.s. 2N319 MOT, G -E 

2151 N -bc. con. 2N169A G -E, SYL 

2752 N -i.f. amp. 2N169A G -E, SYL 

2753 N -i.f. amp. 2N168A SYL 

2161 -2T63 

2764, 2T64R, 

N -a.f. amp.d. 

2766, 2T66R, 2767 

2N647 RCA 

2165, 2T65R, 

2769 N -a.f. amp., I.s. 2N647 RCA 

2773, 2T73R N -bc. r.f. amp., 
con., mix., osc. 

2N168A SYL 

2774 N -bc. con. 2N168A 

2N169 

SYL 

2T71, 2T72, 

2T75, 2T75R, 

N -i.f. amp. G -E 

2776, 2T76R, 2777, 2T77R 

2T78R N-ci., r.f., g. 2N167 G -E 

2182 -2186 N -a.f. amp., I.s. 2N576 SYL 

21201 2SA121, 

2SA123 

P -r.f. amp., 
con., mix., osc. 

2N384 RCA, SYL 

21203 2SA124 P -FM amp., con. 
mix., osc. 

2N384 RCA, SYL 

21204, 21205 P-ci., r.f., g. 2N384 RCA, SYL 

21204A, 

21205A 

P-ci., r.f. amp. 
mix., osc. 

2N384 RCA, SYL 

21311, 21312 2SB48 P -a.f., I.s., d. 2N322 MOT, G -E 

SONY NO. CES NO 
TYPE 

SERVACED 

AMERICAN 

NUMBER MFGR. 

2T313, 27314 2SB49 P -a.f., I.s., d. 2N323, 

2N324 

MOT. G E 

G -E 

27315 2SB50 P -a.f., I.s., d. 2N508 MOT, G -E 

21321, 27322 2SB51 P -a.f., I.s. 2N319 

2N320 
MOT, G -E 

MOT, G -E 

27383 2SB53 P -I.n., a.f., 
I.s. 

2N526 MOT, G -E, SYL 

21501 N -a.f., p 2N326 SYL 

21511 -21513 N -bc. con., mix. 2N169A G -E, SYL 

21520 -21523 N -i.f. amp. 2N169A G -E, SYL 

21551 N -r.f. 2N168A SYL 

27552 N -r.f. amp. 2N169A G -E, SYL 

27681 N -I.n., a.f. 
amp. 

2N647 RCA 

27682 N-ci., sw. 2N585 RCA, GI, SYL 

21701 N-con. 2N168A SYL 

212001 P-con. 2N384 RCA, SYL 

213011 2SB140 P -ci., a.f., p. 2N301 RCA, SYL 

213021 2SB141 P-ci., a.f., p. 2N301A RCA, SYL 

RCA, SYL 

RCA, SYL 

213030 2SB142 P -a.f., p. 2N301 

213031, 

213032 
2SB143 P -a.f., p. 2N301 

213032, 

213033 

2SB144 P -a.f., p. 2N301 RCA, SYL 

2SB27 P -a.f. p -amp. 2N176 MOT, RCA 

RCA 2SB28 P -a.f. p -amp. 2N351 

2SB29 P -a.t p -amp. 2N376 RCA 

2SC15 N -ci., vhf.osc. 2N1564, 

2N1565 

TI 

RAY, TI, SYL, 2SC191- N -ci., r.f.amp. 2N332- 

HITACHI TRANSISTOR SUBSTITUTION DIRECTORY 
NUMBER TYPE AND SERVICE 

AMERICAN 
NUMBER TYPE AND SERVICE 

AMERICAN 
NUMBER 

1 MFGR. NUMBER MFGR. 

2SA12 

2SÁ13 

P-455 kc. amp. 2N218 RCA 

RCA 

2SB76 

2SB77 

P -cl. A a.f. amp. 2N406 RCA, SYL 
t1 

2N410 P -I.s. a.f. amp. 2N217 RCA, SYL 

2SA15 P- 540 -1640 kc. con. 2N219 RCA 2SB78 - N408 RCA, SYL 

2SA16 
II 

2N412 RCA, SYL 2SB83 P -p. a.f. amp. and sw. 2N301 RCA, SYL 

2SA80 P -s -w con. 2N370 RCA, SYL 2SB84 2N301A RCA, SYL 

2SA81 P -s -w local osc. 2N371 RCA 2SB89 P -I.s. a.f. amp. 2N270 -5 RCA 

2SA82 P -s -w mixer 2N372 RCA 2SB183 P -cl.A, a.f. amp. 2N105 RCA 

2SA83 P-455 kc. amp. 2N373 

2N374 

2N578 

2N579 

RCA, SYL 2SB184 P -I.s. ai. amp. 2N105 RCA 

RCA, GI, SYL 2SA84 P-540-1640 kc. con. RCA, SYL 2SC89 N -m.s. sw. 2N585 

2SA208 P -med. speed sw. GI, RCA 2SC90 
II 

2N1090 GI. RCA, MOT 
2SA209 GI, RCA 2SC91 2N1091 RCA. GI 

2SA210 
Il 

2N580 GI, RCA 2SD75 N -cl. A a.f. amp. 2N1010 RCA 

2SA211 
II 

2N581 GI, RCA 

TI, RCA, MOT, SYL, 

G -E, RAY, GI 

2SD77 N -I.s. ai. amp. -N647 RCA 

2SA212 2N404 2SD120 N -h.p. sw. ?N1480 RCA 

2SD121 2N1482 RCA 

2SA217 
Il 

2N582 GI, RCA 2SD122 2N1484 RCA 

2SB68 P -h.v. sw. 2N398 SYL. MOT, RCA, GI 

RCA 

2SD123 2N1486 RCA 

2SB73 P -I.n., a.f. amp 2N220 

2N215 

2SD124 'r 2N1488 RCA 

2SB75 P-cl. A a.f amp. RCA 2SD125 'r 2N1490 RCA 
*CES-Communication Engineering Standard 
P -" -n -p "; N- "n -p -n "; con.- converter; mix.- mixer; osc.- oscillator; 
a.f., I.s. -audio frequency, large signal; a.f., d. -audio frequency, driver; 
a.f., p. -audio frequency, power; ci.- computer -industrial; I.n. -low 
noise; sw.- switching; bc.- broadcast; r.f. -radio frequency; r.f., g.- 
February, 1963 

radio frequency, general use; amp.- amplifier; s -w- shortwave; h.v.- 
high voltage; m.s.- medium speed;h.p. -high power; MOT -Motorola, 
G- E- General Electric, SYL -Sylvania. RCA -Radio Corp. of America, 
GI- General Instrume-it Corp., RAY -Raytheon, TI -Texas Instruments. 
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Elect i vii / agi / clic Delay Lines 
By SIDNEY L. SILVER / B. Eichwald & Co. 

II hen lul.. ' .i nni.. must have a precise, short tinte lag, 
artificial transmission lines or delay cables are used. 

Here i.. how these devices operate and their applications. 

IN 'HIE complicated circuitry of modern communications 
systems, it is commonly required to delay a signal or 
information for precise time intervals. Devices such 

as radar systems, computers, guided missiles, television syn- 
chronizing generators, pulse -forming networks, and tele- 
metering systems all require delay lines to control the time 
position of information. 

Delay circuits are also used to synchronize sweep circuits 
and time -base calibration in oscilloscope and sweep genera- 
tors. To obtain the desired timing and sequence of operation, 
a master signal or pulse is delayed by means of some elec- 
tronic or mechanical device which has a definite period of 
transmission between its input and output. An electronic 
circuit which performs this function is called a delay line 
or storage network. 

Basically, a delay line is a passive network that retards 
or delays an electric signal for a specific length of time, 
usually in the microsecond range. The type of delay circuit 
employed depends on the characteristics of the data to be 
delayed and the time delay required. Purely electrical devices 
are practical for short delays in the .1- to 20- microsecond 
range because of the long paths required at the high velocity 
of electrical propagation. This article restricts itself to the 
electromagnetic type of delay line, which falls into three 
basic categories; the lumped -constant delay line, the distrib- 
uted- constant delay line, and the delay cable. The electrical 
characteristics of each type may overlap, inasmuch as the 
basic principles for all types of electromagnetic delay lines 
have much in common. 

Lumped-Constant Delay Lines 

In its simplest form the lumped- constant delay line is com- 
posed of a series of low -pass filter sections with mutual in- 
ductance between the successive sections. The time required 
to charge the capacitance through the inductance in the 
network results in a time delay or phase shift. As shown in 
Fig. 1. the series inductors and the shunt capacitors are 
lumped together to simulate the distributed characteristics 
of a real transmission line. In effect, the lumped-constant 
delay line is an artificial transmission line which has been 
compressed in a small volume. A true transmission line has 
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almost no deterioration of frequency response Ttp to hundreds 
of megacycles. However, an artificial transmission line has 
characteristics similar to a low -pass filter, insofar as such a 
filter tends to reject all frequencies higher than the cut -off 
value. For this reason, a large number of filter sections are 
used in the line so that the cut -off frequency is more sharply 
defined. If an insufficient number of sections are used, the 
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Fig. 1. IA) A lumped -constant delay line with mutual coupling 
IBI Delay line with optimum mutual coupling between section parts. 

Fig. 2. IA) Distributed- constant delay line. IBI Line with compen- 
sating capacitors. IC) Distributed -line construction technique. 

o 

9--- 0 0 o Q..4 0.49 Q1-9 0 o r-d p Il 1! 4 ç Q.Q 4.4 Q/ 
(B) (A) 

DIELECTRIC 

CONDUCTING STRIPS 

e I lg i 
INPUT LEAD 

(C) 

ROD 

GROUND LEAD 

OUTPUT LEAD 

ELECTRONICS WORLD 



cut -off frequency of the line is low so that the bandwidth 
is restricted. 

One problem in a delay line, which is not apt to arise in 

a true transmission line, is that the time delay in an artificial 
line may vary with frequency. This condition is best con- 
trolled by adjustment of the mutual coupling between the 
two halves of each section, as well as the mutual coupling 
between adjacent sections. Fig. 1B shows such an arrange- 
ment where the mutual coupling is calculated to be at its 
optimum value to give linear phase response. 

Distributed- Constant Delay Lines 
The same principles that govern lumped- constant units 

apply to distributed- constant delay lines. As shown in Fig. 2A, 
the capacitance and inductance are distributed along the line 
to more closely approximate the transmission line. The coil 
provides a continuous inductance along the line, and the ca- 
pacitance is obtained between the coil and the ground plane. 
Time delay of a signal is accomplished by storage in the mag- 
netic field of the coil and in the electrostatic field between the 
coil and ground in close proximity. These two parameters also 
comprise the mutual coupling between any two parts of the 
line and the capacitance between them. 

If a low frequency is fed into the delay line, the amplitude 
and direction of the current will be the same, with the com- 
mon magnetic field producing a large value of inductance. If 
the frequency is sufficiently high, there is a reversal of the 
direction of the current because of the delay in the line. Since 
the time delay is dependent on inductance, this apparent loss 
of inductance will result in a shorter delay time. One method 
of minimizing this variation in time delay is indicated in Fig. 
2B. Compensating capacitors are added to the winding in 
such a manner as to increase the high- frequency delay time. 
The coupling between turns having a different phase relation- 
ship is thereby reduced, so that the bucking effect is negli- 
gible. This type of compensation reduces the bandwidth of 
the line. clue to the attenuation of high frequencies caused by 
the high impedance of the parallel -tuned circuit. However. 
careful adjustment of these capacitors will yield a constant 
delay time over the usable frequency range. 

Fig. 2C illustrates the construction of a distributed- constant 
delay line. The line normally consists of a multi -layer coil of 
insulated wire around a ceramic rod that has been coated with 
a conductive material, such as silver, to provide a ground con- 
ductor pattern. The rod is covered with a thin layer of dielec- 
tric, such as Mlylar or Teflon. The entire unit is then encapsu- 
lated to resist moisture and vibration. Fig. 3 shows a group of 
distributed -constant delay lines employed in pulse work, 

Fig. 3. Distributed -constant lines mounted on printed circuit. 
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Fig. 4. Cutaway diagram showing construction of delay cable. 
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Fig. 5. (Al Properly terminated line. IB) Time -delay relation. 
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Fig. 6. (A) Open -circuited line. IBI Output pulse produced. 

mounted on a printed -circuit assembl\ . These lines are de- 
signed for short delay intervals and t)nl% idc a high ratio of 
delay -to- pulse -rise time, in minimum space. 

Delay Cables 
Essentially, the delay cable is a distributed- constant delay 

line with a much longer winding for a given delay. Conse- 
quently delay per inch is very small and the cut -off frequency 
characteristic is such that the attenuation increases gradually 
with increasing frequencies. Practical delays may vary from 
a fraction of a microsecond to 20 microseconds. Within these 
limits, any delay period can be obtained by cutting and cali- 
brating the line. 

Fig. 4 shows a cut -away view of the delay cable. The flex- 
ible magnetic core carries the closely wound inner conductor. 
A low -loss dielectric, such as polyethylene, is applied over 
the inner conductor in the form of overlapping tape. The outer 
conductor consists of parallel wires which are spirally wound. 
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Fig. 7. IA) Short- circuited line. (B) Output pulse produced. 

Finally, a polyvinyl jacket is extruded o\er the cable core. The 
cable is cut to any desired length and endcaps are molded to 
each end to provide a humidity seal. 

Theoretical Considerations 
Normally, delay lines are used for step functions (pulses) 

and square \vaN es rather than sine %vases. Since step function 
are composed of a fundamental and odd harmonics, these fre- 
quency components must be delayed equally to assure mini- 
mum pulse shape (listo)tion. In a properly designed delay 
line, the sum of the frequencies and phase angles which com- 
prise the output pulse will assume the form of the input pulse 
as closely as possible. 

A delay line may be defined by three properties: its cut -off 
frequency, its equivalent length, and its characteristic imped- 
ance. 

The frequency response (3 -db points) may be related to 
the pulse rise time by the equation: B\V =.36/T,. where B\V 
= bandwidth in megacycles, T. =rise time in microseconds. 
Equivalent length is usually expressed as a delay time equal to 
the time taken to traverse the network. This is given by: T.,= 

\ LC. where T.r time delay in seconds, V number of sec- 
tions, L = inductance per section in henrys, and C =capaci- 
tance per section in farads. 

The characteristic impedance of a delay line is found by 
the formula: Z.. L C where Z= characteristic impedance 
in ohms, L- inductance per section in henrys, and C = capaci- 
tance per section in farads 

A delay line, if terminated in its characteristic impedance 
(Z..) at the receiving end and properly matched to its source 
impedance (Z.) at the sending end, will reproduce at its out- 
put a waveform applied to its input terminals. Fig. SA shows 
a properly matched delay line where the input voltage is dis- 
sipated in the terminating resistance without reflection. The 
input waveform shown in Fig. 5B is reproduced at the output 
terminals with negligible distortion and with a time delay 
determined by the electrical length of the line. 

If a delay network terminates in a short -circuit or open - 
circuit, multiple reflections of the waveform occur back and 
forth along the line. Reflections generally are undesirable. but 
for special applications such as pulse -forming circuits, they can 
be used to advantage. Fig. 6A indicates a delay line properly 
terminated in its characteristic impedance at the sending end 
but unterminated at the receiving end. A delayed pulse ap- 
pears at the receiving end and an additional pulse of the saine 
polarity is reflected to the input terminals. The reflected pulse 
is delayed by two times the total delay of the network, as 
given in Fig. (iB, which is the time required for a pulse to 
travel to the end and back. 

If the receiving end of a delay network terminates in a 
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short -circuit, no pulse appears at the receiving end, but an 
inverted voltage pulse is reflected back to the input. Fig. 7A 
shoes a delay line properly terminated in its characteristic 
impedance at the sending end but short -circuited at the re- 
ceiving end. When the reflected wave reaches the sending end 
it is absorbed in the matching termination. The resultant time 
interval, as given in Fig. 7B, between the original pulse and 
its delayed counterpart, is equal to twice the total delay of 
the network. 

Variable Delay Lines 
According to application, it may be necessary to provide 

for a variable tinic delay while maintaining a logy attenuation 
at high frequencies. \\'here high delay -to- rise -time ratios are 
required, lumped- constant delay lines can be tapped at differ- 
ent points to give a series of delays. A common method of con- 
necting a variable tapped delay line to a high -impedance out- 
put is shown in Fig. 8A. The output impedance should be 10 
times or more the impedance of the line, to minimize reflec- 
tions from the line back to the source. 

In Fig. 8B, the line is connected for a low output imped- 
ance. The source is fed into the line tap and sees one -half the 
characteristic impedance of the line. \laximum power transfer 
without reflections is obtained when the source impedance is 
equal to one -half the load impedance ( Z..) . 

if the load impedance is capacitive, as in the input of a 
tube, a compensating network should be added to provide a 
constant impedance over the desired frequency range. Fig. 
8C shows a half- section of low -pass filter, consisting of the 
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Fig. 8. (A) Variable tapped delay line for high -impedance out- 
put. (B) Connection for low- impedance output. IC) If the load 
is capacitive, a series inductor is added to line as shown. 

Fig. 9. Step variable (insertion) delay -line configuration. 
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Fig. 10. IA) Continuously variable delay line. (Cl Series connec- 
tion for step variable and continuously variable delay network. 
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Fig. 1 1 . Simplified schematic 
of delay network used in scope. 
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Fig. 12. Delay line employed to form a narrow output pulse. 

tube input capacitance and an added inductor in the termina- 
tion of the line. Where high -impedance delay lines are used, 
more elaborate compensating networks are required to pro- 
vide a constant over -all delay response. 

In applications where a tapped line cannot be used, be- 
cause of the high impedance required at the tap, an insertion 
or step -type of variable delay line is employed. As shown in 
Fig. 9, the switch selects the number of LC networks con- 
nected in tandem, so that a desired amount of time delay can 
be secured. Since each delay setting is a complete (lela% line, 
the external load can be matched to the impedance of the line. 

Where variable time delay with a small resolution time is 
required, a continuously variable delay line is employed. Fig. 
I OA shows a distributed- constant delay line using a continu- 
ous solenoid with a slider arm wiping along the coil. The 
movable contact can travel from one end of the line to the 
other, picking up the signal at any point along the line. The 
resolution time may be defined as the smallest incremental 
time delay that can be achieved. 

For longer delay, two or more delay lines can be connected 
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in series whenever their characteristic impedances are equal. 
in this case, the total time delay will be the sum of each indi- 
vidual unit and the rise time will be equal to the square root 
of the sum of the squares of the rise time of each unit. Fig. 
1OB shows a delay network consisting of a stepped variable 
delay line and a continuously variable delay line. The former 
serves as the coarse control for time variation, while the lattet 
serves as the fine control. To minimize reflections, the input 
terminal should be coupled to a source impedance equal to 
one -half the characteristic impedance of the variable line. 

Delco -Line Applications 
An important function of delay lines is their use in the ver- 

tical deflection system of wide -band oscilloscopes and svn- 
chroscopes, to permit complete viewing of the leading edge of 
steep -fronted pulses. The time delay, usually in the ';- to 
microsecond range, is sufficient to delay the input signal be- 
fore it reaches the vertical deflection plates. This pe:teits the 
time -base voltage to be feci to the horizontal deflection pintes, 
so as to start the sweep before the input signal is superimposed 
upon it. Such action is important in the observation of random 
pulses and transients where it is necessary to follow the com- 
plete variation of the input signal. Fig. 11 shows a Jumped - 
constant delay network consisting of 20 in- derived sections 
used in the vertical amplifier of an oscilloscope. By using an 
optimum vaine of mutual coupling, uniform time delay is 
obtained for frequencies well above the cut -off of the vertical 
output amplifier. To obtain smooth impedance matching be- 
tween sections of the network, trimming capacitors our em- 
ployed. In this application, the network must be properly 
terminated in its characteristic impedance to avoid reflections. 

A common method of pulse generation in microwave radar 
s\ stems is illustrated in Fig. I 2. In order to transmit short 
bursts of r.f. energy, the radar transmitting tube is modulated 
by rectangular pulses of short duration. These pulses are 
formed in a delay network terminating in a resistance much 
greater than the characteristic impedance of the line. Nor- 
mally the amplifier tube is in a non -conducting state until 
triggered by the positive input pulse. At this instant plate 
current increases sharply and establishes a voltage wave be- 
tween cathode and ground. The voltage travels down the line 
and upon reaching the effectively open end, is reflected back 
to the cathode without change in polarity. This sudden in- 
crease in cathode voltage is sufficient to cut off the tube. Thus, 
the leading edge of the output pulse is formed as the tube 
starts to conduct and coincides with the leading edge of the 
grid pulse. The trailing edge of the output pulse is formed as 
the delay line cuts off the tube and bears no relationship to 
the grid voltage. After the tube is cut off, the delay line 
slowly discharges through the terminating resistor until the 
cathode voltage becomes sufficiently low to allow the tube 
to conduct, or until a trigger pulse again drives the tube into 
conduction. 

Delay lines are commonly used in decoding units of missile 
guidance systems. To extract the intelligence transmitted by 

(Contintu' l on page 99) 
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Fig. 13. Circuit diagram of a pulse -width discriminator. 
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REGEIVI \G TUBE 
GRID CURRENT 
By A. SZILASI/ Mgr. of Engineering, Westinghouse Electric Corp. 

e Four different kinds, each with its own causes and 
effects, can be separately identified and measured. 

I\ DIN ICES built to check receiving tubes, there is an 
increasing tendency to include one test that may ap- 
pear to be unnecessary or, at least, of little importance: 

the measurement of grid current. The allowable limit may 
be as little as one or two microamperes, which may strike 
some people as being severe. Since plate current is often 10 

ma. or more, a change in the grid current of less than one one - 
ten thousandth of this amount seems of no importance. 

To understand the effect of grid current, we have to re- 
member that the electron tube, as normally used, serves as a 

device %with a very high input resistance. This value is meas- 
ured as the damping effect of the input on preceding dr- 
cuity that feeds into it. For example, it would not make much 
sense to design a circuit with a very high "Q" and then follow 
it witli a parallel resistance -like the input of the next stage- 
that is small. We would lose the advantages of the high -"Q" 
design. This need to maintain a high input resistance is the 
reason that the grid is usually connected to ground or to 
the tube's cathode through a high- value, external resistor, 
which may be as much as 2 or 3 megohms. The presence of 
grid current effectively lowers the input resistance. 

Where no tuned circuit precedes the tube's input, grid 
current may still change loading on the foregoing circuit 
and can also affect operation of its own stage. \ \'hen the 
current exists, it will produce an additional voltage drop 
across the grid resistor. This is not an effect produced by 
signal current, which may be normal and desirable; it is 

purely a d.c. effect independent of signal. 
if the grid current is very small, we can either disregard 

the d.c. effect or compensate for it by adjusting bias accord- 
ingly. in the case of higher grid current, however, there is 

danger that it will change during the life of the tube and, as a 

result, a shift in characteristics will occur. In addition, there 
is something of a problem when the tube has to be replaced. 

Tube engineers distinguish four kinds of grid current, 
each v ith its own causes and effects. They can be present 
simultaneously, but one will usually overshadow the others. 
One of these is identified as a positive grid current; the three 

others are all negative, albeit produced in different ways. 

Positive Grid Current 
When a grid is positive with respect to the cathode or 

only slightly negative ( by less than 1 volt) , its relationship 
to the cathode is somewhat like that of the tube's plate. Some 
of the cathode- emitted electrons will go to the grid, as they 
normally flow to the plate. To complete the circuit (Fig. 1A), 
they will go from the grid through the grid resistor to ground, 
and thence back to the cathode. 

Since the effect of this phenomenon, as we shall see, is 
to make the grid more negative, it may seem confusing to 
identify it as positive grid current. Nevertheless, the con- 
ventional concept of current flow holds that it moves in a 

direction opposite to that of electron movement. Thus this 
current, conceived as moving from grid to cathode, is con- 
sidered positive. 

To account for the effect on grid voltage, consider the 
flow of electrons from the grid itself through the grid resistor 
to ground. \\'ith this direction of movement, the drop across 
the resistor is such that the ground end, away from the 
grid, is less negative or more positive. The grid end is more 
negative. (Compare this to voltage at the plate of a tube, 
which is more negative than the voltage on the side of the 
plate dropping resistor that is away from the tube. Here, 
too, electron movement is away from the tube's electrode, 
back to the supply.) 

With most conventional tubes, this positive grid current 
will disappear altogether if we apply 1.5 volts or more of 
negative bias to the grid. The latter electrode then repels 
rather than attracts electrons. In some circuits, however, this 
positive grid current is desirable. It may be used, for example, 
to produce automatic bias across a grid resistor. This tech- 
nique is often found in oscillator circuits. 

Gas Current 
Most often, when grid current is mentioned, we think in 

terms of a current in a negative direction, opposite to that 

EMITTING 
DEPOSITS 
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Fig. 1. Inadequate bias causes IA) "posi- 
tive" grid current. Some cathode - 
emitted electrons are attracted to the 
grid, return to ground through external 
resistor. "Negative" grid current may 
be caused by IB) positively ionized gas 
particles that draw electrons from grid, 
ICI matter deposited on grid, or (DI 
leakage from grid to another electrode. 

ELECTRONICS WORLD 



just described. One such type is gas current. This is always 
due to an imperfect vacuum in the tube. 

Even with the best exhaust techniques in manufacture, 
there will be some gas molecules left in a sealed -off tube. 
When these are struck by fast -moving electrons during op- 
eration, they tend to ionize positively by surrendering elec- 
trons that go to the plate. The ions are attracted to the 
negative grid, from which they take on electrons that have 
moved np through the external resistor ( Fig. 1B). Since the 
direction of movement at the grid is opposite to that in the 
case first described, negative current is involved. 

in conventional terms, the positive charge moves away 
from the grid, through the grid resistor and ground, hack 
to the cathode. This makes the grid end of the resistor more 
positive than the ground end. The bias thus produced will 
consequently counteract the normally applied negative bias. 

Certain conditions of circuit operation will influence the 
value of gas current. The velocity of emitted electrons is a 
key factor. since this will affect the degree of ionization. 
Velocity, in turn, is influenced by the levels of plate and 
screen voltage. Total emission current also affects gas -current 
value. If the cathode connection is disrupted, for example, 
gas current must disappear. 

Normally tubes display eery little or even immeasurably 
small gas current. The value may be .5 microampere or less. 
High values, of course, indicate loss of vacuum. Furthermore. 
the undesired effect can build itself up. The resultant re- 
duction in bias can permit a substantial increase in plate 
current. Plate temperature then rises, and additional gas 
is thus released from the plate metal, increasing gas current 
still further. This avalanche effect can lead to arcing and 
destruction of the tube. 

Grid Emission Current 
To obtain emission, cathodes are coated with such materials 

as barium .which, when heated, release electrons. Sometimes 
a quaiitit of barium will be evaporated from the cathode and 
deposit on the grid. if the grid itself rises to a certain tempera- 
ture. it can then act like a cathode, albeit a rather poor one. 
It will emit electrons that tend to move toward the positi\ el 
(barged tithe electrodes (Fig. IC), such as the plate of a tri- 
ode or the plate and screen grid of a pentode. 

From the plate and screen -grid circuits, these electrons will 
return to ground. then move up from ground and through the 
grid resistor back to the grid itself. Since grid current is in the 
same direction as when gas exists, it is another form of nega- 
tive current and the voltage drop across the resistor tends to 
make the grid more positive. 

Heating of the grid is necessary to produce such emission. 
Thus cathode temperature and plate dissipation are the two 
principal contributing factors. A small reduction in either of 
these produces a considerable reduction in emission -caused 
grid current. The value of grid bias, however, has little effect 
where emission is a factor. Considering the magnitude of posi- 
tive voltages normally applied to plates and screen grids (100 
volts or more), a bias change has little effect on the potential 
difference between control grid and plate or screen grid. 

Grid Leakage Current 
A conducting bridge can be formed between the grid and 

some other electrode in the tube. Sometimes this is a metallic 
deposit on the mica spacer, connecting the grid holes and 
some other electrode inserted into the mica. Sometimes the 
bridge is formed by sublimation on the glass of the stem. Since 
the grid is normally the most negative point in the tube, elec- 
trons will move from it. The direction of conventional current 
will once more be away from the grid -negative- making the 
grid more positive. 

Stich leakage can be represented by an ohmic resistor be- 
tween the elements involved. Grid-to-plate leakage is illus- 
trated in Fig. 1D. When the tube is out of its circuit, there- 

fore, leakage is often independent of the direction of current 
and can be measured even in a cold tube without heating the 
cathode. Its value varies little with temperature. 

flleasu rem ent Techniques 
The simplest, most straightforward way of measuring grid 

current is by inserting a microammeter between the grid and 
the bias source, or between the grid and ground if cathode 
bias is used. A grid resistor in series with the microammeter is 
not necessary for this test, but is advisable for protecting the 
instrument in the event of a short. 

The meter polarity will distinguish between positive and 
negative grid current. In the case of positive grid current. as .n 
Fig. 1A, the negative pole of the meter must be connected to 
the grid to obtain a reading; in the case of negative grid cur- 
rent, the positive pole of the meter connects directly to the 
grid. 

Positive grid current should disappear after the bias is in- 
creased beyond - 1.5 volts. If it persists after application of 
a higher negative bias, it must be assumed that an a.c. signal 
is superimposed over the (i.e. bias, driving the grid into the 
positive region. This signal can originate from an outside dis- 
turbance or from oscillation in the tube under test itself. Un- 
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Fig. 2. The four types a grid current as functions of bias. 

wanted a.c. must be suppressed, or the test readings become 
meaningless. 

Negative grid current can usually be measured once the 
positive current is eliminated; that is, if sufficient bias is ap- 
plied to the grid. Since the vanes are normally quite small, 
the sensitivity of the meter should allow for measurements 
down to .l microampere. 

A d.c. v.t.v.m. with very high input resistance can be used 
as an alternate measuring instrument. The voltage drop pro- 
duced by grid current across the grid resistor is measured and 
Ohm's Law is used to determine the current. The high -im- 
pedance microammeter is essentially the same as the v.t.v.m., 
with the difference that no additional resistor has to be in- 
serted between grid and ground and that calibration is 
directly in microamperes. 

An indirect method of determining grid current, the bias 
shift measurement, makes use of the tube under test as a kind 
of vacunin -tube voltmeter in association with a meter move- 
ment. With no resistor in the grid circuit, a current meter is 
inserted in the plate circuit and plate current is noted. A re- 
sistor is then placed in the grid circuit. If grid current is now 
present, the bias will shift and plate current will also change, 
in a direction depending on the direction of bias change. A 
negative grid current (grid more positive, Fig. 1B, C, or D) 
will produce a plate current increase; a positive grid current 
( grid more negative. Fig. 1 A ) will decrease plate current. The 
plate current change is determined by the following formula: 

(Continued on page 84) 
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THE woods are full of Ii:uns with SSB transmitters. Some 
of these are people %, i t l t five thumbs on each hand for 
pushing buttons. They can also read directions as to 

what to do after turning dial "A," adjusting meter "B," and 
pushing switch "C." Let's hand it to the commercial boys for 
putting out a product that the non -technical ham can operate 
without spreading chaos over the whole band. 

However, there are many hams who would really like to 
know just what is taking place in their rigs -whether "store - 
bought" or constructed from plans published in a magazine 
or handbook. While it is comforting to know that the equip- 
ment is working all right, there are some hams who would 
also like to know what they are doing and why. 

This article is presented in the hopes of removing a little 
of the fog surrounding the subject of SSB. We are not going 
to try to develop any exotic circuitry. We will discuss circuits 
that are both commonly used and easy to understand. The 
more complex circuits are simply elaborated versions of the 
basic theory -so it makes sense to learn the simple circuits first. 

Little Known Facts About AM 

Before diving off the deep end to start an exploration of 
SSB, perhaps it would be well to review what we know (or 

Fig. 1. Carrier and sidebands shown separately and in combination. 

171iÌilii1i 111iii 11Í 
UPPER SIDEBANO 

111111111111111111 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

CARRIER 

LOWER SIDEBAND 

(Al 

52 

SUM OF CARRIER AND SIDEBANDS 

(B) 

don't know) about A \l. At the risk of becoming very unpop- 
ular, we are going to disillusion a few people about some 
things they have believed all of their lives. It is to be hoped 
that the shock doesn't drive anybody to permanent c.w.! But, 
the fact remains, on AM the amplitude of the carrier is con- 
stant. It does not change. I can hear you saying it now -"I 
have been watching the amplitude change on my oscilloscope 
for the last umpteen years and those electrons don't lie." Very 
true, but you haven't been looking at the carrier alone. You 
have been looking at a composite of the carrier plus the two 
sidebands. The composite signal does double on the positive 
peaks and reduce to zero on the negative peaks with 100 
amplitude modulation. But the carrier alone does not change 
in amplitude. 

If you have a very selective receiver and a good oscillo- 
scope you can actually apply modulation to the transmitter 
with, say, a 5000- or a 10,000 -cps pure tone and pick out the 
lower sideband, the carrier, and the upper sideband in the i.f. 
section of the receiver. If you tune to the carrier frequency 
you will note no change as modulation is applied. Of course, 
the sidebands will change. 

An attempt to reproduce the three pictures is illustrated in 
Fig. 1. In Fig. 1A, we have the components that make up 
100% modulated AM. Actually all three should be sine waves 
in shape. At any rate, assuming we could draw a sine wave of 
the carrier at, say, 3900 kc. and the sidebands at 3910 kc. and 
3890 kc. respectively, we could actually add all three waves 
together instant by instant and come out with the well -known 
modulation pattern shown in Fig. 1B, the sum of the three 
signals. This is what your oscilloscope sees. 

Vector Representation 

Now we have to dig back into the theory of a.c. circuits a 

little in order to draw any pictures that will have meaning 
when we talk about single sideband. We have to show that an 
a.c. voltage or current can be represented by a rotating vec- 
tor. Going back to the beginning, the reader will recognize 
that if we rotate a conductor in a uniform field, as in Fig. 2, 

the greatest number of lines of force will be cut per unit of 
time when the conductor is passing point "A" because at that 
point the direction of motion is perpendicular to the lines of 
force. At point `B," the direction of motion is parallel to the 
lines of force and hence none are being cut. Between these 
two points the conductor will be cutting lines of force on a 
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slant. The generated voltage in the conductor, when plotted 
against time (and in this case position), will give the well - 
known sine curve, Fig. 2B. 

Now suppose for some reason or other there was a second 
conductor spaced some distance behind the first conductor 
(let's take a spacing of 90 degrees). In this case the second 
conductor would also generate a sine wave of voltage but it 
would occur later than the first. Since one cycle is equal to 
360 degrees, we can also calibrate the horizontal axis in de- 
grees and the second sine wave would appear 90 degrees 
later than the first sine wave. See Fig. 3A. Now again suppose 
we wanted to connect these two conductors in series and get 
the sum of the two voltages. In this case we would merely 
have to add the instantaneous values at each point and we 
could get the third somewhat larger curve. It would be a 
little inconvenient to have to get involved in all this curve 
drawing every time we wanted to get the sum of two a.c. 
voltages. There must be a simpler sway and here is where the 
use of vectors comes into the picture. 

A vector is any quantity that has both magnitude and direc- 
tion, usually represented by an arrow drawn to scale at a 
certain angle. if we are considering a single voltage we could 
use any position as a reference. For example, we could use 
zero degrees as a reference. So, in the case of the first con- 
ductor mentioned above, we could draw a vector of maximum 
length at zero degrees to represent the voltage at zero degrees 
or point "A" in Fig. 2. The instantaneous voltage -15 degrees 
later would turn out to be .707 times the maximum value. At 
90 degrees the instantaneous value would be zero, and so on 
for as many positions as you care to take. However, instan- 
taneous values are not very convenient to work with and 
usually more than one voltage (or current ) is under consid- 
eration at once. For this reason, the effective or r.m.s. values 
are usually used. 

Although all of the vectors are rotating, we usually take 
one as a reference and refer the others to it. If all of the volt- 
ages are at the sanie frequency there is no change in angle 
between the vectors and so we can draw a stationary picture. 
Perhaps a concrete example will clarify the matter. 

Let voltage "A" in Fig. 3A be taken as the reference. Let's 
assume that the r.m.s. value is 10 volts, as read on a meter. 
We can now lay this off 10 units on the zero reference axis. 
Voltage "B" in Fig. 3B is 90 degrees behind "A" (tradition- 
ally in mathematics, positive rotation is taken in the counter- 
clockwise direction), so we lay off 10 units 90 degrees behind 
"A" or straight down. If we apply the parallelogram rule we 
find the result to be approximately 14 volts. This is actually 
what a voltmeter would read if the two conductors in the 
above example were connected in series. 

Now Back to AM 

Going back to Fig. I A, we find that we have three a.c. sig- 
nals to be added together. If we do this by vectors rather than 
by combining sine waves, it will be much easier to understand 
some of the aspects of SSB later. We have a slightly different 
situation than in the above example in that the frequencies are 
not all the same. So let's use the carrier voltage as the refer- 
ence. 

In this case, the upper sideband which is higher in fre- 
quency is rotating faster than the reference or is rotating in 
a counterclockwise direction with respect to the carrier. The 
lower sideband is lower in frequency and is rotating slower 
than the reference or is rotating in a clockwise direction with 
respect to the carrier. Fig. 4 shows the vector sum of the side - 
bands and the carrier for several instants of time. Fig. 4A 
shows an intermediate value in the neighborhood of 60% posi- 
tive modulation. In Fig. 4B, the sidebands cancel and the 
total amplitude is equal to the carrier alone. Fig. 4C shows 
60% or 70% negative modulation while in Fig. 4D the side - 
bands add directly and oppose the carrier, resulting in zero 
amplitude or 100% negative peak. Fig. 4E shows a low per- 
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Fig. 5. Balanced modulators with and without audio signals. 
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Fig. 6. Block diagram of SSB rig employing phasing method. 

centage of negative modulation. In Fig. 4F we are back to 
carrier level again and Fig. 4G shows a low value of positive 
modulation. In Fig. 4H the sidebands add directly and in the 
same direction as the carrier, making a 1008 positive peak. 

The Balanced Modulator 
In general there are two SSB systems in common use, the 

filter system and the phasing system. Both methods require a 
balanced modulator which removes the carrier. So let's see 
what goes on in a balanced modulator. 

There are several types of balanced modulators, but per- 
haps the easiest to understand uses two pentodes with modu- 
lation applied to the screen grids. This avoids getting more 
than one kind of signal on any one grid. Fig. 5A represents 
the balanced modulator before modulation is applied and 
this circuit merely removes the carrier. At first glance this may 
look like a standard push -push output doubler. The only dif- 
ference is that both the grid and plate circuits are tuned to 
the same frequency. As one grid goes in the positive direction, 
driving its plate to greater current, the other grid is going 
negative, driving its plate lower in current. The two plate 
current changes cancel each other and hence nothing comes 
out at the output. 

This is the method of removing the carrier from the SSB 
transmitter. The amount of carrier suppression is determined 
by the match of the two tubes and possibly by some external 
balancing controls. \Ve will assume that the ideal situation 
of perfect cancellation exists. 

Now let's apply some modulation. Fig. 5B shows the saine 
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circuit as Fig. 5A but with a modulation transformer con- 
nected in push -pull to the two screen grids. Let us assume 
that the positive half of an audio cycle is reaching the screen 
grid of the upper tube. At the same time the negative half 
of the audio cycle reaches the lower tube. This will increase 
the plate current of the top tube and decrease the plate cur- 
rent of the lower tube at the audio frequency, thus unbalanc- 
ing the circuit. There will now be a resultant r.f. energy 
output across the output. 

Now just what kind of r.f. energy will this be? Actually we 
are amplitude modulating both tubes; there are two carriers 
and two sets of sidebands. Remembering what has been said 
about AM previously, we know that the carriers stay at con- 
stant amplitude during the process of modulation and there- 
fore remain canceled in the output. So the only energy that 
can appear in the output is sideband energy. If we had modu- 
lated the screens in parallel, everything would have canceled 
out, but by applying the modulation in push -pull the phasing 
is such that we come out with both sidebands and no carrier. 

Getting Rid of One Sideband 
From the balanced modulator we have two sidebands. In 

order to have single sideband we must remove one or the other 
of these two sidebands and have only one remaining. The 
simplest method of doing this is by means of a filter. If a band - 
pass filter can be designed so that it will pass one sideband 
and reject the other, we have one possible answer. Such fil- 
ters have been designed, and several commercially built ham 
transmitters use this system. The filters are available sepa- 
rately for those who wish to home -brew their own. It is a 
formidable job to design and build such a filter although the 
use of surplus crystals brings this chore within the realm of 
possibility for the enterprising ham. The main drawback to 
the filter system is that, to get effective filtering, they have to 
be built for just one frequency and this is usually a rather low 
frequency. In order to get output on the desired ham band 
it is necessary to use heterodyne action and special mixing. 

The alternate method of removing the unwanted sideband 
is the phasing method. This system is widely used but not too 

(Continued on page 64) 

Fig. 7. Vectors showing the operation of the phasing method. 
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MULTIPLEX 

SIGNAL GENERATOR 
By THOMAS E. REAMER 

Construction of a service instrument that 
develops a composite stereo signal for the 
alignment of multiplex adapters or the 
multiplex circuitry in tuners or receivers. 

SINCE FM stereo broadcasting began over a year ago, 
there has been a constant growth in the number of 
multiplex adapters and multiplex tuners reaching the 

consumer market. Some of this equipment may now be in 
need of adjustment and the service technician must be pre- 
pared for it. This means a special generator to duplicate the 
signal at the multiplex output jack of an FM tuner. 

Evaluating and adjusting multiplex circuitry by using 
broadcasts from FM stations is unsatisfactory because of the 
sporadic and inconvenient timing of test tones. A commercial 
multiplex signal generator would be the answer, but unfortu- 
nately they are quite expensive. A practical approach to the 
solution of the problem is to build your own generator. A gen- 
erator built by the author to service multiplex adapters and 
multiplex circuitry in FA1 tuners and receivers is shown in 
Figs. 4 and 6. 

Signal Generator Requirements 
FM multiplex broadcast standards require that one channel 

contain the sum of the left and right audio (L +R) and that 
the second channel carry the audio difference (L - R) signal. 
The L+R signal modulates the FM carrier directly but the 
L -R signal amplitude modulates a 38 -kc. carrier; the 38 -kc. 
carrier is suppressed and its sidebands modulate the FM car- 
rier. An accurate and correctly phased 19 -kc. pilot carrier is 
also transmitted for subsequent reinsertion of the 38 -kc. car- 
rier at the receiver. 

The signal produced by a generator should duplicate the 
output at the detector (before the de- emphasis network) of 
an FN1 tuner. This signal includes the sidebands of the audio 
modulated 38 -ke. carrier (L -R) and the 19 -kc. pilot carrier. 
There should be an input to the generator so an externally 
generated audio signal can be used to modulate the left or 
right channels or both simultaneously. 

Performance data for this generator are shown in Table 1. 
The audio -frequency range for best performance is about 
20 -5000 cps but a 10 -kc. signal may be used if corrections 
for generator distortion are made. The channel separation 
measurements were made with the oscilloscope pattern of the 
composite output without the 19 -kc. pilot. An audio signal 
was fed to either the left or the right channel. The total signal 
peak -to -peak voltage was compared to the amplitude of the 
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crosstalk signal above and below the zero- voltage line. By 
adjusting the balance controls on the front panel of the gen- 
erator for each audio frequency, the separation can be con- 
siderably improved. The distortion measurements were made 
%with a 15 -kc. low -pass filter at the output of the generator and 
the 19 -kc. pilot turned off. Some 38 kc., however, came 
through the filter and raised the distortion figures slightly. 
The output level was also measured with the 15 -kc. low -pass 
filter inserted and the 19 -kc. pilot turned off. 

Total residual output without any audio modulation and 
without 19 kc. was 0.02 v. r.m.s., all 38 kc. (Before the in- 
stallation of the 53 -kc. low -pass filter, L2, appreciable 76 
kc. was coming through.) When fed a 19 -kc. pilot from a 
broadcast station, the generator oscillator frequency is about 
19 kc. ± 2 cps. The composite output voltage is 2 -3 v. r.m.s., 
sufficient to drive most multiplex adapter circuits. 

Signal Development 
Significant points in the block diagram of Fig. 5 are keyed 

LEFT INPUT RIGHT INPUT -1000 Cps 

1I 
9mki "im- nlllM 

fillhlllilt,ui; : a 

OI 

( F ) COMPOSITE OUTPUT 
WITH I9KC. 

(F) COMPOSITE OUTPUT 
WITHOUT '9KC. 

Fig. 1. Waveforms show development of composite signal when 
1000 -cps signal is fed to right channel and no signal is fed to left 
channel. Letters refer to points in block diagram shown in Fig. 5. 

with circled letters to the oscilloscope waveforms in Figs. 1 

and 3 to show how the output signal is developed. 
Assume that an audio- frequency sine -wave voltage from an 

external oscillator or the 1 -kc. internal oscillator is applied to 
the right -channel input, B, in Figs. 1 and 5. The signal enters 
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0-BI 

R8 

COMPOSITE 
OUTPUTS 

G6 

CIB 

R26 

(L-RI 

R3B 

R29 

\1C27 

60 

Fl 

IRC LEFT 
60+. RIGHT 

R51 R52 

+ C32 + C33 C34 

TT 

* MATCHED PAIRS 

BI B2 

VI 

T4 9 

V2 V3 

9 

V4 V5 V6 

R1-100,000 ohm linear-taper Of 

RI,R10,R11- 220,01111 ohm, It w. res. 

R3-12,000 ohm, I,Í w. res. -± .5% 

R{ 2200 ohm, I/2 w. res. -± S'; 
R5,R21,R24,R31,R41,R44-1 ntegohnt. != w. 

R6,R7- 22,000 ohm, 1= w. matched res. 

R8,R9,R19,RS0- 10.000 ohm, !t w. res. 

RI2.R14- 150,1100 ohm, i,= w. res. 

10,0110 ohm, linear -taper pot 

RIS -220 ohm, I w. res. 

RI6.R28.R48 -- 47,(100 ohm, I2 w. res. 

R17.R18 -6800 ohm, I t w. matched res. 

R20,R40 -1 utegohm, linear -taper pots: con- 
centric shafts. Centralab FI.31 and R2 -51 
or equiv. 

R22.R23,R30,R32,R3{.R36,R{3- 22,000 ohm. 
I t w. res. 

k25,R ?6,R38,R39- 61,1100 ohm, }_ 

5', 
R27- 250,000 ohm linear -taper pot 

R29 -68,000 ohm, !2 w. res. 

36 

R49 R50 

Fig. 2. Complete schematic of signal generator. The 1 -kc. audio 
oscillator, which comprises V6 and associated circuitry, may be 

omitted if you are planning on using an external audio oscillator. 

60 TO SI 

R33- 1500 ohm, !'i tc. res. 
R35 55,111111 ohm linror -taper wirewonnd pot 
R37.R42 22.000 ohm. I z w. matched res. 

R45 -330 ohm, I o w. res. 
R 46,R49- 100,000 ohm. I t m. res. 
R47- 68011 ohm. II to. re.s. 

R5I -41100 ohm, 10 w. res. 
R52.R53- 2000 ohm, 10 w. res. 
RS4- 200,000 ohm, I t re. res. 

CI .01 pf., 100 v. mira capacitor 
C1.0 4,C31 -.001 pf. 4911 v. mira capacitor 
C3.C9,C14,CIS,C26,C28- .01 pf.. 400 v. Mylar 

capacitor 
C5 -.001 pf. 400 v. disc capacitor 
C6,C12,C13- .111115 pf. 400 v. mica capacitor 
C7 ,C8,C16,C18,C24,C25,C27,C29 -.1 pf., 400 

v. Mylar capacitor 
CI0,C11 -I00 ppf., 400 v. disc capacitor 
C17 .0(12 pf., 400 v. disc capacitor 
CI9- 470 ppf., 4(10 v. mica capacitor 
C20,C21-300 Apt., 400 v. mira capacitor 
C22 -.IS pf., 100 v. Mylar capacitor 
C23 -.5 pf., 200 v. Mylar capacitor 
C30 -.04 4., 600 v. Mylar capacitor 

C32.C33.C35 4(1- 40.40 pf.. 450 v. elec. capac- 

itor (Sprague TI'L -3787 or equiv.) 
C34 .05 pf.. 400 v. disc capacitor 

TI,T2.T3- 38 -kr. output transformer (Miller 
1355 or equiv.) 

T{ -Power trans. pri: 117 v.: svr: 6011 e., 
c.t. (U 65 ma., 6.3 v. Gt 2.7a. ( Triad R -SA 
or equiv.) 

SI -3.p.5 pos. ceramic rotary switch 

S2-S.p.s.t. switch on rear of Rio 
LI- 19 -kc. locked -oscillator coil (Miller 1354 

or equiv.) 
L2 -Low -pass filter (Miller 1351 or equiv.) 
L3- .2 1.5-hy.. 1011 -ma.. 95-ohm tapped 

choke. (Triad C26.í or equiv.) 
F1 -Y amp fuse 
JI.J2.J3 Phono jack 
SR1.SR2 Silicon diode, 750 ma.. 600 p.i.e. 

IIN2071 or equiv.) 
PLI -NE -SI neon lamp or Dialer) 249. 7841 -937 

assembly (eliminate 854) 
V1.V3,VS,V6- 12.4U7Á tube 
V2 --6JHS tube IG -El 
V4- 12AÁ'7 tube, 1'i (I 12 rube 
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phase -splitter V5A from which the non- inverted ( cathode- 
follower) output goes to matrix junction C and then to junc- 
tion F. The inverted signal from V5A goes to matrix junction 
D and then to the suppressed- carrier modulator. The 38 -kc. 
suppressed carrier output, a series of elliptical modulation 
envelopes (E, Fig. 1) goes to junction F where it is com- 
bined with the 1 -kc. audio signal from C to form a series of 
alternately inverted semicircular modulation envelopes (F, 
Fig. I). 

An additional signal, the 19 -kc. pilot carrier, of low ampli- 
tude, is also sent to junction F. The signal at F is shown at the 
bottom of Fig. 1 with (left) and without (right) the 19 -kc. 
signal. The final output at G (Fig. 5) is the same as at F ex- 
cept that it is inverted. 

If, on the other hand, the audio input is fed to the left 
channel input (A), the signal is divided but not inverted. One 
signal goes through cathode -follower V3A to C then to F. 
The other identical signal goes through another cathode fol- 
lower (V3R) to D, to the suppressed- carrier modulator, and 
then to F. The appearance of this signal at F on the oscillo- 
scope is superficially identical to the signal obtained from the 
right -channel input described above. The significant differ- 
ence in the two signals is that the :38 -kc. modulation differs in 
phase by 180' in the left and right input waveforms. 

If audio signals of different frequencies are feci to both the 
left and right channels, an interesting series of interactions 
occurs. Refer to Figs. 3 and 5. The resistor matrix at C linearly 
mixes the L and R signals and produces waveform C in Fig. 

Fig. 3. Development of composite signal when a 100 -cps signal is 
fed to left channel and a 700 -cps signal is fed to right channel. 

LEFT INPUT- 100CPS RIGHT INPUT -700 CPS 

J2 JI R13 PLI R27 R35 J3 

Fig. 4. Author's generator has provision for output -level meter. 

LEFT 
INPUT 

GAIN 

SWITCH POSITIONS 

t- EXT. INPUT NORMAL 

2- ExT. INPUT REVERSED 

3 -LEFT CHANNEL IKC. 

4 -RIGHT CHANNEL !KC. 

5 
RGHT CHANNEL16O' 

SELECTOR 
SWITCH 

ATH-FOLL L 

VSA 

CATH -FOLL 

V4. 

V4A 

53KC 
LOW -PASS 
FILTER IL2) 

BALANCE 
L 4 

R27 

LEVEL 

COMPOSITE 
OUTPUT 

R29 

R2B 

SUPPRESSED- 
CARRIER 

R MODULATOR 

a VIB, V2 
R3B 

I3KC 

GA N 

RIGHT 
INPUT 

19AC 
SYNC 

IN 

R26 

1914C. 

LEVEL 

T 

19KC 
T EST 

INVERTER 

VSB 

Fig. 5. Block diagram. Circled letters refer to Figs. 1 and 3. 

3; this is the (L +R) signal. A similar linear mixing occurs at 
D except that the right- channel input has been inverted. This 
is the [L + ( -R)] or (L - R) signal. This signal is fed to the 
suppressed -carrier modulator, the output of which is a series 
of elliptical envelopes of differing amplitude (E, Fig. 3) . The 
signal is then combined with the (L +R) signal in matrix F. 
The resulting complex waveform (F) bears a superficial re- 
semblance to the two original audio frequency inputs ( Fig. 
3, A and B). Added to this composite signal is the 19 -kc. pilot 
carrier. 

Pilot and Subcarrier Phase Relations 
The phase relationship of the 19 -kc. pilot and the 38 -kc. 

( E) (L -R) MODULATED subcarrier is specified by the FCC; that is, the 38 -kc. sub - 
carrier must cross the time axis with a positive slope each 
time the 19 -kc. pilot carrier crosses the time axis in either 
direction. This generator produces a signal that conforms to 
this requirement. When the L-R signal is positive (Fig. 1, 
D, third and fourth quadrants of audio sine wave) and the 
19 -kc. and 38 -kc. signals are considered before mixing at F, 
the 38 -kc. signal crosses the time axis with a positive slope 
each time the 19 -kc. signal crosses the time axis in either di- 
rection. The appearance of the 19 -kc. and the 38 -kc. signals 
after linear mixing at F is an amplitude modulated 38 -kc. ( F ) OUTPUT WITHOUT I9KC. 
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signal as shown in Fig. 1, F (eight half of left waveform) and 
expanded in Fig. 7, right. 

When the L -R signal is negative (Fig. 1, D first and sec- 
ond quadrants); the 38 -kc. signal will cross the time axis in a 
negative -going direction when the 19 -kc. signal crosses the 
time axis to produce a modulated 38 -kc. signal of the form 
shown in Fig. 1, F (left half of left waveform) and expanded 
in Fig. 7, left. The suppressed -carrier modulator circuit con- 
sisting of V1B, V2, and T3 shifts the phase of the 38 -kc. signal 
180 °. Switching tube V2, and the tuned circuit consisting of 
T3, C12, and C13, in effect, shift the phase of the incoming 
38 -kc. signal from T2 by -' 90 depending on the polarity of 
L -R as described above. The phase of the 19 -kc. signal is not 
changed as it is mixed with the 38 -kc. signal after the switch- 
ing circuit at F in Fig. 5. 

However, for a left -channel input to the generator, the 
L -R audio signal at D, Fig. 1, is inverted, i.e., the positive 
L -R falls in the first and second quadrants, and the negative 
L -R in the third and fourth quadrants. In the final compos- 
ite output, the two amplitude modulated 38 -kc. signal wave- 
forms shown in Fig. 7, are also reversed right for left. 

In summary, the structure of the modulated 38 -kc. signal 
has two well- defined forms, one for a positive L -R and a sec- 
ond for a negative L - R, as shown above. The external shape 
of the composite envelope, however, depends upon the form 
of the audio -input signals and may be quite complex for dual - 
channel voice or music. 

An interesting experiment is to reinsert a 38 -kc. carrier sig- 
nal in the proper phase with-the generator output with a 1 -kc. 
right -channel only input. As the 38 -kc. is slowly applied, the 
semicircular envelopes are changed into a modulation cove- 

Fig. 6. Top view of chassis. Do not position choke L3 too near T4. 

Table 1 

Frequency 
cps 

Channel 
Separation 

db 

Output Harmonic 
Distortion % ( * *) 

Output Level db 
(1 kc. = 0 db)* 

left right left right left right 
20 25 21 - - -2.5 -2.5 
40 20 22 2.0 1.65 -1.0 - 1.0 
400 20 28 1.9 1.8 0 0 
1000 21 26 1.8 1.5 0 0 
1000* 24 27 1.75 1.4 0 0 
3000 16 18 1.4 1.25 0 0 
5000 14 16 1.7 1.5 -1.0 - 1.0 
10 kc. 14 14 8.0 6.0 -4.0 -2.0 

No -input residual output: 0 02 v. r.m.s., 38 kc. (19 -kc. off). *Internal 
1 -kc. osc. amplifier flat from 20 cps to 40 kc., down 1 db at 50 kc. 
* *Measured with 15 -kc. low -pass filter at generator output; 19 kc. off. 

lope that is flat on the top, but at the bottom (Fig. 8) clearly 
shows the shape of the original audio frequency. Reinsertion 
of the 38 -kc. signal as above but with only a left -channel in- 
put produces a modulation pattern that is flat at the bottom 
but modulated at the top. Some multiplex adapters reinsert 
the carrier in this manner and detect the output to recover 
the audio information. 

Circuit Description 
The complete schematic of the signal generator is shown in 

Fig. 2; a few sub -circuits deserve detailed discussion. The 
suppressed- carrier or double -sideband modulator has been 
experimented with by radio amateurs. Don Stoner in his book 
"New Sideband Handbook" shows several circuits for pro- 
ducing this form of modulation, including push -pull balanced 
modulators, ring modulators using solid -state diodes, and 
beam -switching tubes. Stoner's enthusiasm for the beam - 
switching tube and his method of d.c. balancing the deflection 
plates convinced the author that this is a worthwhile circuit. 
As you can see in Fig. 4, d.c. centering control R13, "Balance," 
is mounted on the front panel to permit rapid touching up 
of symmetry of the composite -output waveform. T3, Fig. 2, 
serves as the output transformer (its primary is tuned to 
38 kc. by C12, C13) for the 6JH8 switching tube. A single 
triode, V1B, acts as a phase splitter for the 38 -kc. carrier. 
An interesting result of suppressing the 38 -kc. carrier is that 
a complete modulation envelope occurs every time the 
modulating signal crosses the time axis (Fig. 9). Reinsertion 
of the 38 -kc. carrier in a multiplex adapter restores the sup- 
pressed- carrier modulation envelope to the familiar form 
found in conventional AM modulation. 

The 1 -kc. internal audio oscillator, V6A, is a Colpitts 
circuit. By applying the signal at the top of inductor L3 
( rather than at the plate of V6A) to V6B, the harmonic dis- 
tortion is reduced. The B+ supply to this oscillator is dis- 
connected by switch SIC when it is in the "Ext. Nor." and 
"Ext. Rev." positions to avoid leakage to the input circuits. 

(Continued on page 68) 

Fig. 7. Enlargements of left (left) and right (right) halves of waveform of Fig. 1F 
shows mixed 19 -kc. and 38 -kc. frequencies when L - R is negat ve (left) and 
when L -R is positive (right). Audio signal is applied to the right channel only. 

!!!!!!!! 

Fig. 8. 38 -kc. subcarrier added to right - 
channel generator signal puts audio at 
bottom. Left- channel input puts it at top. 



THE CS -3 SOUND COLUMN SOLVES EXTREME REVERBERATION 
PROBLEMS WITH EXTREME EASE AND ECONOMY. 
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Here's the newest way to rid yourself of P.A. installa- 
tion headaches in problem areas. Use the new Uni- 
versity CS -3 Sound Column! It's specially designed to 
meet moderate power requirements -ALL AT A PRICE 
FAR LOWER THAN YOU'D EVER EXPECT FOR SUCH 
PERFORMANCE. 

How? Easy -and with the same superb engineering 
and quality control that goes into all the Uniline 
products. With the CS -3 you get: superb speech 
reproduction in moderate -size areas; excellent 
music in high reverberation areas; extremely wide 
sound coverage; the complete answer to feedback 
difficulties. And, as with all Uniline Sound Columns, 
the CS -3 is ACOUSTICALLY TAPERED to prevent high 
frequency beaming ...a University exclusive! 

And don't forget another important characteristic 
of the CS -3: High 'A'(High Audibility), which is evidenced 
by a considerable decrease in distortion, improving intel- 
ligibility and increasing listener comfort. This is particu- 
larly noticeable when standing or sitting close to the sound 
source, for, as you know, conventional loudspeakers tend 
to 'blast' under similar circumstances. 

So, for optimum dispersion (at all frequencies), for uni- 
form sound levels (within the beam), for speech and music 
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UNIVERSITY 

PROUDLY 

ANNOUNCES 

ANOTHER 

SOUND 

SOLUTION: 

THE 

UNILINE 

CS -3 

SOUND 

COLUMN! 

MODEL CS -4 

UNILINE 
(Right) 

MODEL UCS -6 

UNILINE 
(Far Rights 

......::: 
:::::::::::: 

in high reverberation areas auditoriums, terminal 
waiting rooms, industrial areas, gyms, pools and 
churches)... FOR UNILINE SOUND QUALITY AT IN- 
CREASED SAVINGS...choose the CS -3, University's 
newest (and lowest- priced) addition to the Uniline 
Sound Column family. $89.95 dealer net. 

SPECIFICATIONS: 
MODEL CS- 3- (equipped with special elliptical hi -fi 
speakers and two tweeters for music and speech appli- 
cations; tapered for use in clusters) 
Frequency Range 150- 10,000 cps 
Power Capacity 25 watts 
Impedance 16 ohms 
Vertical Angle 22° 
Horizontal Angle 120° 
Dimensions 48" x 71/2" x 83/4" 
Shipping Weight 33 lbs. 

For complete details, write: Desk S -2. 

UNIVERSITY 
LOUDSPEAKERS 

80 SOUTH KENSICO AVE., WHITE PLAINS, N.Y. 
A Division of Ling -Temco -Vought, Inc. 
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all find Heathkit test equipment quality and 
Industry Production and Design professionals put Heathkits 
to work in their factories and laboratories for high perform- 
ance at low cost. Typical Heathkits used are: 10 -10 3" DC 

Oscilloscope, $79.95... IM -11, world's largest selling Vacuum 
Tube Voltmeter, $24.95 ... IG -82, Sine & Square Wave Gen- 
erator, $51.95 ...1P-32, Variable -Voltage Regulated Power 
Supply, $56.95 ... IP -20, Hi- Current, All- Transistor, Regu- 
lated Power Supply, $72.95 ... IM -30, Laboratory Transistor 
Tester, $54.88... 1M -21, Vacuum Tube Voltmeter for preci- 
sion AC measurements, $33.95. 

60 

Technicians around the world put Heathkits on their service 
benches for rapid, precision measurements ... complete 
trouble -shooting facilities at lowest cost. Typical Heathkits 
used are: 1M -32, Service Bench Vacuum Tube Voltmeter, 
$32.95 _10-12, Wide -Band 5 " Oscilloscope, $76.95 ... TT- 
1A, Mutual Conductance Tube Tester, $149.95 ... IG-62, 
Color Bar and Dot Generator for Color TV servicing, $64.95 

...1G -52, TV Alignment Generator, $54.95 ... IT -11, Deluxe 
Capacitor Checker to test capacitors of all types, $29.95... 
See the complete line in the Heathkit Catalog. 

ELECTRONICS WORLD 



economy stacks up best 
Hobbyists of all kinds find Heathkit test equipment invaluable for 
pursuing their hobbies with refined techniques. Audiophiles, 
amateur radio operators, kit builders of all kinds use these Heath - 
kits in their workshops: 10 -21, General Purpose 3" Oscilloscope, 
$49.95 ...MM-1, Sensitive Volt- Ohm -Milliammeter for all- purpose 
measurements, $29.95 ... IT-21, Tube Checker for fast tests of 
tubes of all types, $44.95 ...1G-102, Radio Frequency Signal Gen- 
erator, $27.95... 1G -72, Audio Signal Generator, $41.95... IP -12, 
Low Ripple Battery Eliminator, $47.50. 

February, 1963 

Who is Heathkit? 
Heathkit is the pioneer and 
world's largest manufacturer 
devoted exclusively to the de- 
sign and manufacture of do- 
it- yourself electronic kits. All 
our efforts are aimed at creat- 
ing more kits, better kits, - 
easier-to-build kits. 

What are Heathkits? 
Heathkits are electronic equip- 
ment in un- assembled form. 
All parts are packaged in 
convenient groups and com- 
plete, easy -to -read, well- illus- 
trated instruction manual tells 
you how to put them together. 
Heath offers over 250 kits from 
simple portable radios to big 
analog computers. 

Who builds Heathkits? 
Millions build Heathkits. Peo- 
ple with absolutely no mech- 
anical ability or knowledge of 
electronics as well as skilled 
electronic experts -all find 
value, economy, fun, relaxa- 
tion, and pride of accomplish- 
ment in Heathkits.You can too. 

, I I IÓNÓÓNN00NlÓEbil IIIIIIIIIIIIf/ 
Money Back 
Guarantee 

Heath Company unconditionally guarantees that each 
Heathkit' product assembled in accordance with our 
easy -to- understand instruction manual must meet our 
published specifications for performance or your pur- 
chase price will be cheerfully refunded. 

009_19;10092M11111111111, 

The famous Heathkit guarantee -This money back guar- 
antee stands behind every Heathkit. It guarantees that you 
are getting equipment of the highest quality that will provide 
years of use and pleasure. Equipment second to none. 
Heathkit - world pioneer in the exciting hobby of kit building. 

FREE 1963 Heathkit Catalog. Send for your 
free copy of this new Heathkit Catalog ... it des- 
cribes and illustrates the complete Heathkit 
Test Instrument line ... units for every purpose 
... units of highest quality at lowest cost. 

r 

HEATHKIT 
HEATH COMPANY 
Benton Harbor 15, 
Michigan 

by Nystrom 

Please send my free 1963 Healhkit catalog 

NAME 

ADDRESS 

CITY 

STATE 

L 

ZONE 

J 
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19 -Kc. FILTER 
By THOMAS E. REAMER 

Construction of a filter that enables you 

to use the 19 -kc. pilot from a 

stereo broadcast as a frequency source 

for a multiplex signal generator. 

RI, S2 

Fig. 1. Top view of chassis shows the arrangement of components. 

A19 -kc. signal that meets the FCC's tolerance require - 
ment of 2 cps must be provided for the correct 
alignment of multiplex adapters and multiplex cir- 

cuitry when using the signal generator described on page 55. 
An oscillator circuit with a close- tolerance 19 -kc. crystal 

would meet the requirement, however, such crystals are often 
available only on special order and are somewhat expensive 
($20 and up). A good solution to the problem at this time 
is to make use of the broadcast station's 19 -ke. pilot carrier 
that is transmitted with an FM multiplex program. This 
19 -kc. pilot carrier frequency -modulates the main F \I carrier 
by 8 to 10% and can easily be separated from it with a sharp- 
ly tuned 19 -kc. filter connected to the detector output of an 
FM tuner. A filter of this type was built by the author and 
is shown in Figs. 1 and 2. 

Operation 
The incoming signal of mixed frequencies is amplified by 

VIA ( Fig. 5) and fed to a double -tuned transformer, T1. 
This transformer is normally used at 38 ke., but by selecting 0 
values for C3 and C4, it will operate satisfactorily at 19 kc. 
The attenuation, at the grid of V1B, of frequencies other than 
19 kc. is shown in curve A of Fig. 3. After T1, the signal is 
amplified by V1B and is fed to another tuned circuit, L1, C8. 
L1 is designed for use at 19 kc.; it further attenuates the 
undesired frequencies as shown in B of Fig. 3. The output 
of L1 goes to cathode- follower, V2. This particular tube 
(12BY î A) and its associated circuit have a gain of 0.97, 

TUNE 
OUTPUT 

OUN 

TUNE, 

INPUT 

RI,S2 JI PLI SI 

Fig. 2. Front view of author's filter shows location of controls. 

which is quite high for a cathode- follower stage. The output 
from V2 is routed to J2 via Si. A connection is also provided 
for viewing the signal on an oscilloscope. With Si at "Input," 
the output of the tuner can be observed. At the "Tune" 
position, the signal from the filter is sent to the oscilloscope 
only and not to J2. At "Output," the signal is connected to 
both the oscilloscope and J2. The separate "Tune" position 
is necessary as there is some feedback from the oscillator in 
the signal generator that would distort the signal and make 
sharp tuning difficult if it were done with Si in the "Output" 
position. 

Resistor R2 (Fig. 5) is in series with R1 as it was found 
that the tuned circuits would sometimes break into oscilla- 
tion when the resistance between the arm of R1 and ground 
was less than 100,000 ohms. R2 does not degrade operation 
as the gain control is normally operated at, or nearly its 
maximum position. The power supply is a conventional full- 

-20 

0 

-3o 

a 

z 
w 
H -40--- 

-50 

5KC 10K 2OKC. SOKC IOOKC, 
FREQUENCY -CPS 

Fig. 3. Undesired- frequency attenuation at V1B IA) and at V2 1B). 

Fig. 4. Test setup for multiplex signal generator and the filter. 
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TUNER 
INPUT 

JI 

v212AX, 

CI 

R 

R2 C2 

FI 52 

uT V.A C 

C3 

e 
RIO RII 

R I I m.rohm linear -taper pot 
R2.R6 100,0/10 ohm, I w'- res. 
R3.RS,118 -I megohrn, I= w. res. 
R4 -1000 ohm, I t tr. res. 
R7 -680 ohm, I= tr. res. 
R9- 39,000 ohm. !'g tr. res. 
R10,R11- 151111 ohm, 111 rr. res. 
R12- 200.000 obra 12 w. res. 
Cl, Cl. C9 -.02 µl., 400 o. capacitor 
C2.C6-.5 µf., 200 v. capacitor 
C3,C4 -.00J ,4., 400 v., ± Se /r mira capacitor 
(.'5- 430 µµJ., 4O(1 v. mica capacitor 
C8 -.ill µf., 400 V., s';r -rica capacitor 
C10.C11,C12- 20 -20 -20 id., 450 r. oler. ca- 

pacitor (Sprague TV L-3780 or equiv.) 

IINPUTi 

ISELECTORI 
o 

19NC 
OUTPUT 

IsCOPEI 

TI 384c. output transformer (J. W. Miller 
1355 or equiv.) 

T2 Power trans. Pri: 117 p.: sec: 2511 r.. c.l. 
@ 25 rem.. 6.3 v. a 1 0. (Stancor í'.S8416 
or equiv.) 

L1- 19 -kr. locked -oscillator coil (J. W. 
1354 or equiv.) 

SRI,SR2- Silicon diode. 750 ma.. 600 p.i.v. 
(IN2071 or equiv.) 

SI 2.p.3-pos. rotary switch 
S2 S.p.s.t. switch on RI 
FI -I= amp fuse 
J1,J2 phono jack 
P1.1 -NE -51 ?WWI lump or fliidco 249.7841- 

937 assembly (eliminate Rl2 
VI- 12A.17 tube, V2 12131; I robe 

Fig. 5. Filter schematic. If this circuit is to be incorporated in 

the multiplex signal generator, its power supply may be omitted . 

wave unregulated circuit. The filter is 

built in an LJIB \fir -1A cabinet with the 
chassis moved down slightly to get more 
room above it; a new bottom plate was 
installed after the construction of the 
unit was completed. 

The 19 -kc. output signal from the fil- 
ter is about 4.5-6 v. r.m.s., when it is 

connected to a tuner with a 0.2 -2.0 v. 
output. The total gain of the filter is 

about 100 when measured with a clean 
19 -kc. input signal from an audio oscilla- 
tor. As 1 -3 v. r.m.s. is required to sync 
the oscillator in the multiplex signal gen- 
erator, the output of the filter is more 
than adequate. The voltage data in the 
table was obtained with three FI1 mul- 
tiplex stations in a metropolitan area. At 
low to moderate modulation levels, the 
19 -kc. output from the filter is very clean. 
At high modulation levels, some wave- 
form distortion occurs but this (loes not 
have a detrimental effect on the 19 -kc. 
output of the oscillator in the signal gen- 
erator; that is, the generator oscillator 

output will be 19 kc. 2 cps even 
though it isn't synced with a pure sine 
wave. 

Iltnt II's Used tI 

The block diagram in Fig. 4 shows the 
connections of the filter to the detector 
output of an F \1 tuner, the scope, and 
the multiplex signal generator. Set SI 
to the "Tune" position and carefully tune 
an FM receiver, known to be in good 
working order, to a station broadcasting 
a multiplex program. Interstation noise 
will cause a low -level fuzzy 19 -kc. signal 
to appear, but when the tuning is cor- 
rect, the signal will be clean and of much 
greater amplitude. Initial peaking of the 
19 -kc. signal can be macle by adjustiu4 
T1 and LI. When Si is set to "Output.. 
and the scope connection is transferred 
to the "19 Kc. Test" jack on the signal 
generator. the oscillator in the signal 
generator will be synced by the output 
from the filter and will meet the F('( 
tolerance requirement. 

Tuner and Filter Output Voltages for 
Three FM Multip ex Broadcast Stations 

Station Frequency (mc.) 
Tuner output 19 -kc. filter 
voltage range output voltage 

(r.m.s.) (r.m.s.) 

A 94.9 0.2 -1.5 6.2 

B 101.3 0.3 -2.0 6.1 

C 104.5 0.4 -2.0 4.6 

February, 1963 

.Merrell 
YOUR BEST BUY 

IN HI -FI KITS 

16 WATT STEREO AMPLIFIER 
Model 

SA -210 

AMAZING PERFORMANCE 

Dual 8 watt amps with pre -amps 
6 inputs for magnetic phono 8. 
tape: tuner: crystal 

$2 Response: 20 to L 
18,000 cycles cover $4.95 

FM TUNER 
WITH AFC AND 
PROVISIONS 
FOR BUILT -IN 
MULTIPLEX 

9.95 

11 11111111111111 

ST -360 

Pre -wired "front end" 
Automatic Irectuency 
control (AFC) 
Pre -aligned I.F. 
transformers 

.S db 20 to 20.000 cPs 
Multi- 
plex 
adaptor 
cut out Cover $4.95 

349s 

Nest in Multiple. 
Adopter 

Completely pre -wired 
and pre- aligned. 
Mounts right into ST- 
360 for built -in Multi- 
plex. 

$19.95 

Merrell - THE EASIEST 

TO BUILD 
Complete assembly book and diagrams 

Over sized chassis makes easy wiring 

The finest component 

Also available completely wired 

The best value dollar per watt available 

12 WATT 

WILLIAMSON TYPE 

AMPLIFIER MA -12 

Complete amp and 
pre-amp 
Response 20 to 20,000 
cycles 
4 inputs: magnetic 
and crystal phono; 
tape; tuner; mike/ 
aux. 

$ZZ9s 

cover $3.95 

30 WATT STEREO 

AMPLIFIER SA -30 

:10 ' a--- 

Wllllansson type tir. 
cuit 
8 inputs for mag- 
netic and crystal 
phono; tape; tuner; 
mi ke/aux. 
Response 20 to 20.000 
cycles 
Balance -blend control 
9 front panel controls 

53995 

cover $5.95 

DELUXE 36 WATT STEREO AMPLIFIER 
SA -32 

Complete with care 
Williamson type 
B inputs: tape; tuner; magnetic and crystal 
phono. aux. 
Front panel stereo headphone jaek$ 995 Response 20 to 20,000 cps 
Low harmonic distortion with caver 

Write for FREE brochure and name of nearest dis- 
tributor to: 

.Merrell 
519 Hendrix Street, Brooklyn 7, N. Y. 
Prices S'í higher aast of the Rockies 

export: Rocke International. New York, N. Y. 
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THE INDUSTRY'S 

ONLY COMPLETE 

"LOOK- ALIKE" LINE 

OF BOTH NEEDLES 

AND CARTRIDGES! 

150 Exact 

Replacement 

Cartridges 

300 Exact 

Replacement 

Needles 

Speeds your phono 
service ... assures consistent 

high quality and complete 
compatibility of needles and 

cartridges. Inventory and handling 
costs are cut to the bone. And the 

industry's greatest array of sales tools - cross- reference catalogs, wall charts, 
displays and merchandisers - is 

available to suit your requirements. 
Ask your E -V distributor, or send 

coupon for profitable details, today. 

gke.10341.CL 
ELECTRO- VOICE, INC., Dept. 237N 
Buchanan, Michigan 

Please send my free needle and cartridge catalogs 
plus name of nearest distributor. 

Name 

Address 

City State 
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Single Sideband Simplifier 
(Continued from mg( .5-1) 

widely understood. And, by and large, 
the literature leaves too much to the 
imagination of the reader. They tell you 
that you must have a 90- degree audio 
phase shift in one place and a 90- degree 
r.f. phase shift in another. See Fig. 6. 
"And so at this point, dear reader, it must 
be obvious to you that there are two sets 
Of sidebands and either the two uppers 
cancel and the two lowers add, or vice 
versa." Unfortunately most of the "clear 
readers" are not as clairvoyant as might 
be supposed. However, they put the 
thing together and it works. Now let's 
see what really does happen. 

The Phasing Method 

The audio phase shifter is designed in 
such a way that the modulation applied 
to one balanced modulator will occur 90 
degrees in audio time later than that ap- 
plied to the other tube. For example, at 
the instant that a 100w positive peak is 

occurring in one modulator the second 
one will be going through zero; 90 de- 
grees later the first will be going through 
zero and the second will be at 1007 posi- 
tive; another 90 degrees later the first 
will be at 100% negative and the second 
tcill again be going through zero, and so 
on. The r.f. phase shift is such that the 
carriers introduced to the balanced mod- 
ulators arrive 90 degrees in r.f. time out- 
of-phase. 

Now. if we take this information and 
dray pictures of it, we will he able to see 
hots one sideband is eliminated and the 
other retained. Fig. 7 represents condi- 
tions at several instants of time. Although 
we know that the carriers have been re- 
moved by the balanced modulators, they 
are included in parts A through D be- 
cause they preserve our reference vector 
and make the explanation easier to fol- 
low. 

Understanding is dependent on taking 
a certain instant of time and observing all 
of the things that are happening at that 
instant. Then we will take several other 
instants following the first. 

Let us take the instant of time T when 
carrier "A" is modulated 1007 positive 
( this is the same as Fig. 41-1). This vec- 
tor sum appears in Fig. 7A. In this case. 
we have drawn the "head" of the upper 
sideband vector Ill connected to the 
"tail- of lower sideband vector L l in or- 
der to make it easier to visualize the total 
amplitude. Since carrier "B" is modu- 
lated 90 degrees later than "A," if the 
two carriers were in r.f. phase. it would 
appear as in Fig. 7B. But, carrier "B" has 
been shifted 90 degrees so it actually ap- 
pears as in Fig. 7C at time equals T. If 
we take these two signals (7A and 7C) 
and combine them, we have the vector 
diagram shown ill Fig. 7D. 

Sonar Slashes 
Tube Prices! 
WHY PAY MORE? 

29 each 

$27 PER 100 ASSTD. 
Each 8. every tube is tested in our own lab for 
mutual Conductance and life test. 

We guarantee FREE rep:acement for one year of 
any tube purchased from us which fails to funC- 
tlon eff.C,ent.y under any or all operating Condi- 
tions. Prompt refunds are made on any defective 
merchandise. 
The advertised tubes are not neCessarily new, 
but may he electrically perfect factory seconds 
Or used tulles -each Is clearly So marked. 

_ 

FREE 
002 
024 
ta7a7 
18367 
1 .440 
IMSOT 
ILA 
ILA 
15507 
less, 
Ins 
I55 
174 
flua 

lus 
102 
152 
243 
24F4 
secs 
3056 
3826 
3.86 
3cF6 
3066 
3LF4 
304 
354 
374 
4BO7A 
4027 
SASS 
SATs 
SAYS 
SAWA 
5857 
536 
STS 
SuOG 
sus 
5050 
50607 

SEND 

Tube Substitution GUIDE 
BOOK Free with Each Order 
of $10 or More! 

s2S 
S73G7 
5n40 
657 
SAS 
SA84 
6ÁC7 
6AF4 
6ÁG5 
6407 
SAM4GT 
641.16 
AAKS 
GALS 
SALT 
GAMS 
SANS 
6Á0S 
6406 
6A07ST 
SAPS 
Sass 
6Á76 
6478 
6AUaGT 
6AUSOT 
GALA 
BAUS 
6Á0507 
GAVA 
64W0 
6anaG7 
6A %SGT 
688 
6846 
SOCS 
ABC6 
6BD6 
6BE6 
60FS 
69,6 
611060 

FOIL OUR 
ti SPECIAL 

60M11 
68J6 
SOCS 
68.47 
6uL707 
6856 
6006GT 
6007 
SBnSG 
6026 
6027 
604 
ACS 
6C6 
6086 
60060 
ALFA 
6007 
6CL6 
SONS 
6CM7 
6057 
6056 
6CÚ6 
60E6 
6006 
6F6 
6.6 
6J4 
WS 
6J7 
6146GT 
6147 
656 
6L7 
657 
601 
sss 
65.07 

6547 
6507 

FREE 

SSFS 
esF7 
65J7 
6547 
6sL7OT 
6SN70T 
6507 
ASS/ 
674 
ATS 
SUS 
656 
6.4.7 
6w6G7. 
654 
655 
658 
6760 

s 55L 
705 
746 
747 
7AS 
784 
785 
7116 
707 
788 
7C4 
,cS 
706 
701 
7E6 
,E1 
7F7 
,ss 
,M, 
714, 

707 
757 22FM 
774 

COMPLETE 
PURPOSE 

724 
1246 
12a0S 
ROTA 
12417 
l2Aus 
12ÁU7 
12a76 
Rant 
12,5007 
l2Ax7 
12a27 
1284 
I2Ba6 
1211Á7 
128E6 
129r6 
1211M7 
12006 
I20117 
12B77 
12CAS 
12JS 
12147 
12L6 
1207 
12SÁ7 
12507 
125.17 
12557 
126N70T 
12507 
12V60T 
12W64T 
1224 
1223 
l4Á7/3207 
1486 
1407 
IS 
I 

LIST OF 
TUBES 

190060 
19JS 
1976 
24A 
2SAVs 
25006 
OSONS 
251.601. 
2SW4GT 
2505 
2526 
26 
3345 
3585 
3SC5 
351.60T 
3SW4 
3574 
352507 
37 
39'44 
42 
43 
AS 
SORS 
SOBS 
SOCS 
SouOT 
5056 
51 
S7 
SS 
71A 
73 
76 
77 
7S 
SO 
SA 624 
11713 
11716 

TURFS 

ALL TUBES SENT POSTAGE PAID. Please send 50e 
handling for orders under SS. Send 25": deposit of 
C.O.D. orders. Send approximate postage on Can.. 

SONAR ELECTRON TUBE CO. 

112 Martin Street Paterson 3, N.J. 
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GET 

INT O ELECTRONICS 
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V.T.I. training leads to suet ins 
as technicians. field engmeors, 
specialists in communications, 
guided missiles. computers. 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Enii- 
neering Technology. an ECPD 
accredited Technical Institute 
curriculum. Assoc. degree in 
29 mos. B.S. also obtainable 
G.I. approved. Graduates in al 
branches of electronics with 
major companies. Start Feb.. 
Sept. Dorms. campus. High 
school graduate or equivalent. 
Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD. Valparaiso, Indiana 
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Since the carriers are actually removed 
by the balanced modulators, the only 
sum we are really interested in ( Fig. 7E) 
is the sum of the sidebands. So at time T 
we find that the upper sidebands of both 
carriers "A" and "B" are in the same di- 
rection and therefore add. The lower 
sidebands of carriers "A" and "B" are in 
opposite directions (180 degrees out -of- 
phase) and therefore cancel. At T +45° 
(Fig. 7F) we find that upper sidebands 
of carriers "A" and "B" have both rotated 
45 degrees counterclockwise and still 
add. By the same token, lower sidebands 
of carriers "A" and "B" have both rotated 
45 degrees clockwise and still cancel. 
The saine follows for T- -90' (Fig. 7G) 
or any other instant of time. So for all 
instants of time we have an upper side- 
band made up of the upper sidebands of 
both carriers and no lower sideband. If 
we reverse the connections on either au- 
dio line, the upper and lower sidebands 
\would trade places and we would have a 
lower sideband and no upper sideband. 

It is the belief of this author that a 
verbal description with any meaning is 
nearly impossible when it comes to de- 
scribing the phasing method of produc- 
ing SSB. A vector description instant by 
instant is the best way to show exactly 
how one sideband is eliminated and the 
other retained. So. if you are the proud 
possessor of an SSB rig that uses the 
phasing method, it is hoped that you now 
know what the designers were doing 
when they designed it. 

CLEANING SPEAKERS 
ON SMALL RADIOS 

By C. R. ZINCK 

BECAUSE OF their extreme porta - 
bility, transistor radios get taken 

:dong every here, especial!. during out- 
door fun in the. sunuurr, The. .. ill fre- 
quent!. e nuit second hest after a day 
at the beach because sand particles hate 
lodged in the speaker assentbl.. One 
method Iras been f I cerc useful for 
getting sane) oat. 

114 4. the sin aker fi the radio 
:nul c et it to the output of a small 
audio amplifier. Feed the output of an 
audio oscillator into the amplifier and 
cary the frequene until speaker reso- 
nance is reached. V.leich' ill be indicated 
he Ilia. e recurs' . keep os- 
cillator output lou at first, tu make sure 
that the po..er rating of the speaker k 
not exceeded. With the t applied as 
noted, turn the speaker ..ith its cone 
facing de».n..ard and lap the magnet 
fra gently to dislodge the .sand. A 

We regret that "Mac's Electron- 
ics Service" could not be in- 
cluded in this issue. John Frye 
has been ill and we feel sure 
that many of our readers will 
want to join us in wishing him 
a speedy recovery. Hope to see 
Mac and Barney back next 
month. 

February, 1963 

and not just any 12AX7A? 
All 12AX7A schematics look alike. And at first glance, all 12AX7A tubes 
also look alike. Yet, the use of a Sonotone 12AX7A tube can make a 
world of difference in performance. 
The 12AX7A, used in signal stages for high gain, has virtually become 
the standard in the low level stages of audio preamp circuits where noise, 
hum and tube microphonics become major problems. If you examine a 
Sonotone 12AX7A closely, alongside another, you will see a significant 
difference in construction. You will notice a trident shaped, tongued 
structural member at the top of the tube - called a "Damper Mica." The 
tongue supports the two cathodes - acts like the leaf of a spring, absorb- 
ing the shock of external impact and vibration. 
As a result of this unique construction, the Sonotone 12AX7A is re- 
markably free from microphonic tendencies. It is also sturdier and more 
capable of withstanding impact and vibration without physical damage 
or electrical malfunction. 
In addition, the Sonotone 12AX7A employs a coiled heater which re- 
stricts unwanted magnetic fields in the heater cathode assembly when 
AC is used for the heater supply. This reduces the AC hum component 
to a point where it is no longer necessary to use rectified and filtered 
heater supplies. 
Small wonder that the Sonotone 12AX7A is specified by the leading 
manufacturers of high fidelity amplifiers. It is their way of insuring the 
quality of their instruments. 
The next time you replace a 12AX7A, remember that not all of them 
are alike. There are enough distinctive qualities in the Sonotone 12AX7A 
to make its choice a sure and safe one. That's the point about all Sonotone 
tubes -all have that extra something that spells better performance. 

In addition to the high -gain 12AX7A, Sonotone also features selected 
quality audio output tubes -the EL34 and EL84- available in matched 
pairs for push -pull applications. 

Next time the schematic calls for the 12AX7A, or any type of tube for 
home entertainment or industrial application - replace with Sonotone. 

SONOTONE CORPORATION 
ELECTRONIC APPLICATIONS DIVISION ELMSFORD, NEW YORK 
Cartridges Speakers Tape Heads Mikes Electron Tubes Batteries Hearing Aids 
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NEW SAMS BOOKS 
Color TV Trouble Clues 

A "must" for every service technician. 
Outlines trouble clues and procedures for 
repair of color 'PV receivers of all makes -advice 
and guidance on solving color TV problems which 
has actually been field- tested. Covers types of trou- 
bles encountered, troubleshooting techniques, align- 
ment and sync problems, convergence, etc. Includes 
valuable section on the use of test equipment to 
speed color set servicing. Fully illustrated with photo- 
graphs and schematics; a welcome help and a ref- 
erence guide for those ever -increasing color TV 
jobs. 96 pages; 534 x 8!.z ". Order COL -1, only.. TI 

Handbook of Ham Radio Circuits 
By David E. Hicks. Contains complete schematic dia- 
grams and definitive descriptions for over 50 of the 
most popular amateur radio transmitters and re- 
ceivers. Written for hams and technicians, this book 
covers the circuitry, operation, general function. 
and special distinguishing features of each piece of 
equipment. Excellent for troubleshooting and mod- 
ification needs, as well as a guide for buying 
equipment. 128 pages; 8 %x11".Order HRC -1, only L" 

Microwave Systems Fundamentals 
By F. Jonathan Mivec. This book gives you a clear 
understanding of microwave applications, including 
a basic analysis of microwave systems, and detailed 
explanations of the principles involved. Chapters: 
Introduction to Microwaves; Behavior of Micro- 
wawa; Transmission Systems; Cavity Resonators; 
Oscillators; Receivers; Antennas; special appendices 
on Mathematical Construction of a Profile Diagram 
and Waveguide Mathematics and Equivalent Cir- 
cuite of an Amplifier and Quartz Crystal. 288íC95 
pages; 5% x 8% ". Order MSM -1, only J 

BROADCAST ENGINEERING NOTEBOOKS: VOL 2 

AM -FM Broadcast Operations 
By Harold E. Ennes. The second volume in this unique 
aeries covers technical operations of radio stations 
from the operator's point of view. Ranges from basic 
information such as the layout for control rooms to 
the more complex subjects of remote equipment, 
etc. Problems encountered and proper procedures 
for operating both inside and outside the studio are 
examined. Includes sections on operating the trans- 
mitter, and FCC rules. An excellent aid in preparing 
for FCC license examinations. 256 pages; 5 z 
x 81j ". Order BEN -2, only 5 

Electronic Tests & Measurements 
By Robert G. Middleton. Another practical, authorita- 
tive book by a leading expert on measurement procedures 
and equipment. Takes a new approach by giving the reader 
a thorough understanding of circuit characteristics, on the 
sound premise that the theory behind what you are doing 
is as important as the work itself. Helps you increase your 
knowledge of circuitry as well as your proficiency in 
testing. Chapters include: Electrical & Electronic Units; 
Nonlinear Devices; Transient Analysis; Bridge Measure- 
ments; Amplifiers; Electronic Testing Theory; High -Fre- 
quency Tests & Measurements. 288 pages; 51 x $95 
855'; hardbound. Order MET -1, only U 

How to Detect & Measure Radiation 
B y Harold S. Renne. What is radiation? Where does 
it come from and how is it detected and measured? 
These are questions millions of people are asking 
today. In simple everyday language, this book 
describes the sources of radiation and how it radiates 
or "spreads out." Special attention is given to detec- 
tion and measurement devices and just how they 
operate. Of special interest to experimenters, techni- 
cians, students, Civil Defense personnel, and en - Szip 5 
gineers. 160 pages; 51/x8!". OrderADR -2, only J" 

Hall Effect Instrumentation 
B y Barron Kemp. An important book on a new and 
growing field, showing the innumerable applications 
being found for the Hall effect principle. Unknown 
20 years ago, this principle is becoming one of the 
most effective theories for measurement instrumen- 
tation. Here is a full analysis of the Hall effect and 
its applications. Chapters: The Hall Effect; Multi- 
plier Applications; Wattmeters; Modulators; Con- 
stant Control -Current Applications; Displacement 
Applications; Magnetoresistive Devices; Measuring 
Magnetic Fields. An invaluable reference and in- 
structive text for Fengineerrsp ndlstudee` ts.128s 95 
pages; n r R 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, or mail 
to Howard W. Sams a Co., Inc., Dept. B -13 
4300 W. 62nd Street, Indianapolis 6, Ind. 

Send me the following books: 
COL -I MSM -1 MET -1 HAI.1 
HRC -1 8EN -2 ADR -2 

S enclosed Send FREE Booklist 

Name 

Address 

City Zone State 
LIN CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 _...._ r. =r. r. r 
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Digital Readouts 
(Continued fron) page 3.5) 

SOFT IRON 
FIELD POLES 

Fig. 10. Schematic of "Magneline" readout. 

Armature lines up with magnetized poles. 

numbers are shown differently and the 
internal mechanical arrangement is dif- 
ferent. Eleven electro- magnets are used 
in a vertical arrangement and the per- 
manent magnet attached to the numeral 
drum is a bar mounted horizontally 
somewhat like a compass needle. The 
eleventh position is used in a patented 
circuit to eliminate the need for polarity 
reversal and to permit simpler driving 
circuitry. 

Still another type of electro- mechan- 
ical readout is shown in Fig. 13. This 
consists of seven tiny rotary solenoids, 
individually actuated, that display seven 
lines forming the desired numeral. Each 
solenoid consists of a cylindrical perma- 
nent magnet that is rotated in the field 
of its coil. A small aluminum vane is 
cemented to the magnet so that the vane 
either appears in the window or moves 
out of sight. One model has a single coil 
and will only display the desired nu- 
meral while power is applied. Another 
model uses split xvound coils and can be 
set with a pulse and then reset again 
with another pulse applied to the other 

half of the coil. Allard Instrument Corp. 
has a complete line of these readouts 
including alpha- numeric units which 
contain 14 coil assemblies capable of 
forming letters and numerals. 

Mechanical /Optical Readouts 
A readout which combines an inter- 

esting optical principle with an equally 
ingenious mechanical system is shown 
in Fig. 14. The optical principle is based 
on the use of a beam of collimated (par- 
allel beams) light and a set of ten plates, 
each having a small checkboard raster 

Fig. 12. A.C.E. is similar to "Magneline" 
except for different mechanical design. 

and an open area the shape of the nu- 
meral. When the selected plate is posi- 
tioned in a certain spot, only the light - 
forming numeral can pass through and 
project that character on the screen. To 
select the desired plate, four solenoids, 
corresponding to the four binary bits, 
each actuate a selector blade. The bot- 
tom of each numeral plate is notched 
so that only the desired plate can drop 
into the viewing position when the cor- 

Fig. 11. "Bina- View" readout combines mechanical and optical principles. 
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r save RAD -TEL'S QUALITY ' 

.ttatat BRAND NEW TUBES 
NOT USED 

TO 75% OFF /GUARANTEE 
I DAY SERVICE OVER 500 TYPES IN STOCK 

Qty. Type 

0Z4 
1 662 
113 
163 
1RA 
1114 
1115 
1x2 
2864 
2075 
34u6 
3616 
3815 
MIS 
3826 
3018 
31376 
314 
41011 
4507 
4527 
SATO 
7157 
5100 
511.8 
S/1 
SUS 
SUO 

Price Qty. Type Price 41y_ Type Price Qty. Type Price 
.7, 
.62 

573 
6454 

.46 

.46 
6806 
6607 

1.12 
1.00 

.7. 

.71 
SAC, 
SAF4 

16 
1.01 

681.18 
6826 

70 
.55 

.77 
72 

GAGS 
66114 

.70 

.11 
6827 
6Ca 

1.03 

65 
62 

6AM6 
MLA 

1.10 
.47 

6CB6 
6C06 

.45 

.55 
1.51 

64 
70 

GAMS 
GANG 

.71 

.13 
6067 
6CG1 

61 
.10 

54 
63 

6A05 
SASS 

.53 

.60 
6CL1 
6[73 

.71 

.70 
63 
.51 

SATO 
Mut .56 

.15 
6006 
6076 

1.10 
.53 

.56 

.54 
66116 
6AU5 

.52 6[46 
616 

.71 
71 

.54 
05 

6AVG 
'Awe 

AI 
/0 

66 
6L16 

63 
1.0B 

1.01 
1.01 

6046 
6046 

66 
50 

654 
6SN7 

52 
65 

.03 

.53 
68E5 
6856 

61 
55 

678 
GUS 

55 
.83 

.116 

.7I 
6E156 
6016 

66 
55 

6V66T 
6W4 

.54 
G1 

.72 
.72 
.w 
.14 

6816 
6BL 
Goss 
6861 

65 
95 
00 
62 

6W6 
64561 
646 
7ÁU7 

.71 
53 
.10 
.6S 

NAME 

ADDRESS 

CITY STATF T 

12606 .57 
12605 .BO 
12ATS .50 
12677 .76 
12AU7 .61 
121116 .41 
12624 .67 
1261(7 .63 
1211166 .50 
121E6 .53 
12557 .77 
/21L6 .56 
12006 1.16 
12177 .77 
12006 1.01 
125A76T .11 
1255707 .13 
12557 .67 
1250761 .11 
11AU1 ./7 
25106 1.17 
25106 1.52 
2511 .37 
25W1 .N 
3SW4 .42 
3525 .co 
5015 .53 
5011 SI 

Fig. 13. Allard Instrument electro- mechan- 
ical readout uses seven rotary solenoids. 

responding selector blades are actuated. 
Fig. 11 shows three of the solenoids and 
the selector blades attached to them. 
Running in the center under the numeral 
plates is a set bar which lifts all plates 
up, then allows the selected one to drop 
into the notched position. Each time a 
new number is to be displayed the se- 
lector blades are set first, the bar lifts 
all plates, and the selected one drops to 
display the nmber. 

Only 100 milliwatts is required to set 
the selector solenoids, making transistor 
drive feasible. Decoding from binary to 
decimal is done by the selector blade 
and the notching combinations Of the 
individual numeral plates. As an added 

feature in the 1,E.E., Inc. "Bina -View" 
model, four sets of reed switches are 
used underneath the four selector blades 
to provide a status readout signal for the 
data processing equipment. This pro - 
vides a memory because once a number 
is set in, the computing device can al- 
ways read that number out through the 
four reed switches. 

Servomechanisms, Inc. recently an- 
nounced a 64- character readout whose 
operation is based on light interference. 

Troubleshooting these types of read- 
out m: be very difficult because of their 
complexity. It is wiser to return them to 
the maim! acturers for repair or replace- 
ment. 

Fig. 14. Checkerboard display produced by 
"Bina- View" readout shown cutaway in Fig. 11. 

IllGUIDE 111 TUBE 60PARTS CATALOG 

RAD -TEL TUBE CO 
DEPT. EW -2 55 CHAMBERS STREET. NEWARK 5. NEW JERSEY 

TERMS 15% deposit must accompany all orders. balance COD Orders under SI add SI 
bandlIng charge plus postage Orders over S5 plus postage Appros e tubes per I It Subject 
to prior sale No COD's outside continental USA 
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GREENLEE CHASSIS PUNCHES 
Make accurate, finished holes in I I:» 
minutes or less in metal. hard rubber 
and plastics. No tedious sawing or 
filing -a fell' turns of the wrench 
does the job. All standard sises 
round. -({uare. key. or "D" shapes for 
socket:, :witches. meters. etc. At your 
elect r llic parts dealer. Literature on 
re11u't- 

GREENLEE TOOL CO. Gp - -E 
2027 Columbia Ave., Rockford, Illinois 
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