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Low- noise, thick. 
hybrid circuit phono 

preamp module plugs in. 

Conservatively rated 
power supply module for 

stable performance \ 
plugs in. 

AM tuner module 
(AM models) plugs in. 

Wide separation 
stereo multiplex module 

with automatic 
stereo switching 

plugs in. 

All- silicon transistor 
stereo power amplifier 

module plugs in. 
Choice of 50 or 105 watts 

IHF (43 or 51 watts 
continuous sine wave). 

Complete, accurate stereo 
control center module plugs in. 

Exclusive E-V "mother" board replaces 
hand wiring and hand soldering of 

most signal circuits with uniform, precise, 
etched circuit. Pre- tested modules 
simply plug in. Insures laboratory 

standard performance. Simplifies and 
speeds maintenance if needed. 

Sensitive, low 
distortion Field Effect 

Transistor (FET) 
tuner and selective, 

full bandwidth 
Integrated Circuit 

(IC) IF module 
plugs in. 

Electro Voice invents 
the wireless! 

Model E-V 1282 shown wlth CWRI valout case, $22.00 extra. 

E -V 1181 65 watt stereo FM modular receiver - $210.00 
E -V 1182 65 watt AM /stereo FM modular receiver- $233.00 

E -V 1281 130 watt stereo FM modular receiver - $255.00 
E -V 1282 130 watt AM /stereo FM modular receiver - $277.00 

All power ratings are music power ± 1 db. (65 watt units equal 
50 watts IHF power. 130 watt units equal 105 watts IHF power.) 

FREE! Call anytime day or night (800) 243 -0355 toll -free 
for name of nearest Electro -Voice high fidelity specialist. 
In Connecticut call (collect) 853 -3600. 

ELECTRO- VOICE, INC., Dept_ 1194N, 629 Cecil St., Buchanan. MIchigan 49107 

FOR INFORMATION ON E -V PRODUCTS: 

Microphones 
CIRCLE NO. 111 ON READER SERVICE CARD 

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

Musician's speakers/microphones 
CIRCLE NO. 113 ON READER SERVICE CARD 

High Fidelity speakers /electronics 
CIRCLE NO. 114 ON READER SERVICE CARD 

A SUBSIDIARY OF GULTON INDUSTRIES, INC. 
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Put your parts in order. 
All it takes :s genius to arrive at simpl" - 

ity. This new display stand is deceiving. II's 
more than a disp :ay stand. It's set up to operare 
like a store within v+Dr;t store for instant 
servicing. 

Here, within th=s unit, is a complete stock 
of all the wile gage t_st prongs you'll reed 
p:us micas, a_iniature _tectro :ytics, ceramics, 
wide range tnoulars and dipped paper Mylar* 
The selection was based cm an extensive study 
of all capacitors used int-i= r eplacement market. 
Now, with the.... Re- Place, ycafre in the capacitor 

rielacemenz business. The Re- P)iace only takes 
2 5' in space at-d you have al:: yotr parts in 
order. 

Interested? Write for our new catalog on 
The Re- ?lakeTM capacitor line. "The Replacers" 
-the mcst complete line of replacement capac- 
itors in tie smallest possible package. 

:i 2CLE WO. 140 ON F E: DE 2 SERVICE CILE! 

Dr: Poi[ Treierrar3 
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MallobinsT. The smartest way to buy components .. 
it This sturdy, stackable plastic case with parti- 
tiored drawers that keep parts where they belong. 
Indexed for instant access. Instant inventory. 

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

MALLORY 

WVDC to 100 mfd at 50 W'VDC. And there are many 
other cases which contain either 3P, PVC, TT or 
TC capacitors. There are Mallobins for carbon and 
wÉ rewound controls, too. Each wi h a wide range 
of popular values. The choice is yours. 

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

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

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
div{slnn of P. R. MALLORY A. CO. INC. 

I3ox 1568. Indianapolis, Indiana 46208; Telephone: 319.636-5353 

B tteri2s Capacitors Controls Resistors Sem conductors Switcies 5onalertw Timers Vibrators ICs Cassette Tapes 

CIRCLE NO. t2( ON READER SERVICE CARD 
2 ELEC1 ZONICS WORLD 
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THIS MONTH'S COVER 
shows three oscilloscopes 
discussed in this issue, rep- 
resenting some of the new 
design trends in the display 
instrument field today. Attop 
left is Honeywell's 1806 -A 
that combines display tech- 
niques of a scope with re- 
cording techniques of an os- 
cillograph. The scope at top 
right is Hewlett -Packard's 
Model 183A plug -in unit that 
has a d. c. to 250 -MHz re- 
sponse due to its CRT's 
unique distributive deflec- 
Jon system. This scope will 
maintain compatibility with 
both earlier plug -in units 
and any future ones having 
higher performance. Tek- 
tronix Model R5030 (bot- 
tom) is a non -plug -in unit 
with many of the features 
found in plug -in types. 
Photo: Dirone -Denner. 
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Build 
this exciting 
Schober Consolette 
Organ 

Includes finished walnut( 
console. (Only $793 if you build ' 

your own console.) Amplifier, 
speaker system, optional 

accessories extra. 

You couldn't touch an organ like this in a store 
for less than $1800 -and there never has been 
an organ of the Consolette il's graceful small 
size with 22 such pipelike, versatile voices, five- 
octave big -organ keyboards, and 17 pedals! It 
sings and schmaltzes for standards, pops, old - 
time favorites, speaks with authority for hymns 
and the lighter classics, all with a range of vari- 
ety and satisfying authenticity you've never found 
before in an instrument under church or theatre 
size. If you've dreamed of an organ of your own, 
to make your own beautiful music, even if your 
home or budget is limited, you'll get more joy 
from a Schober Consolette II than any other 
"home size" organ -kit or no kit. 

You can learn to play it. And you can build it, 
from Schober Kits, world famous for ease of as- 
sembly without the slightest knowledge of elec- 
tronics or music, for design and parts quality 
from the ground up, and - above all - for the 
highest praise from musicians everywhere. 

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

Thet9d %`Organ Corp., Dept. RN -71 
43 West 61st Street, New York, N.Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 

Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE ZIP_ 
C.I7CLZ NO. 203 ON READER SERVICE CARD 
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COMING 
NEXT 

MONTH 
SPECIAL FEATURE ARTICLE: 

STEREO COMPACTS 

EIEdrouirsWorld 

Don't miss this EW Lab Test report on compact stereo music systems. Growing in popu- 
larity by leaps and bounds, these component -quality units provide the answer to the 
problems of limited space and limited budgets. Hirsch -Houck Labs has tested a number 
of these systems -including Fisher, Harman -Kardon, Heath, Scott, and Sony, among 
others -and gives you a rundown on performance, features, and prices. 

LARGE -SCALE INTEGRATION 

Is this the beginning of the LSI era? 
David Heiserman discusses some of the 
problems encountered by semiconduc- 
tor manufacturers in going to LSI and 
provides information on presently avail- 
able LSI devices. 

LOUDSPEAKERS FOR 
P.A. SYSTEMS 

In this final article of the series, Abra- 
ham B. Cohen describes available p.a. 
speakers, provides comparative charac- 
teristics, and tells you how to make the 
best choice for a particular public -ad- 
dress system installation. 

ELECTRONIC 
TYPE COMPOSITION 

Edward Lacy brings you up -to -date on 
the new computer -driven CRT systems 
that are being used to compose type for 
newspapers, magazines, and books. A 
number of electronics firms are deeply 
involved in basic research and develop- 
ment in this field. 

AUDIO EQUALIZATION 
CURVES UP -TO -DATE 

Here is a summary of the curves now in 
use for FM broadcasting, disc and tape 
recording, and the latest standard for 
the popular tape cassette. 

All these and many more interesting and informative articles will be flours 
in the December issue of ELECTRONICS WORLD ... on sale November 18th. 
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Earn Your DEGREE in Electronics! 
Grantham School of Engineering offers an educational program leading to the Degree of Associate 
in Science in Electronics Engineering - the ASEE. Beginners in electronics must take resident classes 

in Hollywood, Calif., or in Washington, D.C. However, experienced electronics technicians may com- 

plete the entire degree program by home study, except for the final two weeks which must be taken 
in Hollywood. There are three different ways the program is offered, referred to as Daytime -Resi- 

dence, Supplemented- Correspondence, and Home Study. Each method is discussed below. 

Daytime- Residence 

The Daytime- Resident program is designed for beginners. 
You may enroll in Hollywood or Washington. Classes meet 
five days per week, and each semester is 16 weeks long. 
Three semesters are offered each year. Upon satisfactory 
completion of the five semester program (about 20 months), 
you are awarded a Diploma in Electronics Engineering 
Technology. Then, to complete the requirements for the 
ASEE Degree, you must attend the associate- degree semi- 
nar -a two -week period of review, consultation, and 
evaluation. 

This seminar is held, for Hollywood and Washington 
students, at the main School in Hollywood. For Washing- 
ton students the School pays the round -trip (to and from 
Hollywood) airline transportation charges, so that all the 
graduating students in both schools may participate in each 
seminar together. 

For those who wish to continue their engineering studies 
beyond the ASEE Degree level, Grantham offers a BSEE 
Degree program in Hollywood. The Grantham ASEE De- 
gree or other equivalent background is prerequisite to en- 
rollment in the BSEE Degree program. 

Supplemented- Correspondence 

The Supplemented- Correspondence program is designed 
for beginners. You take the correspondence lessons from 
the main school in Hollywood, but the supplementary resi- 
dent classroom and laboratory sessions, one evening per 
week, may be taken in either Hollywood or Washington. 
The main part of the program is divided into five semes- 
ters, each semester being slightly less than six months long, 
so that you normally complete the five semesters in 21/2 

years. Upon completion of this five -semester program, you 
are awarded a Diploma in Electronics Engineering Tech- 
nology. Then, to complete the requirements for the ASEE 
Degree, you must attend the associate -degree seminar -a 
two -week period of review, consultation, and evaluation 
- in Hollywood, the same as is explained under "Daytime - 
Residence" above. Seminar round -trip airline transporta- 
tion for Washington students is paid by the School. 

Grantham School of Engineering 
Specializing in Electronics since 1951 

1505 N. Western Ave. 

Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

November, 1969 

or 
818 18th Street, N.W. 

Washington, D.C. 20006 

Telephone: 
(202) 298 -7460 

Home Study 
In the ASEE Degree program offered to experienced elec- 
tronics technicians, the entire educational program leading 
to the Diploma in Electronics Enginering Technology is 

conducted by home study. It consists of 370 home study 
lessons, divided into five "correspondence semesters ". The 
prerequisite for enrollment is high school graduation (or 
equivalent) and at least one year of fulltime experience as 

an electronics technician. 
Upon completion of the 370 home -study lesson (five 

semester) and receipt of your EET Diploma, you are then 
eligible to attend the associate -degree seminar -a two -week 
period of review, consultation, and examination -in Holly- 
wood, as the final requirement for your ASEE Degree. 

This accredited ASEE Degree program offered to ex- 
perienced technicians, begins with a review of electrical 
and electronic principles and systems, and then continues 
with applied engineering mathematics (including algebra, 
trigonometry, analytic geometry, and calculus), classical 
and modern physics, technician writing, computer systems, 
electrical network design, and semiconductor circuit de- 
sign. 

Accreditation, and G.I. Bill Approved 

Grantham School of Engineering was established in Holly- 
wood, California in 1951, and the Eastern Extension Divi- 
sion of the School was opened in Washington, D.C. in 
1955. 

The School is approved in California by the California 
State Department of Education, is approved in the District 
of Columbia by the D.C. Board of Education, is approved 
under the "Cold War G.I. Bill" to offer resident courses 
in Hollywood and Washington and correspondence 
courses from Hollywood, is accredited by the Accrediting 
Commission of the National Home Study Council, and is 

authorized under the laws of the State of California to 
grant academic degrees. 

Grantham School of Engineering EW -11 -69 

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

Please mail your free Bulletin, which explains how the 
Grantham educational program can prepare me for ,my 

Associate in Science Degree in Electronics Engineering. 

Name Age 

Address 

City State Zip 

I am interested in: Daytime- Residence 
Supplemented- Correspondence, Home -Study L J 

5 
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Simple! 

BELL P/A brings you 
16 SIMPLE SOUND SYSTEMS 
... pre- matched 
... factory -wired 
... all ready to put in. 

Don't jerry-rig another 
sound system! 

Bell P /A's new line of packaged 
Simple Sound Systems takes the 
guesswork out of matching mics, 
amps and speakers. 

Indoor, outdoor, mobile, portable 
... 16 different systems in all ... 
for fixed, permanent installations ... 
rentals ... churches ... schools ... 
arenas ... offices ... you name it. 

All components are Bell P /A's 
guaranteed quality ... backed by 
more than 37 years' experience in 
sound research and manufacturing. 

Special offer, limited time only! 
Send coupon for details. 

BE pa 
professional appeal 
BELL P/A PRODUCTS CORPORATION 
1209 North Fifth Street, Columbus, Ohio 43201 

Send lull details on Simple Sound Systems. 

Name 

Organization 

Address 

City State Zip 

L 
CIRCLE NOS 144 ON READER SERVICE CARD 
6 

or the record 
WM. A. STOCKLIN, EDITOR 

TV SERVICING 
INDEPENDENT radio and television 

service technicians from across the 
country gathered in Waterbury, Conn. 
for the annual convention of NEA 
( National Electronic Associations, Inc.) . 

They came from as far as California, 
Oregon, and Texas to help solve indus- 
try problems and to release their pent - 
up emotions on the manufacturers. At 
times tempers flared, but the manufac- 
turers' representatives -from such corn - 
panies as Pllilco -Ford, G -E, Motorola, 
Winegard, Sylvania, Panasonic, 
Sprague, and RCA -answered the ques- 
tions extremely well and, at times, quite 
cleverly. 

This year for the first time -by special 
invitation from NEA -we participated 
in their convention, and we were 
impressed. The men who attended were 
personable, ambitious, intelligent -by 
any standards, good businessmen. They 
were independent technicians, yet very 
few, if any, were from a one -man shop. 
For the most part they were the owners 
and operators of larger service shops and 
some ran multi -shop operations. 

Problems of serviceability, warranty, 
and replacement parts continue to 
plague the technician. They have ever 
since radio was invented and they prob- 
ably will continue to forever. But con- 
tinuing dialogue between service groups 
and manufacturers as at national con- 
ventions of this type will, in some way, 
reduce such headaches. 

What was new, though, was a report 
by Dr. Robert Elder of the Public 
Health Service on the subject of x -ray 
radiation from color -TV sets. A law 
spelling out radiation limits goes into 
effect next January 1st and responsibili- 
ty for seeing that color sets meet legal 
standards rests with the manufacturers. 
The limit is not a danger level but sim- 
ply a guideline far below any level 
which could adversely affect the general 
viewing public. Actually, the x -rays pro- 
duced by TV sets can not be compared 
to medical x -rays at all- they're so much 
weaker that they cannot be measured at 
normal viewing distances. Even if the 
radiation were twice the recommended 
standard, there still would be no danger 
fo anyone under normal viewing condi- 
tions. 

Another interesting point is that, start- 
ing next year, all color -TV sets will have 
to be registered, i.e., the name and ad- 
dress of the owner must be recorded by 
either the dealer or the manufacturer. 

The highlight of the meetings, in our 
opinion, was a speech by Bill Wood- 
bury, president, Sprague Products Co. 
(A condensed version appears on page 
13, don't miss it). In it, he made two 
main points: 

1. A plea for unity. Actually there are 
two major national service associations, 
NEA and NATESA, working indepen- 
dently although for the same goals. It's a 
shame not only because of the wasted 
effort but because much more could be 
done with a unified national service as- 
sociation. Bill pinpointed the tremen- 
dous amount of electronic service busi- 
ness being lost to the independent. We 
had never given a thought to the amount 
of money involved and his figures came 
as somewhat of a surprise. 

2. One point we particularly appre- 
ciated -since we've mentioned it in the 
past and will continue to do so in the 
future -is that the service industry is 
going to change. It has been changing 
for a number of years, but there are 
more drastic changes to come. With fully 
transistorized television we foresee the 
disappearance of the one -man shop. 
Normal attrition, in the sense that ser- 
vicing solid -state equipment is much 
more involved than tube designs, will 
cause many old -timers, who just will not 
keep up, to fall by the wayside. Another 
change we foresee is the trend toward 
modular construction. Motorola started 
this several years ago and we feel that, 
in time, all sets will be modular. This 
will alter the entire concept of electronic 
servicing. It will create a situation where- 
in set owners will bring in various mod- 
ules for checking and we will have PC- 
board repair stations in every major city. 

CATV will bring about another im- 
portant change: within 20 years all 
homes will be cable- connected. When 
this occurs CATV operators will have 
the inside track to all TV servicing. In 
fact, it's Iikely that many sets then in use 
will be rented and serviced directly by 
CATV operators. ( These are only a few 
of the things we foresee for television, a 
subject which will be covered in depth 
in our upcoming January article, "Tele- 
vision: 20 Years From Now. ") 

The convention ran for four days and 
accomplished a lot. At least all of their 
present -day problems were discussed 
even if nothing was seriously considered 
about problems of the future. Well, 
that's another problem for another con- 
vention. 

ELECTRONICS WORLD 
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Here's More Alarming News 
From The Alarmists! Dialtronic 

Automatic 
Telephone 
Communicator 
Model DT -1000 

Radar Sentry Alarm 
announces a new powerful 
way to stop crime ... "Dialtronic" 
Radar Sentry Alarm announces a 
new powerful way to fight crime. 
Imagine a security system that 
automatically and silently delivers 
any emergency message for which 
it is programmed. Dialtronic adds 
a new dimension to your security 
needs. Advanced concepts in tech- 
nology and design bring you a new 
level of security. Providing un- 
limited application, the Dialtronic 
uses solid state circuitry to bring 
help immediately. Use it with 
existing alarm systems or any other 
sensing device. Dialtronic is the 
ideal personal protection for any- 
one who is vulnerable to intruders. 
Dialtronic will perform with never 
a lapse in security . . . You are 
assured of highly reliable pro- 
tection. 

Also used to protect premises while 
they are being occupied, the Radar 
Dialtronic gives push button pro- 
tection to businesses and home 
owners alike. This system is trig- 
gered by a hidden push button or 
portable transmitter. Once set into 
action, it automatically dials the 
phone -delivering any pre- 
recorded message for which it is 
programmed without the would - 
be-thiefs' knowledge. In effect, the 
Dialtronic gives you a direct line to 
police, fire departments, in -plant 
security, key personnel ... whoever 
you designate. 
Dialtronic's built -in programmer 
lets you magnetically store "error 
free" messages on cassette type 
tape cartridges. Stored informa- 
tion is instantly available to notify 
proper officials, delivering correct 
message in each case. 

The Crimebusters E> 
Want You!... Now! 

... To make the biggest profits of your career - 
filling ready -made demand for the dramatic new 
RADAR SENTRY ALARM systems. Get started 
NOW as dealer or distributor -step into five - 
figure income at once, with unlimited potential 
and wide -open opportunity to grow as you go! 
MAIL COUPON AT ONCE! 

CIRCLE NO. 107 ON READER 

November, 1969 

r 

Advantages of Dialtronic 
Telephone Communicator 

Eliminates costly leased tele- 
phone lines. 
Simultaneously stores up to ten 
separate messages on magnetic 
tape. 
Automatically dials the right 
people and delivers the correct 
message in each case. 
Battery operated (optional) 
Rechargeable "Nic /Cad" bat- 
teries with built -in charger. 
Converts existing local alarm to 
central station system. Easily 
and quickly installed. 
Silent "on premises hold up 
alarm with the ability to get the 
facts out" instantly. 
Can be used with optional wire- 
less control. 
Home prowler alarm, fire alarm, 
emergency alarm for invalids. 
Can be programmed for any 
emergency. 

RADAR DEVICES MFG. CORP. 
22003 Harper Avenue 
St. Clair Shores, Michigan 48080 

Send m: the alarming details. 
Also seed me booklet outlining available 
dealerships. 
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Electronics comes 
alive with NRI 

Training Kits 

ELECTRONICS WORLD' 
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DISCOVER THE EASE AND EXCITEMENT 

OF TRAINING AT HOME THE NRI WAY 

New Achievement Kit - Custom 
Training Kits -"Bite Size" Texts 

Only NRI offers you this pioneering method of simpli- 
fied "3 Dimensional" home -study training in Electron- 

ics, TV /Radio and Broadcasting /Communications. It's 

a remarkable teaching idea unlike anything you have 

ever encountered, the result of more than half a cen- 

tury of simplifying, organizing and dramatizing learn - 

ing -at -home techniques. If you are an ambitious man 

-regardless of your education -you can effectively 
learn the Electronics field of your choice the NRI way. 

NRI has simplified Electronics by producing "bite 
size" lesson texts averaging only 40 pages each. Dozens 

of illustrations open wide a picture window through 

which you'll see and understand practical uses of Elec- 

tronics. You start out with NRI's exclusive Achievement 
Kit, containing everything you need to get started fast. 

(Illustrated at right.) 
NRI has organized Electronics training to take you 

step -by -step from the first stages into more intriguing 
areas. Once you know the fundamentals thoroughly, it's 

easy to grasp more advanced theory and techniques. 
You move with confidence and enthusiasm into a new 

adventure filled with the excitement of discovery. 
NRI has ,dramatized Electronics through the careful 

development of special training equipment that is 

programmed into your training systematically ... be- 

ginning with your first group of lessons. Things you 

read about come alive in your hands as you build, ex- 

periment, purposely cause "problems" in circuits - 
and solve them. You learn to use test equipment, to 

build radios and TV sets, transmitter, or computer 
circuits. It's the priceless "third dimension" in NRI 

training ... practical experience. 

More than 50 years of leadership 

in Electronics Training 

Career? Part -Time Earnings? 
1. TELEVISION -RADIO SERVICING - 
Learn to fix all TV sets, including Color. 
Includes your choice of NRI Color Kit or 
19" black- w!iite TV Kit. Also covers 
radios, stereo hi -fi, etc. Profitable field 
spare or full -time. 

2. INDUSTRIAL -MILITARY ELECTRON- 
ICS - Basics to computers. Starts with 
fundamentals, covers servos, telem- 
etry, multiplexing, phase circuitry, other 
subjects. 

3. COMPLETE COMMUNICATIONS* - 
Operation, service, maintenance of AM, 
FM and TV broadcasting stations. Also 
covers marine, aviation, mobile radio, 
facsimile, radar, microwave. 

4. FCC LICENSE* - Prepares you for 
1st Class FCC License exams. Begin 
with fundamentals, advance to required 
subjects in equipment and procedures. 

November, 1969 
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ACHIEVEMENT KIT 

.11 

YOU GET MORE FOR 

YOUR MONEY FROM NRI 

Mail postage -free card now for your free NRI catalog. 
Then, compare. You'll find -as have thousands of others 
-NRI training can't be beat. Read about the new 

Achievement Kit sent the day you enroll; about "bite - 
size " texts and custom designed training equipment. 
See why N RI gives you more value. Whatever your reason 

for wanting more knowledge of Electronics, NRI has an 

instruction plan for you. Choose from major programs in 

TV /Radio Servicing, Industrial Electronics and Complete 
Communications. Or select from 
special courses to meet specific 
needs. Check the course of inter- 
est to you on postage -free card 
and mail today for free NRI cata- 
log. Nosalesmanwillcall. NATIONAL 

RADIO INSTITUTE, Electronics Div., 
Washington, D.C. 20016. 

AvailableUnder 
NEW 

GI BILL 
If you served since 
January 31, 1955, or 
are in service, check 
GI line in postage - 
free card. 

Hobby? Choose From 12 Training Plans 
9. MARINE COMMUNICATIONS * - 5. MATH FOR ELECTRONICS - Brief 

course for engineers, technicians seek- 
ing quick review of essential math: 
basic arithmetic, short -cut formulas, 
digital systems, etc. 

6. BASIC ELECTRONICS - For anyone 
wanting a basic understanding of Radio - 

TV Electronics terminology and compo- 
nents, and a better understanding of 
the field. 

7. ELECTRONICS FOR AUTOMATION - 
Not for beginners. Covers process con- 
trol, ultrasonics, telemetering and re- 

mote control, electromechanical meas- 
urements, other subjects. 

8. AVIATION COMMUNICATIONS* - 
Prepares you to install, maintain, serv- 
ice aircraft in- flight and landing sys- 
tems. Earn your FCC License with 
Radar Endorsement. 

Covers electronic equipment used on 
commercial ships, pleasure boats. Pre- 
pares for FCC License with Radar 
Endorsement. 
10. MOBILE COMMUNICATIONS* - 
Learn to install, maintain mobile trans- 
mitters and receivers. Prepares for FCC 
License exams. 

11. ELECTRICAL APPLIANCE REPAIR - 
Learn to repair all appliances, including 
air conditioning, refrigeration, small gas 
engines. Leads to profitable part or full - 
time business. 

12. ELECTRONICS FOR PRINTERS - 
Operation and maintenance of Elec- 
tronic equipment used in graphic arts 
industry. From basics to computer cir- 
cuits. Approved by major manufacturers. 

* You must pass your FCC License 
exams (any Communications course) or NRI 
refunds in full the tuition you have paid. 
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Voltage supply in your city can vary as much 
as 10%. And even a 2% variation causes a sig- 
nificant tape speed change in tape decks with 
induction motors and a difference in repro- 
duced sound that is intolerable. 

The Concord Mark H stereo tape deck com- 
pletely ignores fluctuations in line voltage. It 
is driven by a hysteresis synchronous motor 
which locks onto the 60 cycle power line fre- 
quency and maintains constant speed (within 
0.5 %) regardless of voltage variation from 75 
to 130 volts. So if you're about to buy a tape 
deck that doesn't have a hysteresis synchro- 
nous drive motor, you're liable to negate any 
other fine feature it might have. 

Don't get the idea the hysteresis motor is all 
the Concord Mark II has to offer. It also has 
just about every other professional feature. 
Three high -quality heads: ferrite erase head; 
wide gap Hi -Mu laminated recording head for 
optimum recorded signal and signal -to -noise 
ratio, narrow gap Hi -Mu laminated playback 

head for optimum reproduced frequency re- 
sponse. No compromise combination heads. 
The three heads and four preamplifiers also 
make possible tape monitoring while recording. 

The tape transport mechanism assures a 
fast startup -you don't miss a note. Supply 
and takeup tape tension arms eliminate startup 
burble. A special flutter filter eliminates flutter 
due to tape scrape or cogging action. A cue 
control provides instantaneous stop and start 
operation. Other important conveniences: the 
flip -up head cover permits you to see the head 
gap position markings for professional editing; 
3 speeds; automatic sound -on -sound with ad- 
justable level controls; variable echo control 
for reverb recording; calibrated VU meters 
with individual record indicator lights; stereo 
headphone jack; electronically controlled dy- 
namic muting for automatic suppression of 
tape hiss without affecting high frequency re- 
sponse. All this, for under $230. 

The hysteresis drive Concord Mark III has 

all of the features of the Mark II plus pressure - 
sintered ferrite heads for extended frequency 
response and virtually no head wear. It sells 
for under $260. 

The hysteresis drive Mark IV, the top- of -the- 
line Concord deck offers all of the performance 
and conveniences of the Mark II and III includ- 
ing wide gap record, narrow gap playback 
heads,tape source monitoring, sound -on- sound, 
echo recording. Plus, a dual capstan tape trans- 
port mechanism with electronic automatic re- 
verse, no metal foil or signal required on the 
tape. Superior recording performance plus the 
convenience of automatic reverse and continu- 
ous play. A superb instrument with the finest 
performance money can buy, and it's under 
$330. Audition the new Concord Mark series, 
the tape decks with the hysteresis synchro- 
nous drive motor. For "all the facts" brochure, 
write: Concord Electronics Corp., 1935 Anna- 
cost Ave., Los Angeles, Calif.90025.(Subsidiary, 
Ehrenreich Photo -Optical Industries, Inc.)05, 
For copy of Concord Mark III Instruction book, mail 254 in coin 

NEITHER AIR CONDITIONERS, TV SETS,WASHERS NOR ANY OTHER 

ELECTRICAL APPLIANCE CAN KEEP THE HYSTERESIS-DRIVE 
CONCORD MARK II FROM ITS PRECISELY APPOINTED SPEED. 

CIRCLE NO. 141 ON READER SERVICE CARD 
12 ELECTRONICS WORLD 
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GUEST EDITORIAL 

A Plea For.. . 

A United Service Association 
By R. W. WOODBURY 

President, Sprague Products Company 

Highlights from speech presented by Bill Woodbury before NEA (National 
Electronic Assns.) National Convention held in Waterbury, Connecticut. 

"rrHANK you for the opportunity to spend a few minutes with 
1 you this evening. As you know from our history, we at 

Sprague Products Company strive to maintain a very close 
relationship with all of you people in the electronic service 
industry. We devote a high percentage of our research and 
development activities towards providing you with exact re- 
placement components... It is also our aim to supply you with 
replacement components of the highest possible quality level ... 

"Because my company, and I personally, are vitally interested 
in your organization, I am here today to give you my thoughts 
on a few things which I hope will contribute to your future. 

"Your committee has assigned me a topic for my talk, the 
title of which would be something like 'What the parts manu- 
facturer can do for the service technician.' So let me start out 
by changing the words around and ask you, 'What can the parts 
manufacturer do for the service technician ?' I would -very seri- 
ously -like to hear from each of you on that subject . . . 

"In the meantime -until I hear from you -I am going to strike 
out on my own, and give you some of my thoughts . 

"You may not like to hear some of the things I am going to 
say -you may not agree with me -but because we are friends 
I am going to speak freely ... 

"Here's the first thing I am going to s:77 that you may not 
like. The independent electronic service industry does not know 
how to work together in a trade association. I should perhaps 
soften that and say: Either you don't know or you won't work 
together. I am not, of course, talking about only fellows here 
in this meeting; I am talking about the total independent elec- 
tronic service industry. It is obvious that most of you here in this 
group do know how to work together: Your committees make an 
excellent attempt in the job of organizing, planning, and assoc- 
iation promotion. The handwriting is on the wall, however; these 
few cannot do everything that must be done -it will take every 
one of your members and even those who will join later. 

"You have a tremendous task ahead of you. I understand 
there are 125,000 active electronic service technicians in this 
country, and 15 to 25 percent of this number belong to a trade 
association. Isn't that a pathetic batting average? So I say it 

is going to be a real accomplishment to get the majority of these 
125,000 technicians to work together; some people say it is im- 
possible, that it never can be done. I say it is not impossible, I 

say it can be done, and the nucleus of motive power needed to 
gain the necessary momentum is right here in this group. You 
fellows who care enough about your future . . . to take time 
away from your businesses to come here to contribute to that 
future, and that industry, are capable of successfully completing 
this job that absolutely must be done. 

"Another very important point that I should make here, and 
one that disturbs all of us, is this: 15 to 25 percent who belong 
to a trade association belong to several different trade assoc- 
iations, each going off in its own independent direction, each 
having some small effect on the objectives you all are attempting 

t to attain. Wouldn't it be an ideal situation if all of these electronic 
service businesses belonged to one nation -wide trade assoc- 
iation ... 

"So, how do we turn these trade association membership 
percentages around? A minute ago I said you have a big job 
to do. I emphasize you, because nobody -there is nobody -can 
do it for you ... I might add, also, that manufacturers, distrib- 
utors, or the consuming public are not going to do it for you. 

"This leaves you standing out there pretty much all alone. 
"First you must have an objective. And here, your first ob- 
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jective should be to build a strong, large, effective, and single 
national trade association with a voice so loud as to be heard 
from coast to coast. NEA, it appears to me, has the vitality, the 
enthusiasm, the talent necessary to do the job. 

"The first step involves the binding together of all the splinter 
service associations across the country. This can be accom- 
plished with the help of the responsible individuals here tonight. 
These fellows can do the groundwork; they can negotiate the 
merging of these various associations through meetings with 
those leaders who see the wisdom of joining together in one 
association.. . 

"There are so many benefits to be derived from a national 
trade association that the service industry actually cannot af- 
ford to continue on the route they are now following. It appears 
to me, as I am sure it must to others, that your existing trade 
associations spend so much time and effort fighting among 
themselves there can be little time left to make the necessary 
contributions to the industry ... Think for a moment: One seg- 
ment of this industry holding its national convention here in July, 
another doing the same next month in Chicago. Think how this 
looks to the world ... 

"I firmly believe that if you fellows had had a strong, influ- 
ential, and well- financed national trade association, supported 
by every electronic service technician in the country, you would 
not have -in recent years -let millions, perhaps billions of dol- 
lars in electronic sales and service literally slip through your 
fingers. I refer to the electronically controlled garage door busi- 
ness, intercom, marine radio, mobile radio, hi -fi, electronic or- 
gan, Citizens Band business -and on and on -all slipping 
through your fingers. The fact that the service industry has 
virtually refused to sell and service these products has not 
helped your image. 

And now we are in an era where we find heavy electronic 
application in the medical profession and even heavier appli- 
cation in the computer industry. Consider the digital read -out 
manufacturers who are looking for warranty repair stations. How 
many of you are going to sit idly by and let these opportunities 
slip through your fingers? 

"A strong, healthy, and properly functioning trade association 
could have supplied you with marketing trends and data that 
would have provided you with information with which to prepare 
yourselves for handling the business I have just outlined. This 
is an important function of a trade association. 

"You now need the information with which to prepare your- 
selves for the shocking changes that will take place in this in- 
dustry within the next ten years. What are you going to do when 
every new TV set is completely modularized, could possibly 
require very little service? You had better start preparations 
now, attend every 'Home' Show and Electronic Trade Show 
available to you to learn about the new electronic gadgets for 
the home that will be quite commonplace five or ten years from 
now. You must branch out into these other areas of electronic 
service. Somebody is going to do it. It had better be you. 

"Every town and neighborhood in larger cities should now 
have an electronic service center, capable of repairing any 
electronic and electric gadget to be found in the American 
home. You notice I said 'electric' as well as electronic. Yes, 
I recommend that you gear yourself into this phase of service 
too. Through a cooperative effort you can do anything that must 
be done. The electrical industry is getting into your business; 
you had better get into theirs. It should be a part of your over -all 
'survival' plan." 
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Go on a quality kick 

You can afford it 
with these Gutperformers 
You give up nothing - except a high price - when you buy 
these quality performance Pioneer hi -fi units. Designed for 
the discriminating budget- minded buyer, they contain ad- 
vanced engineering features and looks that put them in 
the class of much more expensive stereo components. 

SA -500 INTEGRATED STEREO AMPLIFIER - The perfect 
starter unit for a stereo system, the all solid state SA -500 
produces 44 watts of music power. Even at the highest 
crescendo, distortion is less than 0.5 %. Four inputs plus 
outputs for speakers, tape recording, loudness contour 
and a headset jack make it tops in versatility. $99.95 

TX -500 AM -FM TUNER - All solid state, its multiplex cir- 
cuitry provides wide channel separation with excellent fre- 
quehcy response. An FET front end, combined with years - 
ahead design, assures high sensitivity and superb image 

rejection. Containing advanced features that place it on 
a par with more expensive units, it is priced at $99.95. 

SR -202 REVERBERATION AMPLIFIER - The most dra- 
matic new component in years! No matter what your sys- 
tem is, the SR -202 adds dimension and greater realism to 
your stereo sound than you can realize. The SR -202 in- 
creases the natural quality of your recordings and tapes. 
Reverberation can be added to an audio amplifier using 
one or two tape recorders, a record player, or a tuner. In 
fact, a total of 15 equipment combinations are possible. 
$95.00 

These three Pioneer Outperformers are each housed in a 
handsome cabinet with brushed chrome facing and Bra- 
zilian rosewood end pieces. Hear them in action at your 
local Pioneer dealer. 

0,0 PIONEER® 
PIONEER ELECTRONICS U.S.A. CORPORATION, 140 Smith Street, Farmingdale, N.Y. 11735 (516) 694 -7720 
West Coast: 1335 W. 134th St., Gardena, Calif. 90249 (213) 323 -2374 & 321 -1076 Canada: S. H. Parker Co., Prov. Ontario 
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a io vi i1 news 
By FOREST H. BELT /Contributing Editor 

Triniton Makes It 

After repeated new -set "announcements" over the past three years, Sony is finally getting its 12 -inch 
color portable into the U.S. market. You'll be seeing ads -in full color, appropriately enough -telling 
how and why the "Trinitron" picture tube is "better" than shadow -mask tubes. The Trinitron, you may 
remember, is a one -gun color tube that produces three beams. The red, green, and blue phosphors are 
laid down in vertical stripes on the screen. They are masked by an aperture grille, a sheet of thin bars that 
make sure the deflected beams fall on the proper color phosphors. Ads claim greater brightness over 
shadow -mask tubes. American tube -makers may challenge that, since they have the new black- surround 
and new gadolinium phosphors on their super -bright color CRT's. Numbers of the small Sony sets are still 

limited. A larger- screen version has been introduced in Japan, and will probably make it to the U.S. some 

time in 1970. 

X- Rays -Clean Bill of Health 

The Bureau of Radiological Health, the new arm of the U.S. Department of Health, Education, and 
Welfare, now admits it has no evidence that television x- radiation has ever caused any illness or other 
harmful effect. This revelation came with BRH's final setting of reasonable standards for color -set radia- 
tion. The schedule looks something like this: 

(1) By January 1970, all properly adjusted color sets coming off factory assembly lines must emit no 

more than 0.5 mR/hr of x- radiation; that's a sensible limit, far below any possible harmful dose, and 
much more practical than the 0.1 mR /hr which was to be demanded, according to earlier reports. 

(2) By June 1970, color sets must include some means of limiting x- radiation to 0.5 mR /hr, even 

when badly misadjusted. - 

(3) By some time in 1971, chassis design must be such that radiation cannot exceed the limit, no 

matter what kind of breakdown occurs in the chassis. 
This still may not be the end of news about x -rays in color sets. The subject has now become a matter 

of concern to the fraud divisions of many police departments. It seems a rash of gimmick- pushers are 
capitalizing on the public's lingering fear of the possibility of x -rays from color TV. Small do- it- yourself 
"x -ray measuring kits" are popping up, some at ridiculous prices. In the opinion of BRH, none of these 
gadgets -usually only a few pieces of film -is of any significant value in detecting excess radiation. May- 

be this new angle is something the politi :ians who have been looking for windmills to tilt can get their 
lances into. 

More Super- Bright Picture Tubes 

After RCA and Zenith almost simultaneously announced their new extra -bright color picture tubes, 
with black masking around each phosphor dot to cut down wasted beam energy, other makers joined in. 

Admiral has one with the black- surroundi like RCA's; General Electric has one with new brighter gado- 

linium phosphors; Motorola has a bright- phosphor tube; Sylvania has a brighter version with "improved" 
phosphors; Magnavox will buy someone's version for its high -end models. Brighter screens mean higher 
prices, too. All sets using the new CRT's carry net prices higher than equivalent models without the bright 
tubes. 

From the Top 

It's no wonder consumers complain. A lot of them get raw treatment. Service people give them excuses 

why the set can't be fixed properly, promptly, or reasonably. Complaint managers turn a deaf ear or give 

an unknowing shrug to questions about warranty. Manufacturers can't come up with replacement parts, 
even for sets that are a year old. Is it any wonder consumer protectionists are having a field day? 

What seems to annoy people most is the uncaring attitude that is so common these days. It's bad to gen- 

eralize, but this serious problem is plaguing most of the country today. It is especially damaging to the 
already embattled service business. It's too easy to give a smart -aleck answer, to feign ignorance, to just 
shrug off responsibility to customers. Whatever happened to plain old -fashioned courtesy? 

Playsenbsr, 1969 1S 

www.americanradiohistory.com

www.americanradiohistory.com


Something we've noticed. If you can't get satisfaction from a front -line employee, you're not likely 
to get any more satisfaction "on up the line." The fact is, employee attitudes reflect those "up the line." 
Over and over. you'll find that evasive, discourteous attitudes in the lower echelon of an organization 
have filtered down from above. If you feel the person you're dealing with doesn't really care that you 
have a problem with whatever you bought, you can safely bet the boss doesn't care either. Check it out 
some time. 

Then turn around and apply it to your own relations with customers ... or those of your employees. 
Do you consider your customers inconveniences, especially when something goes wrong with whatever 
you sold them? If you do, your employees will, too. Those are the kinds of attitudes that are justifying 
the new laws Congress is arming consumers with. When the worm turns. will it be on you? Have you 
been treating your customers, whoever they are, the way you want to be treated? 

Television Satellite for Canada 

The distinction of being first with satellite -beamed domestic television seems likely to go to our neighbor 
to the north. Telesat, as it is called, goes into a parking orbit early in 1972. It will hover over the 
equator and concentrate its directional antenna over the entire area of Canada. The beam will touch 
some of our northernmost states and Alaska. We're helping design the bird and our own NASA will 
launch it. But the project is strictly Canadian. We might get some use from it in Alaska, but no agree- 
ment to this effect has been signed. 

The satellite will have six two -way TV -type channels. Two of them will be subdivided into hundreds 
of communications channels for telephone circuits to remote regions. One will be held in reserve in 
case another fails. Only three will carry television. 

The Canadians, for the good of their outlying territories, overcame most of the thorny political prob- 
lems that keep the U.S. from having domestic satellites; we might pick up some pointers from their way 
of getting it done. 

Whose Fault? 

Visiting in shops around the country, we sometimes get some eye -opening viewpoints about "what's 
wrong with the repair business." In a midwestern shop not long ago. it was obvious business was bad 
and getting worse. The owner had laid off his two men. although one helped out evenings on occasion. 
Inevitably. the talk got around to what makes the business "so bad." 

This technician/ow-ner insisted he is a victim of circumstances. We put the question, "What does the 
technician or the industry do wrong ?" 

He answered. "Nothing. You can't blame the serviceman. It's just a rotten business. The customers 
give you hell for no reason at all. Nearly half my calls are to go hack and fix some set that didn't stay 
fixed. And the customer wants it for free this time. It's not my fault the sets won't stay fixed. If the 
manufacturer only made the sets right, there wouldn't be any need for so much repair work. And the 
chiseling customers won't let you charge enough to make anything even when you fix it. No, it's just a 
lousy business. I'm gonna close up shop one of these days and get a decent job." 

The windows were dirty. The floor hadn't been swept in weeks. The bench was cluttered. There were 
110 shelves and the chassis were strewn around the floor. The owner wore dirty shirt and trousers. The 
ntwcest piece of test equipment was about 12 years old, and a narrow -band scope was under the bench 
covered with dirt. There was one drawer with a few sheets of service literature. "I do my servicing 
mostly from memory." he told us. 

For him it really is a rotten business. But we simply couldn't agree that he was doing everything 
right. This man isn't a victim of circumstances; they are his victim. 

Flashes in the Big Picture 

One complaint about inboard warranties is that manufacturer picks servicer; Midland International 
Corp. of Kansas City, lets customer choose own service company if warranty repairs become necessary.... 
New Chairman of FCC is Dean Burch, former Republican National Chairman ; replaces Rosel H. Hyde.... 
Station manager and owner Robert Wells replaces James J. Wadsworth as FCC Commissioner; first 
time in long time Commission has had experienced broadcaster.... New booklet "How to Buy Color 
TV" produced by Electronic Industries Association and Better Business Bureau; quantities ($3 per 
100) from National Better Business Bureau. 320 Park Avenue, New York, N.Y. 10017... . Philco- 
Ford supplied thousand transistor radios to help rescue agencies get word to Hurricane Camille vic- 
tims.... Electric utility companies are helping dealers in their areas promote color -TV sales; example 
is Cincinnati Gas & Electric, with theme "Color Turns You On;" helps several hundred dealers. 
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LAB TESTED 

HI -FI PRODUCT 
REPORT 
TESTED BY HIRSCH -HOUCK LABS 

Harman -Kardon HK5O Speaker System 
Dual 1212 Automatic Turntable 

Harman -Kardon HK50 Speaker System 
For a copy of manufacturer's brochure, circle No. 34 on Reader Service Card. 

ALTHOUGH the concept of omni- 
directional speakers is far from 

new, it has seen little commercial appli- 
cation until recently. Theoretical argu- 
ments abound -both pro and con -and 
we are unlikely to see any general agree- 
ment in the foreseeable future. 

The basic advantage of omnidirec- 
tional speakers, according to their pro- 
ponents, is that they more closely 
simulate the reverberant sound environ- 
ment existing in the concert hall. Most 
sound reaching the listener has been re- 
flected one or more times and arrives 
from random directions. 

The usual forward- facing speaker 
sprays a more -or -less directional beam 
of sound into the room. Even though 
much of what the listener eventually 
hears is reflected from the surfaces of 
the listening room, the concentration of 
high- frequency sound along the axis of 
the speaker is frequently painfully audi- 
ble, especially when one sits close to the 
speaker. The better speaker designs at- 
tempt to achieve wide dispersion of 
sound at all frequencies -which is just 
another way of describing omnidirec- 
tionality. 

If the speaker distributes all frequen- 
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cies without directive beaming, almost 
all the sound will be reflected before 
reaching the listener. With no concentra- 
tion of energy along any particular axis, 
one is free to sit anywhere without being 
overpowered by piercing highs. This, in 
essence, is the appeal of omnidirectional 
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speakers. Their sound quality is quite 
uniform everywhere in the room, and 
( this must be experienced to be be- 
lieved, but it is true) they sound little 
different in volume and timbre at a dis- 
tance of one foot than they do across the 
room. 

A few years ago, Harman -Kardon of- 
fered an omnidirectional speaker system, 
designed by Stuart Hegeman, in its 
Citation line. It was expensive and was 
not a commercial success. Now the com- 
pany has introduced the Model HK5O, 
a diminutive moderate- priced system 
that seems to be well- conceived and 
executed. 

The HK50 is tiny -a floor -standing 
unit which can double as an end table or 
lamp support. It is 103/4" square, stands 
18" high, and weighs about 20 puw ds. 
Externally, one can see only four identi- 
cal walnut sides and a top with a simu- 
lated slate insert. A black grille cloth 
surrounds the unit on all four sides for 
a distance of about 4" down from the 
top. 

Within the HK50 is an upward facing 
woofer, about 8" in diameter and a small 
cone tweeter which also faces upward. 
A molded reflector disperses the sound 
from both drivers in all directions. The 
tweeter, being in one corner, is not fully 
omnidirectional, but the reflector is 
shaped for best dispersion. Under the 
speaker unit, in addition to the input 
terminals, is a tweeter level control. 

Our method of speaker testing, using 
the averaged output of several micro- 
phones in a "live" room, is well- suited to 
testing a speaker such as this one. In 
contrast, anechoic or free -field measure- 
ments are worthless since they measure 
only a tiny fraction of the speaker's total 
output along a single axis. 

The average response curve, includ- 
ing all normal room resonances, was 
within ±7 dB from 75 Hz to 14,000 Hz. 
The smoothness of the response contour 
clearly showed that the total energy out- 
put of the HK50 was relatively uniform 
over the audible spectrum-a vital con- 
sideration for an omnidirectional speak- 
er system. Many conventional speakers 
have fairly flat response along their ma- 
jor axis, blot fall off badly elsewhere and 

(Continued on page 80) 
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"He's a good worker. 
I'd promote him 
right now if he had 
more education 
in electronics." 

Could they be talking about you? 
You'll miss a lot of opportunities if you try to get along 
in the electronics industry without an advanced edu- 
cation. Many doors will be closed to you, and no 
amount of hard work will open them. 

But you can build a rewarding career if you supple- 
ment your experience with specialized knowledge of 
one of the key areas of electronics. As a specialist, 
you will enjoy security, excellent pay, and the kind of 
future you want for yourself and your family. 

Going back to school isn't easy for a man with a 

d 
full -time job and family obligations. But CREI Home 
Study Programs make it possible for you to get the 
additional education you need without attending 
classes. You study at home, at your own pace, on 

your own schedule. You study with the assurance that 
what you learn can be applied to the job immediately. 

CREI Programs cover all important areas of elec- 
tronics including communications, radar and sonar, 
even missile and spacecraft guidance. You're sure to 
find a program that fits your career objectives. 

18 ELECTRONICS WORLD 
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You're eligible for a CREI Program if you work in elec- 

tronics and have a high school education. Our FREE 

book gives complete information. Mail postpaid card 

for your copy. If card is detached, use coupon at right 
or write: CREI, Dept. 1111H, 3224 16th St,,, N.W., Wash- 

ington, D.C. 20010. 

founded 1917 

Aarredited Mender al ine Heim! Nome Study Council 

November, 1969 

NEW 
Expanded 
coverage of 
solid state 
electronics 
including 
integrated 
circuits ! 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept. 1111H, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. I 

am employed in electronics and have a high school education. 

NAME AGF 

ADDRESS 

CITY STATE ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

I am interested in 
Electronic Engineering Technology Computers 
Space Electronics Nuclear Engineering Technology 
NEW! Digital Communications 
NEW! Industrial Automation 

L J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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ALWAYS INSIST 
ON 

*CONTROLLED 

QUALITY 

CRYSTALS 

for your Communications 

THE 

"ON-CHANNEL" 
CRYSTALS by 

L 

CRYSTEK 

N OW YOU CAN 

Z/PORDER 
THE CQC CRYSTALS YOU WANT 

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

11 U 

CRYSTEK 
formerly 

TEXAS CRYSTALS 
Div. Whitehall Electronics Corp. 

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

CIRCLE NO. 139 ON READER SERVICE CARD 
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LETTERS 
FROM OUR 

READERS 

STEREO VS CONCERT HALL 
To the Editors: 

In regard to the July letter on "Stereo 
verus the Concert Hall" and the com- 
ments on the ping -pong effect, I seem to 
remember having heard of a type of 
medieval musical performance in which 
two choirs, on opposite sides of a cathe- 
dral, sing alternate lines in a sort of 
statement- and -response pattern. If I've 
remembered correctly, the ping -pong 
effect is older than many people believe, 
and perhaps more respectable. 

And I'd like to propose an experi- 
ment: In many recordings of live perfor- 
mances of popular and folk music, the 
audience reaction is very prominent in 
the form of applause, screaming, clap- 
ping in rhythm, etc. How about a stereo 
set -up in which an essentially mono per- 
formance (with some audience noise) is 
coming from a speaker directly in front 
of the listener while the second speaker, 
carrying only the audience noise, is di- 
recently behind him? 

THOMAS G. DIGBY 
Los Angeles, Cal. 

Four -channel stereo, which would do 
just what you have proposed, has been 
suggested by at least one recording com- 
pany and by at least one tape deck man - 
ufacturer that we know of. We refer you 
to the item concerning Vanguard Rec- 
ords in our September "Radio & Televi- 
sion News" column, and to the article 
"Four- Channel Stereo Adds Depth To 
Tapes" in our May, 1961 issue.- Editors 

* * * 

TRUTH ABOUT FM 
To the Editors: 

For an article that was supposed to 
"clear up a few misconceptions about" 
FM broadcasting, Mr. Haskett, in "The 
Truth About FM" (August issue), man- 
aged to generate a few of his own mis- 
conception, notably, the misconception 
of the actual operation of pre- empha- 
sized audio. Mr. Haskett states, "only 
the 15,000 -Hz signals modulate the 
transmitter 100 %." He makes reference 
to this "fact" several times in the article, 
and further deludes the reader into be- 
lieving that frequencies less than 15 kHz 
will modulate the transmitter less than 
100% due to pre -emphasis. 

The truth of the matter is that pre - 
emphasis takes advantage of the fact 

that very little high- frequency energy 
exists in most program content, making 
it possible to apply high -frequency 
boost. In essence, the 100% modulation 
level for frequencies below 400 Hz is 
established, and frequencies above this 
require less level to attain 100% modu- 
lation. For example, whatever level of 
audio it takes at the transmitter input 
for 100% modulation for frequencies be- 
low 400 Hz, a signal 17 dB below that 
level at 15 kHz will modulate the trans- 
mitter 100 %. Therefore, as the signal 
frequency increases above 400 Hz, it 
takes less and less level following the 
pre- emphasis curve shown in Fig. 2 to 
modulate the transmitter 100 %. 

The de- emphasis network in the re- 
ceiver returns the various frequencies 
back to their original corresponding lev- 
els. For example, if a 15 -kHz signal is 
fed into the transmitter at -17 dB, due 
to pre -emphasis, it will modulate the 
transmitter 100 %. At the receiver, the 
de- emphasis network will reduce the 
15 -kHz signal back to -17 dB below 
the average program level with an at- 
tendant 17 -dB reduction in noise at that 
frequency. 

EDWARD B. BENCH, Chief Engineer 
Radio Station KCFM 
St. Louis, Mo. 

Reader Bench is correct. Our author 
kept too close to the theory rather than 
the practice. -Editors 

* * * 

SCOPE & V.T.V.M. CALIBRATOR 
To the Editors: 

Reference is made to the July "Letters 
From Our Readers" column of your mag- 
azine where Mr. Neidich comments on 
the design practices used in my article 
"Low -Cost Precision Scope & V.T.V.M. 
Calibrator." Mr. Neidich apparently is 
trying to enhance stability of the circuit. 
While this is a desirable goal, it cannot 
be accomplished using his suggestirns 
alone. The over -all voltage stability of 
the mercury cells is lower than that of 
the presently used type of resistors for 
R8 and R9. The only reason for the use 
of ±1% precision resistors in the lower 
leg of the voltage divider is ease of cali- 
bration by one adjustment (R9) for all 
voltage ranges. 

If Mr. Neidich wishes to obtain the 
benefits of his suggestions, the mercury 
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cells would have to be replaced by a 
temperature -stabilized, precision -regu- 
lated power supply. Even the most rudi- 
mentary double zener -regulated, ther- 
mally stable supply would increase the 
cost of the project so as to disqualify 
the title "Low -Cost Precision Scope & 

V.T.V. \1. Calibrator." 
G. A. LEHMANN 
Tonawanda, N. Y. 

FM STEREO OR STEREO FM 
To the Editors: 

Now that the word "monaural" is 
nearly completely eliminated from the 
audio vocabulary (only a few recal- 
citrant retailers and advertisers are still 
using this incorrect and obsolete word) , 

it is time that the audio professionals 
and enthusiasts do something about the 
other piece of jargon. "FM stereo," that 
has become noticeable recently. 

The term "FM stereo" is backwards. 
It should be "stereo FM." The contrast 
is between mono FM and stereo FM. 
monophonic frequency modulation and 
stereophonic frequency modulation, not 
"frequency modulated stereophony" as 
implied by "FM stereo." The complete 
phrase is "stereo multiplex FM radio 
receiver/tuner/broadcast ;" any of these 
words can be used in this same order, 
as in "stereo multiplex." "stereo FM re- 
ceiver," "multiplex FM," "multiplex FM 
tuner," and so on Any other word or- 
der violates the normal word relation- 
ships, the order of modifiers and sub- 
ordinates, of the English language. 

Now is the time for the audio field to 
eliminate the jargon of "FM stereo." 

PHILIP N. BRIDGES 
Ashton, \1d. 

We do use the terra "stereo FM." but 
since most manufacturers and broadcast- 
ers seem to prefer "FM stereo," we have 
frequently gone along with them when 
discussing a particular hi -fi product. 
Although we tend to agree with Reader 
Bridges, as does our sister publication 
STEREO REVIER', there is' .SOrne justifica- 
tion for the use Of -FM stereo." For ex- 
ample, a broadcaster may want to 
describe stereo reproduction by Fill 
broadcasting (using the multiples tech- 
nique) as opposed to the old stereo 
broadcasting using AM and FM, or 
stereo on tape or on discs. In which case. 
he could talk about "FM .stereo," "All 
Fb1 stereo," "tape .stereo," or "disc 
stereo."-Editors 

SONY /SUPERSCOPE ADDRESS 
In our Japanese Trade-Name Direc- 

tory," which appeared on p. 75 of the 
August issue, the New York address 
given for Sony Corp. of America is to be 
used only for radios, TV's, and audio 
equipment. For tape recorders and mag- 
netic tape, the proper address is Super - 
scope Inc., 8150 Vineland Ave., Sun 
Valley, Calif. 91.352. 
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NOW 
CHECK 
TRANSISTORS 

IN OR OUT OF CIRCUIT .. . 

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

Flick function 
switch to right 
to check any 
FET. 

. plus 
the new 

FIELD EFFECT 

TRANSISTORS 
too! 

LARGE 6" METER 

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

NEW SENCORE TF11 compact in and out of circuit 
transistor FET tester. Same as TF151 except in new 

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

$12950 

NO. I MANUFACTURER OF El FCTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
CIRCLE NO. 101 ON READER SERVICE CARD 
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How man's conquest of the moon 
helped Scott develop 

the world's most advanced 
AM /FM Stereo Receiver 

The billions of research dollars expended towards America's race to the moon helped foster the development of 
many entirely new electronic devices. Alert Scott engineers realized that the adaptation of some of these de- 
vices could result in significant advances in the performance of high fidelity components ... a realization that 
inevitably led to the development of the 386 AM /FM stereo receiver. 

The 386 represents a level of sound quality and performance characteristics that is a giant -step ahead of any 
stereo component ever before available ... utilizing entirely new features that help you control incoming sig- 
nals with a degree of accuracy never before possible ... incorporating new assembly techniques that guaran- 
tee superb performance over periods of time previously thought unattainable. 

There are 7 ultra -reli- 
able Integrated Cir- 
cuits in the 386 . 

more than in any oth- 
er receiver now on the 
market. These 7 cir- 
cuits include a total 
of 91 transistors, 28 
diodes, and 109 resis- 
tors! 

Quartz crystal lattice 
filter IF section, never 
before found in a re- 
ceiver in this price 
class, ends the need 
of IF amplifier re- 
alignment, and gives 
very low distortion 
and high selectivity. 

Higher power at low- 
er distortion: Thé 
shaded area indicates 
where competitive re- 
ceivers tend to rob 
you of full response 
in the extreme lows 
(organ, bass drum) 
and highs (flutes, tri- 
angles, etc.) 

386 Specifications 
Total power (± 1 dB) 170 Watts @ 4 Ohms. IHF Dynamic power, 67.5 Watts/ 
channel @ 4 Ohms; Continuous power, both channels driven, 42 Watts /channel 
@ 4 Ohms, 35 Watts /channel @ 8 Ohms; Distortion < 0.5% at rated output; 
Frequency response (± 1 dB), 15 -30 KHz; IHF power bandwidth, 15 -25 KHz. 
FM usable sensitivity (IHF), 1.9 AV; FM selectivity, 42 dB. Price, $349.95. 

CIRCLE NO. 102 ON READER SERVICE CARD 
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Perfectune, a comput- 
er logic module, de- 
cides when you've 
reached the point of 
perfect tuning and 
lowest distortion, then 
snaps on the "Perfec- 
tune" signal light. 

Wire -wrap terminal 
connections and plug - 
in printed circuit 
module construction 
result in the kind of 
reliability usually as- 
sociated with aero- 
space applications. 

n 1969, H. H. Scott, Inc. 

C3 SCOTT 
For detailed specifications, write: 
H. H. Scott, Inc., III Powdermill Road, Maynard, Mass. 01754 
Export: Scott International, Maynard, Mass. 01754 

ELECTRONICS WORLD 
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The 
OSCILLOSCOPE 

EVOLUTION 

By JAMES W. GRIFFIN/ Tektronix, Inc. 

Multiple plug -in capabilities, electronic character generation, bright CRT's, 
and permanent display recording are some of the exciting innovations that 
have opened up new application areas for this basic test instrument. 

THE oscilloscope has indeed come a long way! Ap- 
proximately 40 percent or some $200 million of the 
total instrument sales per year is captured by the 

scope. Today the oscilloscope is the most widely used in- 
strument in the laboratory. At one time it was the most 
difficult to use and had limited capability; its name was not 
even the same. In the late 40's the single timebase, fixed - 
frequency oscilloscope with a triggered sweep and calibrated 
timebase was introduced by Tektronix. Because of its fixed 
frequency and sensitivity, however, there remained the need 
to buy a new scope for each new measurement requirement. 
The early 1950's saw the advent of the first plug -in oscillo- 
scope and a new versatility in instrumentation. The user now 
had the option of employing the same equipment for dual - 
trace and differential measurements and could change the 
sensitivity and scope capability with the simple insertion of 
a plug -in unit. 

As the years passed, measurement requirements changed 
and the oscilloscope rose to the occasion. Today it is capable 
of making measurements in many different domains. 

Microwave 

In microwaves the scope finds use in two broad areas. 
First, as a sampling instrument where the signal is mea- 
sured at many points in time. Its performance is similar to 
an ideal instantaneous voltmeter, which on command not 
only measures the instantaneous amplitude of a signal but 
remembers its value. The second important application is its 
use as a spectrum analyzer (Fig. 1) which measures fre- 
quency stability, amplitude modulation, frequency and pulse 
modulation, and makes EC \I. time -domain, antenna pattern, 
video pulse spectra, and wide dispersion measurements. Add 
to this the oscilloscope's ability to store a CRT display so 
that it may be observed for arny period of time, and the 
mind begins to envision how versatile the scope can be. 

November, 1969 

Television 

The TV industry enjoys a new flexibility in waveform 
monitoring. Signal -level monitoring, bandwidth and differ- 
ential gain measurements, sine', pulse and bar testing (Fig. 
2), monitoring vertical interval test signals, transmitter per- 
centage modulation measurements, VRGB displays and 
others are possible with the scope. Vectorscopes have been 
designed to measure luminance, line, and saturation of the 
color -television signal (Fig. 3). Dual inputs permit time- 
shared displays for comparison of input -output phase and 
gain distortion. Phase shifts produced by unequal signal 
paths are easily canceled, leaving only phase and amplitude 

Fig. 1. A display of an overmodulated AM signal as seen 

when the oscilloscope is functioning as a spectrum analyzer. 
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OSCILLOSCOPE KITS 
By C. A. ROBERTSON / Heath Company 

THE degree of sophistication obtainable in oscilloscopes 
offered in kit form is limited only by practical market 

considerations; there are no significant technical or actual 
assembly considerations. Because the savings and do- 
it- yourself aspect of kits appeal mostly to the hobbyist 
and part -time technician, the higher sales volumes are 
achieved in less sophisticated scope designs. Few hobby- 
ists or service technicians need a d.c.- to 50 -MHz scope 
with calibrated sweep delay and plug -in units. Those work- 
ing in research or production facilities, requiring such an 
instrument, generally shun the time involved in assembling 
a kit. More sophisticated oscilloscope kits are further 
limited by the practical problem of obtaining alignment 
equipment which is good enough to insure the specified 
performance. Good scope calibrators are seldom found 
outside instrument maintenance and manufacturing plants. 

As the preceding comments imply, the most popular 
oscilloscope kits are those for general -purpose use and 
television service. Typically, the basic bench instrument 
for every electronic hobbyist and technician is the 5 -inch 
a.c.- coupled oscilloscope with a vertical amplifier fre- 
quency response of 5 MHz and a maximum horizontal 
sweep spread of 500 kHz. This scope, available in kit 
form for less than $100, has been constantly refined over 
the years. Even lower -cost 3 -inch scopes are available in 
kit form, but they enjoy less widespread acceptance be- 
cause of the smaller screen size. 

What is currently considered a basic oscilloscope for 
development and industrial applications, roughly corre- 
sponding to the more sophisticated scopes, is now avail- 
able in kit form. An example is the 5 -inch d.c.- to 8 -MHz 
vertical bandwidth scope with triggered sweep, calibrated 
vertical attenuator, calibrated time base, and vertical sig- 

- nal delay lines selling in the price range of $180 to $250. 
Despite the fact that alignment to full specifications after 
assembly of this more "advanced" kit oscilloscope taxes 
the capability of most calibrating equipment readily avail- 
able to kit builders, its added features make it worth- 
while for those seeking better performance and ease of 
operation. 

While the practical market considerations outlined 
above will continue to limit the sophistication of oscillo- 
scope kits in the foreseeable future, some advancements 
will occur, primarily in the area of vertical amplifier fre- 
quency response. Of greatest significance, however, will 
be the trend to solid -state circuitry in all oscilloscope kits 
with the benefits of better over -all performance, increased 
reliability and reduced size. 

distortion caused by equipment deficiencies. Differentia 
gain and phase measurement capabilities are provided with 
accuracies within 1 percent for gain and 0.2 percent for 
phase. Push -button controls offer new operating convenience 
and permit rapid selection of displays for quick analysis of 
TV- signal characteristics. 

Medicine 
Outside the normal electronics industry the oscilloscope 

is found in such places as hospital operating rooms where 
portable self -powered physiological monitors are in use. One 
available solid -state physiological monitor features easy -to- 
read displays of ECG, EEG, and auxiliary inputs on a 5 -inch 
screen. A heart -rate scale scribed along the top of the display 
permits direct reading of heart rate in beats per minute 
(Fig. 4) while an audible tone is provided for heart beat or 
pulse monitoring when viewing ECG input waveforms. 

Mechanical Industry 
The mechanical industry also benefits from the oscillo- 

scope. An engine analyzer has been designed to eliminate 
the guesswork in locating possible failures in gas and diesel 
engines and compressors. The engine analyzer provides four 
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Fïig. 2. A TV monitor display of split -field color bars. 

Fig. 3. A vector 
display of full - 
field color bars. 

simultaneous displays (Fig. 5) of engine pressure, ignition, 
vibration, and crankshaft rotational marks versus time or 
crankshaft rotation. When used in conjunction with a pre- 
ventive maintenance program, the engine analyzer can re- 
duce substantially maintenance cost and increase engine and 
compressor life and efficiency. 

The engine analyzer detects and locates malfunctions such 
as faulty ignition, timing, faulty valves, blowby, and broken 
or frozen piston rings. Damaged bearings, low compression 
pressures and other failures that impair the performance of 
the engine are also indicated on the scope. With the use of 
a rotational function generator and pressure transducer, 
engine horsepower can be calculated. A Tektronix engine 
analyzer consists of a Type 561B oscilloscope with specially 
designed engine analyzer timebase and amplifier plug -ins. 

Fig. 4. Pulse display :hawing approximately 75 heart beats /min. 

0- 124) a0 80 
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RECORDING OSCILLOSCOPE 
By A. H. SEIDMAN / Contributing Editor 

Here is a versatile oscilloscope that has the ability to both 
measure and permanently record frequencies up to 1 MHz. 

THE need for making permanent recordings of analog and 
digital data on paper or film is ever prevalent in the engi- 

neering and scientific communities. Commonly used instru- 
ments for this purpose are strip -chart and X -Y recorders. 
Because of their limited bandwidth, typically under 100 Hz, 

engineers and technicians find their use restricted to the re- 
cording of slowly varying phenomena, confined to two axes. 

The recording oscilloscope, also referred to as an oscillo- 
graph, with its greater bandwidth opens up new possibilities 
in the recording of rapidly varying data. Honeywell's Model 
1806A second -generation instrument, dubbed the Visicorder, 
features a fiber -optic CRT and has the ability to measure and 
record data at frequencies up to 1 MHz on four axes. The unit, 
selling in the $12,000 price range, is supposedly 100 times 
faster than any direct -write system on the market. 

A block diagram showing the essential features of the 
1806A recording scope is given in Fig. 1. The four recording 
axes are: X -axis (time base or horizontal), Y -axis (amplitude 
or vertical), Z -axis (spot intensity), and the Y' -axis (movement 
of recording medium). Four axes allow the recording of con- 
tinuous and transient signals that previously required mag- 
netic -tape or oscilloscope- camera techniques. Video pictures, 
one frame at a time, can be printed as a continuous series of 
3" x 5" rasters on direct -record paper for immediate viewing. 
Reference grid lines in the horizontal and vertical directions 
are recorded by means of light from a flash tube. Several 
recording media can be used at different trace speeds. Trace 
velocities greater than 12 million in /s have been recorded on 

Kodak RAR -2490 paper; using Kodak Ektaline 12 paper, more 
than 40 million in /s can be recorded. 

The phosphor on the faceplate of the CRT is selected to 
have a spectral output matching that of the recording medi- 
um, providing an efficient transfer of energy to the light -sen- 
sitive record. Light from the CRT is focused on the record by 

a fiber -optic faceplate on the CRT. The record is in intimate 
contact with the faceplate. As the paper, driven by a high- 
speed servo motor, emerges from the instrument it is devel- 
oped by an ultraviolet light source. The process, called 
latensification, causes the latent image of the signal to appear 
within seconds as a permanent record. 

Applications for the Model 1806A Visicorder are virtually 

VERTICAL 

AMPLIFIER 
Y -AXIS 

BLANKING 

AMPLIFIER 
Z -AXIS 

RECORD 

DRIVE 

TRIGGER 

TIMEBASE 
GENERATOR 

HORIZONTAL 

AMPLIFIER. 

X -AXIS 

Fig. 1. Scope diagram showing the four recording axes. 
Data is recorded in both normal horizontal (X -axis) and 
transverse (Y -axis) modes, in addition to intensity modu- 
lation (Z -axis) and paper motion control (Y -axis) modes. 

unlimited. To cite a few of its uses, they include the recording 
of low- and high -speed facsimile records, high -speed PCM 
telemetry signals, and on -line spectrum analysis. It has been 
also used to record and measure such mechanical data as 

strain, force, vibration, and stress, and temperature and pres- 
sure. In medical applications, the transverse recording mode 
using intensity modulation is suitable for cardiovascular data. 
Because of its good high- frequency response, the instrument 
can record single -beat vectorcardiograms up to heart rates of 
2000 per minute. The 1806A appears quite versatile and its 
potential for numerous other applications seems limited only 
by the user's imagination. 

(Editor's Note: The fabulous growth of electronic automotive 
testing stations throughout the country in the last few years 
gives testimony to the effect that the oscilloscope has liad 
upon the mechanical industry.) 

Four Plug -In Scope 

Over the years the plug -in oscilloscope has been improved 
upon and expanded in the areas of higher bandwidth, faster 
sweep rates, and improved CRT characteristics. We have 
now literally outgrown the present design approach. In the 
face of the increasing rate of technological change, a new 
oscilloscope series has been developed with an unprece- 
dented degree of flexibility as insurance against obsolescence. 
The intent of this product line (7000 Series) is to establish 
a new base from which Tektronix can better provide for 
customer requirements of today and tomorrow. 

The unprecedented flexibility is realized by the use of a 
four plug -in concept: two plug -ins for the vertical and two 
plug -ins for the horizontal deflection systems. Switching be- 
tween the two vertical units is done in the mainframe as is 

switching between the two horizontal plug -ins. With a full 
complement of plug -ins, two amplifiers and two timebases, 
some possible displays are: (1) a single amplifier plug -in 
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Fig. 5. Simultaneous waveform display of four engine param- 
eters. Reading waveforms from top to bottom: engine pressure; 
crank -angle markers in the center indicating the top dead cen- 
ter; engine ignition; engine vibration showing the valves open- 
ing and closing and some of the vibration due to combustion. 
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DISTRIBUTED PLATES IMPROVE CRT RESPONSE 

By ARTHUR H. PETTIS / Technical Editor, Hewlett- Packard 

A new CRT, featuring a novel distributed deflection system, 
permits oscilloscope to display signals as high os 250 MHz. 

ASCOPE that can display signals as high as 250 MHz is 
the most recent addition to the Hewlett- Packard 180 

oscilloscope family. A new cathode -ray tube using a novel 
distributed deflection system (Fig. 1) for the electron beam. 
with a cut -off frequency greater than 500 MHz, is the heart of 
the instrument. The 250 -MHz response is limited only by the 
vertical amplifiers. The 183 mainframe, with the 1830 vertical 
amplifier and 1840 timebase plug -ins, sells for $3150. 

In designing this product many factors had to be con- 
sidered. It was necessary to ensure that plug -ins used in the 
180- series family be compatible with the new system design. 
Another requirement was that the instrument not be limited 
by present state -of- the -art, permitting the customer future 
flexibility when new devices and techniques become avail- 
able. Finally, the sweep circuits had to be fast enough to dis- 
play present and future input signals. 

A New CRT 

The cathode -ray tube was the obvious source of the prob- 
lem. A CRT capable of being driven with existing plug -ins 
must have a 3 -V /cm deflection sensitivity with a risetime far 
less than can be considered state -of -the art. The risetime 
limitation of a cathode -ray tube is proportional to the length 
of the deflection plates divided by the velocity at which the 
electron beam travels between the plates. In other words, the 
time it takes for a single electron to pass from one end of 
the deflection plate to the other, referred to as transit time, 
determines the risetime or, since they are related, the fre- 
quency response of a CRT. 

Consider a conventional cathode -ray tube with a pair of 
single -piece deflection plates. Assume that at some arbitrary 
time, t1, there are four electrons traveling between the plates. 
Just after the first electron leaves the plates at time t2, a 
switch is closed, making the top deflecting plate E -volts posi- 
tive with respect to the bottom plate. Because the first elec- 
tron was outside the deflection plates when the switch was 
closed, it proceeds to the phosphor screen undeflected. The 
other three electrons, however, are deflected by an amount 
that is proportional to voltage E and the time it takes to travel 
between the plates. Since E is constant, the deflection of the 
electron therefore becomes proportional to the time the elec- 
tron finds itself between the plates. The fourth electron has to 
travel the entire length of the plates and is deflected by an 
angle o; the third electron by an angle 2o/3; and the second 
electron by an angle o /3. Consequently, instead of getting an 
output on the CRT approaching the ideal case, where the 
risetime is zero, a waveform is obtained with a risetime great- 
er than zero, which can be quite appreciable in many appli- 
cations. 

By splitting the deflection plates into segments and intro- 
ducing the delay (D) between segments, the structure, shown 
in simplified form in Fig. 2, is obtained. The delay between 
each segment matches the speed of the electrons in the 
beam. The electrons are deflected as they pass the first seg- 
ment and are deflected again as they pass the next segment 
(shown by dashed circles). This occurs because the applied 
vertical deflection signal progresses from one segment to the 
next at the same speed as the electrons travel through the 
deflection region. As a result, a smaller risetime is obtained 
than is possible with a conventional CRT. 

The delay between segments is inherent in the structure 
of the deflecting system. Each segment is in the form of a 
flattened helix that provides the inductance and capacitance 
for an equivalent parallel LC network. The CRT uses 20 seg- 
ments and has an average characteristic impedance of 330 
ohms. 

Other Features 

The existing plug -ins for the 180 scope were designed to 

Fig. 1. Distributed deflection system used in 250 -MHz scope. 

drive a conventional CRT. This problem was solved with a 
switching network that shorts the elements of the distributed 
deflection system when the lower frequency 1800 series plug - 
ins are inserted into the mainframe. When using the new 1830 
vertical plug -in the distributed deflection system in the CRT 
is utilized. Compatibility is therefore obtained while allowing 
the new distributed deflection system to be used in the same 
mainframe. 

Another consideration was that the writing speed of the 
CRT be sufficiently high so as to be compatible with the ad- 
vanced systems. The writing speed can be increased by 
raising the accelerating voltage, decreasing the spot size, or 
increasing the beam current. The standard method used in 
high- frequency oscilloscopes has been to increase the CRT 
potential. This was not acceptable because the beam has 
less time to be acted upon by the deflection system and 
violates a design requirement that the CRT be capable of 
being driven by existing plug -ins. 

By using a divergent lens after the deflection structure one 
realizes both high deflection sensitivities and high accelerat- 
ing potentials. Greater effectiveness is obtained if the diver- 
gent lens is a domed screen mesh. The divergent lens has 
the equivalent effect of shortening the physical length of the 
cathode -ray tube while maintaining the deflection sensitivity 
of a very long tube. An accelerating voltage of 20 kV is used 
and, with the aid of the divergent lens, both high deflection 
sensitivity and high writing speeds are provided within the 
same instrument. 

Another feature is the flood gun, which consists of a sep- 
arate heater -cathode structure inserted in the CRT. The flood 
gun scatters electrons over the CRT phosphor, illuminating 
the face of the tube and the graticule. This feature of the 
183 scope is especially useful when photographing high- 
speed transients since the flooding increases the writing 
speed of the film. 

Future Prospects 

The 250 -MHz scope bandwidth is limited by the vertical 
amplifier, a 5 -stage array of monolithic IC's. It is not unlikely 
that the frequency response of these amplifiers will be ex- 
tended in the future. If the frequency response of the vertical 
amplifiers is pushed up far enough, the scope will be limited 
only by the CRT, which has a frequency response in excess 
of 500 MHz. 

Fig. 2. Deflections of electrons in CRT using segmented de- 
flection plates separated by inherent delay networks. The rise - 
time is much less than obtained from a conventional CRT. 
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displayed on two separate timebases, 
(2) two amplifier plug -ins, each dis- 
played on a separate timebase; this is a 
conventional dual -beam, dual -timebase 
display, and (3) two amplifier plug -ins, 
each displayed on two separate time - 
bases, providing a four -trace display. 

If the plug -ins are re- arranged, the 
possible number of displays expands. As 
an example, consider the amplifier -time- 
base -amplifier -timebase plug -ins, ar- 
ranged from left to right in the main- 
frame. Possible displays using the 
mainframe vertical and horizontal mode 
switching are single -trace raster T -T, 
single -trace X -Y or Y -T, and dual -trace 
displays of either X -Y and Y -T, Y -Y and 
T -T, or Y -T and T -T. Couple to any of 
these a wideband d.c. Z -axis input, and 
the possibilities increase further. A list 
of the key specifications for both main- 
frames and major plug -ins are sum- 
marized in Tables 1 and 2. 

Character Generation 
For the 7504 and 7704 mainframes it 

was decided to develop a fully inte- 
grated electronic character generating 
system, time sharing the CRT with the 
displayed waveforms. Scale factors are 
read out as set on the plug -ins. How- 
ever, magnifiers, attenuations, and iden- 
tification of probes, as well as the param- 
eter label (i.e., mA or mV) are taken 
into account. It is capable of gener- 
ating a display of eight words of up to 
ten symbols per word from a font of 
50 characters (Fig. 6) and can recog- 
nize and execute a relatively large 
variety of stored instructions. 

The great flexibility of this system stems mainly from the 
data coding techniques. Instead of using the usual binary 
codes, a time -multiplexed, multi -level analog current code 
was adopted. The symbols are stored in a matrix of ten rows 
by ten columns. Decoding is accomplished on the readout 
board by integrated A -D converters Nvhicl-r then address the 
matrix. The characters are generated by a new form of 
stroke generator incorporating several novel features. Each 
stroke may have virtually any length and angle, permitting 
high -quality symbols to be generated by a small number of 
coordinate pairs. 

A ten- symbol set is stored on a 65 -mil square IC chip. 
The outputs correspond to the scanned X and Y values of 
the complete symbol and require no further processing. 
Addressing is performed by a current on one line ( the col- 
umn select) and a voltage on another ( the row select) . The 
column select current is in the range of 0 to 1 mA and the 
character size is directly proportional to current. Thus, it is 
a simple matter to generate a display having mixed symbol 
sizes; electronic italicization is also possible. 

VERTICAL 
AMPLIFIER 

PLUG -IN 

BANDWIDTH 
MINIMUM 

DEFLECTION FACTOR 

IMPORTANT 
FEATURED 

PERFORMANCE 7704 7504 

7A11 MHz 90 MHz 5 /div Low capacitance 
($850) 

150 mV 
FET probe amplifier 

7Al2 105 MHz 75 MHz 5 mV /div Dual- channel amplifier 
($700) 

Differential d.c. 
7A13 100 MHz 75 MHz 1 mV /div offset high freq. 

($1100) CMRR amplifier 

7A14 50 MHz 45 MHz 
1 mA /div Current probe amplifier 

($575) 105 MHz 75 MHz (2 current probes) 

7A 7A16 
Wide- bandwidth 

(7A16) 
150 MHz 90 MHz 5 mV /div conventional input 

amplifier 

7A22 D.C.- coupled high -gain 
($500) 1 MHz 10 µV /div differential amplifier 

Table 1. Key specifications for plug -in amplifiers used with 
the Tektronix Series 7000 four -plug -in oscilloscopes. 

MAINFRAME 
TIMEBASE 

PLUG -IN 
FUNCTIONAL 
DIFFERENCE 

MAX. 
SWEEP RATE 

TRIGGERING 
FREQ. RANGE 

7704 7B71 ($685) Delaying sweep 

(with readout -$2500) 

(without readout -$2100) 
7B70 ($600) Delayed sweep & 

external amp. 
2 ns /div d.c. -200 MHz 

7504 7B51 ($510) Delaying sweep 

(with readout -$2000) 

(without readout -$1600) 
7B50 ($450) Delayed sweep & 

external amp. 
5 ns /div d.c. -100 MHz 

Other Innovations 
An innovation added to the trigger circuit is peak -to -peak 

auto. This function, located on each timebase, serves to 
normalize the trigger level control. The control maintains 
full sensitivity for all amplitudes of trigger signal that are 
within the trigger sensitivity limits and accomplishes this by 
peak detecting the trigger signal ( Fig. 7) , storing it in peak - 
to -peak memories, and then impressing the output across 
the trigger -level pot. With this function the operator would 
find it difficult, if not impossible, to obtain an untriggerable 
condition no matter where he positions the trigger level con- 

November, 1969 

Table 2. Specifications for Tektronix Series 7000 scopes. 

trol. Slope selection is incorporated in the trigger -level 
control through a reduction gear. The triggering level point 
can be varied over 360° rotation of the control; the slope 
switches automatically at 0° and 180 °. 

Other innovations were made in the component area. 
Examples are small lighted push -buttons on the plug -ins, 
low- capacitance relays, low- torque cam switches, families of 
IC's, new CRT's, and a high -efficiency power supply. The 
power supply uses a 25 -kHz transformer, high -efficiency 
d.c.- to -d.c. conversion regulation, small filter components, 

Fig. 6. Display showing four sets of 10 symbols as written 
by the character generator and using the CRT for readout. 
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and exhibits low series -voltage loss in the series regulators. 
The line -to- oscilloscope circuit power conversion efficiency 
is 70.5 percent. Reregulated supplies are short -circuit pro- 
tected by foldback current limiting and supplies not reregu- 
lated are fused within the instrument. 

Many of the features of the plug -in line are found in the 
first of a new line of non -plug -in oscilloscopes ( 5000 Series) . 

Front -panel color coding is carried over as is scale- factor 
readout, although in the case of the R5030 ( $1850) the 
scale factors are read out via fiber optics immediately to the 
right of the CRT rather than time shared in the CRT. Since 
the user does not have the option of changing its character- 
istics through plug -ins, as much flexibility as possible was 
built into the R5030. High -gain, 10 -µV sensitivity differen- 
tial inputs were added to each of its two beams as was a 
current -probe input for each of the beams. 

Leaving the laboratory environment, and considering the 
service industry, we find that Telequipment, a subsidiary of 
Tektronix, Inc., has designed a line of oscilloscopes specifi- 
cally for the service industry. A prominent member of this 
family, the S54 ($395), is a solid -state scope with a 
6- X 10 -cm viewing area. The bandwidth is d.c. to 10 MHz 

TRIGGERING 
SIGNAL 

FROM 
TRIGGER 

INPUT 
CIRCUITRY 

COMPARATOR 

LEVEL 

L= J 
A.C. GND PEAK 

DETECTORS 

SOURCE 
FOLLOWER 

AUTO CENTER 

TRIGGER 
THRESHOLD: 
0 CURRENT 

IOOPA 

Fig. 7. Diagram, of the peak -to -peak auto circuit. Located on 
each timebase, it serves to normalize trigger level control. 

with a 35 -ns risetime. It provides full triggering with auto- 
matic or level selective operation. The scope is capable of 
triggering on a TV frame or line for easy TV waveform 
triggering. Its basic sensitivity of 100 mV /cm can be in- 
creased to 10 mV /cm with a decrease in bandwidth to 4 
MHz. The S54 oscilloscope, by virtue of its specifications and 
relatively light weight (17 lbs) , should appeal to those who 
are actively engaged in the service industry. 

TRI -COLOR OSCILLOSCOPE 

NOT to be outdone by the TV industry, a new cathode -ray 
tube display system featuring tri -color presentation has 

been introduced to the display instrumentation field by Tel - 
onics Systems, a division of Telonic Industries, Inc. 

This instrument, designated the Model 201 multitrace, tri- 
color video display system, shown in the photo, uses a three - 
gun, 15" rectangular, shadowmask CRT and accepts up to 
three input signals, displaying each in a different color -red, 
green, and blue. Since each of the input signals is identified 
by a specfic color, overlapping waveforms can be instan- 
taneously identified, and the entire height of the CRT be- 
comes available for all signals, thereby adding to the display 
system's excellent resolution. 

Each input channel is provided with its own vertical de- 
flection plug -in amplifier, which is available in two versions: 
a basic unit with a range of 100 mV /in to 10 V /in and a high - 
gain differential model with a range of 100 µV /in to 100 V /in. 
The latter unit assures maximum resolution regardless of 
input level. Horizontal deflection is obtained either by an 
external source, such as a sweep generator, or internally by 
an optional timebase generator plug -in unit. A calibrated 
control on the timebase generator permits the technician to 
obtain horizontal sweeps of 1 ms /in to 1 s /in. 

One of the most prominent features of the Model 201 scope 
is another optional plug -in unit called the reference line 

Telonic 201 tri -color scope showing passbands 
of 3 filters and vertical frequency markers. 

generator. The reference line generator contains controls 
that permit the operator to display individually up to three 
vertical and /or horizontal lines on the CRT in red, green, and 
blue and provides an input for externally generated signals 
such as a time or frequency marker pulse. Consequently, 
since reference information is displayed in a separate mode 
rather than signal information, various reference lines, in- 
ternal or external markers, or an electronic graticule may be 
generated without interference with the vertical input signal 
waveforms. 

Operation of the display system is based on a power oscil- 
lator circuit, phase locked to the line frequency, that gen- 
erates a sinusoidal current in the vertical deflection coil of 
the CRT. This current causes each of the electron beams to 
scan the entire face of the CRT at a continuous rate of 36.2 
kHz. This sinusoidal current corresponds to the beam posi- 
tion and, by sampling the current waveform, generates a 
beam -position voltage that is fed, along with a reference 
voltage and an input signal from each vertical channel, to the 
corresponding voltage comparator module (red, green, and 
blue). 

During downscan, the vertical input signal and beam -posi- 
tion voltages are compared and, when they are equal, a dot 
is generated on the face of the CRT. Likewise, during up- 
scan, a dot is also generated on the CRT face when the 
comparator determines that the beam -position and reference 
voltages are equal. These dots, generated during vertical 
scan, are extended into waveforms by horizontal beam de- 
flection. Horizontal deflection is accomplished by a feedback 
amplifier which forces current in the deflection coil to beam 
an exact replica of the horizontal channel voltage, thereby 
allowing up to six reference lines and three signal waveforms 
with up to 0.1 mV /in sensitivity to be displayed. 

In Telonic Model 201 static and dynamic convergence cor- 
rections (convergence is basically the ability of electron 
beams to track each other over the CRT face) are applied to 
the CRT electron beams, causing the beams to track each 
other within one line width over the entire face of the CRT. 

Power requirements for the CRT are approximately 20 kV 
at up to 500 microamps, furnished by a fully regulated supply 
integrally contained in the basic chassis. The regulation pro- 
vided by this power supply eliminates voltage fluctuations 
which could cause unwanted modulation effects and beam - 
position fluctuations. 

The high resolution, excellent sensitivity, and large display 
area (10.5" X 7.9 ") make the Model 201 an ideal instrument 
for use in electronics, medicine, and education. Prices for a 
complete Model 201 system range from $2400 to $3700, de- 
pending on the number of input channels and other plug -in 
modules required. 
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Directory 
of Most Popular, Low-Priced 
VIDEO TAPE RECORDERS 

O 

. o 
X Model 

Tape 
Width 

(in) 

Tape 
Speed 

(in /sec) 

Record 
Playback 

Time 
(min) 

Cost /hr 
of Record 
Time ($) 

No. of 
Video 
Heads 

Est. Video 
Head Life 

(hrs) 

VIDEO CHARACTERISTICS 

Number 
of 

Audio 
Tracks 

MAIN AUDIO 

Horiz. 
Resolu- 

tion 
(lines) 

Band- 
width 
(MHz) 

Signal- 
to -Noise 

Ratio 
(dB) 

Bandwidth 
(Hz) 

Signal -to- 
Noise 

Ratio (dB) 

2100 W. Dempster St., Evanston, III. 60204 
I 

VT-101 1/2 7.5 
I 

60 
I 

40 
I 

2 500 
I 325 

I 3.5 
AMPEX CORP., 401 Broadway, Redwood City, Cal. 94063 

42 1 I 60-10.000 
I 

A VR-660C 2 3.7 300 62 2 250 330 4.2 40 2 50-9000 45 B VR-4900 1 9.6 60 60 1 1000 240 3.0 42 1 90-9000 39 VR-7000 1 9.6 60 60 1 1000 280 3.5 42 1 50-12,000 46 VR-7500 1 9.6 60 60 1 1000 350 4.2 45 2 50-12,000 45 VR-7800 1 9.6 60 60 1 1000 350 4.2 42 2 50-15,000 50 
7235 N. Linder Ave., Skokie, I. 60076 

C 2966 
2000 
2910 

1/2 7.5 60 40 
6.91 60 45 
6.91 60 45 

2 1000 
500 
500 

300 
400 
400 

3.0 
4.2 
4.2 

40 
41 
43 2 

60.10,000 
75-10,000 
80- 10,000 

40 
40 
40 

CONCORD ELECTRONICS CORP., 1935 Armacost Ave., Los Angeles, Cal. 90025 
VTR -400 
VTR -900 
VTR -2000 

1 

1/2 

12 14 
12 40 

8.57 67 

64 
64 
60 

2 
2 
2 

2000 
2000 
1000 

260 
250 
350 

40 
40 
43 

80-10,000 
50- 12,000 
50-12,000 

40 
42 
46 

CRAIG CORP., 2302 East 15 St., Los Angeles, Cal. 90021 
6401 
6402 
6403 

1/2 

1/2 

9.5 
9.5 
7.5 

63 
63 
96 

48 
48 
60 

2 

2 
2 

1000 
1000 
1000 

250 
275 
400 

3.0 
3.0 
4.2 

40 
40 
42 2 

70-10,000 
70- 10,000 
60- 10,000 

40 
40 
45 

DIAMOND POWER SPECIALTY CORP., Box 415, Lancaster, Ohio 43131 

DP2 
11/z 

( 7.5 96 I 60 I 2 I 

500 200 2.0 40 I 1 

500 350 3.6 42 2 
70-10,000 40 
60-12,000 45 

GENERAL ELECTRIC CO. -CCTV Business Section, 600 Old Liverpool Rd., Liverpool, N.Y. 13088 
4TD-1-B2 I 1/2 

I 

7.5 I 64 I 40 
I 

2 I 1000 
I 

200 
I 

- I 40 I 1 80-10,000 I 40 
GPL TV SYSTEMS DIV.- Singer -General Precision, Inc. (Subsidiary of The Singer Co.), 63 Bedford Rd., Pleasantville, N.Y. 10570 

I VR -400 I 1 I 6.9 I 60 I 45 
I 

1 I 1000 I 400 3.5 
INTERNATIONAL VIDEO CORP., 675 Almanor Ave., Sunnyvale, Cal. 94086 

IVC-600 1 6.91 
D I IVC-800 I 1 I 6.91 I 60 I 45 I 1 I 1000 I 400 4.2 
PANASONIC- Matsushita Electric Corp. of America, 200 Park Ave., New York, N.Y. 10017 

NV-8100 
NV8100AD 
NV-204C 

1/2 

1/2 

12 
12 
8.57 

40 64 2 220 
40 64 2 - I 260 
67 60 2 350 

2.0 
2.0 
3.0 

PHILIPS BROADCAST EQUIPMENT CORP., 1 Philips Pky., Montvale, N.J. 07645 
LDL-1000 

1/2 

40 42 2 500 

E EL-3403 1 7 9 60 60 1 500 

RCA CORP. -Commercial Electronic Systems Div., Front & Cooper Sts., 

200 2.0 
230 2.5 
325 3.8 

Camden, N.J. 08101 
I !VC 8 00 I 1 I 6.91 I 60 I 45 I 1 I 500 400 4.2 

REVERE -Mincom Div. /3M Co., 3M Center, St. Paul, Minn. 55101 
I VTR-150 I 1/2 I 7.5 I 60 

I 
40 I I I 2000 I 160 2.0 

43 

40 

I 2 1 75- 10,000 I 

43 I 2 
75-10,000 
75-10,000 

40 
40 
43 

1 

1 

1 

80- 10,000 
80. 10,000 
50- 12,000 

42 
40 
40 

1 

1 

1 

120- 10,000 
120 -12,000 
120-10,000 

43 
I 2 75-10,000 I 

35 I 1 I 50-10,000 I 

ROBERTS -Califone /Roberts Electronics Div., Rheem Mfg. Co., 5922 Bowcroft St., Los Angeles, Cal. 90016 

40 

40 

40 
40 
46 

40 
50 
40 

40 

40 

I 
1000-VTR I 1 / a I 111/ I 40 I 7 I 1 1 X I 250 X 40 I 1 100-10,000 I 40 

SHIBADEN CORP. OF AMERICA, 58 -25 Brooklyn- Queens Expy., Woodside, N.Y. 11377 
F SV 7000 1/2 7.5 60 40 2 500 

SV-800U 1/z 7.5 60 40 2 500 
SV 727 I 8 90 60 2 1000 

SONY CORP. OF AMERICA, 47 -47 Van Dam St., Long Island City, N.Y. 11101 

300 
300 
360 

3.5 
3.5 
4.5 

42 1 60-10,000 
42 1 60- 10,000 
42 2 50- 10,000 

40 
40 
46 

G 

CV-2100 1/2 7.5 60 
DVK/CVK-2400 1/2 7.5 20 
EV-310 1 7.8 60 

40 2 
40 1 

60 2 500 

220 
220 
300 

40 
40 
40 2 

80-10,000 
100 -8000 
50- 12,000 

40 
38 
50 

VICTOR CO. OF JAPAN, LTD., 12, 3 -Chome Moriyacho, Kanagawa, Yokohama 221, Japan 
H I KVC -8200 

1 1/2 I 9.5 I 60 I X I 2 I X I 350 I X I 40 I X I X I X 

SPECIAL NOTES: All recorders operate with nominal video levels of 1 volt. Input and output at 75 ohms impedance, unless otherwise stated. Tapes recorded on machines 
of one manufacturer are not normally reproducible on machines of other manufacturers unless specifically stated. A. Tapes recorded on Shibaden SV -700U. SV -800U. Bell 
& Howell 2923. and American Photocopy VT-101 are mutually interchangeable; B. Tapes recorded on GPL VR -400. RCA IVC -800. all Bell & Howell (except 2966) and all 
IVC recorders are mutually interchangeable; C. Records plays NTSC color; D. Records NTSC color. plays monochrome only; E. Color optional for additional $500: F. Color 
optional for additional $1000. 
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C 

TRACK 

Micro 
Input 
Imp. 

CHARACTERISTICS 

Line 
Input 
Imp. 

PHYSICAL CHARACTERISTICS 

Special 
Notes 

Basic 
Cost 
($) 

Output 
Level 

Output 
Imp. 

(ohms) 
Dimensions (in) 

W H D 
Weight 

(lbs) 

Hi Hi I -14 dBm 1 

+ 8 dBm 
2 W 
6 W 
6 W 

+ 8 dBm 

- 18% 1ly3/4.6 15111e ( 52.8 A, J 995 

Hi - 
Lo /Hi 
Lo /Hi 

Hi 

Lo - 
Hi 
Hi 
Hi 

600 
8 
8 
8 

600 

30 17% 14% 
231/4 181/4 12'/2 
29 18 15 
293/4 201/2 133/4 
34 19 15 

100 
61 

100 
100 
140 

- 
J, P 
J, M 

E. J, L, M 
G, L, M 

8950 
995 

2500 
4500 
9500 

Hi 
Lo 
Lo 

Hi 
Lo 
Lo 

-14 dBm 
+ 4 dBm 
+ 4 dBm 

2200 
600 
600 

19 10.6 16.3 
25 10 14 
23% 131/2 113/8 

52 
47 
65 

A 
B, D, E, M 
B, D, E, M 

995 
1835 
4200 

- 
Hi 
Lo 

Hi - 
Lo 

- - 2dBm 
X 

- 
20 K 
Lo 

14% 9'/4 45/e 
161/2 16'/2 10 
251/2 12 16'/2 

15 
52 
97 

N, U 
J, L, M, R, S 

K 

1250 
695 

3750 

Hi 
Hi 
Hi 

Hi 
Hi 
Hi 

0 dBm 
-10 dBm 
+ 4 dBm 

2 K 

30 K 

600 

213/4 133/4 173/4 
181/2 1014 17'/2 
25 181/2 21 

65 
59 

160 

H, J, M 
H, J, K, L, M 

K 

850 
1200 
4000 

Hi 
Hi 

Hi 
Hi 

0 dBm I+ 4 dBm 
2 K 

600 
20.8 11.6 171/2 
25 181/2 21 

66 
130 

- 
K 

995 
4450 

Lo Hi 0 dBm 10 K 16 83/4 14 35 V 595 

Lo Lo + 4 dBm 600 24 12 14 57 B, D, M I 4200 

Lo 
Lo 

Lo + 4 dBm 
Lo + 4 dBm 

600 
600 

25 10 14 
24 111/2 131/2 

47 
59 

B, D, E, M 
B, D, E, M 

1835 
4200 

Hi 
Hi 
Lo 

Hi 
Hi 
Hi 

0.1 V 
0.1 V 
0 dBm 

600 
600 
600 

171/4 10% 17 
171/4 105/s 17 
29% 12'/a 15% 

53 
63 
97 

R, M 
K, M 

F, L, M 

950 
1500 
4250 

Lo 
Lo 
Lo 

Hi 
Hi 
Lo 

1.0 V 
1.0 V 
2.0 V 

2 K 161/2 73/4 13% 26 - 650 
20 K 243/4 151/4 16'/2 100 J ( 995 

600 191/4 97/a 151/4 48 L, M 2300 

Lo Lo ( + 4 dBm 600 ( 24 111/2 131/2 I 78 B, E 6050 

Hi Hi 0.5 V 10 K 20 9'/2 14 50 I - 995 

Lo Lo /Hi X X 19 111/2 171 I 66 W 1095 

Hi 
Hi 
Lo 

Hi 
Hi 
Lo 

-14 dBm 
-14 dBm 
+ 4 dBm 

- - 
600 

18% 101/4 153/4 
30 11 171/2 
22 22 15 

53 
75 

132 

A, J 
A, J - 

995 
1295 
5450 

Lo 
Lo 
Lo 

Hi - 
Hi 

- - 
+ 4 dBm 

- - 
600 

18'/a 11% 153/4 
11 ?4 4% 115¡,; 
18 344 10,4 19'/4 

49 
11 
70 

- 
N, Q. T, U 
C, K, L. M 

795 
1295 
3700 

X X X X 19 19 101/2 55 I 
C 2000 

G. Color optional for additional 54000: H. Audio bandwidth is =10 dB; J. R.I. output provided for feeding direct to TV receiver 
antenna terminals; H. Includes editing; L. Includes slow- motion playback; M. Includes stop - motion playback; N. Record only; 
P. Play only; Q. Video input impedance 50 ohms; R. Available with electronic editing at $1050; S. Available with remote control 
as Concord VTR -700 at $1495; T. Battery powered, Includes charger; U. Price includes camera. recorder, and microphone; V. Deck 
only; W. Stereo audio; R. New product. data not yet available. 
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RECENT 

DEVELOPMENTS 

IN ELECTRONICS 
Calibrating Standard Recording Tape. (Top left) The Na- 
tional Bureau of Standards has available a half -inch wide 
reference standard magnetic tape, SRM 3200, to be used by 
industry to check their own computer tapes. The tape, when 
used with suitable instrumentation, permits the accurate per- 
formance calibration of computer tape. The standard is use- 
ful during production control and it can be employed to sup- 
plement the reference tapes maintained by individual manu- 
facturers. To go along with the tape, NBS scientists have de- 
veloped a signal amplitude measuring system to determine 
the average amplitude of a train of equispaced signal pulses. 
Complete information on the system and its use is supplied 
with the standard tape. Prior to this work by the Bureau, 
there were several different methods of evaluating computer 
tape. In some cases, average peak volts, average peak out- 
put, or average pulse amplitude were measured. As a result 
tape sometimes evaluated by one method and thought to meet 
its manufacturer's specs was found to perform marginally. 
By using the new standard, this situation will be avoided. 

Portable Electronic Thermostat. (Center) Unlike the usual 
room thermostat that is permanently mounted on the wall 
and wired directly to the heating- system controls, the unit 
shown here is portable and wireless. The thermostat can be 
carried from room to room where it constantly monitors the 
furnace or air -conditioner by sending a periodic electronic 
signal to a responder unit at the furnace. All you need do is 
dial the temperature you want; a built -in thermometer indicates 
the current room temperature. The thermostat is battery - 
operated and is designed to run for 18 months before battery 
replacement is required. The responder unit is a.c.- operated 
and is connected to the furnace controls by means of two 
wires. There are no moving parts in the portable thermostat 
and, unlike a conventional thermostat with a mercury 
switch, can be operated in any position. An electronic differ- 
ential adjustment is provided, with a range of 0 to 8 de- 
grees. The system was designed by Kimco Laboratories. 

Radio -Controlled Gantry Cranes. (Below left) These two 
huge gantry cranes, used for bulk -cargo handling, can move 
up to 2000 tons of materials an hour. Located half -way be- 
tween Baton Rouge and New Orleans on the east bank of the 
Mississippi and surrounded for miles with lumbering ante- 
bellum mansions, the modern, radio -controlled transfer facility 
unloads all types of bulk cargoes from ship to rail, to barge, 
to stockpile, or any combination of the three. Prior to 
the installation of a sophisticated solid -state wireless radio 
remote -control system, the huge travelling gantry cranes 
had been plagued by electrical control failures due to an 
antiquated remote -control system. The new system, built by 
Telemotive Div. of Dynascan Corp., uses 200 -400 kHz radio 
transmitters at the rear of the crane cabs. Signals are picked 
up by receivers in the metal bridge housing straddling each 
crane some 100 feet above the river. The receivers decode 
the signals for the 26 functions of each crane. Solid -state 
plug -in modules are used for ease of servicing and maintenance. 
Loop antennas are used for transmitting and receiving. 
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Ultrasonic Rail- Inspection Car. (Top right) A new ultrasonic 
rail- inspection car, shown being loaded for shipment to 
Australia, is believed to be the first mobile ultrasonic labor- 
atory of its kind. Built by Automation Industries, the rail - 
inspection system is incorporated into an air-conditioned, 
diesel -powered transit bus equipped with retractable railroad 
guide wheels for on -rail use. As the vehicle moves over the 
rails, ultrasonic transducers in its search wheels radiate and 
receive signals that check for variations in rail size, dis- 
tinguish differences between bolts, bond -pin holes, torch cut- 
ting, and a true defect. A continuous chart recorder and an 

alarm system are operated during the course of inspection. 

Accelerators for Electron Microscope. (Center) A tech- 
nician is removing charge from the 17 -ft high accelerators 
used to power a million -volt electron microscope. This instru- 
ment, the largest and most powerful in the Western Hemis- 
phere, is at U.S. Steel's research center at Monroeville, Pa. 

It will be used in a cooperative study of samples of moon 
rock brought back to earth by our astronauts. Although the 
accelerating voltage is one -million volts, a precision voltage 
regulator keeps the d.c. voltage constant to within 0.0004 per- 
cent. A stream of electrons is fired through the magnetic lenses 
at 94 percent to speed of light. This gives the electrons 
a pentrating power of ten times that of beams in standard 
electron microscopes and permits viewing thicker specimens. 

Magnetic "Bubbles" for Digital Counting. (Below left) Tiny 
computers and electronic telephone switching systems of the 
future may accomplish counting, switching, memory, and logic 
functions all within one solid magnetic material, using a 

new technique now being explored by Bell Labs. The circuit 
shown here consists of a photolithographic pattern on the sur- 
face of a sheet of rare earth iron oxide, in which magnetic 
"bubbles" (large white dots) can be moved. These are cylindri- 
cal magnetic domains that can be moved at high speeds and 
into precise positions under the influence of a surrounding mag- 
netic field or as a result of current flow in the printed conductor. 

PC Boards Made by Electronic Cutting. (Below right) This 
scanning machine makes PC boards directly from artwork by 
use of a tungsten- carbide stylus that cuts away the copper foil. 
The machine does away with the delays of photochemical etch- 
ing and can be used with both rigid laminate or flexible film. 
A scanning rate of 325 passes per inch insures good resolution 
so that lines and spaces only 0.008 -in thick can be reproducede 
About an hour of machine time is required to make a small PC 

board. The machine is manufactured by Graphic Electronics 
and is sold for $3750, including installation and instructions. 
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Typical commercially available closed -box speaker system 
shown with grille removed. Unit is University Project M. 

Closed -Box 
Speaker 
Systems 

By HUGH G. MORGAN /Acoustical Section Head 

University Sound (Div. of LTV Ling Altec, Inc.) 

Here are complete details on building your own acoustic- suspension 
speaker system. All the factors that go into the design are covered 
along with practical information on cabinet structure and proportions. 

Editor's Note: Many of our readers have requested infor- 
mation on the construction and design of the acoustic -sus- 
pension speaker system. This is among the most popular 
enclosures for stereo use since it provides good bass ef- 
ficiency in a reasonably sized cabinet. Although the system 

appears simple, there are a good many factors that must be 
taken into account. Our author has described all these fac- 
tors in the following article for those who want to take the 
time and effort required to design and build their own 
closed -box speaker system. 

THE woofer and its marriage to its enclosure have been 
subject to almost as much research, contention, and 
misunderstanding as has marriage itself. Several types 

of woofer -enclosure marriages are currently practiced. Each 
type brings forth its special advocates who tend to fault other 
types. This is unfortunate, since each type offers a set of vir- 
tues not entirely encompassed by any other type; and further, 
each type embraces some limitation not common to others. 
Of the various types, one of the most popular and most hon- 

+15 

Pa o 

-15 

Fig. 1. Closed -box bass response as a function of Q,. Large 
values of Q, produce humped bass response, small values 
produce "tight" but rolled -off bass. Optimum value is around 
1. Curves are normalized to show some high -end response. 

Ot=4.5 

0f=1.1 

Of= 0.46 

i l I I I I 

30 50 70 100 

Hz 

200 400 

ored is the closed box, or acoustic -suspension system, which 
employs an enclosure having no openings except those into 
which the speaker or speakers are mounted. The woofer is 
highly compliant and the "springiness" of the air within the 
speaker enclosure helps to a great extent to support or "sus- 
pend" the cone. 

Virtues of the closed box are: it may be very small in size; 
it never "unloads" the speaker even at very low frequencies; 
its penultimate bass response falls off at a slower rate than 
does that of other widely used types; and it can be extremely 
economical. However, every type achieves its virtues at the 
cost of some limitation. The limitation of the closed -box sys- 
tem is that it must operate at relatively low efficiency if it is to 
have flat response and good bass performance. This flat re- 
sponse, efficiency, and bass extension are controlled by Qr 
( composite resonance magnification factor), which is graphed 
in Fig. 1. 

Why Build Your Own? 
But before we go further. perhaps we should consider a 

question which may be troubling you at this very moment: 
Why should you build your own system? After all, you can 
buy them complete and as designed by an expert. Undenia- 
bly, the practicing professional has access to a lore of acousti- 
cal know -how, as well as access to an industrial speaker design 
laboratory with very sophisticated facilities for analysis and 
test. But the hobbyist has access to other important factors: 
his own living room, his own taste, and his own ears. Also, 
even if he goes astray, the hobbyist generally has an out -a 
luxury seldom allowed the professional, for whom, if he makes 
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GEN. 

R 

A. C.V. T.V.M. 

Fig. 2. Method of finding fa,. Woofer is suspended freely 
by a cord for from walls or other reflectors. As audio gen- 
erator is tuned though its low- frequency range, a peak in 
meter reading will occur at the bass resonant frequency, fos. 

a mistake, it's back to the drawing board (or back to the 
farm) . 

To perform our speaker -enclosure marriage, we will require 
the purchase of one of its partners, the woofer. But we can 
get a much better feel for the requirements for this partner if 
we first lay out the requirements for our ceremony. Step -by- 
step, we must determine: (1) speaker bass resonant frequen- 
cy, fos; (2) speaker stiffness, S; (3) cabinet stiffness, S,.; 

( 4) composite resonant frequency for; and (5) composite 
resonance magnification factor, Qt. 

Speaker Resonance and Stiffness 

First, then, we will find the speaker fundamental bass res- 
onance, fOR. This is determined by the setup and method of 
Fig. 2. 

Speaker stiffness, S,, is determined by reference to Fig. 3. 
However, in order to use the graphs, we must find speaker 
moving mass m. 

Having already determined speaker fundamental reso- 
nance fog, we attach to the cone a known weight m' which 
should be non -magnetic and may take the convenient form 
of a roll of soft, sticky clay. For accurate measurement of 
weight, use a good balance, or make one by placing a round 
pencil across the center of an ordinary wood ruler, adjusting 
until the ruler balances exactly when laid pencil- side -down 
upon a smooth, level surface. The roll of clay is placed at one 
end of the ruler. Nickels and /or pennies are placed at the 
other end. The amount of clay in the roll or the size of the 
money pile is adjusted for exact balance. Nickels weigh 5 

grams each, and pennies are 3 grams each. Thus the m' may 
be found with sufficient accuracy, its magnitude being unim- 
portant as long as it is known. 

The clay roll is then gently but firmly pressed onto the 
cone around the dust cap. A new resonant frequency of f_ 
is then taken, again using the method of Fig. 2. Then the 
following is computed: 

,f m oz 
2 

net - fo2 _ f.22 
where: m' = added weight in grams, f., = initial resonant 
frequency in Hz as before, f02 = new resonant frequency in 
Hz, and mt = total moving mass including radiation reac- 
tance mass. 

Then, m = mt - mxr, where mxr _ (3.23 x 10-3) a3 = radi- 
ation reactance mass, and a = radius of effective speaker 
piston in cm. (Take the width of one side of the surround, 
add to distance across the top of the cone, and divide by 2.) 

Now we have speaker moving mass m and hence can 
estimate speaker stiffness from the curves of Fig. 3. 

Cabinet Stiffness and Composite Resonance 
When the speaker is cabineted, the cabinet -enclosed air 

stiffness will add to the speaker stiffness. We now find cabi- 
net stiffness Se from Fig. 4. 

When the speaker is mounted into its cabinet, a composite 
speaker -enclosure resonance, fO,, will occur. This is graphed 
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Fig. 3. Speaker stiffness, S , as a function of fundamental 
resonance, f,,,, and speaker moving mass m. Curves are 
identified by numbers for various speaker sizes and mass. 
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Fig. 4. Cabinet stiffness, Se, for all the common speaker 
sizes for enclosures with internal values from 1 -10 cu ft. 
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Fig. 5. Composite resonance as function of free -air -resonance 
and moving mass of 8 -in woofers in 1 -cu -ft closed box. 

in Fig. 5 for 8 -inch woofers in a one -cubic -foot box; in Fig. 6, 
for six different speakers in a 1.6- cubic -foot box; and in Fig. 
7 for two different 12 -inch woofers in boxes from 1 to 10 
cubic feet. 

Thus we see that f O0 may be set at will by changing cabinet 

Fig. 6. Composite resonance of various 10, 11, and 12 -inch 
woofers in a 1.6 -cubic -foot closed box with damping material. 
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Fig. 7. Composite resonance for 12 -inch woofers with free -air 
bass -resonant frequencies of 15 Hz in various cabinet volumes. 

10 

volume, speaker moving mass, and speaker size. This is of 
great significance, for fr,, determines bass cut -off; that is, 
fo,, determines the frequency below which bass will fall off 
rapidly. 

Composite Resonance Magnification Factor 
Looking again at Fig. 1, we see that, while cut -off is de- 

fined by fr,,. (about 40 Hz in this case), that is by no means the 
whole story. The shape of response down to cut -off is deter- 
mined mainly by Qt. Since we are at the mercy of Q,, as it 
determines what we are allowed to hear, its importance can- 
not be overstated. It is measured by the method of Fig. 8. 

The value of Qt is determined by the characteristics of the 
woofer used (resistance of voice coil, magnetic flux density, 
length of voice coil) as well as the mechanical and acous- 
tic parameters of the speaker system. Since the hobbyist 
cannot change the design of the woofer he will use, the most 
he can do is to add mass to the speaker, alter enclosure size, 
and add damping material within the box. 

Damping Material 
Any fuzzy substance like a furry blanket, cotton, rock 

"wool," Tufflex wood -fiber "wool," or fiber glass can absorb 
sound. Fig. 9 shows a section of response of an experimental 
speaker: (A) with box lined with 1/2 -inch Tufflex, and (B) 
with no lining. Notice notches in response in (B) due to 
sound reflections within box. This demonstrates absorption 
at the wall. 

But damping material has another function -enclosure 
volume expansion. With the speaker cabinet completely 
filled with fuzz, the material acts as a heat sink and reduces 
the effective velocity of the sound; hence, the speaker "sees" 
an acoustic volume substantially larger than the volume 
measured by a ruler. 

But we do not get something for nothing. The speaker 
drives energy into the box. The fuzz converts some amount 
of that energy into heat. That amount never returns to the 
speaker, never gets into the room, often shows up as 
overdamping of the low end of the woofer (energy lost), 
and can cause low -end distortion. Thus indiscriminate fuzz - 
stuffing has ruined many a system. If the woofer requires 
stuffing of its enclosure, by all means stuff. But try different 
amounts of stuffing-1/4 full, 1/2 full, and so on. Measure Qt 
and listen. Be sure to do both. When the bass begins to 
sound constricted or overdamped, remove some stuffing (re- 
gardless of Qt). When the bass sounds ample and relaxed 
(bn t not sloppy) , you have it. 

Purchasing the Woofer 
For closed -box operation, the woofer should have a very 

soft, compliant surround, preferably a half -round shape. As 
you examine a woofer, press in and out on the cone. It should 
move at least 1/4 inch in both directions. Nothing should make 
a dragging, scraping, scratching sound. Indeed, when oper- 
ated like this, the speaker should make no sound whatever. 
Then feel the cone. It should be fairly thick (perhaps %2 to 
'As inch) and not too hard. 

Sometimes, by experimenting with a beam from a small, 
bright flashlight, you can manage to see through the spider 
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and observe the frontward extension of the voice coil. If 
the magnet is open in the back except for a cover or covers, 
you may be able to observe the rearward extension of the 
voice coil. If the end of the coil does not extend out of the 
pole pieces as you watch it and move the cone, that speaker 
is not for this application. The coil should overhang the mag- 
netic gap by at least 3/c inch. If you can, get the salesman 
to run an f, for you or get this information from the manu- 
facturer. The proper value should be from about 15 Hz to 
25 Hz. 

If you require a lower f o, than you get initially, then yogi 
may try a bigger box. But take care, you can make it nice and 
big and wind up with a low f0 but with a Qt of 0.5 or less 
and no satisfactory bass. 

Perhaps weighting the woofer will provide just the de- 
gree of trimming you need. Add some putty to the cone 
as you did before until you get the desired far.. Resist the 
temptation to go farther down in frequency than 50 Hz. And 
about 20 grams added weight is probably maximum, as too 
much added mass tends to decouple the main body of the 
cone from that section immediately adjacent to the coil. This 
produces a peak in response at or above the speaker high - 
end cut -off. A coil of rosin -core solder wire fitting the cone - 
dust -cap juncture can furnish the added mass. Affix into 
place with something like Duco cement. Let it dry over- 
night, and don't use epoxy as you might want to get the 
weight off. Start with 10 -grams added weight and, if you 
need to, add another 10 grams. 

Cabinet Structure and Proportions 
As a piece of woodwork, a loudspeaker cabinet leads a 

very rough life. Sound power is continuously attacking it. 
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Fig. 8. Method of measuring Q, of speaker enclosure. First 
place switch at 1 and measure resistance of woofer voice coil 
(R,0 with v.o.m. Then, disconnect the v.o.m., set audio 
generator at 1000 Hz, and move switch to 2. Adjust amplifier 
gain for a reading of 10 volts on v.o.m. Sweep generator from 
about 20 to 100 Hz and note peak reading on v.t.v.m. This is 
f.,. Move switch between 2 and 3 and adjust variable re- 
sistor until there is no change in voltage. At this setting 
and with S at position 2, measure value of variable resistor 
with the v.o.m. This value is R,,,.. Then, slowly increase 
frequency until voltage reads 0.707 of its peak value. Gen- 
erator now indicates f1. Finally, decrease generator fre- 
quency below the peak until the voltage again falls to 0.707 
of the maximum. Generator is at ft. Substitute in equation 
shown with diagram in order to obtain the value of Qt. 

Fig. 9. (Al Portion of response of experimental closed -box 
system with 1/2-in Tufflex lining. (BI Same but with lin- 
ing removed. Notches in the response around 300, 720, and 
1400 hertz are caused by internal reflections of the sound. 
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(A) 

WOOFER 

(8) 

CROSSOVER FRED. 
(Hz) 

VALUES FOR NOMINAL 8f1 SPEAKERS 

CIO) L(mH) 

500 40.0 2.500 

1,000 2 0. 0 1.250 

2,000 10.0 0.625 

4,000 5.0 0.312 

8,000 2.5 0.156 

WOOFER 

Fig. 10. Diagrams of simple crossover networks. If speaker 
impedance is 4 ohms, multiply C by 2 and divide L by 2. If 
speaker impedance is 16 ohms, divide C by 2 and multiply L 

by 2. Nonpolarized electrolytics can be used for capacitor, 
and air -core chokes for inductor. Values given are computed; 
final values depend on efficiencies and responses of speakers. 

Even if its walls are very strong, they are flexed by changes in 

enclosed air pressure and this absorbs much more energy 
than it transmits to the outside air. Hence wall flexure should 
be minimized. This can be accomplished by use of thick, stiff 
walls. 

Another problem is that of panel resonances -which can 
also be minimized by sturdy wall materials. Struts or braces 
are advisable where panels are wider than one foot. For six - 

and eight -inch woofer enclosures, panel material may be ply- 
wood or dense particle board of 1/2 -inch thickness. For larger 
speakers, walls should be at least 3/4 -inch thick. 

Small holes and cracks should be avoided. They make a 

hissing, puffing noise which robs the bass of measurable 
power. Therefore, good, tight, glued- and -screwed joints are 
a must. Even better are well -designed lock -joints such as 
those employed in some commercial closed -box systems. Such 
joints make cabinet assembly difficult and costly, but produce 
leak- proof, virtually destruct -proof cabinets. 

Because it can be small in size, the closed -box speaker is 

particularly well- suited to shelf mounting. This suitability, in 
turn, tends to be enhanced by typical cabinet proportions, 
which generally present a front rather long and narrow and 
a depth seldom greater than a foot. Typical outside dimen- 
sions in inches are: 

System Woofer Size Length Width Depth 
6 15 91 /í 6 

8 19 101/2 91/2 

10 231/2 111/2 10 

11 24 13 12 

12 25 14 13 

15 30 19 16 

Frequency- Dividing Networks and Tweeters 

High -quality high -fidelity loudspeaker systems generally 
employ two or more separate speakers, each designed to han- 
dle a different band of frequencies; the division of energy is 

accomplished by a frequency- dividing or crossover network. 
Two -way systems can sound excellent and present fewer 

problems to the home constructor than do more complex sys- 
tems. Let us then limit the number of speakers to two, a 
woofer and a tweeter. Let us also limit the number of network 
components to a minimum, for recent research shows quality 
of sound deteriorates progressively with increase in the num- 
ber of network components. 

The simplest network is shown in Fig. 10A. The capacitor 

Novs.mber, 1969 

provides a low- impedance path for high frequencies to the 
tweeter and a$ the same time blocks low frequencies, forcing 
them to pass (only through the woofer. A slightly more elab- 
orate network (Fig. 10B) includes a series choke to keep the 
high frequencies out of the woofer. 

As a speaker becomes smaller, its operation approaches 
that of a point source, uniformly distributing sound over the 
listening area. Conversely, as a speaker becomes larger, it 
"squirts out" more of its top frequencies in a narrow beam. 
So we want the smallest possible tweeter. But we would like 
the tweeter to go down far enough in frequency so that it can 
take over from the woofer at a low enough crossover to avoid 
the beaming of the woofer at its top speed. So we want the 
largest possible tweeter. 

The best compromise is presently reached by using a long - 
throw, high- quality woofer of modest size, thus minimizing 
woofer top -end beaming, and the smallest possible, widest - 
range tweeter. One means of accomplishing the latter is to 
provide the tweeter cone with a series of strategically placed 
holes which allow the tweeter cone to operate at full size at 
at the bottom of its range, but which cause it to operate as a 

progressively smaller unit with rise in frequency. (Patent 
applied for by University Sound.) The tweeter is usually 
connected to the woofer in -phase so as to avoid cancellation 
around the crossover frequency. 

Considering all factors, the optimum crossover point for a 

two -way system is about 1000 Hz. 
If the network is to be minimized, its frequency -contouring 

function must be supplanted. That can be the contouring of 

the response of the speaker itself. Such contouring is diffi- 

cult, but it can be done, as is shown in the shapes of the curve 
of the woofer top -end and of the tweeter bottom -end in Fig. 
11 where only one capacitor is used as the network. 

It is important to purchase speakers in matched sets from 
one manufacturer, and purchase the very best. 

Speakers should be mounted from the front. Back mount- 
ing introduces unnecessary irregularities due to the "tunnel 
effect" of the speakers "looking through" the thickness of the 
cabinet front panel. Also the two speakers should be mounted 
as close together as possible. 
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Project M. Dashed curves are outputs of speakers separately. 
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The 

Electronic 

Piano 
By EDWARD A. LACY 

An adult music lab with seven pianos including one at left used by instructor. 

Wurlitzer, a leading manufacturer of these pianos, reports over 
25,000 units in use and hundreds of classroom laboratory setups. 
Advantages include earphone or private operation plus portability. 

Editor's Note: Although electronic pianos have quite a way 
to go before they can compete with the concert grand, these 
compact pianos have made an important place for themselves 
in dance bands, pop groups, and, more important, in many 
schools and music laboratories where they are being used 
for training purposes. 

WHILE numerous patented improvements have been 
made in the piano within the past hundred years, 
the fact remains that there has been no substantial 

change or major improvement in piano construction during 
this time. Whereas other musical instruments, such as the 
guitar and the organ, have been revolutionized by the addi- 
tion of electronics, only in the past ten years or so have elec- 
tronic techniques been applied to pianos. 

Now, however, electronic pianos are beginning to catch 
on. The total number of such pianos in use is not known, but 
Wurlitzer, a leading manufacturer of these pianos, reports 
that it has more than 25,000 units in use and hundreds of 
classroom laboratory setups in operation. 

In addition, M. Hohner, Inc., P.A. Starck, Rocky Mount 
Instruments, Inc. (a subsidiary of the Allen Organ Co.), and 
the Gulbransen Company are now building various types; 
N.V. Philips has one under development, and the Baldwin 
Co. expects to market one this year. 

No one is claiming that electronic pianos sound exactly like 
conventional pianos, but the sound is close enough so that 
musicians can ignore the differences in exchange for the elec- 
tronic piano's two major advantages: earphone or private 
operation and portability. 

Through the use of earphones, piano practice becomes 
unnoticeable or unobjectionable to others, a welcome feature 
for apartment dwellers and impatient parents. With this pri- 
vacy feature, group instruction has become practical for the 
first time. With an electronic -piano music laboratory, for ex- 
ample, an instructor can listen to, speak over, or play for any 
individual student, or even arrange ensembles. He can give 
individual instruction in the midst of a group, correcting a 
student in private without embarrassing him. 

Obviously, group instruction can save on the cost of teach- 
ing piano. According to classroom instructors, a more impor- 
tant advantage is the effect of group instruction on students 
-there's a friendly spirit of competition yet the pupil has a 
definite feeling of being part of the group. For youngsters in 
particular, there's no feeling of solitary confinement -their 
buddies may be right there with them. 

Not surprisingly, such music laboratories have been put 
40 

into use in classrooms throughout the country, from third 
grade through college -at such diverse places as the Canby. 
Minnesota elementary schools, the Allentown, Pa. high 
school, Ohio State University, and Eastman School of Music. 

The second advantage -portability -is obtained by using 
steel reeds instead of piano strings, and an electronic ampli- 
fier and loudspeakers instead of a sounding board. Because of 
its construction, a portable model electronic piano may weigh 
only 56 pounds compared to 350 to 400 pounds for a conven- 
tional spinet -type instrument. 

By using 64 notes or keys, instead of the usual 88, the size 
can be held down; one model with detachable legs is only 
33 inches high X 40 inches wide X 181 inches deep. While 
the keyboard is significantly shorter than the usual keyboard, 
the manufacturer believes it is more than satisfactory since 
approximately 90 percent of all music written can be played 
on the shorter keyboard, with its five -octave range instead of 
the normal seven- octave one. 

With this size and weight reduction, it's easy to see how 
these instruments can be taken to places or to events where 
pianos may be rare -to weekend cottages at the beach or in 
the mountains, or even on small boats, if a.c. power is avail- 
able. In Wichita, Kansas, the public school system puts 24 
of these pianos in a van and trucks them around to the various 
schools. Because it is easy to carry, dance -band musicians 
have been using the electronic piano. Duke Ellington and the 
Harry James orchestra use them. 

Depending on your viewpoint, the several thousand parts 
-levers, pins, pivots, springs, cushions, strings, etc. -in an 
ordinary piano constitute a mechanical marvel or a mechani- 
cal monstrosity. It would appear to be a prime example of an 
instrument that should have been modernized long ago 
through the use of electronics. Why this has taken so long 
and why it still is not perfected can best be explained by con- 
sidering the construction of the conventional piano. 

Conventional Piano Construction 
In one sentence, a piano works like this: By pushing a key 

you throw a hammer at a string whose vibrations are subse- 
quently carried to the air by means of a vibrating sound 
board. While this may sound simple, it is actually a very 
complicated process. Story and Clark Piano Co. has de- 
scribed this process in an excellent series of copyrighted 
monographs which are summarized below. 

Through a system of levers and pivots, a pianist's down 
pressure on a key is converted to a forward motion of the 
hammer, a wooden head covered with a pad of wool felt. The 
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hammer travels five times as far and approximately four 
times as fast as the front edge of the key, the key travel being 
about 3/8 of an inch at its front edge. The hammer is not 
carried directly to the string but is literally thrown at the 
string, leaving the hammer free to rebound instantly. Because 
of the resiliency of the felt on the hammer, the time of actual 
contact between the hammer and the string is anywhere from 
1 /200th to 1 /500th of a second. This quick getaway is im- 
portant so that the hammer will not act as a damper and in- 
terfere with the free vibration of the string after it has been 
struck. 

The 225 strings in a piano are not strings at all, of course, 
but high -grade Swedish steel wire with a tensile strength of 
350,000 pounds per square inch and a diameter of 0.03 to 
0.06 inch. When properly tuned, these strings exert a total 
tension of about 36,000 pounds. This load must be carried 
by a heavy cast -iron plate or stringing frame, which makes 
up a major part of the piano's weight. 

There are three strings to each note in the treble and mid- 
dle registers, two strings to a note in the upper bass, and one 
string for each note in the low bass. Multiple strings provide 
greater volume than a single string and produce a richer and 
more satisfying tone. 

From the low note of 27.5 Hz to the high of 4186 Hz, each 
of the 88 notes has a different pitch, which is determined by 
the number of vibrations per second of the wire. This fre- 
quency depends on the "speaking length" of the wire, which 
is a function of the length of the string between the wooden 
bridge located at the bottom of the sounding board and the 
bearing point of the string on the iron plate at the top, the 
tension, and the degree of its loading by its ovenvrapping of 
copper wire in the bass section. 

A string will vibrate at the same rate no matter if the blow 
is soft or hard. When a string is struck by the hammer, there 
is a succession of sounds which overlap each other and blend 
together in such a manner as to give the piano its character- 
istic tone. 

The basic or lowest pitch of the string sounds first, produc- 
ing the fundamental. This tone comes from the vibration of 
the whole speaking length of the string. Immediately after 
the whole length of the string has swung back and forth to 
produce the fundamental, it "divides" itself in the middle 
and each half vibrates separately, the fundamental having 
ceased. 

Each of the halves vibrates twice as fast as the whole 
string did before, and because of this higher frequency the 
supplemental sound which these halves produce is one octave 
above the first, or fundamental, tone. This secondary sound 
is known as the second partial, since it is a partial of the first 
tone. 

After the string has switched from one vibration section 
into two, it almost instantly divides itself again, breaking up 
this time into three sections, each of which starts vibrating 
at three times the original rate and producing a still higher 
tone, called the third partial. The partial tones produced by 
a piano, however, are not exact whole number multiples of 
the fundamental tone. 

The generation of higher tones continues up to at least the 
eleventh partial, as far as significant piano tones are con- 
cerned. The lower partials are harmonious and pleasing to 
the ear, but the odd -numbered partials above the seventh 
are harsh, metallic, and unharmonious. The relative intensity 
of the partials contained in a tone determines its quality. 

In the ideal tone, only the first seven partials would be 

Fig. 1. Block diagram of Wurlitzer elect onic piano. 
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used; fifty percent of the total intensity would be in the fun- 
damental and the balance divided among the remaining six 

in decreasing proportions up to and including the seventh. 
The tones generated by the strings are transmitted through 

the bridges to the sounding board where they are reflected, 
amplified, and projected into the air. The sounding board is 
a very thin wood panel, from Sic to 3/8 of an inch thick, which 
vibrates at the same rate as the strings. 

The Piano Goes Electronic 

In his first attempts to build an electronic piano in the 
1930's, Benjamin F. Miessner, who may very well be called 
the father of the electronic piano because of his many patents 
in this field, tried replacing the sounding board with elec- 
tronic string- vibration pickups, amplifiers, and speakers. 
Tone quality was good but over -all the piano was not satis- 
factory because the tones did not decay fast enough in rapid 
passages. 

After much experimenting, Miessner turned to reeds for 
tone generation because of their simplicity, ruggedness, abil- 
ity to hold their tuning, and low cost. Reeds, of course, had 
been used in organs and accordions, but in an entirely differ- 
ent manner -in such instruments they vibrate continuously, 
not at all like their use in pianos. To adapt them for use in 
pianos, it was necessary to determine the precise point at 
which they were to be struck. 

This method of tone generation is the basis for the Wur- 
litzer electronic piano. 

In touch and response, the keyboard of a Wurlitzer elec- 
tronic piano is essentially the same as that of a conventional 
instrument since it uses a modified grand -piano action. While 
it is an electronic piano, there are approximately 3200 wood, 
metal, and felt parts in the keyboard action. When a note is 
struck, a felt- covered hammer strikes a corresponding Sand - 
vik steel reed which vibrates at a pre -set pitch. 

Each of the 64 reeds is cut and weighted for the specific 
resonant frequency (from 55 to 2093 Hz) at which it will 
vibrate when set in motion. The reeds are mounted on two 
separate aluminum reed bars. Two pickup bars or plates are 
mounted on each reed bar, but are insulated from it. Slots 
are cut in the pickup bars so that the reeds can vibrate back 
and forth through the slots. A polarizing voltage of 170 volts 
is impressed across the pickup bars. As the reeds vibrate in 
this electric field, a capacitance change takes place at a rate 
corresponding to the reed's tuned frequency or pitch. 

This capacitance change is used to produce a varying volt- 
age across a load resistor and this voltage is then amplified 
and reproduced electronically ( Fig. 1) . 

Earlier models used tubes but all of the company's present 
models use silicon transistors. The amplifiers have a fre- 
quency response from 20 to 20,000 Hz with 30 watts peak 
output power. A vibrator circuit in the amplifier modulates 
the signal by means of a light- dependent resistor. Since elec- 
tronic amplification is involved, the volume can be set as 
desired without the pianist altering his playing technique. 

Two 4 X 8 inch oval speakers are mounted on the front 
of the piano. ( High- fidelity earphones are optional.) The 
speaker at the bass end of the keyboard accents the bass 
notes and the speaker at the treble end stresses the highs, 
which makes the scund seem to move up and down the 
keyboard as the notes are played. In the console model, 
there are two additional speakers: these are 8 -inch units 
mounted in the base. 

An auxiliary output jack produces a low -level signal which 
can drive a guitar amplifier to full output or feed a high - 
fidelity amplifier through a tape -input jack. 

Wurlitzcr introduced its electronic piano in 1955. In 1964 
the music laboratory was introduced, consisting of one in- 
structor's console (with communications center), and six to 
24 pianos for students. Optional aids for the instructor's con- 
sole include a turntable with amplifier, tape recorder with 
amplifier, and a metronome. (Continued on page 75) 
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The Electronics of 
CORK 

By WILLIAM 

0 SI 0 N 
P. FERREN, PhD, F.A.I.C.':` /Associate Professor of Chemistry, Wagner College, N 

i ne ettect of local -cell corrosion on an automobile fender. 

The role played by electronics in causing and /or minimizing corrosion, 
especially as related to marine environments, is explained. The various 
types of corrosion, as dependent on the environment (electrolyte) and 
the galvanic arrangement (dissimilar metals), are discussed by author. 

THE fundamental action in corrosion is electronic in 
nature. This electro- chemical process holds true 
whether the corrosion takes place in an air environ- 

ment, in the water, or in the interface between the two. 
Indeed, much of the terminology used by corrosion scien- 
tists and engineers reflects this. Such terms as anode, cath- 
ode, electrolyte, ionization, current, potential, voltage and 
e.m.f. are as familiar to the corrosion engineer as they are 
to the electronics technician. 

Galvanic Corrosion 
Similarly, the classical explanation of the phenomenon of 

corrosion is readily understandable by those in electronics. 
Any metal placed in a water solution will begin a process 
of dissolution. If we take two unlike metals such as zinc and 
copper, place them in water, and wire them together ex- 
ternal to the water electrolyte, we have created conditions 
whereby corrosion can take place. It is from this simple 
galvanic cell that the particular type of corrosion that oc- 
curs when two dissimilar metals are exposed to a common 
electrolyte and are physically connected externally derives 
its name -galvanic corrosion. The zinc atoms in contact 
with the water lose electrons and enter the water as posi- 
tively- charged zinc ions. The electrons released by the ion- 
ized zinc atoms will travel through the wire from the zinc 
anode to the copper cathode. In the electrolyte, the zinc ions 
Nvill travel toward the copper cathode. But these zinc 
ions never reach the copper cathode because of a chemical 
reaction that has been taking place within the electrolyte. 

The water atoms have also been ionizing; the hydrogen 
atoms in the Ho0 combination become positively charged 
hydronium ions by giving up electrons, and negatively 

*The author is consultant to Marine Surveys Co., Inc., 
Stillwell & Gladding (an independent testing labora- 
tory), and Marine Container Equipment Certification 
Corp. He recently hosted an industry conference on 
corrosion problems at Wagner College's Staten Island 
(N.Y.) campus. 
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charged hydroxyl ions by gaining electrons. The positive 
hydronium ions seek to regain their lost electrons and take 
them from the copper cathode which by now has an abun- 
dance of the electrons released by the zinc atoms when 
they ionized. Thus, the hydronium ions become hydrogen 
molecules when they achieve balance. The negative hydrox- 
yl ions share their excess electrons with the zinc ions and 
here, too, balance is achieved. If nothing further happened 
ill this system, the galvanic corrosion process would cease 
for the hydrogen atoms clustered around the copper cathode 
in the form of hydrogen gas (polarization) would effectively 
shield it from the electrolyte. But oxygen becomes involved 
and combines with the hydrogen atoms to form water -Ho() 
-once more. This action exposes the copper cathode to the 
electrolyte, thereby re- establishing the electrical circuit, and 
permitting the corrosion process to continue. 

Rating Galvanic Action 
Traditionally, corrosion engineers and scientists while 

recognizing that an electrolyte, whether it be a water solu- 
tion or highly humid air, is necessary for corrosion to occur, 
have tended to concern themselves more with the proper 
choice and treatment of metals existing in a system to im- 
pede or halt corrosion. The base -noble metal sequence in 
Table 1 is one of three common listings which have been 
compiled as an aid to choosing combinations of metals that 
will reduce the possibility of galvanic corrosion. The recom- 
mended practice is to either choose identical metals or 
metals close together in the base -noble series if they are to 
be in physical contact with each other while exposed to a 
common electrolyte. The farther apart two metals are from 
each other in this series, the higher the potential difference 
-between the two and, therefore, the greater the possibility 
of corrosion. The same philosophy applies to both the ac- 
tivity and galvanic series (Table 1) . In each of these three 
charts, the anodic metal -the one which will suffer the struc- 
tural corrosion damage -is at the top, the cathodic metal - 
the one which will not be affected by the corrosive process - 
is at the bottom. The farther apart any two metals are in 
any of these series, the stronger the galvanic cell. 

The galvanic series is probably the most used series in 
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considering the electronics of corrosion. This particular gal- 
vanic series was predicated on a sea -water electrolyte and 
using a silver /silver -chloride reference electrode. Just as in 
assessing antenna -gain figures, one must know exactly what 
the reference unit is. Readings based on a calomel electrode 
or a metal electrode would give entirely different readings 
than those listed for the galvanic series in Table 1. For- 
tunately, the silver /silver -chloride electrode is gradually 
becoming the standard. As mentioned above, the metal at 
the top of the scale will become the anode, the metal at 
the bottom the cathode. In the preceding zinc -copper ex- 
planation, for instance, the zinc was anodic, the copper 
cathodic. Similarly, copper would become the anode when 
coupled to nickel in a two- metal, electrolytic, physically 
connected system. Measurements performed by the author 
using the Simpson 313 v.o.m. with a silver /silver -chloride 
electrode yielded different values. The reason for the vari- 
ance was that the author's sea -water samples came from 
the highly polluted New York port area while the readings 
for the galvanic series in Table 1 were based on relatively 
unpolluted sea water. In addition, the New York port area 
waters have a certain percentage of fresh water introduced 
by the Hudson River and other tributaries. The sea water 
used for the galvanic series in Table 1 is relatively unpol- 
luted and has no meaningful fresh water content. Thus, 
we see that a difference in electrolyte will make a differ- 
ence in the rate of corrosion. Indeed, the entire study of 
corrosion might be said to be a study in differences: differ- 
ences in metal, in electrolyte, in -as we will see later - 
oxygen concentration in the electrolyte, even differences in 
size between the anode and cathode involved. In other 
words, the corrosion system is a differential system. 

Corrosion vs Electrolyte pH 
Just as there are instruments to read the differences in 

electronic concentration, i.e., potential (the voltmeter) and 
to read the flow of electrons (ammeter) , so also is there a 
meter to read the active concentration of ionized hydrogen 

Fig. 1. A portable battery- operated pH meter that is used 
by electronics technicians who specialize in marine work. 

atoms in a water solution. This is the pH meter and might 
be regarded as a high -impedance voltmeter used in conjun- 
tion with a special permeable glass probe and a reference 
half cell. While the basic function of a pH meter is to de- 
termine the active acidity or alkalinity of a solution, most 
have an e.m.f. position to read voltages ( instruments with- 
out the e.m.f. position may be used to read voltages by 
substituting 0.06 volt per pH unit) . Probably the handiest 
pH meter for the electronics technician would be the unit 
made by Analytical Measurements (Chatham, New Jersey). 
This instrument ( Fig. 1) is portable and battery- powered 
which permits it being taken "on the scene" which, in most 
cases, is a virtual necessity. 

The pH meter differs from the voltmeter or ammeter in 
that it reads "backwards." While the voltmeter will read 
higher on the scale when the voltage difference present is 
relatively higher, and the ammeter will give a higher indi- 
cation when the current is high, the pH meter reads invers- 
ly, i.e., the lower the ionized -hydrogen activity, the higher 
the pH reading; the higher the ionized -hydrogen activity, 

Table 1. Listings of base -to -noble metal sequence, activity series, and galvanic series. Base metals at the top of the 
list function as the anode when used with metals lower in the series (more noble), and are subject to corrosion. The 
activity series, with hydrogen gas as the arbitrary reference, indicate the relative inertness of reactivity of metals. 
The reactive elements are above hydrogen while the inert elements are below. The galvanic series, the most used 
series in considering the electronics of corrosion, indicate voltage readings recorded between the indicated metal 
and a silver /silver -chloride reference electrode while immersed in a relatively unpolluted sea -water electrolyte. 

BASE -NOBLE METAL SEQUENCE ACTIVITY SERIES GALVANIC SERIES 

BASE 

Magnesium 
Zinc 

Aluminum 
Cadmium 
Steel or Iron 
Chromium -iron (active) 
Lead -tin solders 

Lead 
Nickel (active) 

Brasses 
Copper 
Bronzes 

Copper -nickel alloys 
Nickel- copper alloys 

Silver solder 
Nickel (passive) 
Chromium -iron (passive) 

Silver 
Graphite 
Gold 
Platinum 

W 

NOBLE 

Magnesium 
W 

Aluminum 
Zinc 

Chromium 
Iron 

Cadmium 
Nickel 

Tin 

Lead 

Hydrogen 
Copper 

Silver 
Palladium 

Platinum 

Gold 

Material Voltage 

Magnesium 1.5 

Zinc 1.03 

Aluminum 0.75* 

Cast iron & carbon steel 0.61 

Stainless steel 0.55* 

Bronze 0.4 

Yellow brass 0.36 

Copper 0.36 

Red brass 0.33 

Admiralty brass 0.29 

Copper nickel 0.27* 

Nickel 0.2 

Monel 0.075 

'Represents an "average" reading taken of 'varying alloys of 
each of the respective metals. 
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SUBSTANCE pH READING 

Lemons 2.2 -2.4 

Apples 2.9 -3.3 

Wines 2.8 -3.8 

Sauerkraut 3.4 -3.6 

Strawberries 3.1 -3.5 

Beer 4.0 -5.0 

Spinach 5.1 -5.7 

Shrimp 6.8 -7.0 

Distilled Water (CO_ expelled) 6.8 -7.0 

Crackers 7.0 -8.5 

Sea Water (Unpolluted) 8.0 -8.4 

Table 2. Representative pH readings of familiar substances. 

the lower the pH reading. As mentioned above, the pH 
meter's basic function is the determination of the active 
acidity or alkalinity of a solution. Analytical chemists de- 
cided that the more acid a solution the lower the reading, the 
more alkaline the solution the higher the reading. The cen- 
ter point of the 0 -14 scale -7 -was assigned to carbon di- 
oxide -free distilled water. Some representative pH readings 
of familiar substances are given in Table 2. 

In practical terms, the electronics technician embarking 
on corrosion control will be concerned with only three elec- 
trolytes: sea -water, fresh -water, and high -humidity atmo- 
sphere. Comparatively, unpolluted sea water has a pH read- 
ing from 8.3 to 8.7 on the 0 -14 -pH scale. Polluted sea 
water, such as found in the New York port area, the 
Houston ship channel, and other areas in which industrial 
wastes abound, will read from 6.0 to 6.6 or sometimes 
lower. The conclusion: pollution is acid. It follows that the 
greater the pollution, whether in an air or water system or 
interface between the two, the higher the corrosion possi- 
bility. For example, a ship or pleasure boat with a galvanic 
arrangement (a metallic -differential system) of a bronze 
propeller and a steel rudder and moored or operating in 
the relatively alkaline environment of the open sea will not 
have anywhere the corrosion problem as the same ship 
moored in, say, Brooklyn's highly polluted Newtown Creek. 
In other words, a change in the electrolytic ecology in 
which the two dissimilar metals in the galvanic arrange- 
ment find themselves is far more insidious and influential 
than is usually realized. 

This influence of pollution also holds true of corrosion 
in an air environment. Here, air with a relatively high per- 
centage of humidity serves as the electrolyte. The damper 
climates such as experienced in the Gulf of Mexico and 
Florida areas, the Washington- Oregon area, certain por- 
tions of the Great Lakes, and, in fact, most seaboard areas 
will provide ideal surroundings for corrosion. Couple this 
ideal corrosion environment with air pollution and corrosion 
becomes a major economic factor. Indeed, some statistics 
state that one -fifth of the world's annual production of 
iron and steel is lost to corrosion. Table 3 lists the different 
types of corrosion; their characteristics and where gener- 
ally found. 

Electrolysis Corrosion 
A close relative to galvanic corrosion is the so- called 

electrolysis corrosion or "stray- current" corrosion. This type 
arises when the voltage difference in a corrosion system 
is not self -generated but is impressed externally. With the 
advent of electronic equipment on boats, this kind of cor- 
rosion problem assumed increasing importance. There are 
two basic areas here and they are both electrical in nature: 

externally impressed voltages due to voltage drops in the 
boat's electrical system, and cross grounding. Owing to the 
increasing prevalence of grounding the negative side of 
the vessel's electrical system, this latter type is not encoun- 
tered too often except in older commercial vessels. The 
author has several case histories in which propellers and 
other underwater metal boat parts have been destroyed in 
a matter of weeks due to cross grounding. 

It is in this area of electrolysis corrosion that the elec- 
tronics technician is most usually involved ( "I didn't have 
this corrosion until you installed the radio! ") and gener- 
ally the villain of the piece is a voltage drop. Nine times 
out of ten, a voltage -drop condition can be eliminated by 
using the largest practicable size wire for power leads and 
by bonding all metal parts of the boat to a common ground 
strap. This could be a length of strip copper laid along the 
keelson with heavy wire or braid going from it to the vari- 
ous metals on the boat. One common voltage -drop condi- 
tion involving the marinephone ground -plate is seen in Fig. 
2. The best instrument for detecting voltage drops is one 
of the new breed of high -impedance input, battery -oper- 
ated e.o.m.'s with extra -long clip leads. The check is made 
from each metal part to every other metal part and corn- 
paring the power -on with the power -off reading. On land, 
another pair of leads -even longer -with 12" to 18" spikes 
as the probes can be used for determining voltage drops 
on buried pipe systems. Gas company officials claim severe 
corrosion damage to their natural gas pipelines in the vicin- 
ity of electric train tracks despite the use of high- efficiency 
magnesium sacrificial anodes. 

Local -Cell Corrosion 
The two types of corrosion so far discussed have been 

based on physically obvious electrical circuits: two metals, 
a common electrolyte, a complete circuit. But what causes 
the corrosion in, say, a metal post with absolutely no con- 
nection or relationship to any other mass of metal? This 
kind of damage is clue to local -cell action. Just as local 
action in a lead -acid storage cell, because of impurities in 
the electrodes, can cause sulphation of the plates or the 
same local cell action can cause the disintegration of the 
zinc casing of a dry cell, so also does this phenomenon 
cause the corrosion damage in seemingly independent met- 
al structures. One of the most familiar samples of local cell 
corrosion is seen by the average person on automobile body 
parts such as that shown in the photo on page 42. 

There are many reasons why these small local cells are 
formed on the surface of a piece of metal: impurities in 
the metal itself, orientation of the grains in the metal 
structure, imperfections on the surface, stresses placed 
upon the metal when it is used in construction, imperfect 
homogeneity in the manufacturing process and others. But 
in examining local -cell corrosion we find the identical ac- 
tion taking place that occurred in galvanic corrosion; there 
will be many minute anodic and cathodic areas. Each 
anode and cathode will, obviously, be physically con- 
nected and will also be exposed to a common electrolyte. 

Oxygen- Differential Corrosion 
In local -cell corrosion, however, the appearance of the 

damage is different from that caused by galvanic or elec- 
trolysis (externally impressed voltage) corrosion. It has 
a characteristically pitted appearance. This pitting process 
can, however, multiply and progress until the entire sur- 
face is corroded. This is seen in the familiar "rust" on iron 
and steel. It is in the area of pitting corrosion that often 
there is a merging into yet another form of corrosion: the 
oxygen -differential system or the creation of a galvanic cell 
composed of the same metal in physical contact but ex- 
posed to two different -but connected- electrolytes. The 
differences in the electrolytes will be a difference in oxy- 
gen concentration. 
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The oxygen -differential system can be found where one 
part of a metal structure is shielded or protected from the 
air or water while other parts of the same metal are ex- 

- posed to the electrolyte. Painting part of a structure and 
leaving part unpainted is an invitation to corrosion. Barna- 
cles on boat underwater metal parts will create a situation 
where the metal directly underneath the barnacle will be 
exposed to an electrolyte having less oxygen than the elec- 
trolyte in contact with the adjacent metal. A simple thing 
such as the buildup of sand around the base of a metal 
piling or post or even sand drifting onto part of a metallic 
structure can give rise to the oxygen- differential corrosion 
system. One very unfortunate and, one might say "treach- 
erous," example of this type of corrosion may possibly take 
place under the zinc sacrificial anodes installed to prevent 
corrosion. As the zinc corrodes in its protective action, it 
will gradually leave a space between itself and the metal 
to which it is attached. The electrolyte (water) in this 
space will have less oxygen present than water in contact 
with the adjacent "protected" metal and oxygen- differen- 
tial corrosion may take place. This condition may merge 
into one in which the zinc anode eventually becomes in- 
sulated from the metal part which it is supposed to protect 
and galvanic corrosion can then take place between the 
no- longer- protected metal and some other metal which is 

cathodic to it. 
Oxygen, then, is another prerequisite to the corrosion 

process and as can be expected, we find massive corrosion 
damage in the so- called "splash zone" or interface between 
the air and water environments. The electrical activity 
of a corrosion system will be at its highest where wetting 
and drying, i.e., alternate exposure to the electrolyte and 
to the increased oxygen in the air takes place. If we add 
chloride (the basic element that differentiates sea water 
from fresh water) to this system, we find extensive corro- 
sion damage. The emergent container - 
ship industry is haunted by just this 
type of a problem. Containers, or rather 
more precisely, the fittings that are 
used for moving these containers, may 
fail long before their projected life ex- 
pectancy. An inspection of metal struc- 
tures along the waterfront of a port city 
such as New York will also bear this 
out. Fig. 3 is a photograph of Buch- 
ler's "Chloridometer," an instrument that 
can be used for determining the possi- 
bility of corrosion by measuring the 
amount of chloride present in the water 
sample. 

Anti -Corrosion Techniques 
Probably the most common way to 

combat the ravages of the corrosion 
process is by using sacrificial anodes. 
These are usually of zinc or zinc alloy 
and are interposed between the anode 
and cathode of the galvanic corrosion 
arrangement and connected to the 
anode. In effect, we are substituting a 
more efficient "battery" component -the 
zinc anode -having a higher anodic 
capability which will dominate the 
prior anode and thus protect it. 

The true electronic means of protec- 
tion, however, is the impressed- current 
approach. This might be viewed as 
making an asset of a liability. We have 
seen that corrosion can result from im- 
pressing an external current on the sys- 
tem ( stray- current corrosion) . If we 
were to use the same concept, but re- 
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Fig. 2. A frequent cause of electrolysis corrosion in boats 
is the voltage -drop condition that exists between the pro- 
peller (Al and the ground plate IB) due to the long wire run 

from the negative terminal of the battery to mar;nephone. 

verse the polarity of the voltage generated by a galvanic 
arrangement, we would find that the corrosion process 
would be effectively halted. If, for instance, there were a 

0.3 -volt difference between a bronze propeller and a steel 
rudder and these two metals were connected externally by 
metallic continuity or, as is often the case, through bilge 
water we would have the ideal arrangement for corrosion 
damage to the anodic rudder ( the bronze propeller being 
the cathode). A 0.3 voltage of the opposite polarity im- 

pressed across the steel -bronze system ( the physical external 
connection would first have to be broken) should effectively 
prevent corrosion damage to the rudder. The next logical 
step would be to bond all the vessel's underwater metal 
parts together to form a common cathode and then introduce 
a balance voltage of sufficient strength via an independent 
electrical anode so that the galvanic action would be effec- 
tively balanced out. In effect, this system weakens the anode - 
cathode relationship to a degree and can be done during 
the construction of the boat by using identical metals or 
metals close to each other in the galvanic series. This is 

the basic theory behind the im- (Continued on page 60) 

Table 3. Characteristics of different types of corrosion. 

TYPE APPEARANCE WHERE FOUND 

General corrosion Uniform eating 
away of metal 

Bridges, flag poles, lighting 
standards, buildings, boats. 

Pitting corrosion' Characteristic 
pits or holes 

Underground pipe, stainless 
steel, generally prevalent in 

crevices and cracks. 

Corrosion -erosion Quite similar 
to pitting cor- 
rosion 

Wherever there is a flow of fluid 
or where the metal involved is 

in motion in a fluid. Boat pro- 
pellers, pump impellers, tubing. 

Dezincification Massive damage In alloys containing zinc. 

Intergranular cor- 
rosion 

Lacelike Usually in improperly heat - 
treated metals. 

Galvanic corrosion Large damage to 

large area 
Anywhere there is a "differen- 
tial system "; two dissimilar 
metals, two dissimilar electro- 
lytes in confluence, generally 
the most common. 

Stress corrosion Cracks formed 
in metal 

Usually found in conjunction 
with galvanic, pitting and /or in- 

tergranular corrosion. Splash 
zones, heat exchangers and 
evaporators. 

.An especially good treatment of pitting corrosion is found in the National Bureau of Standards 
circular 4579 
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Electronics 
in 

Weighing 
Systems 

By IRWIN MATH 
Electronics Consultant 

New electronic techniques make it possible 
to measure 250 -pound loads to within ±.25 
ounce -an accuracy of ±.00637o. Strain 
gages and linear variable differential 
transformers are used with beam- mid 
spring -balance scales to do the weighing. 

Extremely accurate electro- hydraulic beam -balancing scale 
used extensively by the medical profession when the exact 
weight of a patient must be calculated. See Fig. 6 for a dia- 
gram showing the measuring circuits and weighing platform. 
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IN many of the medical and industrial processes of today's 
highly complex technological world, the accurate mea- 
surement of weight is often of prime importance. Semi- 

conductor materials are mixed by weight, as are certain 
drugs. Massive trucks have their loads checked this way, and 
even doctors who have patients recovering from exotic trans- 
plant surgery rely on extremely accurate scales to monitor 
various phases of their patient's rate of recovery. To perform 
such measurements, a group of highly accurate weight trans- 
ducers and weighing systems have been developed to the 
point where it is now possible to measure a load of 250 
pounds to an accuracy of ±0.0063% ( ±0.25 ounce), or 25 
pounds to an accuracy of {-0.0075% (±0.03 ounce) with 
one instrument. 

In weight-measuring systems there are basically two 
methods that can be used; the beam -balance method, as used 
in the familiar analytical laboratory scale, and the spring - 
balance method, as in the common bathroom scale. Weight 
transducers can use either of these methods. Fig. 1 shows a 
typical weight transducer of the spring -balance type using a 
strain gage. The movable piston is connected externally to 
the weight to be measured and internally to a "C "- shaped 
steel spring. Between the arms of the spring is a fixture hold- 
ing a variable resistance strain gage. As the weight on the 
piston increases, the strain gage is stressed, with its resistance 
varying in direct proportion to the amount of stress. The steel 
spring acts as a "calibrated mechanical resistance" for the 
piston. By varying the size and composition of the spring, 
various weight ranges can be accommodated. 

Strain Gage vs Load Cell 
Advantages of the spring -balance type of transducer are 

simplicity of construction and relatively few mechanical 
alignment problems. Difficulties arise, however, when large 
ranges of weights must be measured. The linearity of the 
strain gage is maintained only over small movements and as i- WEIGHING PLATFORM 

"MOVABLE PISTON 

FIXTURE HOLDING 
STRAIN GAGE 

STRAIN GAGE 

HOUSING 

LEADS 

11 4 
4161I 411.11A 

"C" SPRING 

MOUNTING 
SCREWS 

Fig. 1. Typical spring -balance scale using a variable resis- 
tance strain gage. Different weight ranges can be accommo- 
dated by varying size and composition of the "C" steel spring. 

Fig. 2. Block diagram of simple strain -gage weighing system. 
Expensive and sophisticated auxiliary equipment is required 
to compensate for the output deficiencies of the strain gage. 

-STRAIN GAGE IN LOAD CELL 

REGULATED 
D.C. POWER 

SUPPLY il 
HIGH STABILITY 

D.C. 
AMPLIFIER 

METER OR 
DIGITAL 

INDICATOR 

RI,R2,R3 FORM A STABLE WHEATSTONE 
BRIDGE TO SIMPLIFY AND L NEARIZE THE 
STRAIN GAGE CIRCUIT. IF R3 IS A SIM- 
ILAR STRAIN GAGE BUT NOT IN A LOAD 
CELL TEMPERATURE COMPENSATION CAN 
BE ACHIEVED. 
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a result, when changing ranges, the entire transducer must 
be changed. Also, since the output resistance change of a 
strain gage is quite small, auxiliary equipment such as sophis- 
ticated amplifiers, power supplies, and readout devices 
( which can be quite costly) must be used to compensate for 
this deficiency. Fig. 2 is a block diagram of a simple strain - 
gage weighing system. 

Replacing the strain gage with linear variable differential 
transformer (1.v.d.t.) in a load cell eliminates many of the 
difficulties of the strain -gage unit. Fig. 3 shows such a load 
cell. The steel spring is still used, but this time the core of an 
l.v.d.t. is fastened to the spring. When a load is applied to 
the top of the cell, it causes the spring to deflect, which then 
moves the core of the l.v.d.t. Fig. 4 shows the auxiliary equip- 
ment required for this type of transducer. A low -cost oscilla- 
tor drives the primary of the l.v.d.t. Secondary windings are 
connected in series- opposing on either side of the primary 
winding. Therefore, when the core of the l.v.d.t. has not been 
displaced (no load applied) , the signal induced in each sec- 
ondary is equal, and the output is zero. Any slight deviation 
from the exact center (or null) position of the core results in 
an output signal. This signal is measured and used to indicate 
the weight of the object on the cell. 

Long -term stabilities of I.v.d.t. load cells are usually 5 to 
10 times better than equivalent strain -gage systems, and their 
cost can be as much as 50% less. L.v.d.t. load cells are also 
more rugged and can be subjected to much greater overloads 
without damage. Also, since the core of an l.v.d.t. can be 
moved over displacements as great as ±0.1 inch (compared 
to thousandths for a strain gage) , wider weighing ranges can 
be accommodated by the same load cell. 

Beam -Balance Method of Weighing 
In the beam -balance method of weighing, a rigid beam or 

bar is supported and balanced on a knife edge. The object to 
be weighed is placed on the weighing platform and, by grad- 
ually placing known weights on the other end of the beam, 
a point is reached where balance is obtained. The weight of 
the unknown object can then be determined by examining 
the known weights that have been added to achieve the bal- 
anced condition. The beam assembly of the familiar "doctor's" 
scale, in Fig. 5, clearly shows this. The weight on the weigh- 
ing platform tends to pull the end of the beam "up." The 
movable weight is slid along the beam until a balanced con- 
dition is obtained, and the weight is read directly from the 
scale position of the movable weight. 

The advantages of the beam -balance system over the load 
cells are its potential wide range and high accuracy. As long 
as the beam and knife edge can take the stress, almost any 
amount can be weighed from a few pounds to many hun- 
dreds and even thousands of pounds -and on the same scale. 
In addition, the longer the beam is made, the greater the 
resolution of the reading. Since the beam is only used to ob- 
tain balance, the over -all accuracy of a balance scale lies in 
the accuracy of the known weights. 

Fig. 6 shows an extremely accurate electro- hydraulic 
beam -balancing scale for the medical profession. It is used 
primarily for research in metabolic diseases and for special 
treatments where the exact weight of a patient must be 
known. With this scale, a load of from 1 to 250 pounds can 
be weighed with an over -all accuracy of 0.0063 % -something 
a single load -cell scale could never do. The force produced 
by the weight of the object or person being weighed is trans- 
ferred to one end of a beam by means of a special hydraulic 
pressure system. The other end of the beam has some mov- 
able weights for balancing and the core of an I.v.d.t. on the 
extreme end. The output of the l.v.d.t. is processed and fed 
to a zero -center meter. The slightest deviation from exact 
balance causes the linear variable differential transformer to 
produce a signal which is displayed on the meter. A strip - 
chart recorder is connected in parallel with the meter and 
thus continuously records small changes in weight. 
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"MOVABLE" PISTON 
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L.V.D.T. CORE 
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L.V.D.T. SUPPORT 
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WEIGHING PLATFORM 
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"C" SPRING 

MOUNTING 
SCREWS 

Fig. 3. Spring -balance scale using a linear variable differ- 
ential transformer 11.v.d.t.) in a load cell. Use of I.v.d.t. 
eliminates the difficulties inherent in the strain -gage unit. 

LOW COST 
OSCILLATOR 

(OR 6OHz A.C. LINE) 

DEMODULATOR 
METER OR 

DIGITAL 
INDICATOR 

- L.V.D.T IN LOAD CELL 

Fig. 4. Block diagram of an I.v.d.t. weighing system show- 
ing the auxiliary equipment required to measure the output 
signal from the load cell to determine weight of an object. 
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BEAM TENDS TO GO UP 

i 

MOVABLE WEIGHT TENDS TO 
PULL BEAM DOWN 

WEIGHING PLATFORM 

Fig. 5. "Doctor's" beam -balance scale demonstrating use 
of a movable weight in determining the weight of an object. 

Fig. 7 is a simplified diagram of another beam -type scale 
-a fully automatic servo amplifier operated one. The movable 
weight travels on a threaded rod which is, in turn, driven by 
a servomotor. The signal to the servomotor is produced by an 
l.v.d.t. on the end of the beam. Whenever the beam is unbal- 
anced, the servomotor turns, moving the weight in the proper 
direction to achieve balance. At balance, the I.v.d.t. output is 
zero, and the motor stops. Since the number of threads on the 
rod is known, the position of the movable weight and subse- 
quent weight of the unknown object are directly proportional 
to the rotation of this rod. A flexible shaft attached to this rod 
and connected to a mechanical counter gives a direct reading 
of weight. The flexible shaft can be replaced by a synchro 
transmitter /receiver system with the resulting action being 
the same. 

Typically, this scale has an ac- (Continued on page 98) 
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Reading 
Aid 

for the 
Blind 

By J. S. BRUGLER and W. T. YOUNG 
Dept. of Electrical Engineering, Stanford University 

A system that permits the blind to "feel" 
ordinary printed matter and read it using 
his sense of touch. Phototransistors and 
piezoelectric reeds are used in system. 

Reading aid showing operator scanning printed material 
with sensing probe containing optics and phototransistors 
while the index finger of left hand is used to feel 
changing letter pattern on the tactile output stimulator. 

IN the dark world of the blind, the only communicating 
link with the world of literature has been through the 
auditory and tactile sensory processes. In the case of the 

auditory process, the blind must have the assistance of a 
sighted reader or use pre -recorded tapes. In the past, the tac- 
tile process has been implemented by the well -known Braille 
method in which the blind person uses his sense of touch to 
translate the printed material in coded form via the finger- 
tips. Thus, with either the Braille system or "talking-book- 
tapes an intermediate translation step is necessary. Conse- 
quently, numerous reading materials of the sighted are not 

Fig. 1. Direct -translation principle used in reading machine 
to convert printed image to tactile image. The letter "A" is 
presented to blind operator as a vibrating tactile facsimile. 

ELECTRONIC SYSTEM ACTUATING EACH 
TACTILE STIMULATOR WHEN ITS PHOTO- 
ELECTRIC DEVICE IS DARK 

OPTICAL SYSTEM TRANSMITTING 
OPTICAL IMAGE FROM PAGE TO 
PLANE OF PHOTOELECTRIC DEVICES 
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PLANAR ARRAY OF 
TACTILE STIMULATORS TO 
GENERATE TACTILE IMAGE 

PLANAR ARRAY OF 
PHOTOELECTRIC DEVICES 

READING MATERIAL 
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readily accessible to the blind because of the cost involved. 
This article reports on the development and progress of a sys- 
tem (first conceived by Professor J. G. Linvill at Stanford 
University), that provides the blind direct access to ordinary 
printed materials for the sighted. 

Background 
A number of reading machines for the blind have been de- 

veloped in the past few decades, but none has been widely 
accepted because of limited performance. The advent of in- 
tegrated circuits, giving low costs and small size per circuit 
function, has considerably improved the outlook. A high de- 
gree of electronic sophistication can now be achieved in a 
small, personal electronic reading aid. This, of course, is only 
one facet of the inevitable proliferation of sophisticated elec- 
tronics in the home. 

Reading aids for the blind have been classified into four 
categories. In the order of increasing complexity these are: 
(1) Simple optical probe, (2) direct translation, (3) inter- 
mediate, and (4) recognition. The simple optical probe mere- 
ly provides the reader an indication of whether a small area 
of the reading material is light or dark, so has limited useful- 
ness. The direct -translation machine employs a number of 
elements to provide a one -to -one transformation of the read- 
ing material to an audible or tactile display accessible to the 
blind. The latter two types of reading aid, in contrast to the 
others, incorporate electronic processing and decision -making 
circuitry. In other words, some sort of intelligence is built 
which recognizes the various printed characters for the blind 
user. The intermediate machine differs from the full- recogni- 
tion machine by employing both the human and electronic 
brains, while the full- recognition machine relies on the elec- 
tronics to accomplish most of the "thinking." All of these 
devices can use either an auditory or tactfle output. 
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Our machine falls in the direct -translation category, since 
this approach appears to offer the best combination of sim- 
plicity and performance. A tactile output was chosen since 
it provides a parallel processing capability most suited for 
straightforward image translation. A difficulty with previous 
direct -translation devices, which we believe we have over- 
come, has been insufficient resolution, i.e., the fine structure 
of each letter was not preserved in the image perceived by 
the blind reader. Without this fine structure, many similar - 
'appearing letters, such as "e" and "c," cannot always be dis- 
tinguished. We have not pursued the recognition approach 
thus far, preferring to rely on the built -in human pattern- 
recognition capabilities, for two reasons: (1) The limits of 
the direct -translation approach have yet to be established 
with results thus far indicating useful reading rates are attain- 
able, and ( 2) the prohibitive cost and complexity of recog- 
nition devices (e.g., address -recognizing machines of the 
Post Office) preclude personal ownership at this time. We do 
envisage our simple machine perhaps linked in the future via 
phone lines to a powerful time -shared central computer that 
provides automatic pattern -recognition capability. 

Principles of Operation 
The direct- translation principle, as employed in the read- 

ing aid, is shown in Fig. 1. The letter "A" on the bottom 
plane, representing a portion of the material to be read, is 
focused on a planar array of phototransistors. Each photo - 
transistor is connected, by means of a threshold- detecting 
circuit, to a piezoelectric reed. A small pin is attached to the 
end of each piezoelectric reed and all of the pins arranged to 
comprise the planar array of tactile stimulators. If a photo - 
transistor is dark, its output is below threshold, and its corre- 
sponding stimulator is driven. Conversely, when a phototran- 
sistor is lighted, its output exceeds the threshold, and its 
stimulator does not vibrate. By this process, a vibrating tactile 
facsimile (in this case a vibrating "A ") is presented to the 
reader. Six columns, each having 24 rows, comprise the array, 
giving a total of 144 phototransistors and 144 stimulators. 
The stimulators are closely spaced (0.05" X 0.1 ") so that the 
entire tactile image can be felt by a single finger. 

The lead photograph shows the reading aid in operation. 
The tactile image is felt by the index finger of the left hand 
of the operator, while the right hand scans the printed ma- 
terial with the sensing probe containing the optics and photo - 
transistors. As the operator scans, the tactile letter pattern 
moves correspondingly. In this fashion the letters are felt in 
succession by the operator. The mechanical tracking aid 
shown in the photograph helps the operator easily scan 
horizontally across a line of print. A locking mechanism can 
be released by the thumb of the right hand to move the 
probe vertically. The system electronics is located beneath 
the tracking aid. Also shown is the light box display, which 
contains a 24 X 6 matrix of neon bulbs that provide a visual 
output of the letters. This visual output is solely for moni- 
toring of performance by a sighted observer. 

The present design has evolved from initial studies con- 
ducted at the Stanford Research Institute by Professor J. C. 
Bliss. In a sense, the system represents a return to earlier 
methods since embossed letters were used by the blind before 
the invention of the Braille system in the 19th Century. The 
feasibility studies indicated that computer- generated em- 
bossed letters could be read by the blind at useful rates. Ex- 
perience with the present reading -aid hardware has con- 
firmed this prediction. 

Technical Features 
The lead photo shows three primary system components: 

(1) The hand -held probe, (2) the control electronics, and 
(3) the tactile stimulator array. A number of technical inno- 
vations were required to develop these units. A few of these 
technical highlights deserve mention at this point. 

The "eye" of the system is a monolithic silicon phototran- 
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Fig. 2. Photomicrograph of sensor silicon array mounted in 
40 -lead flat pack and containing 144 6 X 12 -mil transistors. 

sistor array "retina" developed in the integrated- circuit lab- 
oratory at Stanford University. Such arrays are under devel- 
opment at a number of laboratories, with the reading aid 
being one of the first practical applications. Fig. 2 is a photo- 
graph of the silicon array mounted in a 40 -lead flat pack. All 
144 transistors, each 6 X 12 mils, are fabricated simulta- 
neously by means of integrated- circuit photolithographic 
techniques. Such an array gives the advantages of all- solid- 
state imaging -small size, weight, and power consumption. 
In addition, the geometrical structure is precise, in contrast 
to the photo- cathode of imaging tubes. In the future, such 
arrays should become available with many more elements, 
eventually making possible an all- solid -state TV camera. 

A key feature of the sensing array is phototransistor oper- 
ation in the charge -storage or integration mode. This mode 

Fig. 3. The charge- storage mode of phototransistor showing 
(Al circuit configuration using an equivalent representation 
of the phototransistor and (B) the pulse source and result- 
ing output signals for three different illumination levels. 
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increases the peak phototransistor output by integrating the 
photocurrent of a phototransistor for a relatively long time, 
and then extracting the output signal during a short sample 
time. The charge -storage mode is depicted in Fig. 3. A volt- 
age pulse is applied to the series combination of the photo- 
transistors and a load resistor. The phototransistor base is 
floating, and charge is primarily generated at the collector - 
base junction by the impinging light flux. A photodiode from 

PLASTIC 
PLATE 

ELECTRICAL 
CONNECTIONS EPDXY 

ALUMINUM 
MOUNTING 

BASE 

CONDUCTING 
LAYERS 

PIEZOELECTRIC 
CERAMIC 

NICKEL 
PIN 

Fig. 4. Individual output stimulator consisting of two slabs 
of piezoelectric material sandwiched between conducting 
electrodes. When a voltage is applied, one slab expands 
while other contracts, causing attached pin to contact finger. 

Fig. 5. Assembled tactile stimulator array, with perforated 
plastic sensing plate removed, showing pins (center) and the 
top tier of three tiers of piezoelectric slabs (left and right). 

Fig. 6. Graph of reading rate measurements and experiments 
conducted on one subject from September 1968 to March 1969. 
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collector -to -base depicts this. When the pulse, ea, is applied, 
the collector -base capacitance is charged approximately to 
its amplitude, Vo. After the short pulse returns to zero, the 
collector -base capacitance is discharged by photocurrent. 
When the next pulse comes along, an output pulse is gener- 
ated having amplitude proportional to the change in col- 
lector -base voltage between sampling times. Since this pulse 
can be relatively large (volts), storage -mode operation is 
very useful. 

Storage -mode phototransistor operation also meshes con- 
veniently with multiplex electronics. For this reason, a 24- 
stage shift register is used to interrogate the photo- array, one 
row at a time. Six parallel -signal channels are extracted from 
the array columns and fed to six voltage comparators that 
decide whether a transistor is lighted or dark. If a particular 
transistor is dark, the comparator output is then gated to 
excite the appropriate stimulator. Important features of the 
processing electronics are: (1) Use of low -power electronics 
to enable battery -powered operation, and (2) automatic 
electronic compensation to account for varying page illumi- 
nation and reflectivity. 

The output stimulator array is an important and unique 
system component. Other schemes are possible, such as elec- 
trical stimulation, but experience thus far has indicated that 
mechanical vibration is the most satisfactory. The piezo- 
electric " Bimorphs" (Clevite Corp.) employed are common- 
ly used as phonograph pickups to translate mechanical mo- 
tion to an electrical signal. We use them in the opposite 
fashion as electrical -to- mechanical transducers in the canti- 
lever configuration shown in Fig. 4. The Bimorph consists of 
two slabs of piezoelectric material sandwiched between con- 
ducting electrodes. When a voltage is applied, one slab ex- 
pands and the other contracts, so the cantilevered Bimorph 
bends (much like the bimetallic strip used in thermostats). 
A pin is attached to the end of the Bimorph which protrudes 
through a small hole and contacts the finger. When an a.c. 
voltage is applied at the resonant frequency of the structure, 
the pin vibrates against the finger, creating a tingling sensa- 
tion. Fig. 5 is a photograph of an assembled 24 X 6 stimu- 
lator array unit. The three left -hand columns of pins are 
driven by three tiers of 24 Bimorphs, assembled as previous- 
ly described. The three right -hand columns are similarly 
driven in a symmetrical manner. Only the top tiers which 
drive the outside columns are easily seen in the photo. The 
perforated plastic sensing plate is tailored to fit the curvature 
of the finger. 

Reading Performance 
A comprehensive study of reading performance with exist- 

ing hardware is under way at Stanford Research Institute. 
In addition, fundamental studies of the reading process are 
in progress in order to optimize reading -aid parameters. For 
example, the best number of array columns to use is still un- 
certain. Efforts are also under way to increase the field of 
view to enable "word -at -a- time" rather than "letter -at -a- 
time" reading. 

Results using the present system have been quite encour- 
aging. Fig. 6 shows the reading ratos achieved by the Insti- 
tute's most -experienced subject. Some fluctuation is present 
due to varying experimental conditions: however, continuous 
improve;nent is evident, and no limiting plateau has been 
reached. After about 160 hours of practice, 50- word -per- 
minute rates have been attained. Such.rates, although slower 
than good Braille reading (approximately 150 w /min) are 
quite useful. In fact, much slower rates are satisfactory for 
many everyday purposes, for example, reading letters, bills, 
checks, etc. 

Considerable training will naturally be required in the use 
of the machine; we are presently considering the problem. 
The tactile sense must be developed and the letter shapes 
learned. One fact that is clearly obvious is that early training 
in life is most desirable. (Continued on page 91) 
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Ti F CALECT 0 SP PERMARKET 

EY[RYTNINO IN ELECTRONICS! 

YARIABLt BALANCE STEREO HEAD PHONE 

Unique -Sound Level.' control on each 

earpiece permits adjustment. 
frequency range: 20 to 20.000. cps. 

61:' cordwith stereo plug. Impedance 

.1 to 16 ohms. 

Cat. So. Q4.132 $17.95 Net 

AUDIO ADAPTORS 

Y Audio Adaptor has a phono pin 
lack on one end and dual phono pin 

plugs on the other. 

Cal. No. Q4.288 $.99 Net 

HOBBYISTS SOLDERING AND TOO LIT 

Diagonals, long nose pliers, solderin: 
iron and solder. solder aid tool. 
neasink, and screwdriver 
kn ideal gift item. 

Cat. No. 143.371 $7.95 Net. 

MINIATURE LAMPS 

Type PR2 - 2.5 volt 0.50 amp - 

Cat. No. E2.430 Pkg. of 2 0.29 Net 

Type PR3.3.6 volt 0.50 amp 

Cat. No (2-431 Pkg. of 2 S/9 Net 

RESISTORS 

Alt actively packaged 2 per pack, showing 

salues. color codes anc formulas. 

Sizes 

Type Rating Available Pria Unit 

Car>sn 4 Watt 10 Ohm- 5.19 Pkg. of 2 

- 10% IR Meg 

Carson I Watt 10 Ohm .19 Ea. - 10% 1 Meg 

Canon 2 Watt IO Ohm .25 Ea. - 10% IODR 

Wire 10 Watt 10 Ohm .36 Ea. 

Wooed -10% 15A 

STANDARD 1000 VOLT CAPACITOR 

High quality. compact and reliable. 
Minimum capacity change with 
varying temperature. Rating: 1000 

volts: tolerance: 20% 

Cat. No. Description Net Unit 

A1-060 220p1 0.25 Pkg. of 2 

A1.061 330pF .25 Pkg. of 2 

Al 062 470pí .25 Pkg. of 2 

01.062 680p1 25 Pkg. of 2 

Al064 0.001uF .19 Ea 

A1065 0.005uF .19 Ea. 

A1,066 0.01uF .19 Ea. 

EXPERIMETER'S CIRCUIT BOARD AIT 

Contains a 3sr" s 4" perforated 
beard, 15 terminals (No. 146361 anc 
T mounting feet w /screws. Build 
small circuits. hobby and science 
projects, etc. 

Cat. No. 14660 S.98 Net 

The "GC Calectro Hobbyist 
Handbook" is available at your 
nearest Calectro Electronic 
Supermarket. One is located near 

you. WRITE TODAY and we'll rush 

you the name and address of 

your nearest Calectro 
Supermarket. 

ALECTRO 
G -C ELECTRONICS 

400 SO. WYMAN ST. ROCKFORD. ILLINOIS 61101 

GG 
ELECTRONICS 

A DIVISION OF 
HYDROMETALS INC. 

TAPE RECORDER MICROPHONE 

Outstanding performance on music 

and speech for the price Low 

impedance matches late model solid 
state recorders. Removasie Usk 
stand: 4':' cord with dual Oafs that 
lit most models. Freq. Response. 

10081 Hz. Output - 71 dE 

Impedance' 200 ohms 

Cat. No. Q4.146 $4.95 Net 

CALECTRd 

TWO STATION WIRELESS INTERCOM 

lust plug into any electrical outlet. 
Completely portable. Expand system 
anytime with additional units. Two 

unit system complete in display pack. 

Cat. Ne. N4 -I IO $34.95 Ref 
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Can you solve these 
two basic problems in 
electronics? 

Lamp 1 Lamp 2 Lamp 3 Z: 10 volt zener diodes 

This one is relatively simple: 

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

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

(d -d) slloA OZ -E walgoid 
do lybII Ile /aqi -L waigoid 3E MSNV 
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This one's a little more difficult: 

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

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

If you had completed an entire RCA Institutes 
Home Study Course in Semiconductor 
Electronics, Digital Electronics, or Solid State 
Electronics, you should now be qualified 
for a good paying position in the field you choose. 
Send for complete information. Take that first 
essential step now by mailing the attached card. 
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RCA Institutes Autotext learning method 
makes problem -solving easier... 
gets you started faster towards a good -paying career in electronics 

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

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

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

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

Prepare for good paying 
positions in fields like these 
Television Servicing 
Telecommunications 
Mobile Communications 
CATV 
Broadcasting 
Marine Communications 
Nuclear Instrumentation 
Industrial Electronics 
Automation 
Computer Programming 
Solid State 
Electronics Drafting 
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Build and keep this 
valuable oscilloscope. 

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

RC,' 

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

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

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

Job Placement Service, Too! 
Companies like Bell Telephone Labs, GE, 
Honeywell, IBM, RCA, Westinghouse, Xerox, and 
major radio and TV networks have regularly 
employed graduates through RCA Institutes' own 
placement service. 

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

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

IF REPLY CARD IS DETACHED, SEND THIS COUPON 

RCA Institutes Inc. 
Home Study Dept. EW -N9 
320 West 31 Street 
New York, N.Y. 10001 

Please send me FREE illustrated career catalog. 

Name Age 
(please print) 

Address 

City State_ Zip 
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GG 

Customers are finally threatening serious revolt against 

JOHN 
oor merchandise, worthless guarantees, slovenly service. 

THE CUSTOMER REVOLT 
MAC," Barney said to his employer working beside 

him at the service bench, "have you been following 
the hearings being held by the Senate Commerce 

subcommittee, headed by Senator Moss of Utah, on the prob- 
lems of shoddy merchandise and the shabby treatment of 
customers ?" 

"I certainly have," Mac replied, "and I think this is 
another straw in the wind of a gathering storm of consumer 
revolt. People are sick and tired of paying inflated prices 
for things that are poorly made and do not function proper- 
ly; of having to write reams of letters and wait weeks for a manufacturer to make good on his warranty -if he ever 
does; and having a repairman make two or three calls be- 
fore he does the job that should have been done on the 
first call. The consumers have been long suffering, but now 
they are in a mood to do something about it, and all of us 
in the manufacturing or construction or repair business 
would do well to pay attention to what they are saying." 

"It strikes me as a little odd that customers should have 
to take this kind of action," Barney remarked. "What ever 
happened to that old saw about `The customer is always 
right'? In the free -enterprise system, I thought competition 
was supposed to make the customer king." 

"It was and it pretty much did up until the Second World 
War," Mac explained, "but then the demands of the war 
machine gobbled up raw materials and drastically reduced 
the production of consumer goods. All at once if you 
wanted a new car, typewriter, refrigerator, set of tires, slide 
rule, or anything else in short supply -and most things 
were! -you had to stand in line, fill out forms, and often 
wait months to get what you wanted. Unfortunately, there 
was another way: the black market. The dealer who had 
scarce items to sell was a most important and popular per- 
son. He didn't need to do any selling because there were 
many more customers than he had goods. Instead of his 
having to please his customers, the would -be customers 
wooed him with everything from flattery to outright bribery. 

"It was the same way with service. Since so few new 
radios, refrigerators, washing machines, or automobiles were 
being produced, the old ones had to be kept running. Do- 
ing this was especially difficult because replacement parts, 
including vacuum tubes, were also in short supply and were 
doled out very sparingly to discourage hoarding. The serv- 
ice technician had as much work as he could possibly do, 
and more. He fell into the habit of thinking that he was 
doing his customer a favor in repairing his car or refrigera- 
tor or radio receiver, even though he was well paid for the 
job." 

"I can see how this happened, but I'd think everything 
would have returned to normal after the war ended and 
factories started turning out consumer goods again," Barney 
commented. 

"Well, it didn't work out that way," Mac said. "The 
thing that kept the sellers in the saddle was a booming 
inflation. Defense -plant workers made good wages during 
the war, with lots of overtime, and there was not much to 
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spend it on while the war lasted. When the war was over 
and goods started appearing on the market, these well - 
heeled consumers were bidding against each other for these 
goods. Price was not much of an object, and there was still 
more demand than goods. Then along came the Korean 
War and after that the involvement in Vietnam to keep 
things off balance. 

"The upshot of all this is that we have had more than a 
quarter of a century of a seller's market in this country. 
Anyone who has something to market, be that a durable 
item or a service, has little trouble in selling it. There are 
so many customers that little value is placed on the good 
will of the individual customer. If one is lost, there are 
plenty more to take his place. Competition, instead of con- 
centrating on quality, takes the form of seeing who can turn 
out the most marketable items in the least amount of time, 
for in the back of the manufacturers' minds is the urgent 
conviction that they had better make hay while the sun 
shines because this is too good to last forever. Money spent 
on extravagant advertising pays off better than money spent 
on quality control, for if you just get the item into the 
hands of a dealer someone will buy it. Barnum was a wise 
old bird, and didn't he say, `There's a sucker born every 
minute' ?" 

"Yeah, and labor has capitalized on his urgency," Barney 
chimed in. "They have demanded more and more wages 
for turning out the products and for building the factories 
in which to make them. Manufacturers have acceded to 
these demands with very little real resistance because they 
simply tacked the extra cost onto the selling price of their 
products. This, of course, fans the flames of inflation even 
higher." 

"All true," Mac agreed, "but there are many signs these 
halcyon days for the sellers are about over. The complaint 
files of that Senate subcommittee you mentioned are be- 
coming the most massive in Washington. A UPI story says 
people seem to be complaining to their congressmen more 
about shoddy merchandise than about taxes, the draft, 
ABM, or even the war in Vietnam. The subcommittee staff 
has drafted a bill on consumer warranty protection which 
is being considered. The thinking is clear and to the point: 
the way to force manufacturers to improve quality is to 
make it costly to produce shoddy products; and the way to 
make it costly is to demand clear and meaningful war- 
ranties backed by laws that say if a manufacturer guaran- 
tees his product and if it doesn't work as it is supposed to, 
he must repair or replace it." 

"But the little guy can't afford to go to law to force a 
manufacturer to honor his warranty, especially on a low - 
cost item," Barney objected. 

"The subcommittee realizes that, and they're exploring 
legislation to establish a federal consumer counsel office 
and an industry -wide system of ombudsmen to arbitrate 
consumer complaints. A consumer who felt he was getting 
the run -around from a manufacturer could either go to court 
or carry his complaint to one of these impartial arbitrators. 
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Unless you are an advanced CBer, 

you probably can't use Johnson's 

new solid state Messenger 124 

New Messenger 124 full- function, 23- channel base station.=28995 
(less mike) 

If you're an operator with a purpose . . . consider this, the most 
sophisticated of all Johnson 27 MHz base stations . . . from the 
largest and most experienced of all manufacturers of citizens and 
industrial two -way radio. 

To the advanced CB operator, the Messenger 124 means complete 
mastery of the equipment -a degree of control and measurement 
that permits, for the first time, full utilization of all the enormous 
power, hairline selectivity, sensitivity and noise suppression of which 
the incomparable Johnson circuitry is capable. 

Whatever your requirement, the Messenger 124 offers a new expe- 
rience in base station performance. 

Features 

± 3 kHz Delta fine tuning Adjustable microphone gain with mod- 
ulation adjustment to 100% 21/2" four -way professional meter, 
measures SWR, output, % modulation and receive 4.3 MHz crystal 
filter for unequalled selectivity Built -in speech compression 
Panel- controlled, series -type threshold noise limiter Built -in tone 
control Built -in 117 VAC /12 VDC power supply 14 tuned circuits 
FET for superior gain Dual conversion receiver 

E. F. JOHNSON COMPANY 
Waseca, Minnesota 56093 

® 
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now...a hotter way 

to drive and atllust 

hex socket screws 
IN PRECISION WORK 

With the tools in this new, compact convertible 
screwdriver set, you can turn all types of hex 
socket screws ... in all types of locations .. . 

faster, easier than with conventional keys. 
Handy midgets are ideal for such delicate, 

precision work as assembly and servicing of in- 
struments and controls. Remarkable "piggyback" 
torque amplifier handle adds grip, reach, and 
power needed for other applications, lets you do 
more jobs with fewer tools. 

PS -89 SET 

8 midgets (hex size .028" 
thru 1/8 ") plus hollow, 
"piggyback" handle. Slim, trim, 
see -thru plastic case fits 
pocket or tool box, 
doubles as bench stand. 

Z 0000 
O O o o 

REQUEST COMPLETE HAND TOOL CATALOG 

which includes information on other Xcelite 
Compact Sets, too - slot tip/ Phillips/Scrulox® 
screwdrivers, nutdrivers, and combinations. 

Nationwide availability through local distributor 

XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127 
In Canada contact Charles W. Pointon, Ltd. 
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If the ombudsman decided the com- 
plaint had merit, the manufacturer 
would have to give the consumer satis- 
faction. An ombudsman system along 
these lines is already in operation in 
the dry -cleaning industry of New York 
City, where Bess Myerson Grant, Com- 
missioner of City Consumer Affairs 
warns: `Prime consumer difficulties arise 
from the sellers taking unfair advantage 
of the buyer's lack of expertise ... the 
buyer will always be at the mercy of 
the seller. The answer: Wise up! Assert 
your rights!' " 

"Dade County, Florida, has a kind of 
ombudsman system of its own," Barney 
said. "The Trade Standards Division 
maintains a `consumer hot line' for the 
filing of complaints by consumers who 
feel they have been gypped and want 
something done about it. That red tele- 
phone on the division's desk is backed 
by what is called the toughest con- 
sumer protection code in the nation, a 
28 -page ordinance written into the 
county's municipal statutes. It has real 
teeth. Violators may be fined up to 
$500 and jailed for 60 days. In the 
first ten months of operation, more than 
4000 complaints have been filed via 
the hot line. Oddly enough, only seven- 
teen court cases have been filed against 
alleged violators, but hundreds of other 
grievances have been solved by a quick 
phone call. Very few gyp artists want 
to tangle with that tough law." 

"Growing consumer anger is making 
itself felt in both high and low places," 
Mac agreed. "You remember a couple 
of months ago the President ordered 
government construction cut by 75% as 
an anti- inflation measure, and he made 
it clear that excessive demands by many 
of those in the building trades had 
much to do with his decision to issue 
the order. 

"A single experience of my own re- 
cently," he went on, "helps me under- 
stand the growing impatience of con- 
sumers. When the wife was sick and 
we had to employ a housekeeper for a 
couple of months, she clobbered our 
faithful old coffee maker by repeatedly 
pulling the cord from the appliance 
instead of from the wall socket as 
should be done. The resulting arcing 
heated the appliance contact prongs 
and destroyed the block on which they 
were mounted. But nobody was going 
to tell that housekeeper how to run a 
kitchen, even if he was supposed to be 
a hotshot electronics man! 

"I bought a new coffee maker from 
the dealer for one of the most respect- 
ed names in the appliance business - 
according to the advertising. After we 
had used this a few days, the wife 
pointed out a spot about the size of a 
half -dollar on the inside that had never 
been plated. I suppose a spot of grease 
or something similar had prevented the 
plating from sticking to the raw brass. 

When I showed this to the dealer, he 
admitted it was a defect but said he 
would have to send it to the repair 
depot at Indianapolis. After three 
weeks I called to ask about my coffee 
pot. The dealer said Indianapolis was 
not equipped for plating, and the ap- 
pliance had been forwarded to a fac- 
tory on the East Coast. Finally, many 
weeks later, the dealer called to say 
my coffee maker was back. But actual- 
ly it wasn't. It had been replaced with 
a new unit. Now why couldn't the 
dealer have been authorized to make 
this exchange in the first place and re- 
turn the defective unit to the factory? 
That way the company would have 
retained my good will. Now I'll never 
buy another product manufactured by 
that company because I don't like the 
way they handle their warranty." 

"Did you drink tea all this while ?" 
Barney asked curiously. 

"Nope. I got busy and made a whole 
new terminal block for the old faith- 
ful," Mac said; "and it still, after fif- 
teen years of use, makes better coffee 
than the new job." 

"We come right back to the fact that 
what is basically wrong is that the 
manufacturer or the service person 
does not really care much what an 
individual customer thinks of his prod- 
uct or his work," Barney suggested. 
"There are too many customers with 
money burning their pockets to worry 
about the ill will of a few. Most peo- 
ple in manufacturing or doing service 
work today have no memory of how 
things were back in the '30's when I 
am told a customer was an important 
someone whose good will was to be 
won and retained at all costs." 

"You were told right," Mac said, 
"and I'm afraid those days are coming 
back faster than many manufacturers, 
professional people, or service techni- 
cians realize. More and more people 
are beginning to feel they are being 
pushed around and exploited. They re- 
sent it and are starting to demand an 
end to this sort of thing. No longer do 
they listen to some intellectuals who say 
inflation is really good for the economy, 
that we can continue leapfrogging 
wages and living costs without con- 
cern, and that it really isn't necessary 
to balance the national budget. We 
might do well to remember the warn- 
ing of Alfred North Whitehead, the 
British scholar: `Wait for the back 
streets; when they move, the intellec- 
tuals are swept aside.' When we see 
the boycotts against soaring food prices, 
the threats to withhold taxes, and the 
stiffening resistance of consumers to- 
ward shoddy merchandise and service, 
there can be little doubt the back 
streets are starting to move. Now is a 
fine time for every business man to put 
King Customer back on his throne 
where he belongs!" A 
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NASA Manned Spacecraft Center, Houston, Texas 

WHEN MAN 
CLIMBED DOWN ONTO 

THE MOON'S SURFACE,THESE 
MAGNECORDS RECORDED HIS 
HEARTBEAT, HIS BLOOD PRESSURE, 

=1 AND CONVERSATION 
While the men of Apollo were off making history, NASA sound 
engineers were back in Houston getting it all down on tape. Bio- 
medical information on each of the three astronauts. Voice com- 
munications to and from the lunar module. And all other pertinent 
data that passed through NASA's world -wide network of commu- 
nications during the flight of Apollo. 

Magnecord Tape Recorders have been following our astronauts 
around the world since the early days of 
the Gemini program. Recording space PRODUCTS OF s °u"° AESC °A°H 

flight history as it happens, the way it TELEX® happens. If you've got recording history 
of your own to make, do it on the most ` °,M " " ° " ° "s °'v's'°" 

9600 Aldrich Avenue South 
reliable equipment available - do It On Minreapolis, Minnesota 55420 

a Magnecord. 
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r Fill in coupon for a FREE One Year 
scription to OLSON ELECTRONICS Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name Speak- 
ers, Changers, Tubes, Tools, Stereo Amps, 
Tuners, CB, Hi -Fi's, and thousands of other 
Electronic Values. Credit plan available. 

NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS 
505 S.Forge Street, Akron, Ohio 443084 

WORLD'S 
FINEST 

ERSIN 

MULTILORE 

ONLY 69C 
BUY IT AT RADIO -TV PARTS STORES 
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ELECTRONICS 

FREE 
Catalog 

Electronics of Corrosion 
(Continued from page 45) 

pressed- current or "cathodic" protection 
systems. 

It must be stressed that this form of 
electronic protection will not apply 
when stray- current corrosion (voltage 
drops or cross groundings) or the so- 
called cavitation or water -flow corrosion 
are involved. It is also of doubtful val- 
ue in oxygen -differential or area- differ- 
ential corrosion systems. Even its forte, 
the halting of galvanic corrosion, can 
sometimes be useless because of the 
difficulty of applying it. In a case where 
steel nails are used to install aluminum 
siding, and there exists the galvanic 
reaction between the steel and the alu- 
minum (intense corrosion would be 
seen in the aluminum in the vicinity of 
the nails), there would be no advan- 
tage in attempting impressed current 
protection methods. The proper prac- 
tice, of course, would be to use alumi- 
num nails as a first choice with galvan- 
ized-steel nails as a second. Similarly - 
although impressed- current philosophy 
could be made to work -the corrosion 
potential between an aluminum light- 
ning rod and a copper grounding wire 
would most sensibly be eliminated by 
using a copper lightning rod or alumi- 
num grounding wire. In marine work, 
a like case is seen in marine antennas 
constructed of aluminum tubing being 
fed by a copper transmission line. The 
new fiber glass whips with imbedded 
copper -wire elements have done much 
to eliminate this common corrosion 
problem. 

This is not to say that the impressed - 
current systems are not good. Far from 
it. Besides their obvious use in the 
marine area (oil tankships with this 
system can be constructed with lighter 
scantlings -on the order of 5-10% - 
which means construction costs are 
less), the protection of pipeline systems 
can be accomplished by connecting the 
pipe to a negative d.c. source and the 
positive d.c. to electrodes buried at 
proper intervals in the ground. The 
current flow in such a system is from 
0.3 to 0.5 milliampere per square foot 
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of pipe, and the voltage xvill range 
from 1.5 to 30 volts depending on the 
resistance of the system. 

The impressed- current systems used 
on boats and ships are all basically the 
same. They consist of three elements: 
a reference electrode, a control unit, 
and the anode which introduces the 
proper current and voltage against the 
underwater metal parts to be protected. 
The reference electrode monitors the 
amount of protection given to the boat's 
underwater metal parts (bonded to- 
gether to form a common cathode) and 
in turn the control unit compares this 
reference voltage produced by the ref- 
erence electrode to the pre -set voltage 
of the control unit. The output of the 
controller is applied to the anode. Since 
the corrective current is externally ap- 
plied and because deterioration of this 
anode would serve no useful purpose, 
it is usually made of one of the metals 
of the platinum family. Care must be 
taken that the anode voltage is not set 
too high as this may be of doubtful 
benefit and, in fact, may cause damage. 

In summary, we have progressed 
from the electronic action which is the 
basis for corrosion to an electronic solu- 
tion to combat this damaging process. 
Even the few digressions, such as the 
discussion of pH, were related to the 
electro- chemical phenomenon which is 
corrosion. Knowledge of such things as 
pH, chloride content, and so -on are, of 
course, valuable to the marine electron- 
ics technician. Too often, for instance, 
one will find that the malfunction of a 
transmitter or receiver or depth- sound- 
er isn't due to something wrong with 
the unit itself, but to such things as im- 
proper supply voltage, r.f. interference, 
poor antenna placement, etc. The same 
applies to ascertaining the reasons for 
corrosion. The technician must be pre- 
pared (and this dictates proper instru- 
mentation) to investigate the ecology 
which surrounds the vessel on which he 
has installed or is maintaining electron- 
ic equipment. When he knows the facts 
of the marine environment, then he'll 
have intelligent, helpful answers for the 
man who says: 

"I didn't have this corrosion problem 
until you installed the radio ...!" 

Fig. 3. Buchler's Chlorid- 
ometer, an instrument 
that can be used for de- 
termining the possibility 
of corrosion by measur- 
ing the amount of chlo- 
ride present in water. 
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DELTAwill tell you everything! - Complete Specs 

including schematics! 

MARK TEN® SCR 
CAPACITIVE DISCHARGE IGNITION SYSTEM 

Now discover for yourself the dramatic improvement in performance of your 
car, camper, jeep, truck, boat - any vehicle! Delta's remarkable electronic 
achievement saves on gas, promotes better acceleration, gives your car that 
zip you've always wanted. Find out why even Detroit has finally come around. 
In five years of proven reliability, Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Works on literally any type of gasoline engine. 

Dramatic Increase in Performance and A Points and Plugs Last 3 to 10 Times 
in Fast Acceleration Longer 

A Promotes More Complete Combustion A Up to 20% Mileage Increase 
(saves gas) 

ASSEMBLED $4495 
ONLY 

ppd. 
KIT FORM $2995 

J 12V ONLY 

MODEL 3000 FET VOM 
Delta now offers a compact, versatile, and extremely sen- 

sitive VOM which combines FETs and ICs for extreme 
accuracy. Compact (61 /z "W x 8 "H x 31/2 "D), portable. Wt. 

33/4 lbs. 

IN KIT FORM: Feedback network with pre -selected com- 

ponents to eliminate all final calibration. Ready to use 

when assembled! 

NEW DELTA FEATURES: 

Mirror scale 200 A D'Arsonval meter 

Integrated circuit (IC) operational amplifier 
for extreme accuracy 
FET input stage with current regulator 
Two stage transistor current regulator and 
Zener diode on OHMS for absolute stability 
and accuracy 
Voltage clippers for protection of input 
stage 

ONLY 

$1495,a 

Only $5995 
ppd. 

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

Enclosed switches 
Uses readily available type AA cells 

A Uses standard test leads for maximum 
flexibility and ease of measurement 

A 10 Megohms input impedance 

A COVTACH9 

DELTA: Please send me literature immediately. 

I am enclosing $ for items checked. 

Mark Ten SCR ( Kit Assembled) 

Model 3000 FET VOM ( Kit Assembled) 

Computach (Kit only) 

Please ship immediately. 

Name 

Address 

City /State lip 

*My car is (Model) (Year) 

L E`J 

"1 

Delta, pioneers in CD ignition who pro- 
duced the fabulous MARK TEN " , now offer 
a precise computer- tachometer which obso- 

letes any type tachometer on the market 
today! You achieve unbelievable accuracy 
in RPM readings due to the advanced, 
solid -state electronic matched components 
used in the computer, coupled with the 
finest precision meter in the world. Works 
on all 2, 3, 4, and 6 cylinder 2 cycle and 

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

Write today for complete 
literature packet 

A 0 -8000 RPM range 

A Perfect linearity - zero paralax 

A Adjustable set pointer 
Wide angle needle sweep 

A Translucent illuminated dial 

Chrome plated die -cast housing 

A All -angle ball & socket mounting 

Use it with ANY ignition system 

Meter: 3' a " dia. X 33e " deep 

A Calibration kit included, no test eqpt. 
needed. 

*An exclusive computer - 
tachometer for precise 
RPM measurement in 
easy -to -build Kit form! 

$2995 
ppd. 

KIT FORM ONLY 
DP 9-e 

DELTA PRODUCTS, INC. 
P.O. BOX 1141 GRAND JUNCTION. COLORADO 81501 
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We pack your electronics course with 
kits to make your training fast. 
You'll enjoy every minute of it. 

Your NTS success package 
Choose a career in electronics: 
Computers. Color TV Servicing. 
Automation. Communications. 
Whatever the field, NTS has a 
complete home -study package to 
get you to the top faster. 10 thor- 
ough traïning courses. Each in- 
cludes everything to give you the 
working knowledge required of 
successful technicians. 

NTS Project- Method Training is 
the practical way to Hearn elec- 
62 

tronics. tit's a proven combination 
of lessons and the best profes- 
sional kit equipment available. 
NTS provides the biggest selec- 
tion of kits ever offered in home - 
study . . . all at no extra cost. 
You'll construct these exciting 
kits to fully understand electronic 
circuits, components, and con- 
cepts. Our Project -Method lets 
you build skills by putting theory 
into practice ... by working with 
your hands, as well as your head. 

The NTS "learn and practice" ap- 
proach makes training at home 
really easy. All it takes is a few 
hours a week ... whether you're 
starting from scratch or in ad- 
vanced courses. This is the ail - 
inclusive success package that 
put thousands of men into the 
best paying jobs ... or into their 
own bus'Iness. If "just a living" 
isn't good enough for you, now is 
the time to get something better 
going for you! 
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NTS COMPUTER 
ELECTRONICS 
This is the future. And it's hap- 
pening now. The number of com- 
puters will increase many times 
in the next few years. 

Exclusive new 
Compu- Trainer® 

NTS offers a solid grounding in 
computer operation, wiring, data 
processing and programming. 
One of the 10 important kits in- 
cluded is our exclusive Compu- 
Trainer®. It's a fully operational 
computer logic trainer - loaded 
with integrated circuits - the first 
ever offered in home study. It in- 
troduces you quickly to how, 
what, when and why of computers 

.. from theory to practical serv- 
icing techniques. This unit is 
capable of performing 50,000 op- 
erations per second. And it's sent 
at no extra cost. 

NTS COLOR TV 
SERVICING 
This is a broad, easily understood 

COLOR TV 
295 SQ. IN. PICTURE 

program designed to make you a 

complete home- entertainment 
service technician. Included, at 
no extra cost, is a color TV 
that has more features than any 

set on the market. You also learn 
all about stereo, hi -fi, multiplex 
Systems, and become a specialist 
in Color TV Servicing. Kits also 
include AM -SW radio, solid -state 
radio, field- effect transistor volt - 
ohmmeter, electronic tube tester. 

NTS AUTOMATION/ 
INDUSTRIAL 
ELECTRONICS 
You're trained in the "push -but- 
ton" electronics that keep indus- 
try going and growing ... from 
relay type controls to highly 
advanced systems essential to 
production. You receive 16 kits in- 
cluding a 5" wide band oscillo- 
scope, and the new NTS elec- 
tronics lab: a 

fascinating NTS 
exclusive 
experi- 
mental 
laboratory. 
A complete 
workshop 
which 
makes you 
familiar 
with solid - 
state, 
miniature, 
and integrated 
circuits. 

5,, 

Oscilloscope 

NTS ELECTRONIC 
COMMUNICATIONS 
The use of 2 -way radio systems in 
private and commercial applica- 
tions is skyrocketing. NTS pre- 
pares you for the big -money 
opportunities in the field of trans- 
mitting and receiving equipment. 
Your tuition will be refunded in 
full if you cannot pass the FCC 
exam for a 1st Class Commercial 
Radio -Telephone License within 

5 Watt AM Transmitter & Receiver 

six months after successfully 
completing this course. You build 
valuable kits including Amateur - 
Phone 6 Meter VHF Transceiver, 
solid -state Radio , and a field - 
effect transistor volt- ohmmeter. 

CLASSROOM TRAINING 
AT LOS ANGELES 
You can take classroom training 
at Los Angeles in sunny Southern 
California. NTS occupies a city 
block with over a million dollars 
in facilities devoted exclusively to 
technical training. Check box in 
coupon. 

NATIONAL SCHOOLS 
World -Wide Training Since 1905 

4000 South Figueroa Street 
Los Angeles, Calif. 90037, U.S.A. 

APPROVED FOR 
VETERANS 
Accredited Member: National As- 
sociation of Trade and Technical 
Schools, National Home Study 
Council. 

f 
TODAY, MAIL 
COUPON 
FOR FREE 
COLOR 
CATALOG 
AND SAMPLE 
LESSON. 

NTS GUIDE 

ELECTRONICS 

NATIONAL TECHNICAL SCHOOLS 
4000 S. Figueroa St., Los Angeles, Calif. 90037 

Please rush Free Color Catalog and 
Sample Lesson, plus information on 
field checked below. No obligation. 
No salesman will call. 

MASTER COURSE IN COLOR 
TV SERVICING 

pi COLOR TV SERVICING 
MASTER COURSE IN TV & 
RADIO SERVICING 
PRACTICAL TV & RADIO 
SERVICING 
MASTER COURSE IN ELEC- 
TRONIC COMMUNICATIONS 

I FCC LICENSE COURSE 
MASTER COURSE IN ELEC- 
TRONICS TECHNOLOGY 
INDUSTRIAL AND AUTOMATION 
ELECTRONICS 
COMPUTER ELECTRONICS 

F-1 BASIC ELECTRONICS 

Name Age 

Address 

City State Zip 
Check if interested in Veteran Training 
under new G.I. Bill. 
Check if interested ONLY in Classroom 
Training at Los Angeles. Dept. 240 -119 
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TV Channel Assignments 
Channel 

No. 
Frequency 

Range (MHz) 
1/L Wave- 
length* 
Inches 

Picture 
Carrier (MHz) 

Color 

S (MH 
ier 
) 

Sound 
Carrier 
(MHz) 

V. H. F. LOW -BAND CHANNELS 

2 54 -60 103.8 55.25 58.83 59.75 
3 60 -66 93.8 61.25 64.83 65.75 
4 66 -72 85.7 67.25 70.83 71.75 
5 76 -82 74.8 77.25 80.83 81.75 
6 82 -88 69.5 83.25 86.83 87.75 

FM 88 -108 60.3 

V. H. F. HIGH -BAND CHANNELS 

7 174 -180 33.4 175.25 178.83 179.75 
8 180 -186 32.3 181.25 184.83 185.75 
9 186 -192 31.3 187.25 190.83 191.75 

10 192 -198 30.3 193.25 196.83 197.75 
11 198 -204 29.4 199.25 202.83 203.75 
12 204 -210 28.5 205.25 208.83 209.75 
13 210 -216 27.7 211.25 214.83 215.75 

U. H. F. CHANNELS 

14 470 -476 12.5 471.25 474.83 475.75 
15 476 -482 12.4 477.25 480.83 481.75 
16 482 -488 12.2 483.25 486.83 487.75 
17 488 -494 12.0 489.25 492.83 493.75 
18 494 -500 11.9 495.25 498.83 499.75 
19 500 -506 11.8 501.25 504.83 505.75 
20 506 -512 11.6 507.25 510.83 511.75 
21 512 -518 11.5 513.25 516.83 517.75 
22 518 -524 11.3 519.25 522.83 523.75 
23 524 -530 11.2 525.25 528.83 529.75 
24 530 -536 11.1 531.25 534.83 535.75 
25 536 -542 11.0 537.25 540.83 541.75 
26 542 -548 10.8 543.25 546.83 547.75 
27 548 -554 10.7 549.25 552.83 553.75 
28 554 -560 10.6 555.25 558.83 559.75 
29 560 -566 10.5 561.25 564.83 565.75 
30 566 -572 10.4 567.25 570.83 571.75 
31 572 -578 10.3 573.25 576.83 577.75 
32 578 -584 10.2 579.25 582.83 583.75 
33 584 -590 10.1 585.25 588.83 589.75 
34 590 -596 10.0 591.25 594.83 595.75 
35 596 -602 9.9 597.25 600.83 601.75 
36 602 -608 9.8 603.25 606.83 607.75 
37 608 -614 9.7 609.25 612.83 613.75 
38 614 -620 9.6 615.25 618.83 619.75 
39 620 -626 9.5 621.25 624.83 625.75 
40 626 -632 9.4 627.25 630.83 631.75 
41 632 -638 9.3 633.25 636.83 637.75 
42 638 -644 9.2 639.25 642.83 643.75 
43 644 -650 9.2 645.25 648.83 649.75 
44 650 -656 9.1 651.25 654.83 655.75 
45 656 -662 9.0 657.25 660.83 661.75 
46 662 -668 8.9 663.25 666.83 667.75 
47 668 -674 8.8 669.25 672.83 673.75 
48 674 -680 8.7 675.25 678.83 679.75 
49 680 -686 8.7 681.25 684.83 685.75 
50 686 -692 8.6 687.25 690.83 691.75 
51 692 -698 8.5 693.25 696.83 697.75 
52 698 -704 8.4 699.25 702.83 703.75 
53 704 -710 8.4 705.25 708.83 709.75 
54 710 -716 8.3 711.25 714.83 715.75 
55 716 -722 8.2 717.25 720.83 721.75 
56 722 -728 8.1 723.25 726.83 727.75 
57 728 -734 8.0 729.25 732.83 733.75 
58 734 -740 8.0 735.25 738.83 739.75 
59 740 -746 7.9 741.25 744.83 745.75 
60 746 -752 7.8 747.25 750.83 751.75 
61 752 -758 7.8 753.25 756.83 757.75 
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I 

V.h.f. and u.h.f. TV channel assignments, including 
video, audio, and the color -subcarrier frequencies. 

Channel 
No. 

Frequency 
Range (MHz) 

1/2 Wave- 
length' 
(inches) 

Picture 
Carrier (MHz) 

Color 
Subcarrier 

(MHz) 

Sound 
Carrier 
(MHz) 

62 758 -764 7.7 759.25 762.83 763.75 

63 764 -770 7.7 765.25 768.83 769.75 

64 770 -776 7.6 771.25 774.83 775.75 

65 776 -782 7.5 777.25 780.83 781.75 

66 782 -788 7.5 783.25 786.83 787.75 

67 788 -794 7.4 789.25 792.83 793.75 

68 794 -800 7.4 795.25 798.83 799.75 
69 800 -806 7.3 801.25 804.83 805.75 
70 806 -812 7.3 807.25 810.83 811.75 

U. H. F. TRANSLATOR CHANNELS 

71 812 -818 7.2 813.25 816.83 817.75 

72 818 -824 7.2 819.25 822.83 823.75 

73 824 -830 7.1 825.25 828.83 829.75 

74 830 -836 7.0 831.25 834.83 835.75 

75 836 -842 7.0 837.25 840.83 841.75 

76 842 -848 6.9 843.25 846.83 847.75 
77 848 -854 6.9 849.25 852.83 853.75 

78 854 -860 6.8 855.25 858.83 859.75 
79 860 -866 6.8 861.25 864.83 865.75 

80 866 -872 6.8 867.25 870.83 871.75 

81 872 -878 6.7 873.25 876.83 877.75 

82 878 -884 6.7 879.25 882.83 883.75 

83 884 -890 6.7 885.25 888.83 889.75 

.Free-space half wavelength. For antenna length, use 95 Sc of these values; for twinlead use 82 % ; for coax use 66 te . 

Patented components ... a 30 -year reputation for innovative 
design . . . a consistently creative approach to sound repro- 
duction ... this is where it all comes together, in the creation 
of extraordinary speakers such as the 312. 
A glance at its specifications will tell you the 312 is an ex- 
ceptionally fine reproducer. Unfortunately, they won't begin 
to show you how extraordinarily pleasing the sound is that 
flows from it. You must discover that for yourself, by listening. 
It's not inexpensive - about half what you'd expect. Hear the 
312 soon. Find out why we call it: "the speaker your other 
components will be proud of." 

This is where it all 
comes together 

November, 1969 

Specifications: Model 312 3 -way 12" Diffaxial 
Speaker. Frequency response: 28 to well over 
40,000 Hz. Patented Sphericon tweeter is flat 
within 2 db to 22,000 Hz. Power rating: 35 watts 
integrated program material. Impedance: 8 -16 
ohms. Crossover: 1000 Hz (mechanical). 3000 Hz 
(electrical). Dimensions: 13" overall dia 65 /e" 
deep. Mounting: Front or rear baffle. Special 
Features: Rigid, die -cast frame. Wide -angle dis- 
persion by patented Sphericon Super Tweeter 
and exclusive Diffusicone principle. Rigid cup 
baffle (eliminates tweeter -woofer interference). 
High compliance suspension with University's 
exclusive Critical Edge Damping. 

TY ®SOUND 
A DIVISION OF !TV LING ALTEC, INC. 
P. 0. Box 26105, Oklahoma City, Okla. 73126 
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ActionLiTE 
PUSHPINS LIGHT UP... 

GET YOUR MESSAGE ACROSS IN A FLASH! 
Versatile NEW visual display system features pushpins 
that light ... even flash. Your overlays of sales maps, 
production charts etc. mount easily on special cork- 
board surface backed with conducting Plasticon. (Board 
uses ordinary electric current.) Use ActionLlTE pushpins 
to focus attention. The special surface is Magnetic too, 
to insure dramatic visual impact. ActionLlTE pushpins 
and magnetic markers come in many sizes, shapes, 
colors. Boards range in size from 2'x3' to 4'x8'. 

ÌETHODS RESEARCH 
CIRCLE NO. 120 ON READER SERVICE CARD 

NEW 
DUAL PURPOSE 

DELIVERS 620 VA OUTPUT 

The new ELECTRO TIC -620 inverter de- 
livers a 620 VA output (120 volts, 5 amp 
nom final), from a 12 volt battery. It includes 
a built -in 25 amp charger. Thus the same 
unit is used to recharge its DC input source. 

A three position switch provides low, medium and high charge rates. 
An automatic shut -off protects both inverter and battery from 

damage when battery voltage decreases to 10.5 volts. 
Positive reverse polarity protection is provided so no damage will 

result if positive- negative terminals are reversed. 
Voltage regulated 60 Hz square wave output is frequency stable 

to ± 0.5 Hz! 

TI -620 INVERTER ONLY 

A model TI -620, without 
the built in charger, is also 
available at a reduced 
cost. Other specifications 
are identical to the TIC - 
620. 

SEND FOR 
COMPLETE 
DATA AND 

SPECIFICATIONS 

INVERTERS 
ELECTRO PRODUCTS LABORATORIES, INC. 

6125 W. Howard Street, Chicago, Illinois 60648 312/647 -8744 

CIRCLE NO. 135 ON READER SERVICE CARD 
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ELECTR()NIC 
CROSSWORDS 

By JAMES R. KIMSEY 

(Answer on page 104) 

ACROSS 
1. This is also called a surge -voltage 

recorder. 
7. A system of components. 
8. Title of respect. 

10. One of two or more forms of the 
same element having the same 
atomic number but a different 
atomic weight. 

12. A luminous discharge of electric- 
ity. 

13. Attenuatnr. 
14. A low- pitched droning noise. 
16. A nuclear reactor. 
17. Addition to a letter (abbr.). 
19. A nine -pin glass base for a minia- 

ture electron tube (2 words). 
22. plate. A storage battery 

plate consisting of a conductive 
lead grid filled with active paste 
material. 

24. Distance from side to side 
(abbr.) . 

25. An electronic antenna switch 
(abbr.) . 

26. A large Western city (colloq.). 
27. A type of capacitance bridge cir- 

cuit for measuring dielectric 
losses. 

29. A hypothetical medium that per- 
vades all space. 

30. The progressive rotation of the 
cross -section of a waveguide 
about the longitudinal axis. 

32. Symbol for plate current of a vac- 
uum tube. 

35. Exists. 
36. An oscillation introduced for the 

purpose of overcoming the effects 
of friction, hysteresis, or clog- 
ging. 

37. In disc recording, a mold electro- 
formed from the master. 

DOWN 
1. Laws. The current flowing 

to a given point in a circuit is 
equal to the current flowing away 
from that point. 

2. Kind of antenna. 
3. A photoelectric device that con- 

verts light energy into sound 
energy. 

4. An eight -electrode electron tube. 
5. Restore a storage device to a pre- 

scribed state. 
6. A bolometric vacuum gage for 

measuring pressure. 
9. A device for imparting a very 

high velocity to charged particles 
such as electrons or protons. 

11. A hard ductile metallic element 
(abbr.) . 

15. A combination of components 
which are contained in one pack- 
age or common to one mounting 
and provide a complete function. 

17. Deficient in color or intensity of 
color. 

18. range. In radar, the line - 
of -sight distance from the mea- 
suring point to the target. 

20. -cut crystals. Most exten- 
sively used crystals in radio -fre- 
quency transmitters from 4500 to 
10,000 kHz. 

21. City division (abbr.). 
23. Rodent. 
27. Deteriorate by use. 
28. A parabola- shaped microwave an- 

tenna. 
31. Humor. 
32. Ego. 
33. 3.1416. 
34. A radio band (abbr.). 

I 2 3 .4 5 6 
9 I. II I . . I . 16 I. i5 

. 17 19 . . 
19 

22 23 24 25 

26 27 . 28 

29 .. 30 31 

32 33 34 35 

36 
37 
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new 
s--u1=1 
unÏsphore 

with maximum features . 
..-A:,:-.; ---. ........K, 

.0/_ 
i ----I, 

SUPERIOR "POP" REJECTION 

Built -in filter provides effec- 
tive suppression of explosive 
breath sounds and wind 
noise - without additional 
windscreens. 

November, 1969 

CONVENIENT BUILT -IN 

ON -OFF SWITCH 

. with locking provision in 
"ON" position. 

TROUBLE -FREE 

CANNON CONNECTOR 

A feature ordinarily found 
only on premium -priced mi- 
crophones. 

SUPERB FEEDBACK CONTROL 

True cardioid pickup pattern - symmetrical about axis 
and uniform at all frequen- 
cies . it's a Unisphere, 
through and through. 

Use it anywhere, even low budget jobs. Moderately -priced, 
high quality - also features shock mounted cartridge for 
quiet operation, provisions for easy field serviceability, 15 -foot 
cable. Model 588SA, high impedance; Model 588SB, low 
impedance. 

at a minimum price... only $60. 00 list! 

MODELS 588SA & 588SB 
Unisphere B unidirectional dynamic microphone 

©1969, Shure Brothers Inc., 222 Hartrey Ave., Evanston, Illinois 60204 
CIRCLE NO. 100 ON READER SERVICE CARD 
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Multi -Band Coverage will 

MAKE YOU MONEY! 

Lampkin 

LOW BAND 

BUSINESS 

AIRCRAFT 

MARINE 

CITIZENS 
BAND 

NO EXTRA CRYSTALS 

Frequency Meter Type 105.8 

GUARANTEED ACCURACY .001% 
Range: 100 KHz -175 MHz. $295.00 

You can buy separate frequency meters 
for mobile -radio transmitters in the sep- 
arate bands - BUT - when you need 
just ONE channel outside that band, you 
are money ahead with the LAMPKIN. 

Dial readings for virtually EVERY mobile - 
radio channel (printed by computer) now 
available at less than 3c per channel. 
For complete specifications - MAIL 
COUPON TODAY! 

Use this coupon for FREE booklet "How 
To Make Money in Mobile -Radio Main- 
tenance" and information on Lampkin 
meters. 

Name 

Address 

City State Zip 

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

Enjoy Relaxing Background 

Music at Home with .. . 

NO COMMERCIALS! 

Size: 61/2 x 5 x 21/2 
Our SCA -1 Decoder makes possible reception of 
this "private" musical programming, transmitted 
by nearly 400 FM stations around the country. 
YOUR FM tuner or receiver can recover this 
"hidden" music with the simple addition of an 
SCA -1. 
Hook -up in minutes -full instructions supplied. 
SCA -1 is self -powered . uses all solid -state 
circuitry (FET's, IC's, NPN's). Works with any 
quality FM Tuner or receiver. 
Send check or m.o. for either ... 
SCA -1 (Wired, ready to use) $64.50 
SCA-1K (Kit, all needed parts) $49.95 
Etched, drilled P.C. Board plus special 

IC plus full construction plans $12.50 
One year parts guarantee 

FREE National S.C.A. station list 
supplied with every order. 

SOLD FOR HOME USE ONLY 

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

CIRCLE NO. 106 ON READER SERVICE CARD 
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PRODUCT REPORT 
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Simpson Model 229 A.C. Leakage- Current Tester 
For a copy of manufacturer's brochure, circle No. 36 on Reader Service Card. 

__......._..._.. 
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EARLY this year a new Standard for 
Leakage Current for Appliances 

( C101.1) , sponsored by Underwriters' 
Laboratories, was published for trial and 
study. The proposed standard is for 120 - 
volt appliances, including radios and 
TV's, that are connected by 2 -wire flexi- 
ble cords to the a.c. power line. When 
measured in accordance with the setup 
shown in the diagram below, the maxi- 
mum a.c. leakage current is not to ex- 
ceed 0.5 mA (r.m.s.) between all 

NEUTRAL 
CONDUCTOR 

exposed conductive surfaces of the ap- 
pliances to the neutral or grounded side 
of the power line. The measurement is 
to be made across a meter terminal im- 
pedance consisting of 1500 -ohm resistor 
shunted by a 0.15 -µF capacitor. This RC 
circuit simulates the impedance of the 
human body under such potentially dan- 
gerous conditions as when one's fingers 
are wet. With a leakage current of 0.5 
mA flowing through 1500 ohms, the a.c. 
voltage drop amounts to 0.75 volt. Mea- 
surements are taken with the appliance 
turned on and with the a.c. line applied 
first one way and then with the a.c. 
power line reversed. 

Simpson has performed a real service 
in coming out with a new tester that will 
measure the leakage current in accor- 
dance with the newly proposed stan- 
dard. Its Model 229 has four leakage - 
current ranges: 0.3, 1, 3, and 10 mA. 
Currents as low as 5 microamps can be 
measured on the lowest range scale. In 
addition there is an a.c. voltage range 
(150 V) , a setting for measuring the ap- 
pliances for shorts (we assume this is a 
simple ohmmeter function ) , and a set- 
ting for checking the meter's internal 
battery. Accuracy of the meter is within 
±2 percent of full scale. 

The instrument and circuits are fully 
protected against overloads of up to 
150 V on all ranges. Also, all the internal 
components and circuitry are completely 
potted in epoxy. Price of the Model 229 
is $90. 

APPLIANCE METER 

1 

INSULATING TABLE II 

Holland Electronics Model TT -285 Transistor Tester 
For a copy of manufacturer's brochure, circle No. 37 on Reader Service Card. 

THIS new, compact, very easy -to -use 
transistor tester is made by a manu- 

facturer that specializes in TV studio 
equipment, Holland Electronics. As a 
matter of fact, the tester is an outgrowth 
of a product designed for a TV network 
to check the transistors used in some of 

their studio equipment. The Model TT- 
285 can also be used by testers for in- 
coming inspection and testing of tran- 
sistors, and by technicians and engineers 
for checking new or replacement tran- 
sistors. 

To use the tester, a transistor is simply 

ELECTRONICS WORLD 
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plugged in and a pot is rotated while the 
user observes the two current meters on 
the front panel. The pot is part of a 
voltage- divider circuit that applies cur- 
rent to the base circuit of the transistor 
under test. The meter at the left is a 
10 -mA unit which monitors collector 
current, while the meter at the center 
monitors base current up to 100 FA. By 
watching the tracking of the meters, 
quite a bit of information can be deter- 
mined about the transistor being 
checked. If a short or open exists, the 

tester will show either no collector cur- 
rent or will indicate a constant, high 
value. For gain readings, the values of 
collector and base current are taken at 
various settings and gain is calculated. 

The tester is small, measuring only 
21/2" x 5' /8" x 31/8" deep and is battery - 
powered, using two penlight cells. The 
unit is self -contained in its plastic case, 
and no lead wires or clips are used. It 
can be easily carried in a portfolio, brief- 
case, tool kit, or service caddy. The price 
of the Model TT-285 is $65. 

Vytell Model RP -1001 Resistor Box 
For a copy of manufacturer's brochure, circle No. 38 on Reader Service Card. 

HERE is a new, small resistor substi- 
tution box that provides all 84 EIA 

standard resistor values in about one - 
third the size of other such boxes. In 
place of the usual control -knob switches 
for resistor selection, the Vytell RP -1001 
uses a pair of push -on leads connected 
to binding posts. All the resistors, with 
their values clearly marked on the key- 

board -like front -panel matrix, terminate 
in vertical pins on which the connectors 
are pushed. One lead from each of the 
resistors is connected to the "Common" 
binding post. The various resistors can 
be connected in series and parallel to 
obtain over 3400 non -standard resistance 
values. With additional leads, an almost 
limitless number of discrete resistance 
values can be obtained. The resistors 
used are all ten -percent types, with re- 
sistances from 2.7 ohms to 22 megohms. 

The resistor box is useful in bread- 
boarding circuits or in making resistor 
substitutions during servicing of elec- 
tronic equipment. 

The unit is furnished in a molded 
phenolic case, measuring 3" x 4" x 21/4" 

deep. The cover is readily removable so 
that resistors may be replaced if any of 
them is damaged due to excessive volt- 
age or current during use. The resistors 
are all one -watt standard types with 
maximum voltage rating of 500 volts. 
Price of the resistor box is $16.95. 

1968 U.S. ELECTRONIC 

OREIGN trade in communications 
and electronics products reached new 

highs of $1.8 billion in exports and $1.2 
billion in imports, according to figures 
released by the U.S. Dept. of Commerce. 

Communications and electronics ex- 
ports were up 15.4% over 1967 while 
communications and electronics imports 
soared 40.3% over the previous year. 

Nearly 30% of the total U.S. exports 
were commercial, military, and industrial 
products and showed a 16% increase, 
rising from $442 million in 1967 to $513 
million in 1968. 

Exports of consumer products in- 

November, 1969 

EXPORTS HIT NEW HIGH 

creased 24cß, from $93 million to $115 
million. With increased sales to Canada 
and Mexico, TV receiver and chassis ship- 
ments -which accounted for 37% of the 
consumer product exports -increased 
22 %. Components also showed a healthy 
18% increase from the previous year. 
Semiconductor devices increased by 35% 
with the largest gain in IC exports -up 
37%. 

Principal buyers of U.S. exports were 
Canada, Mexico, and the European Eco- 
nomic Community. Large orders were 
also placed by the United Kingdom, 
Japan, Switzerland, and Sweden. 
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FAT 

sPeakers 
are out... 
Only MAGITRAN's POLY- PLANAR 
super -thin Hi -Fi speakers fit in where 
no others can. Hang mount, or stand 
.. . indoors or out. Install in walls, 
ceilings, doors, furniture ... anywhere 
you want to put them. MAGITRAN's 
idea is to put the great sound where 
you want it to be -your home, your 
car, your factory, your office, your boat 

. your choice! There is a MAGITRAN 
POLY- PLANAR, space -saving super- 
thin Hi -Fi speaker system for any thin 
place (2" or less)- indoors or out! 

TWIN XX TWENTY 

Decorator's Delight 

1z/ß" thin 

40 watts 

40Hz to 20kHz 

$99.95 a stereo pair 

The ALL WEATHER 

POLY -SONIC 

"Anywhere Sound System" 

Model E21 20 watts 

50Hz to 20kHz 

$19.95 ea. 2" thin 
Model E51 5 watts 

70Hz to 20kHz 
411. 514.95 ea. lz /`' thin 

The POLT- PLANAR 

Quick Mount Speaker /Grille 
G201P 20 watts 40Hz to 20kHz 

515.95 ea. l '6" thin 
G51P 5 watts 60Hz to 20kHz 

$10.50 ea. z /e" thin 

A500 5 watts 60Hz to 20kHz 

$11.95 ea. z /e" thin 

POLY- PLANAR SPEAKER 

P20 20 watts 40Hz -20kHz 

$11.95 ea. 1716" thin 

PS 5 walls 60Hz -20kHz 

$7.95 ea. 916" thin 

High performance Weatherproof 
Low Distortion Bi- Directional 

Rugged 

See your local dealer. Write today for our 
FREE booklet showing you where and 
how to install MAGITRAN Hi -Fi super- 
thin speakers. See how you can turn on 
a tree, a door or a wall! 

Poly- Planar Speakers 
by Magitran 

THE MAGITRAN COMPANY DIVISION OF 
ERA ACOUSTICS CORP. 311 E. PARK ST. 

DEPT. 201 MOONACHIE, N.J. 07074 
CIRCLE NO. 122 ON READER SERVICE CARD 
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MR. SCA OPERATOR 
NEED A RELIABLE SOURCE FOR 
HIGH QUALITY, LOW COST SCA 
RECEIVERS, OR SCA DEMODULATOR 
UNITS? 
A new and proven sub- carrier demodula- 
tion scheme using old established principles 
is now practical due to recent component 
developments and mass production. The 
resultant reduction in cost is passed on to 
you. 

ffi 

r 

MODEL SCA -6137 SINGLE FREQUENCY FM 
RECEIVER. Size: 12" x 51 /2" x 414:7. Price: $69.95 
( Quantity 1-9) 
SCA -6137 FR Receiver Features: 

Range: 88 to 108 MHz Frequency Field 
Adjustable All Solid State Devices RF Stage 

3 IF Stages Automatic Frequency Control 
Two 67 KHz Amplifier Stages 67 KHz Ratio 

Detector Adjustable Muting Main /Sub -Car- 
rier Switch One Watt Audio Output 4" Mon- 
itor Speaker Provision for External Speaker 
117 Volt AC Operated. 

Also available: SCA -3 sub -carrier demodulator 
PC Card with muting control. Size: 2?%." a 3" x 
% ". Operates on 6 to 12 Volts DC at 6 ma. Avail- 
able from stock. Price: $39.95 (Quantity 1 -9 
Quantity discounts and detailed specifications are 
available to SCA operators. 
Send orders and inquiries to: 

janZac Company; P.O. Box 177; 
Stamford, Conn. 06904 

KenZac Company; P.O. Box 66251; 
Houston, Texas 77006 

CIRCLE NO. 125 ON READER SERVICE CARD 

AVOID )OB 

RUST 
Electronics is a field where it's especially easy 

to get "rusty" -but where an ICS course makes 
it just as easy to stay completely on top of things. 
Courses prepared and continually updated by 
specialists. 

The ICS way is the ideal way -study at your 
own pace, no time lost commuting to class; de- 
tailed personal attention from your expert in- 
structor to prevent any "hang up." ICS has 
successfully trained hundreds of thousands of 
men as technical specialists. 

Find out more -send the coupon today for the 
most refreshing step you can take! 

I International Correspondence Schools 
Division of Intext 

Mail to ICS, Scranton, Pa. 18515 

Name Age 

Address 

City Slate Zip 

Employed by 

Check the course that most interests you 

General Electronics 

Electronic Technician 

I7 Electronic Drafting 
Electronic Engineer 

B3747K 

Industrial Elec. Tech. 

ID Electrical /Electronics Engineering 
FCC License Preparation 
Numerical Control Electronics 

Approved for veterans 
Accredited Member, Nat'l Home Study Council 
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Piezoelectric Igniter 
Generates 

Instant Flames 
By DON MARKESON/ Product Manager 

Piezoelectric Division, Clevite Corp. 

By using piezoelectricity, a device has been developed 
that can deliver instant flame by a simple lever action. 

Adevice that uses piezoelectricity to 
produce sparks for igniting any 

type of gas -fired appliance is now corn - 
mercially available. 

Cognizant engineers realized piezo- 
electricity had the potential to provide 
a simple, completely dependable, long - 
lasting high- voltage charge across a gap 
to form sparks, and knew that its nature 
to convert mechanical energy into elec- 
trical energy made it ideal for this pur- 
pose. The trick, however, was in devel- 
oping a piezoelectric ceramic with the 
necessary qualities for an igniter. Such 
a material would have to be mechanical- 
ly strong, have a high dielectric constant, 
low leakage, and a high voltage output 
coefficient, with retention of these prop- 
erties over a wide range of pressures and 
temperatures. 

Pioneering work by Clevite for this 
precise material resulted in the develop- 
ment, in 1950, of lead -zirconate -titanate, 
now sold under the trademark PZT. This 
opened the door for practical considera- 
tion of a working igniter. 

PZT ceramics used in the igniters are 
made up in disc and cylinder form, 
coated with conducting electrodes on 
flat surfaces. Mechanical strain induced 
by pressure or tension applied between 
these surfaces produces a charge across 
the electrodes that is directly propor- 
tional to the strain. As a whole, it can 
be considered a self- charging capacitor, 
with the ceramic acting as charger and 
low -loss dielectric. 

Simply, this is what happens: exterior 
mechanical pressure produces move- 
ment within the structure of the ceramic 
crystals. This causes a flow of electrons 
in such a way that one electrode is given 
a positive charge and the other a nega- 
tive charge. This charge is released when 
the voltage has risen to a level sufficient 
to overcome the particular spark gap be- 
tween the electrodes. The structure is 
then once more in equilibrium. Continu- 
ing pressure in this direction will result 
in a repetition of the entire process. 
Similar charges, but of opposite polarity, 
occur with release of the pressure. 

When the piezoelectric material in the 
igniter, shown in the photo, is squeezed 
(by lever action) multiple sparks with 
more than five times the.energy neces- 

sary to ignite LP or natural gas, are 
produced at the end of the wire. In ad- 
dition, a second series of sparks of equal 
strength is produced when the piezoelec- 
tric material is released (the lever is 
allowed to swing back). 

Applications 
Applications vary. As a pilot lighter 

for gas -fired appliances, it has been in- 
corporated in through -wall heaters, pool 
heaters, home furnaces, assorted porta- 
ble heaters, ranges, hot -water heaters, 
and infrared heaters. The igniter has also 
been used to light outdoor grills, camp 
lanterns, camp stoves, welding torch- 
es, and residential lawn lanterns. No 
one can be sure at this time of its future 
potential. 

Early development efforts resulted in 
a rather bulky assembly that took up 
quite a bit of space. But the igniter has 
been refined to the extent that it can now 
be offered in a package smaller than a 
pack of cigarettes. Hopefully, a much 
smaller version will be available in the 
near future. 

Because the igniter is self- contained 
and generates its own energy, it truly 
may be termed "solid state." And be- 
cause of the nature of piezoelectricity, it 
may also be described as a direct "ener- 
gy converter." 

The Clevite igniter, which requires no 
wires, batteries, or other energy sources, 
instantly produces a series of sparks at 
the end of the wire when the lever is de- 
pressed and again upon its release. The 
sparks are more than five times the en- 
ergy needed to ignite LP and natural gas. 
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NMI FREE 
our biggest catalog ever! 

ALLIED Ip--m 

531 

MAIL CARD 
NOW FOR 

1970 ALLIED 
CATALOG 

PLEASE PRINT 

NAME (first) (Middle) (Last) 

ADDRESS or ROUTE and BOX NO. 

CITY 

STATE ZIP CODE 

THIS CARD IS FOR YOU 

"Fi 

MAIL CARD 
NOW FOR 

New! 
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Pages 
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CATALOG 

531 

PLEASE PRINT 

NEW ALLIED 1970 CATALOG 
Just off the press: the world's foremost elec- 
tronics catalog. It has 552 pages. Over 30,000 
items. Virtually everything known in stereo hi -fi, 
tape recorders, CB radios, phonographs, kits, 
tools, shortwave, test equipment and books. 

Your personal copy is waiting -simply tear 
off and mail the card. The catalog is free and 
there's no obligation to buy. But please hurry; 
only a limited number of catalogs are available. 

MAIL CARD TODAY 

NAME (first) (Middle) (Last) 

ADDRESS or ROUTE and BOX NO. 

CITY 

STATE ZIP CODE 

IF CARDS ARE ALREADY USED, 

write Allied Radio, P.O. Box 4398, Chicago, Ill. 60680 

THIS CARD IS FOR A FRIEND 
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1970 ALLIED 
CATALOG 

o 

1970 ALLIED 
CATALOG 

t11113t2211 mitaajat 
STEREO HI -FI HOBBY KITS 

CB RADIOS E TAPE RECORDERS 

CAMERAS si BOOKS ® AUTOMOTIVE TEST 

EQUIPMENT RADIOS HEADPHONES METERS 

WIRE & CABLE SHORTWAVE PUBLIC SERVICE RADIOS 

INTEGRATED CIRCUITS PARTS & BATTERIES TUBES & TRANSISTORS 

TV TOOLS & HARDWARE SPEAKERS RECORD CHANGERS NEEDLES COLOR TV 

ANTENNAS PA & INTERCOMS MULTI -BAND RECEIVERS ...PLUS THOUSANDS OF OTHER ITEMS! 

... and you don't have to be an expert to use our 
catalog. 

Whether or not you have any special knowledge 
of electronics, you can shop intelligently from the 
Allied Catalog. In fact, it's fascinating just to browse 
through the catalog. 

You'll appreciate the huge Allied selection . . . 

and the low Allied prices. 

IMAIL CARD NOW FOR FREE COPY 
THERE'S E'S A CARD FOR YOU ... THERE'S A CARD FOR YOU ... 
AND A CARD FOR A FRIEND! 
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NEW Heathkit Ultra- Deluxe "681" Color TV With AFT ... 
Power Channel Selection & Opt. RCA Hi -Lite Matrix Tube 

The new Heathkit GR -68I is the world's most advanced Color TV with more 
built -in features than any other set on the market. Automatic Fine Tuning on all 
83 channels ... power push button VHF channel selection, built -in cable -type 
remote control ... or you can add the optional GRA -681 -6 Wireless Remote 
Control any time ... plus the built -in self- servicing aids that are standard on all 
Heathkit color TV's. Other features include high & low AC taps to insure that the 
picture transmitted exactly fits the "681" screen, automatic degaussing, 2 -speed 
transistor UHF tuner, hi -fi sound output, two VHF antenna inputs, top quality 
American brand color tube with 2 -year warranty. With optional new RCA Matrix 
picture tube that doubles the brightness, Model GR -681MX only $535.00. 

GRA- 295 -4, Mediterranean Cabinet shown.. $124.95* 

Heathkit "295" Color TV 

With Optional RCA Matrix Tube ... with the same high performance features 
and built -in servicing facilities as GR -681 above ... less AFT, VHF power tuning 
and built -in cable -type remote control. You can add the optional GRA -295 -6 
Wireless Remote Control at any time. New optional RCA Matrix tube doubles 
the brightness, Model GR- 295MX, $485.00. 

GRA- 295 -1, Contemporary Walnut Cabinet shown $64.95' 
Both the GR -681 and GR -295 fit into the same Heath factory assembled 
cabinets; not shown Early American style at $109.95' 

NEW Deluxe Heathkit "581" Color TV With AFT 
The new Heathkit GR -581 will add a new dimension to your TV viewing. Brings 
you color pictures so beautiful, so natural, so real ... puts professional motion 
picture quality right into your living room. Has the same high performance 
features and exclusive self -servicing facilities as the GR -681, except with 227 
sq. inch viewing area, and without power VHF tuning or built -in cable -type 
remote control. The optional GRA -227 -6 Wireless Remote Control can be 
added any time you wish. And like all Heathkit Color TV's you have a choice 
of different installations ... mount it in a wall, your own custom cabinet, your 
favorite l3 &W TV cabinet, or any one of the Heath factory assembled cabinet,. 
GRA- 227 -2, Mediterranean Oak Cabinet shown $109.95' 

Heathkit "227" Color TV 
Same as the GR -581 above, but without Automatic Fine Tuning . same 
superlative performance, same remarkable color picture quality, same built -in 
servicing aids. Like all Heathkit Color TV's you can add optional Wireless 
Remote Control at any time (GRA- 227 -6). And the new Table Model TV 
Cabinet and roll around Cart is an economical way to house your "227" ... 
just roll it anywhere, its rich appearance will enhance any room decor. 
GRS- 227 -5, New Cart and Cabinet combo shown $54.95' 
Both the GR -581 and GR -227 fit into the same Heath factory assembled 
cabinets; not shown, Contemporary cabinet $64.95 
NEW Heathkit Deluxe "481" Color TV With AFT 
The new Heathkit GR -48l has all the same high performance features and ex- 
clusive self -servicing aids as the new GR -581, but with a smaller tube size ... 
180 sq. inches. And like all Heathkit Color TV's it's easy to assemble ... no 
experience needed. The famous Heathkit Color TV Manual guides you every 
step of the way with simple to understand instructions, giant fold -out pictorials 

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

Heathkit "180" Color TV 
Feature for feature the Heathkit "180" is your best buy in color TV viewing ... 
has all the superlative performance characteristics of the GR -481, but less Auto- 
matic Fine Tuning. For extra savings, extra beauty and convenience, add the 
table model cabinet and mobile cart. Get the value -packed GR -180 today. 
GRS- 180 -5, Table Model Cabinet & Cart combo $42.50' 
Both the GR -481 and GR -180 fit the same Heath factory assembled cabi- 
nets; GRA- 180 -2, Early American Cabinet $94.95'. 
Add the Comfort And Convenience Of Full Color Wireless Remote Control 
To Any Rectangular Tube Heathkit Color TV ... New Or Old! 
Kit GRA- 681 -6, for Heathkit GR -681 Color TV's $64.95' 
Kit GRA -295 -6, for Heathkit GR -295 & GR -25 TV's . $69.95` 
Kit GRA- 227 -6, for Heathkit GR -581; GR -481 & GR -180 
Color TV's .. $69.95' 

NEW 
FREE 1970 CATALOG! 
Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi -fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. 

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

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

$49995' 
(less cabinet) 

Kit GR -295 

$44995- 
(less cabinet) 

2 Models In 227 Sq. Inch Size 

NEW 
Kit G R -581 
with AFT 

$41995:; 
(less cabinet) 

Kit GR -227 
NOW ONLY 

$37995* 
(less cabinet 

& cart) 

2 Models In 180 Sq. Inch Size 
NEW 

Kit G R -481 
with AFT 

'35995- (less cabinet) 

Kit GR -180 
NOW ONLY 

$32995" 
(less cabinet & cart) l ! 

Reception Is Simulated 

On All Sets Shown 

HEATH COMPANY, Dept.15 -68 
Benton Harbor, Michigan 49022 

Enclosed is 5 

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

a Schiumberger subsidiary 
, plus shipping. 

Please send Credit Application. 

Name 

Address 

City 
*Mail order prices; F.O.B. factory. 

State Zip 

Prices & specifications subject to change without notice. CL -368 
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IC Sine -Wave 
Clipper 
By FRANK H. TOOKER 

This easy -to- construct clipper produces clean, 
symmetrical square waves from 20 to 100,000 Hz. 

SINGLE test with a square -wave input signal can tell as 
much about an audio- frequency amplifier's perform- 
ance characteristics as several tests made by other 

means. For this reason, a good variable- frequency square - 
wave source is a valuable tool and no service technician or 
engineer should be without one. 

Several methods are used to obtain square waves. One 
method -that employed in the instrument described -is to 
amplify and severely clip a sine wave. The greater the ampli- 
fication and the more severe the clipping, the shorter the rise 
time of the resulting square waveform. A distinct advantage 
of this circuit is that if the sine -wave input signal is free from 
distortion, the output waveform of the clipper can be sym- 
metrical over the entire audio -frequency range. The same 
is not necessarily true of all square -wave sources. 

The clipper shown in the photo was designed for use with 
the Heath 1G-72 precision sine -wave audio -signal generator, 
which has an advertised distortion of less than 0.1% over 
the range of 20 to 20,000 Hz. In general, however, any sine - 
wave signal generator suitable for audio testing can be used 
with the clipper. 

A unique feature of this sine -wave clipper is that it uses 
a Fairchild µA703 integrated circuit (IC1 in the schematic) , 
a component specifically designed for amplifying and clip- 
ping (or limiting) in the intermediate- frequency portion of 
an FM receiver. Its value as a clipper in such service lies in 
the fact that it limits without having its transistors driven 
into saturation. Furthermore, its input and output electrodes 
are well isolated by internal circuitry. Thus, when it is prop- 
erly adjusted, the possibility of "ringing" within the clipper 
itself is reduced considerably. Ringing is a tendency toward 
regeneration or oscillation at a particular frequency, as 
though the amplifier contained a tuned circuit and positive 
feedback. 

A clean, symmetrical square wave is produced by this 
instrument over the range of 20- 100,000 Hz. In checking out 
the clipper at frequencies near 100,000 Hz, make certain 

INPUT 

96 

Complete schematic diagram and parts list for 

R4 
R5 

your oscilloscope can reproduce a square wave accurately 
over the entire frequency range. Some scopes will show fre- 
quency distortion at certain settings of the vertical attenu- 
ator. 

Field- effect transistor Q1 provides the clipper with a 
high input resistance, while transistor Q2 provides an effec- 
tive low output resistance to drive the input of the IC. Q2's 
low output resistance is assured by the negative feedback 
obtained by feeding a portion of the signal at Q2's collector 
to the source electrode of Ql via resistors R3 and R4. This 
same network of resistors affords d.c. stabilization for the 
Q1 -Q2 amplifier. 

Potentiometer R5 supplies both the signal and d.c. bias 
to pin 3, the input electrode of the IC. Proper adjustment of 
R5 sets the d.c. level at pin 3 equal to the d.c. level at 
pin 5. In more conventional use of the IC, pin 5 supplies 
bias to pin 3 through the secondary winding of the i.f. trans- 
former. 

The output from the IC (taken at pin 7) is fed through 
capacitor C5 to the two output attenuators, potentiometers 
R7 and R8. Potentiometer R7 is used when high- output- 
signal levels are required. Low- output signals, with easy 
control of the level, are obtained by setting R7 at minimum 
output and then controlling the level by adjusting R8. R8 
also serves as a vernier for RT..Maximum output from the 
clipper is about 8 volts over -all swing. 

The clipper utilizes a built -in voltage- doubler -type a.c. 
power supply having a fairly high internal resistance. This 
provides a measure of protection for the clipper circuit each 
time the instrument is turned on, inasmuch as it allows the 
electrolytics to charge at a reasonably slow rate. This is es- 
pecially desirable for C4, which is charged through an in- 
ternal resistance in the IC. 

Adjustment 
Initial adjustment of the clipper consists of setting the 

d.c. levels. To do this, set R5 at midposition and R10 at max- 
the integrated -circuit sine -wave clipper. 

-o RI -1 megohm, 1/2 W res. 
R2 -5600 ohm, 1/2 W res. 
R3 -3300 ohm, 1/2 W res. (see text) 
R4 -2700 ohm, 1/2 W res. 

II7V4.C. R5 -1000 ohm wirewound pot 
R6 -3900 ohm, 1/2 W res. 
R7- 10,000 ohm linear -taper pot 
R8 -1500 ohm linear -taper pot 

-O R9 -220 ohm, 1/2 W res. 
R10 -1500 ohm wirewound pot 
CI -0.15 12F, 100 V Mylar capacitor 
C2,C3 -0.005 µF disc ceramic capacitor 
C4 -100 µF, 3 V elec. capacitor 
C5 -30 µF, 15 V elec. capacitor 
C6 -100 µF, 15 V elec. capacitor 
C7,C8,C9 -175 µF, 25 V elec. capacitor 
S1- S.p.s.t. switch 
T1 -12 V at 10 mA 

miniature power transformer 
DI -2.7 V, 1 -watt zener diode 
D2,D3- 1N4002 diode 
IC1- Integrated circuit (Fairchild µA703) 
Q1- 2N3819 FET 
Q2 -2N404 transistor 
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imam resistance in the circuit. Connect 
a sensitive d.c. v.t.v.m. between pins 3 
and 5 of the IC, and switch S1 to `on." 
Adjust R5 for zero on the v.t.v.m. 

Next, using the v.t.v.m., check the 
voltage drop across resistor R6, and the 
voltage between pin 7 of the IC and 
ground. Adjust pot R10 to equalize 
these two voltage readings. Do not ad- 
vance R10 too far, since the d.c. poten- 
tial applied to the IC must always be 
less than 20 volts. Operating voltage of 
the prototype is about 12 volts, operat- 
ing current about 10 milliamps, with the 
setup properly adjusted. Of this, 7 milli - 
amps flow through the IC. 

After setting R10, recheck the setting 
of R5 in the manner previously de- 
scribed. With this done, connect an os- 
cilloscope to the clipper's output ter- 
minals and a low- distortion audio signal 
generator at the input terminals. Set 
pots R7 and R8 for maximum output. 
Feed a low -level signal (about 30 milli- 
volts r.m.s.) at 1000 Hz into the clip- 
per's input terminals. At this low input 
level, the output signal from the clipper 
should be a sine wave. Increase the in- 
put level until distortion due to over- 
driving the IC begins to appear in the 
scope trace. Re- adjust R5 slightly, if 
necessary, to make the distortion equal 
on the positive- and negative -going ex- 
cursions of the waveform. In the instru- 
ment shown in the photo, R5 is located 
on the top of the cabinet. 

For a square -wave output the input 
signal level is about 1.0 volt r.m.s. Run 
the input up to this level and carefully 
inspect the trace on the scope screen. It 
should be a clean, sharp, symmetrical 
square wave. If the trace does not show 
this, make certain the fault is actually 
in the clipper before attempting to cor- 
rect it. The scope's vertical amplifier or 
input attenuator could be the culprit. 

Gain of the clipper's amplifier, before 
limiting, is 60. The ratio of output to 
input signal voltage for square -wave 
operation is 4:1.4 or about 3. Therefore, 
the output signal contains only 3/60 

0.05 or 5% of the input sine wave; 
95% is sheared off by clipping. This ac- 
counts for the steep sides of the output. 

When R5 is properly adjusted, the 
slider of this control should be at a posi- 
tion that is 50 to 60% of its rotation in 
the direction of Q2's collector. If the set- 
ting is lower than this, decrease the 
value of R3 in about 5% steps until the 
preferred setting is obtained. On the 
other hand, if the setting of R5 is too 
high, increase the value of R3 in a sim- 
ilar manner. 

The preceding adjustments, if need- 
ed, are best done during an initial check 
of the assembly before it is mounted in 
a cabinet. To reduce the possibility of 
multiple ground paths, insulate R5 from 
the metal cabinet even if the shaft of 
this pot is already insulated from its 
slider. 

November, 1969 

WANT A 

MONEY 

MAKER 

SELL THE ALARM SYSTEM THAT GIVES YOU 

ways to profit 

1. a Radar Detection System 

2. a Stress Sensor System 

3. a Perimeter System 

All in a Single Master Control 
ONLY DETECTRON gives you all three sure -selling features - 
reliability...ease of installation...service free - in an all- solid -state 
electronic security system utilizing the latest integrated computer 
circuitry. This means wider area coverage, more protection, greater 
dependability. 
Unique DETECTRON system can be custom -tuned to any desired 
radius, it discriminates between random motion and continuous 
human movement, offers tested, proven reliability at a cost far 
below that of less- sophisticated alarm systems. 

SAVE $100 ON A NEW DEMO UNIT. 
Attractively packaged self- contained demo unit literally sells itself. Regular pro- 

duction components actually cost $455, you pay only $350. Offer limited to 1 per 
dealer with a money -back guarantee (within 10 days) for your complete satisfaction. 
Write for additional information. Choice dealerships immediately available. 

ELECTRONIC DETECTION CORP. 
SAG HARBOR, LONG ISLAND, N.V. 11963 

Sales Office 16 Church St. Greenwich, Conn. 06830 Call (203) 869-1311 
CIRCLE NO. 136 ON READER SERVICE CARD 

A.ICo Coritrot Center allows your 
choice of up to 6 stereo speaker sys- 
tems to be selected simultaneously. 
Push-on & hush -off switches enable 
you to optionally select your choice of 
speaker pairs. Easy access rear panel 
connectors to match your particular 
system. No external power required; 
no impedance match problems. Use- 
able with low or high impedance cir- 
cuits. Leather -styled black metal with 
brushed aluminum trim. Size: 5's 
x 2',i For home,profes- 
sional 

0 r e r. 5 AA, 
, ., . 

o l AMP 

Model No. Prs. Connector Type Each 
CC4RCA 1 RCA $19.95 
CC4PHM I Phone (Miniature) 21.95 
CC4PHS I Phone (Standard) 22.95 
CC6 RCA F RCA 26.95 
CC6PHM 6 Phone (Miniature) 28.95 
CC6PHS lì Phone (Standani) . - 29.95 

CHOICE OF C. MODELS 

ALCO Buy Obect: BOX t348EW 
LAWRENCE. MASS. 01842 

ire , a" .rd,,,ddR ,eh,,, cheer: arr,,,,,r,p order. 
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with 
Greenlee 

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

0 DIVISION OF GREENLEE BROS. 8 CO 

1866 Columbia Avenue, Rockford. III. 61101 
-41 

a U(,t 01E4 CellO Copweti, =LO 
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HOME ENTERTAINMENT 

DISTRIBUTION WIRING SYSTEM 

FOR DO- IT- YOURSELFERS 

l 
rHoof 

pra+ 

Everything needed to 
wire your home 

for multiple 
set recep- 
tion-in 

easy-to-handle 
kit form. 

MODELS: 
HWK -75 
75 ohm 
HWK -300 
300 ohm 

FM /FM Stereo 

For Color TV - UHF /VHF 

r- 

Turn your whole house into a home 
entertainment center. Operate up to four 
sets, or be able to move your entertain- 
ment equipment from room to room. Kit 
includes all necessary parts, fittings and 
instructions. 

THE FINNEY 
COMPANY 

34 W. Interstate St., Dept. 410 -11 
Bedford, Ohio 44146 

Please send free brochure 20 -520 on FINCO HOME 
TV DISTRIBUTION KIT. 

Name 

Address 

City._ _ __ __ State Zip 
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Electronics in Weighing 
(Continued from page 47) 

curacy of ±0.03% and can weigh a load from 1 to 250 pounds. 
Because its operation is controlled almost entirely by elec- 
tronics, all kinds of modifications are available to incorporate 
the scale into complex industrial systems. This scale is, in 
fact, one of the main components of several automatic mixing 
and hatching machines, and also finds use on an automatic 
production line for quickly checking the weight of bags as 
they are filled. 

Although there are undoubtedly other ways to measure 

TRANSFER 
SYSTEM 

COUNTERWEIGHT 
FOR 

CALIBRATION 

OSCILLATOR 

SERVO 
MOTOR 

WEIGHING PLATFORM 

-4-- SPECIAL HYDRAULIC FORCE 

FINE MOVABLE 
LD.T. 

WEIGHT 
L.V.D.T. CORE - 

BEAM 

\ KNIFE EDGE 

RIGID BASE 

BEAM 

L.V.D.T. SUPPORT --P. 

COARSE MOVABLE WEIGHT 

-- DEMODULATOR 

ZERO 
CENTER 
METER 

ZERO CENTER 
STRIP CHART 

RECORDER 

Fig. 6. Extremely accurate electro- hydraulic beam -balancing 
scale used primarily in medical research. Weighs a load of 
from 1 to 250 pounds with an over -all accuracy of 0.0063 % . 

HYDRAULIC SYSTEM AS SHOWN 
IN FIG.6 WHEN USED FOR 

REMOTE WEIGHING 

MOVABLE WEIGHT 
CORE 

THREADED ROD 

I 

- KNIFE EDGE L.V.D.T. 

RIGID BASE 

SERVO 
AMPLIFIER 

AND 
OSCILLATOR 

FLEXIBLE SHAFT 

Q7-©11C1a E MECHANICAL READOUT COUNTER 

Fig. 7. Fully automatic servo amplifier- operated beam -type 
scale can weigh a load from 1 to 250 pounds with an accu- 
racy of ±0.03 %. Because of its electronic operation, this scale 
can be readily incorporated into complex industrial systems. 

weight, any system is certain to be an outgrowth of either a 
spring balance or a beam balance. By becoming familiar 
with these methods, one can usually figure out the intricacies 
of more sophisticated types of devices. 

The author would like to thank the Brookline Instrument 
Co. of White Plains, N.Y. for assistance in preparing this 
article. A 

(Editor's Note: Readers who have access to back issues will 
find an article on the characteristics of a strain gage in the 
March 1969 issue, under the title "Strain Gages Come o) 
Age" by Joseph Tusinski.) 

ELECTRONICS WORLD 
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LCR CIRCUITS 
QUIZ 

By ROBERT P. BALIN 

THE seven circuits shown below are 
frequency sensitive: as the frequency 

of the input voltage changes, the a.c. 
current indicated on each ammeter not 
only changes in value, but its cycles may 
lead or lag those of the input voltage. 

To test your knowledge of a.c. circuit 
t behavior, try to match the seven circuits 

( A -C ) with the descriptive statements 
(1 -20) given below. One or two circuits 
may fit each statement. 

1. At the resonant frequency, the cur- 
rent drops to its minimum value. 

2. As the frequency increases, the cur- 
rent always decreases. 

3. Below the resonant frequency, the 
current leads the input voltage. 

4. As the frequency is increased, the 
leading power factor increases. 

5. Above the resonant frequency, the 
current lags the input voltage. 

6. As the frequency decreases, the 
current always increases. 

7. At the resonant frequency, this cir- 
cuit is purely resistive. 

8. The current always leads the input 
voltage by 90 degrees. 

9. At the resonant frequency, this cir- 
cuit behaves like a short circuit. 

10. As the frequency is decreased, the 
lagging power factor increases. 

11. Below the resonant frequency, the 
current lags the input voltage. 

12. As the frequency decreases, the 
current always decreases. 

13. At the resonant frequency, the 
current is in -phase with the input volt- 
age. 

14. As the frequency is decreased, the 
leading power factor decreases. 

15. Above the resonant frequency, 
the current leads the input voltage. 

16. As the frequency increases, the 
current always increases. 

17. At the resonant frequency, the 
current reaches its maximum value. 

18. The current always lags the input 
voltage by 90 degrees. 

19. As the frequency is increased, the 
lagging power factor decreases. 

20. At the resonant frequency, this 
circuit behaves like an open circuit. 

(Answers on page 104) 

BESTSELLING SAMS BOOKS 
for every electronics interest 

NEW 
"This is Electronics" SERIES 

A remarkable introduction to electronics, 
written under the direction of the Training 
Department of ITT Educational Services, 
Inc. These books impart to any reader a 
clear and sound understanding of the 
basics of electronics. All topics treated 
are short and easy to master; each in- 
cludes a simple self -test. 
Vol. 1. Basic D -C Principles. Covers: Won- 
derful World of Electronics; Components 
& Symbols; Matter and Electricity; Cur- 
rent, Voltage, & Resistance; Series á 
Parallel Circuits; Conductors, Semicon- 
ductors, á Insulators; Resistors; and 
Sources of D -C Power. 
Order 20657, only $5.95 
Vol. 2. Basic A -C Principles. Covers: Al- 
ternating Voltage & Current; Capacitors & 
Capacitive Reactance; Magnetism & Elec- 
tromagnetism; Magnetic Induction; Meas- 
uring Instruments; Inductors á Inductive 
Reactance; Transformers & Inductive Cir- 
cuits; A -C Circuits I; A -C Circuits II; Res- 
onance; and Filters. 
Order 20727, only $6.95 

1 -2 -3 -4 Servicing Automobile Stereo 
The "1 -2 -3 -4 Method" is a simple, logical step - 
by -step process which helps do the servicing 
job in the easy way and the right way. This book 
first applies the Method to both mechanical 
and electrical equipment, and then proceeds to 
cover the electronic and mechanical principles 
of automobile stereo, Im multiplex, and tape 
cartridge systems. Finally, the book shows how 
to apply the "1 -2 -3 -4 Method" to auto stereo sys- 
tems. Includes a wealth of schematics, charts, 
and illustrations. Order 20737, only $3.95 

Closed- Circuit Television Handbook. 2nd Ed. 
Explains in practical terms the basic concepts 
of CCTV systems. Describes the versatile appli- 
cations of closed- circuit television, and the 
equipment used. Subjects include cameras, 
monitors, video recorders, lighting, and signal 
transmission. Completely updated to include 
latest information. Order 20726, only $5.95 

Transistor Specifications Manual. 3rd Ed. 

Updated to include the latest 1969 transistors. 
Contains the electrical and physical parameters 
for virtually all of the transistors now in use. 
Electrical parameters include maximum collec- 
tor -to -base, emitter -to -base, and collector -to- 
emitter voltages; maximum collector current; 
power dissipation; and maximum operating tem- 
perature. Also lists frequency gain and leakage 
parameters. Order 20707, only $4.25 

NEW 5TH EDITION OF THE WORLD-FAMOUS 

Reference Data for Radio Engineers 
Now contains 50% more data to cover the 
developments of the past 12 years. Prepared 
by outstanding engineers, professors, and 
experts, under the direction of the Interna- 
tional Telephone and Telegraph Corporation 
staff. Provides comprehensive data on all 
basic phases of electronics, including 
tables, formulas, standards. and circuit in- 
formation- PLUS -all -new data on micro- 
miniature electronics, navigation aids, 
reliability and life testing. international tele- 
communication recommendations, switching 
networks and traffic concepts, and quantum 
electronics. Over 1350 illustrations 1196 
pages. Order 20678, only $20.00 

Computers and Artificial Intelligence 
This book deals with basic computer principles. 
both analog and digital with emphasis on the 
latter. Describes in detail what computers can 
and cannot do, and is concerned with the bi- 
nary number system and its adaptability to 
electronic circuitry. Fully discusses information 
theory and cybernetics, inductive and deduc- 
tive logic. number systems, and the case for 
artificial intelligence. Order 20757, only .83.95 

Transistor Fundamentals Series 
An authoritative. complete 4- volume pro- 
grammed course in semiconductor theory and 
circuitry, developed under the supervision of 
Training d Retraining, Inc. 

Vol. 1. Basic Semiconductors 8 Circuit Principles 
Vol. 2. Basic Transistor Circuits 
Vol. 3. Electronic Equipment Circuits 
Vol. 4. Digital and Special Circuits 
4- Volume Set in slipcase. 
Order 20645, only $15.95 
(Individual volumes $4.50 each) 

NEW SECOND EDITION OF THE FAMOUS 

Audio Cyclopedia 
Completely revised new edition by the 
renowned authority. Dr. Howard M. Tre- 
maine. This is the most comprehensive 
work on audio -virtually a complete ref- 
erence library in a single volume. Fully 
covers every phase of the subject, includ- 
ing all the latest developments, right down 
to the newest solid -state and integrated 
circuits. Contains authoritative, concise 
explanations of thousands of topics in the 
fields of acoustics, recording, and repro- 
duction. Covers basic principles, com- 
ponents and devices, film recording, 
studio techniques, motion picture equip- 
ment, audio installation techniques, audio 
measurements, etc. Supported by over 
1600 illustrations. Truly the master refer- 
ence work on the audio art. 
Order 20675, only $29.95 

RTL Cookbook 
Explains the principles and use of RTL Resis- 
tor- Transistor- Logic) digital integrated circuits. 
Provides the experimenter with an understand- 
ing of RTL integrated circuits as they are used 
in everyday electronic projects. Shows the 
technician how these circuits work and how 
they are maintained. Provides the engineer with 
convenient form circuits that can be adapted as 
building blocks. Order 20715, only $5.25 

SPACE - AGE TECHNOLOGY SERIES 
Prepared under the guidance of Training and 
Retraining, Inc., this series of five books holds 
unusual interest for anyone who desires to learn 
about the application of electronics to space 
progress, and the vital role it plays in that tech- 
nology. All texts are programmed -type. 
Inertial Guidance Systems. 
Order 20605, only 
Controlled Guidance Systems. 
Order 20573, only 
Synchros and Sery 
Order 20533, only 
Lasers and Masers. 
Order 20559, only 
Microminiature Electronics. 
Order 20582, only 

$4.95 

$4.95 
OS. 

$4.95 

$4.95 

$5.75 
SPECIAL OFFER! All 5 Volumes at a savings, 
in beautiful slip case. Order 20724, on /y.$24.95 -- - - - - -- HOWARD W. SAMS & CO., INC. 

Order from any Electronic Parts Distributor, or 
mail to Howard W, Sams & Co., Inc., Dept. EW -11 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked at right. S enclosed. 
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NERV IODUCTS 
& LITERATURE 

For additional information on items 
identified by a code number, simply 
fill in coupon on Reader Service 
Card. In those cases where code num- 
bers are not given, may we suggest 
you write direct to the manufacturer. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

STEREO SPEAKER SYSTEM 
The new "Stereo 1" provides true stereo re- 

production in a single speaker cabinet. Designed 
for installations where space is at a premium, 
the new system features a unique "Acousti- 
Matrix System" whereby precisely metered sum- 

and -difference sound outputs are fed to carefully 
directed arrays. According to the company, this 
provides completely realistic projection of the 
total sound coming from many points, rather 
than sound reflection or wall bounce. 

Each system is balanced at the factory so 
that it will be balanced for any room in which 
it is used. 

Inside each enclosure is an array of full - 
range, high -compliance, heavy -duty "Flexair" 
speaker units. Frequency range is 30- 20,000 Hz 
and power rating is 35 watts per channel, inte- 
grated program material. Impedance is 8 ohms. 
Terminals are located at the rear of the cabinet 
for right- and left- channel inputs. The speaker 
measures 13" high x 21 1" wide x 1Fí6" deep. 
Jensen 

Circle No. 1 on Reader Service Card 

DIRECTION FINDER /RADIO 
An all- solid- state, 5 -range portable radio re- 

ceiver, the "Sea Air," has been designed for boat 
owners, hunters, fliers, fishermen, or SWL's. The 
Model CR -50 covers 30 bands and provides AM 
reception of standard broadcast stations, recep- 
tion of FAA and Canadian weather -navigation 
stations, marine and aviation radio beacons on 
the 185 -400 kHz long -wave range, ship -to -ship, 
ship -to- shore, time signals, marine calling and 
distress, marine weather stations, hams and other 
services in the 2 -5.2 MHz range. 

The 8- pound, battery- operated unit has a top - 
mounted 360° rose bearing compass indicator for 
small -boat navigation or as a standby for larger 
boats and aircraft. The direction finder works on 
long -wave, standard AM, and marine 2.0 -5.2 
MHz. The unit measures 71/2" x 12" x 4 ". Halli- 
crafters 
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MINIATURE TRANSFORMERS 
Relcom, 2329 Charleston Road, Mountain 

View, California 94040 has available a new line 
of miniature transformers. They feature an ex- 
tremely wide frequency range of 0.1 MHz to 
700 MHz and have an insertion loss of less than 
0.5 dB. Impedance transformations include 50 
ohms to 12.5, 25, 50, 100, 200, and 800 ohms. 
Six transformers are balanced with both the 
amplitude and phase balance specified. Four 
transformers are single- ended. Some models have 
d.c. isolation. 

Each transformer is packaged in either a 
high- temperature epoxy container or a hermeti- 

100 

tally sealed TO -5 package. Weight is less than 
0.1 ounce. Specifications are guaranteed over a 
temperature range of -54° to -100 °C. 

Jim Cochrane, Marketing Manager of the 
firm, will supply additional details to those writ- 
ing him at the above address on their business 
letterheads. 

POWER TRANSISTORS 
The Transistor Division of Solitron Devices, 

Inc., Riviera Beach, Florida 33404 has expanded 
its line of fast -switching power transistors with 
a 10 -amp device with turn -on time less than 10 
nanoseconds. Identified as the SDT6110 -SDT- 
6113 Series, these 10 -amp devices are packaged 
in the TO -60 case. 

The new devices have total switching time 
less than 80 nanoseconds and rise time less than 
10 nanoseconds. They feature planar construc- 
tion and are typically fT = 500 MHz. 

For additional information and prices, write 
on your business letterhead to the firm at 1177 
Blue Heron Blvd., Riviera Beach. 

VARIABLE POWER SUPPLY 
The Model 1025 power supply is an all - 

transistor power source with built -in meters to 
provide continuous monitoring of both output 
current and voltage. 

Output voltage is continuously variable from 
0 to 30 volts. Maximum continuous load cur- 

rent is 150 mA in the 0 -12 volt range, 200 
mA from 12 to 24 volts, and 300 mA from 24 
to 30 volts. Maximum ripple at full load is 
only 0.005 %. 

The power supply is fuse -protected against 
shorts. When the fuse blows, the pilot light 
remains on but the voltmeter reads zero. The 
unit is available in either kit or factory wired 
versions. Eico 
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HALF -INCH VIDEO TAPE 
A '/cinch professional video tape mounted on 

a 45 /e" reel is now available as the #182-5. 
Designed to fit all battery -operated portable 
video recorders, including Sony and Shibaden, 
the reel is also designed for use on larger '/r 
inch machines. The tape is 845 feet long. Irish 
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DESOLDERING "TOOL" 
A tool for desoldering electrical connections 

to make the reworking or salvaging of expen- 
sive circuitry practical, is now available as "Dri - 
Wick." 

The product is woven of ultra -fine copper, 
un- nickled, each strand coated with water white 
rosin, and wound on self -closing spools. To 
use, the operator lays Dri -Wick on the joint, 
applies the tip of a 30- or 40 -watt soldering 
iron to the top of the tool then lifts the iron and 

tool simultaneously. Solder is absorbed into the 
Dri -Wick. The product is available in four 
widths for desoldering different size connec- 
tions. American Beauty 
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RELAY SERVICING TOOL KIT 
A new, 15 -piece relay servicing tool kit con- 

tains a carefully selected group of tools for use 
in the electronics and telecommunications in- 
dustries. Tools necessary for adjusting, servic- 
ing, and calibrating all types of relays are 
provided. All tools are of carbon steel, with 
heavy chrome plating. Dielectric tools permit 
adjusting or repairing live equipment without 
interrupting operation. 

The tools are supplied in a zippered leather 
case which measures 11" long x 6" wide and 
weighs two pounds with tools. Jonard Industries 
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VARIABLE VOLTAGE SUPPLY 
The Model PS -30 is a regulated integrated - 

circuit power supply that provides a highly 
regulated (0.01 %) continuously adjustable out- 
put covering the range from 0 to 30 volts at 
currents from 0 to 1 A. Ripple level is below 
1 millivolt. Output voltage and current are 
monitored by a front -panel meter and are iso- 
lated so that either terminal may be grounded. 
Short -circuit protection and provision for remote 
sensing and programming are included. 

The PS -30 measures 31/2" high x 5' 4" wide 
x 9" deep and weighs 41/2 pounds. It is sized 
for one -third rack mount. AUL 
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VIDEO TAPE RECORDERS 
Two new video tape recorders, the LDL -1000 

and 3403, are now available for distribution. 
The LDL -1000 is a lightweight unit which 
uses one -half inch Crolyn recording tape. Sim- 
plicity of operation makes it suited for on -site 
recording in all types of training, educational, 
industrial, and business applications. This fully 
transistorized VTR has a playing time per reel 
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of 40 minutes and a rewind time of 3 min- 
utes. Audio frequency response is 120 -10,000 
Hz with video frequency response of 0 -2.0 
MHz and minimum horizontal resolution of 
200 lines. 

The 3403 is a semi- professional unit intended 
for universal applications. It can record and 
play back video signals with or without asso- 
ciated audio signals. It is suitable for use in 
scientific research, sales promotion and market 
research, education and training, advertising, 
and dramatic arts. 

Information on either or both of these new 
VTR's is available on request. Philips Broadcast 
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COMPACT STEREO SYSTEM 
The new Model 2506 is a compact stereo sys- 

tem combining a solid -state AM /stereo -FM re- 
ceiver, a Garrard automatic turntable, and any 
one of three different speaker systems. 

The receiver section incorporates "Perfectune" 
automatic tuning circuitry, integrated circuits, 

and new full complementary output circuitry 
which virtually eliminates distortion at low levels, 
according to the manufacturer. Impedance is both 
8 and 4 ohms for applications where extra speak- 
ers are desired. 

Power is 110 watts ±1 dB (IHF) at 0.8% 
distortion with both channels driven, frequency 
response is 20- 20,000 Hz ±1 dB, and IM dis- 
tortion is less than 0.3% up to rated power. FM 
usable sensitivity is 1.9 µV, selectivity is 40 dB, 
and tuner stereo separation is 40 dB. Phono sen- 
sitivity is 3 mV. H.H. Scott 

Circle No. 9 on Reader Service Card 

CONVERTER /CHARGER 
A special power cord along with a low -cost, 

wall -mounted a.c. /d.c. converter /charger per- 
mits continuous operation of battery -powered 
electronic flash units even when the batteries 
are deeply discharged, completely dead, or with- 
out batteries. The power plug recharges normally 
discharged batteries automatically without re- 
moving them from the strobe light case. 

Slightly larger than an ordinary a.c. line cord, 
the power cord plugs into any household outlet 
and converts 120 -volt current to low d.c. power 
at the wall outlet. 

A technical brochure outlining various appli- 
cations for the unit is available on request. 
Dynamic Instrument 
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DECADE VOLTAGE SOURCE 
Idalee Electronics Corp., 891 Fulton Street, 

Valley Stream, N.Y. 11580 is now offering a 
multi -tapped transformer which is dialable from 
1 to 999 volts in 1 -volt steps. Output is shown 
numerically in three large windows. Accuracy at 
10 mA is a guaranteed 1/2% and is normally bet- 
ter than 1/4%. Larger currents may be drawn. 
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The input can be set to a single reference 
point on a highly accurate expanded meter scale. 
The input voltage range is 105 -125 volts and in- 
put frequency range is 50 -1000 Hz. 

For full details on this unit, write on your 
business letterhead to the company at the above 
address. 

THERMISTOR KITS 
Victory Engineering Corporation, Victory 

Road, Springfield, N.J. 07081 is now marketing 
two "Thinistor" kits to acquaint engineers, de- 
signers, and researchers with the latest advances 
in thermistor technology: thin -film thermistors. 
These kits consist of two basic types, free- stand- 
ing and substrate -backed. 

Kit KFN101 contains four different free- 
standing units while the KFN101 infrared kit 
has two infrared detector pairs matched within 
1 %. One of each pair has special black infrared 
absorbent coating. Each kit includes pertinent 
technical data with performance curves and 
characteristics. 

Write the company on your business letter- 
head for complete details. 

INTERCOM SYSTEM 
The "Mastercom M30" is a fully transistorized 

intercom system with push- button operation. The 
flexible, expandable system can handle up to 30 
stations, freeing the regular telephone system for 
outside calls. The system features simplified, one - 
cable installation that eliminates costly and com- 
plex wiring. 

Each station measures just 8" x 9" x 41/2" 
and is housed in an ebony and silver high- impact 
polystyrene case. The central control unit mea- 
sures 24" x 14" x 4 ". 

A four -page brochure listing all of the features 
of the new system is available on request. Norelco 
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PORTABLE VIDEO TAPE UNIT 
A portable, battery -operated video tape re- 

corder which uses 1/4 -inch tape has just been 
introduced as the Model 1050. It features its 
own video monitor, 20 minutes of record time 

on a 5" reel, better than 250 lines resolution, 
and is a.c. adaptable. The complete system, in- 
cluding camera, recorder, and monitor weighs 
under 20 pounds. Roberts 
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ANTENNA TRIPODS 
Three new gold tripods in 2 -, 3 -, and 5 -foot 

sizes have just been introduced. Each is available 
in a gold baked -enamel finish and is supplied 
with six lag screws and three tar patches for seal- 
ing and mounting holes. 

The 3- and 5 -foot towers have heavy -duty 
11/4" diameter legs and a tilt -up feature to facil- 
itate antenna installation. GC Electronics 
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HAND -HELD CB TRANSCEIVER 
A 23- channel, hand -held CB transceiver has 

been put on the market as the "Fanfare 23." 
The completely portable unit has full 5 -watt 

power with an effective inland range of 10 miles, 
depending on terrain. Over -the -water operation 
increases the range substantially, according to 
the manufacturer. 

The all -solid -state unit weighs less than 5 
pounds but provides good voice reproduction 
through a 23/4" PM dynamic speaker. Crystals 
are included for transmission and reception on all 
23 CB channels. Fanon 
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STEREO RECEIVER 
An all- silicon AM /stereo -FM receiver, housed 

in an oiled walnut cabinet with an all -black front 
panel, has been put on the market as the Model 
SX -770. 

Output is 70 watts (IHF) at 4 ohms, which 
is sufficient to power any speaker or combination 
of speakers currently available. 

An FET front -end is used for optimum sensi- 

tivity, while the i.f. section contains tyro IC's. 
IHF usable sensitivity is 1.8 µV, image rejection 
is 60 dB at 98 MHz, and signal -to -noise ratio is 
70 dB. The multiplex section uses a time- switch- 
ing demodulator. 

In addition to functioning as a receiver, the 
SX -770 can also be used as the control center for 
a hi -fi system since it has input terminals for 
magnetic and ceramic phonos, tape monitor, mic- 
rophone, or auxiliary inputs. There are output 
terminals and jacks for speakers, stereo head- 
phones, tape recording /playback, and a simul- 
taneous tape recording jack equipped with a tape 
monitor switch. Pioneer 
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RFI /EMI FILTERS 
RtroN Corp., P.O. Box 743, Skokie, Illinois 

60076 has introduced a new line of tubular, 
bulkhead- mounting -type RFI /EMI filters that 
meet the requirements of MIL -15733. The line 
includes a wide range of combinations of voltage, 
current, and insertion loss characteristics. 

All units are conservatively rated as to current 
and voltage; temperature rating on all filters is 
-55° to -85 °C. Insulation resistance exceeds 
1000 megohms /microfarad at 25 °C. Maximum 
case temperature rise, when operated at rated 
current and voltage, does not exceed 25 °C. Max- 
imum voltage drop at rated current is 1% of 
rated voltage. 

The company will forward a copy of Cata- 
logue RNC -1 covering these filters to those 
making a letterhead request. 

COLOR -BAR GENERATOR 
The Model LCG -390 color -bar generator is 

a compact, solid -state instrument with binary 
counters and gates in the logic circuitry. The 
patterns generated by this unit remain corn - 
pletely stationary and show no signs of flicker 
regardless of temperature extremes, line -voltage 
conditions, or transmitter signals, according to 
the company. 

The instrument is designed for convergence 
and sync adjustments in color and monochrome 
TV receivers. It may also be used for linearity 
checks on TV monitors. 

Five basic patterns are displayed: gated rain- 
bow; R -Y and - (R -Y) color bars; dots; square 

crosshatch; and single cross centered on raster. 
Gun killers are provided for convergence ad- 
justments. 
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The generator measures 214" high x 57/a" 
wide x 73/4" deep and weighs 2.9 pounds. It 
operates from 105 -125 volts, 50/60 Hz. Leader 
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SOUND -LEVEL METER 
A compact, self- contained sound -level meter, 

the SLM -3, is now available for distribution. 
When maximum noise levels allowed in work- 
ing areas were established by Section 50- 204.10 
of the Walsh -Healy Act earlier this year a need 
for an instrument to measure such levels arose. 

The new instrument is designed specifically 
for measuring noise levels and eliminates the 
costly networks required with more complex 
instruments. The SLM -3 can be operated by 
non -technical personnel. It has a range of 50 to 
130 dB and its scale is based on the A weighted 
curve. Each instrument is individually cali- 
brated and comes with its own matched micro- 
phones. Its accuracy meets the requirements of 
International Standard IEC -123. Trans Atlantic 
Electronics 
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160 -WATT STEREO RECEIVER 
The Model 4000 is a 160 -watt AM /stereo -FM 

receiver of all- solid -state design, featuring four 
IC's in the i.f. section plus an FET FM front -end. 

The receiver provides 160 watts of IHF music 
power, with 65 watts per channel continuous 
power at 4 ohms. The FM tuner sensitivity is 

1.8 µV (IHF) and selectivity is better than 40 
dB at 98 MHz. Stereo separation is better than 
35 dB. 

The amplifier section provides a flat frequency 
response from 10 to 50,000 Hz. The preamplifier, 
multiplex, and two driver sections are of "snap - 
out" modular design for easy checking and re- 
placement. 

Complete specifications and additional informa- 
tion on the Model 4000 will be forwarded on 
request. Sansui 
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REGULATED D.C. SUPPLY 
An all -silicon transistorized power supply de- 

signed for general -purpose laboratory applica- 
tions is now available. The d.c. output voltage 

is adjustable from 1 to 28 volts for loads up to 
500 mA. A dual -range meter provides full -scale 
indication of voltage or current output. 

The output is floating and has an impedance 
of less than 0.1 ohm. Full protection against 
accidental overloads and short circuits is pro- 
vided. Rosemount 
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ONE -WATT AUDIO IC 
A 1 -watt linear monolithic IC audio amplifier 

which provides high sensitivity, low distortion, 
and high efficiency, according to its maker, has 
been introduced as the TAA300. 

This microminiature device in a 10 -lead, TO -5 
envelope measures less than 0.025 cubic inch. It 
is intended for use in battery -powered portable 
equipment such as phonograph amplifiers, radio 
and TV audio systems, portable audio and speech 
amplifiers, tape cassette systems, and miniature 
hi -fi sets. Sensitivity is 10 mV for 1 watt output, 
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including feedback of 20 dB. Input impedance is 
more than 10,000 ohms. Total harmonic distor- 
tion at the 1 -watt level is 10% and noise figure 
is typically less than 6 dB from 30 to 15,000 Hz. 

Detailed specifications and application data for 
the TAA300 are available on request. Amperex 
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100 -WATT CONTROL CONSOLE 
A 100 -watt portable control console designed 

to meet the needs of the professional entertainer 
is now available as the Model 1210A. 

The new amplifier is rated at 100 watts r.m.s. 

continuous power (248 watts peak music power), 
has seven input channels for large groups or those 
experimenting with multi- channel sonic tech- 
niques, and four two -position feedback filters. 

Other features include hi -lo gain inputs to pro- 
tect against overloading and distortion, built -in 
reverb and reverb switching on each of the six 
microphone channels, reverb timbre control, and 
an input for external reverb or tape echo devices. 
The deluxe carrying case has a locking lid that 
protects the reverb when the console is closed. 
Altec Lansing 
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WIREWOUND RESISTORS 
Nytronics, Inc., Berkeley Heights, New Jersey 

07922 has designed a new line of wirewound 
power resistors to meet the needs of circuit de- 
signers for closer tolerance components. Standard 
total resistance tolerance is 1% with the new 
WP line. 

The resistors are stocked in nine sizes and 
styles ranging from a miniature 0.078" diameter 
x 0.250' length to 0.375" diameter x 1.780" 
length in ratings from 0.4 to 11 watts. All stan- 
dard values are available off -the -shelf; non -stan- 
dard values are available on request. Maximum 
resistance ratings are available from 3500 to 
200,000 ohms. 

Upon letterhead request, the company will 
supply complete engineering details on the WP 
line. 

SINGLE -FREQUENCY RECEIVER 
A low -priced, crystal- controlled, solid -state 

pocket receiver which is being offered with or 
without squelch is now on the market. The 
receiver measures approximately 21/2" x 41/4" x 
11/2" and comes complete with a removable 18" 
telescoping v.h.f. antenna, crystal, earphone, bat- 
tery, and carrying case. 

The receiver can be ordered to receive any 
single frequency between 30 -54 MHz or 108 -174 
MHz. It can also be ordered to receive U.S. 
Weather Bureau forecasts at 162.55 MHz. JMD 
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WIRELESS MICROPHONE 
The "Piezo WX -127" wireless microphone is 

now available for various applications ranging 
from professional entertainment and p.a., through 
communications, to remote- control babysitting. 

The wireless microphone, which permits com- 
munications through an FM radio located up to 
200 feet away, conforms to all FCC requirements. 
It is static -free and will not drift. The unit mea- 

sures 43/4" x 1" x 1" and weighs only 31/2 
ounces. It is powered by two mercury cells. Mura 
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WEATHER REPORTS 
The "Weatheradio" is a completely self -con- 

tained single -channel FM radio receiver housed 
in a rosewood and plastic cube cabinet, 3 inches 
on a side, with a pull -out antenna. A wide touch 
bar turns it on and off. 

The radio is designed to receive only 162.55 
MHz, the U.S. channel for continuous area 
weather forecasts. New a.f.c. circuitry eliminates 
any possible effects of nearby metal objects upon 
tuning. The base -mounted vernier tuning and 
volume controls are preset once and need not be 
reset until the receiver is moved to a new loca- 
tion. Radio Shack 

Circle No. 24 on Reader Service Card 

WIRELESS HEADSET 
A transmitting adapter and headset receiver 

have been developed to permit personal listening 
at distances up to 30 feet from a radio, tape re- 
corder, or TV set. 

The transmitting adapter is plugged into any 
TV, radio, or tape recorder that has an earphone 
jack. It then "broadcasts" to the receiver built 
into the companion headset. The headset has an 
adjustable, padded top band and a built -in "on/ 
off" switch and volume control. Total weight is 

just a little over one pound. The transmitting 
adapter weighs 31/2 ounces. 

The units are powered by a total of four pen- 
light cells, two in the headset and two in the 
transmitting adapter. Hitachi 
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COMPACT MUSIC CENTER 
The Model 1450 music center features a 55- 

watt solid -state amplifier, an AM /stereo -FM 
tuner, a record player, and a mono /stereo tape 
cassette player. 

The amplifier has separate bass and treble con- 
trols, a stereo /mono switch, and loudness con- 
trol. Mike intuits and a stereo headphone jack 
are located behind a hinged panel and tape and 
auxiliary inputs are provided. Output at 4 ohms 

is 55 watts ± 1 dB, 45 watts IHF, and 17.6 watts 
/channel r.m.s. Frequency response is 20- 30,000 
Hz ±1 dB. Impedance is 4 -16 ohms. The tuner 
has an FET front end and uses all- silicon tran- 
sistors. 

The four -speed automatic turntable has a mag- 
netic stereo cartridge with diamond stylus, low - 
mass arm, anti-skate control, cueing and pause 
control, and separate spindles for automatic and 
manual play. 

The unit measures 83/4" high x 263/4" wide 
x 141/4" deep. Companion speakers are available 
to match the control unit. Allied Radio 

Circle No. 26 on Reader Service Card 

ONE -INCH -DIAMETER SWITCH 
A compact, long -life selector switch for instru- 

mentation, industrial, and military controls has 
been announced by CTS Electronics, Inc., 1010 
Sycamore Ave., South Pasadena, California 
91107. 

The Series 223 one -inch- diameter switch pro- 
vides 0.812 -inch strut screw spacing. A style SR05 
switch (MIL- S- 3786C), the new design has a 

double -ball detent with 30° indexing from 2 to 

12 positions. The detent rotational life is rated a 

100,000 cycles through 12 positions and return 
at 10 cycles per minute. 

Those wishing shaft and bushing material op- 
tions, delivery data, and prices on the Series 223 
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should address their letterhead requests to Jack 
Bell, Sales Manager, at the above address. 

DECADE CAPACITOR 
Boonton Electronics Corporation, Route 287 

at Smith Road, Parsippany, N.J. 07054 has just 
introduced a three -terminal decade capacitor, the 
71 -3A. The unit has a selectable range of 1 pF 

DECADE CAPACITOR 
71.3A 

¿ 

z,curzr.r 
zr' "pp1TOr't rtull 

through 1221 pF in 1 -pF increments with an ac- 
curacy of ±0.25°/ for any value. Useful fre- 
quency range is from 5 kHz to 1 MHz. 

The device has a zero or calibrated residual 
capacitance of only 3 pF ±0.01 pF which may 
be zeroed out on many capacitance bridges or 
meters. Temperature coefficient is typically better 
than 100 ppm / °C. The unit comes with two 
BNC connectors. 

Write the manufacturer on your business let- 
terhead for additional details. 

SSB /AM CB TRANSCEIVER 
The "Sidewinder -46" is a single -sideband /AM 

Citizens Band transceiver featuring 23- channel 
AM, upper and lower SSB in an instrument - 
styled enclosure. 

The transceiver features 8 -watt p.e.p. SSB out- 

put (3.5 watts AM) and rugged illuminated 
panel indicators identify operating model. The 
"S" unit /output meter and channel select dial 
are also illuminated. Mark Products 
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PORTABLE STEREO SYSTEM 
The F -600 portable entertainment system in- 

corporates a 35 -watt AM /FM /stereo -FM receiver, 
a built -in stereo cassette tape deck, microphone, 
and a pair of detachable speaker systems, all 
housed in a compact carrying case. The system 
operates from 117 -volt, 60 -Hz a.c. 

The system includes separate bass and treble 
controls; microphone, ceramic phono, tape re- 
corder inputs; speakers, headphone, line out out- 
puts; built -in AM and FM antennas; and auto- 
matic stereo muting. Frequency response of the 
receiver is 20- 25,000 Hz ±3 dB while that of 
the tape deck is 50- 12,000 Hz ±3 dB. 

The system measures 9" high x 181/4" wide x 
121/2" deep. It weighs 30 pounds. Concord 
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MANUFACTURERS' LITERATURE 

VIDEO EQUIPMENT DATA 
Two data sheets on new video equipment have 

been published. One describes the Model EV -320 
color and monochrome video tape recording sys- 
tem. A special feature is capstan -servo electronic 
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editing, which permits sequences from a variety 
of sources to be inserted into a pre- recorded tape 
with perfect synchronization. This sheet includes 
complete specifications, standard and optional 
accessories, and a listing of equipment applica- 
tions. 

The other sheet covers the Model SEG -1 
special- effects generator which provides for such 
effects as switching, fading, superimposing, or 
wiping two video signals. Sony Corp. 
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COMPACT STEREO GUIDE 
A fully illustrated brochure which is designed 

to help the buyer select the compact stereo sys- 
tem which best meets his individual require- 
ments, is now ready for distribution. 

Featured are complete descriptions of all sys- 
tems and options, including clearly worded rea- 
sons for choosing one particular model over an- 
other. Complete specifications and retail prices 
are also included. H.H. Scott 
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MICROPHONE CATALOGUE 
A 20 -page catalogue covering an extensive 

line of microphones is off the press. Five pages are 
devoted to the company's new Series 810 ultra - 
cardioids, Series 820 omnidirectional probes, and 
Series 840 lavaliere. 

Illustrations, descriptions, and specifications are 
also given on some 50 models in the line, includ- 
ing microphones for ham, industrial, mobile, 
communications, p.a., paging, recording, and 
broadcast applications. A microphone selector 
guide is included and the catalogue also carries 
information on replacement microphone car- 
tridges and accessories. 

Copies of Catalogue M -69 will be supplied on 
request. Asiatic 
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STANDARDS CATALOGUE 
The USA Standards Institute, 10 East 40th 

Street, New York, N.Y. 10016 has just published 
its 1969 catalogue of USA Standards and inter- 
national recommendations. Some 600 U.S. and 
300 international recommendations have been 
added to the new 112 -page edition , which lists 
3600 U.S. standards approved by the Institute 
and 1350 international recommendations. 

Included is an index to the titles of all stan- 
dards. A special symbol is used to identify pub- 
lications available on microfiche. 

For a copy of this catalogue, address your let- 
terhead request direct to the Institute at the 
above address. 

MODULE SCOPE DATA 
James Millen Manufacturing Company, Inc., 

150 Exchange Street, Malden, Mass. 02148 has 
issued a 24 -page bulletin describing its line of 
module oscilloscopes, magnetic shields, and 
bezels. 

The module scopes are intended to be built 
into the customer's equipment much like a 
meter. A line of accessories such as module plug - 
in high -voltage power supplies, deflection am- 
plifiers, and deflection sweep generators, are also 
covered. 

In the section on magnetic shields there is a 
complete listing of CRT's, photomultiplier tubes, 
charge storage tubes, etc., cross -referenced to the 
magnetic shield designed specifically for use with 
that tube. 

Those wishing a copy of this bulletin should 
make a letterhead request direct to the company. 

SEMICONDUCTOR DATA BOOK 
The Fourth Edition of the Motorola Semicon- 

ductor Data Book is now available from the 
company's distributors or the Technical Infor- 
mation Center, Motorola Semiconductor Prod- 
ucts Inc., Box 20924, Phoenix, Arizona 85036 
for $4.95 a copy. 

The 2160 -page book includes specifications for 
all discrete semiconductors registered by EIA at 
publication time, as well as many house -num- 
bered types. A new arrangement of data makes 

it easier than ever for the designer, component 
engineer, or purchasing agent to find information 
on semiconductors. A major feature is its nu- 
merical listing of important parameters of all 
semiconductors registered by the EIA (1N -, 2N, 
or 3N- prefixes). This 185 -page section provides 
the information needed to identify and character- 
ize any registered device and find recommend- 
ed replacements for obsolete, hard -to- obtain, or 
nonpreferred devices. 

VIDEO TAPE RECORDERS 
A new 4 -page brochure, covering the Series 

VTR -620 video tape recorders with electronic 
editing, is now available for distribution. 

The publication also covers the Model VTR - 
620A recorder with a.g.c. This feature ensures 
perfect recordings by automatically compensat- 
ing for audio or video level changes while re- 
cording. Also included is application data, special 
features, and technical specs on the two recorders. 
Concord Communications 
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MATV PRODUCT GUIDE 
A new 16 -page guide to master antenna TV 

system products is now available. Included are 
antennas, preamplifiers, amplifiers, a.g.c. units, 
filters, mixers, tap -offs, matching transformers, 
splitters, FM converters, traps, coaxial cable, con- 
nectors, and terminators. JFD 
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Answers to LCR Circuits Quiz 
appearing on page 99 

1. 

2. 

3. 

4. 

5. 

6. 

G 

B,F 

A,D 

D,E 

A,D 

B,F 

19. 

7. D 

8. C 

9. A 

10. B,D 

11. G 

12. C,E 

B,D 20. 

13. 
14. 

15. 
16. 
1 7. 

1 8. 

G 

A,D 
D,E 

G 

C,E 

A,D 
F 

Answer to Puzzle on page 68 
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F A U R E L A T TR 
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E T H E R T W I ST 
I P A F I S O 

D I T H E R MOTHER 

PHOTO CREDITS 
Page Credit 
17 Harman -Kardon 

28 Hewlett- Packard 

30 Telonic Industries, Inc. 

36 University Sound 

40, 75 Wurlitzer 
46 Brookline Instrument Co. 

48, 49, 50 Stanford University 
70 Simpson Electric Co. 

71 (top) Holland Electronics 

71 (center) Vytell Corp. 

72 Clevite Corp. 
80 United Audio Products, Corp. 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 850 per word (including name and address). Minimum order 
$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 
12 months paid in advance. 
READER RATE: For individuals with a personal item to buy or sell. 50¢ per word (including name and address). No minimum! Payment must accom- 
pany copy. 
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10g extra per word. 
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order 
and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016. 

FOR SALE 

JUST starting in TV service? Write for free 32 
page catalog of service order books, invoices, 
job tickets, phone message books, statements 
and file systems. Oe!rich Publications, 4040 
North Nashville Avenue, Chicago, Ill. 60634. 
GOVERNMENT Surplus Receivers, Transmitters, 
Snooperscopes, Radios, Parts, Picture Catalog 
25¢. Meshna, Nahant, Mass. 01908. 
METERS Surplus, new, used, panel or portable. 
Send for list. Hanchett, Box 5577, Riverside, 
Calif. 92507. 
CONVERT any television to sensitive big- screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans. $2.00. Relco -A22, Box 10563, Houston. 
Texas 77018. 
INVESTIGATORS. LATEST ELECTRONIC AIDS. 
FREE LITERATURE. CLIFTON, 11500 -J NW 7th 
AVE., MIAMI, FLORIDA 33168. 
MUSIC LOVERS, CONTINUOUS, UNINTER- 
RUPTED BACKGROUND MUSIC FROM YOUR 
FM RADIO, USING NEW INEXPENSIVE ADAPT- 
ER. FREE LITERATURE, ELECTRONICS, 11500 -Z 
NW 7th AVE., MIAMI, FLORIDA 33168. 

BC -645 TRANSCEIVER 
" 

_ 15 tubes. 1, 435 to soli M,. .: -i y adapted Nu 
4! f'''t' 2 way voice code on Hato. Mobile. ,' i- a, Television a Experimental and lit' t 

zens Bands. With tubes. less Power 
supply in factory carton. $16.95 I, I new 

l` SPECIAL PACKAGE OFFER: HC n, -ß 

Transceiver. and all 
Including mountings. UHF :-an- na N- 

nhliles. control box. complete set of can - 
'leclors. plugs. BRAND NEW 826.95 

SCR -274 -N, ARC -5 COMMAND SET 
FreQ. Enc. Elite 
Range Type Used New 
RECEIVERS. Complete with Tubes 
190 -550 Mc. BC -453 ..516.95 ..$23.50 
3 -6 Mc. ...BC -454 ..516.50 S19.50 
P.O 1 Mc.. . .BC -455 ..$14.95 ..517.95 
1.5.3 MC.....R -25 .... - ..$19.90 
TRANSMITTERS. Complete with Tubes 
4 -5.3 Mc.....PC -457 ..S 6.95 ..S 8.95 
5.3.7 Mc..... BC -458 .. S 6.95 .. S 8.95 
7 -9.1 Mc..... 13C -459 . $17.95 519.50 
2.1 -3 Mc.. T -18 - S 9.95 
3-4 Mc. T -19 .. . - ..$12.50 

HQ! 
BRAND 

NEW 

..$27.50 ..522 50 

..521.50 
.321.50 
.S11.95 
.512.95 
.523.50 
.511.95 
.316.95 

ARC -5 VHF RECEIVER. TRANSMITTER. 
MODULATOR 100 -156 Mc. 

R -28 Receiver, with tubes 
and crystal. exc. Used 

521)L4 _50 Cond. 
T -23 Trts m.Her with tubes 

Ol and crystals. Brand New In s23 5p 
original carton 
T -23 Used, less tubes 54.95 
MD -7 Mnduiatnr. with tithe, 

512.5° exc. used L 

AN /APR -4V FM & AM RECEIVER 
"FB" FOR SATELLITE TRACKING! 

High precision lab Instrument, for monitoring and 
measuring frequency and relative signal strength. 38 
to 4000 Mc, in 5 tuning ranges. For 110 V 60 cycle 
AC. Built -1n power supply. Original circuit C 
diagram included. Checked out, perfect, 480 1 
LIKE NEW o0 
All Tuning Units Available for Above 

TG -34A CODE REVER, self -contained. au- 
tomatic. reproduces code practice signals 
from paper tape. 5 to 25 WPM. Built -in 
speaker. Brand New, with tech. man- (1q)5lt 50 
sal. takeup reel and AC line cord...$L,l 
( ni,' practice tapes for above P.U.R. 

'rT: r 
- 

I 

ARS RECEIVER. 190 -9050 Ne. 6 -Tube 4- 
Band. mplete with tubes and dyn. Exc. 
Used t'mi. 34,50 

NEW G & G CATALOG! 
24 PAGES, crammed with Gov't Surplus Elec- 
tronic Gear. Biggest Bargain Buys in America! It 
will pay you to SEND 25e for your copy -Re- 
tunded with First Order! 

1'._". ---Remittance trtdFallb. MIn7 TERMS C ,O. 
m Order 55.00. All shipments F.0.11. 

our w rehousei ,NYC. All merchandise subject to prior 
sale and price change. 

Y 
Telephone: (212) CO 7 -4605 

75 -77 Leonard St., New York, N.Y. 10013 

FREE ELECTRONICS PARTS FLYER. Large cata- 
log $1.00 deposit. BIGELOW ELECTRONICS, 
BLUFFTON, OHIO 45817. 
TREASURE HUNTERS! Prospectors! Relco's new 
instruments detect buried gold, silver, coins. 
Kits, assembled models, Transistorized. Weighs 
3 pounds. $19.95 up. Free catalog. Relco -A22, 
Box 10839, Houston Texas 77018. 
WHOLESALE components: Manufacturers and 
distributors only. Request free catalog on busi- 
ness letterhead. WESCOM, Box 2536, El Cajon, 
California 92021. 
EUROPEAN wholesale new products catalog. 
$1.00 refundable. Deecow, 10639 Riverside, 
North Hollywood. Calif. 91602. 
JAPAN & HONG KONG DIRECTORY. Electronics, 
all merchandise. World trade information. $1.00 
today. Ippano Kaisha Ltd.. Box 6266, Spokane, 
Washington 99207. 
FREE Catalog low priced, high performance sub- 
miniature listening devices direct from manufac- 
turer. Dealers welcome. Emery W 11, 156 Fifth 
Avenue, New York, N.Y. 10010. 
ULTRA -SENSITIVE AND POWERFUL METAL 
DETECTORS -join the many who are finding 
buried coins, minerals, relics and artifacts. 
Don't buy till you see our FREE catalog of new 
models. Write Jetco, Box 132 -EW, Huntsville, 
Texas 77340. 
REPAIR YOUR OWN T.V. TUNERS- Color -Tran- 
sistor -VHF -UHF. Earn to $1,700 monthly. No 
customer headaches. Simple, complete course. 
First of its kind. Copyrighted. Years in prepara- 
tion. Six sections, 33 chapters. All field- tested. 
Jigs, fixtures, adapters. "setting -up." Special 
probes. Quick- checks. How alter and use test 
sets. Repairs without equipment. Unique power 
supplies. Fast -fix luxuries. Equipment you can 
build. Professional tricks. Illustrated schemat- 
ics, pictures, drawings, sketches. Plans for all 
items. Troubleshooting. Alignment. All tests and 
adjustments. Common mistakes. How and where 
to buy parts. Specific repairs common problems. 
Index of all tuners. Much, much more. Pro- 
grammed teaching. Major course: Details, Intro- 
duction, plus two sample lessons $1. Bocek, 
Box 3236W, Redding, Calif. 96001. 
SENCORE TEST EQUIPMENT UNBELIEVABLE 
PRICES. FREE CATALOG AND PRICE SHEET. 
FORDHAM RADIO, 265 EAST 149TH STREET, 
BRONX, N.Y. 10451. 
FM Background Music! Miniaturized adapter 
connects to any FM radio tuner. Brings in hid- 
den commercial -free programs. Performance 
guaranteed. $29 postpaid. K -Lab, Dept. Z, Box 
572, S. Norwalk, Conn. 06856. 
PROXIMITY switch. Detects nearness of human 
body. Free information. Claremont Products, 860 
Reed, Claremont, Calif. 91711. 

SOMETHING DIFFERENT EACH MONTH. SEND 
STAMPED, ADDRESSED ENVELOPE TO RECEIVE 
BARGAINS IN GOVERNMENT SURPLUS ELEC- 
TRONICS, TEST EQUIPMENT, AMATEUR GEAR, 
TECH MANUALS, TUB'S, COMPONENTS, RE- 
CEIVERS, TRANSMITTERS, LORAN, RADAR. 
HAVE THOUSANDS OF ITEMS COMING MONTH- 
LY. SLEP ELECTRONICS COMPANY, 2412 HIGH- 
WAY 301N, ELLENTON, FLORIDA 33532. 

LIE DETECTOR for fun and entertainment. Tran- 
sistorized circuitry. Batteries included. One year 
guarantee. $17 postpaid. CUNNINGHAM NU- 
TRONIKS, Box 4456, Minneapolis, Minnesota 
55421. 

SEMICONDUCTORS and Parts. Catalogue free 
over 100 pages. J. & J. Electronics, Box 1437, 
Winnipeg, Manitoba, Canada. U.S. Trade di- 
rected. 

ELECTRONIC ignition various types. Free litera- 
ture. Anderson Engineering, Epsom, N.H. 03239. 
SELL DIGITAL VOLTMETER. Nixie readout, like 
new, sacrifice. Send for data. J. Rider, Box 301, 
Prospect Heights, Illinois 60070. 
IGNITION C -D $26.95 Silicon Semiconductors. 
Free info. Semiconductor Industries, Box 27, 
Boston 02131. 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 
LEARN ELECTRONIC ORGAN SERVICING at 
home. All Makes including transistors. Experi- 
mental kit -troubleshooting. Accredited NHSC. 
Free Booklet. NILES BRYANT SCHOOL, 3631 
Stockton, Dept. A, Sacramento. Calif. 95820. 
R.E.1.'s famous (5) week course for the First 
Class Radio Telephone License is the shortest, 
most effective course in the nation. Over 98% 
of R.E.I. graduates pass F.C.C. exams for 1st 
class license. Total tuition $360.00. Job place- 
ment free. Write for brochure Radio Engineering 
Incorporated Schools, 1336 Main Street, Sara- 
sota, Florida 33577 -or 3123 Gillham Road, Kan- 
sas City, Missouri 64109 -or 809 Caroline Street, 
Fredericksburg, Virginia 22401 -or 625 E. Colo- 
rado Street, Glendale, California 91205. 

LATEST 
ARCTURUS 
SPECIALS 

Color focus rectifiers, 14,000 P.I.V. at 1 

MA, 99¢ each. 6.5 KV -79¢. 

Color TV yokes 70° & 90° types. Fit almost 
all sets: $9.95 each. 

1700 Transistor types -39¢ each. 

DS -501, 2N278 power transistor types. 
Cat. -349, 69¢ each. 

HEP170, Motorola HV /Current epoxy sili- 
con rectifiers, 2.5 amps at 1,000 PIV, 
49¢ each. 

Fully transistorized UHF tuners. Fit most 
sets. Cat. T UHF567, $4.95 each. 

UHF tuners, 1 tube type. Fit most sets. 
Cat. # U H F3, $3.95 each. 

Complete listings of electronic items at similar 
bargain prices are available. Write for our latest 
catalog. Minimum order $5.00, plus postage. 

ARCTURUS 
ELECTRONICS 

CORP. 

502 -22nd St., Union City, N.J. 07087 Dept- EW 

Phone 201 - UN4 5568 
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Dollar case 
$ PEP $1. 

EACH PACKAGE 
MONEY BACK GUARANTEE 

1 AMP 
Silicon Rectifier 

Choice of Package 

ZENER -DIODES 
250 -400 MW 

1 EA 4V- 6V- 8V -10V 
Bullet-Glass-Min-Metal 

20 -50V 800V 
17 -100V 4 -1000V 
12 -2000 3 -12000 

1 WATT 
1 EA 4V- 6V- 8V -10V 

18 -600 
1.5 AMP 

O 
Ei 

1- -100V B 1:188,1'y 
10 -200V 2- 120110 

2 WATT 
12 to 00V 

CHOICE OF THREE 

3 AMP 
4 -000V 15 -50V 

u 
nl -mov 3 -3000 10 volt three 

WATT 
$1.00 

8 -200V 2 -1000V 
0 -4000 1 -2200V 10 WATT 

5 AMP 12 to 60V THREE 
1] 10 -60V p 4 -400V 

8 -ioov 3 -800V 
6 -200V n 2-1000V 

Li 5-3000 1 -12000 

SILICON- CONTROLLED 
RECTIFIER 

TO.6 PACKAGE 
8 AMP STUD 

6 -100V 3 -400V 
rJ 4 2 

6 -50V 3 -200V 
4 -200V 2 -400V 

-250V -800V 

12 AMP STUD 
6 -100V 2 -800V 
3 -000V 1 -1000V 

7 AMP 
4 -00V Cl 2 -200V 
3 -100V 1 -800V 

20 AMP 
pSTUD 

H o 3- 0V ft: 000 
20 AMP 

2 -00V 1 -500V 

40 AMP STUD 
3 -50V 1 -300V 

D 2 -1000 

GENERAL PURPOSE 
GERMANIUM 
TRANSISTOR 

60 AMP STUD 
2 -00V 1 -1000V 

SIMILAR to 2N404 
UNITS 

RADIATION FREE TUBE FOR COLOR TV 

50,000 Volts. Replaces RCA 3A -3A or equivalent. 
Guaranteed for life of set or 5 years. Eliminates heat 
to prolong life of other tubes. 

$8.99 each 

SPECIAL 
INTEGRATED CIRCUITS 

Dual 4 Input Nand Gate Digital $1.50 
Quad 2 Input Nand Gate Digital $1.50 
J K Flip Flop Master Slave Digital $1.75 
Linear I C Operational Amp 709C Type $1.75 

POWER TRANSISTOR 
85 Watt Similar to 2N- 212 -1724 -1208 

1 Unit $1.00 

$1 HOBBY CORNER 
SILICON RECT LOW V 

1 AMP 
50 units $1.00 

SPECIALS $1 
COMPUTER DIODES 

FAST SWITCHING 
NO TEST 

100 units $1.00 3 AMP 
LOW VOLTAGE 

35 units $1.00 HALF POUND 
Rect. Diodes. Transis- 
tors Etc. Each different 

$1.00 

STUD MOUNT 
15 AMP 

n 25 units $1.00 

NO SALES TAX -WE PAY POSTAGE 
OTHER PRODUCTS ON REQUEST 

PARK ELECTRONIC PRODUCTS 
P.O. Box 78, N. Salem, N.H. 03073 

603 -393 -0276 
LET US TRY TO HELP YOU WITH YOUR ENG PROBLEMS 

CIRCLE NO. 116 ON READER SERViCE CARD 

DEGREE in Electronics Engineering earned 
mostly by correspondence. Free brochure. Dept. 
G -9, Grantham School of Engineering, 1505 N. 
Western Ave., Hollywood, California 90027. 

ELECTRONICS! Associate degree -29 months. 
Technicians, field engineers, specialists in com- 
munications, missiles, computers, radar, auto- 
mation. Start February, September. Valparaiso 
Technical Institute, Dept. N, Valparaiso, Indiana 
46383. 

FCC First Class License in six weeks- nation's 
highest success rate -approved for Veterans 
Training. Schools in Dallas, Atlanta, Chicago, 
New Orleans, Minneapolis and Houston. Write 
Elkins Institute, 2603C Inwood Road, Dallas, 
Texas 75235. 

F.C.C. License training by correspondence. G.I. 
Bill approved. Money -Back Warranty. Free bro- 
chure. Write: Dept. Z -9, Pathfinder School of 
Electronics, 1505 N. Western Ave., Hollywood, 
Calif. 90027. 
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NO: TUITION, RENT. Memorize, study -Com- 
mand's "TESTS- ANSWERS" for FCC FIRST 
CLASS LICENSE. Plus Command's "Self -Study 
Ability Test." PROVEN. $5.00. Command, Box 
26348 -W, San Francisco 94126. 

PLANS AND KITS 
BUILD 5 INTEGRATED CIRCUIT EXPERIMENTS 
-KIT INCLUDES NEW MOTOROLA IC's SCHE- 
MATIC DIAGRAMS, & CIRCUIT THEORY. SEND 
$4.95 to FRAZER & ASSOCIATES, Consulting 
Engineers, 3809 Surfwood Road, Malibu, Cali- 
fornia 90265. 

INTEGRATED CIRCUIT KITS COMPUTER, AU- 
DIO, Others. New catalog free. KAYE ENGINEER- 
ING, Box 3932 -B, Long Beach, California 90803. 

RECORDS 
SPECIAL INTEREST RECORDS AVAILABLE, PRO- 
DUCED BY THE EDITORS OF THE WORLD'S 
LEADING SPECIAL INTEREST MAGAZINES. 
SEND FOR FREE CATALOG. RECORD CATALOG - 
EW, ZIFF -DAVIS PUBLISHING COMPANY, ONE 
PARK AVENUE, NEW YORK, N.Y. 10016. 
POPULAR organ albums factory direct. Concert 
Recording, Lynwood, Calif. 90262. 

r 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this section for complete data concerning terms, 
frequency discounts, closing dates, etc. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

Words @ .50 Reader Rate _ 
@ .85 Commercial Rate f 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY STATF 

SIGNATURE 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.) 
Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols such as 
35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -1169 

7IP 

J 

ICs, LINEARS, COUNTERS, 
ICs. include Gates, FFs, etc. 

T0 -5, All RTL types, 
100 asstd. $ 9.95 
Flatpacks RTL /DTL, 
100 asstd. $ 9.95 
DIPs, TTL, 7400 series 
130 ea. $ 9.95 
Flatpacks, gold plated RTL 
100 $14.95 
Flatpacks, gold all DTL 
100 $18.95 

Above ICs, unmarked mech. drop- 
outs TO -5 & Flatpacks unplated test 
60 -70 %, DIPs, test 40% good, 
Gold pltd. Flatpacks test 80 -90% 
good. Schematica, indent. & test 
Info. is included. Test sockets $1.00 
each 

TO -5 IC Volt. Regulator 0 -40V W/ 
Spec. sheets test 90% 6 for $5 

TO -5 709 Op. Amplifier, U -test 
70% good 10 for $6 

Jumbo Silic. Trans. 1000 mix 
TO -5, 18, 46 singles & doubles in 
3, 4 & 6 lead devices $15 

Special Sorted bags of above In- 
clude FETs, Dad. ICs- 1000 asstd. 
$19.50 2 pounds. We include $2 
value Test socket. 

WEIDRO Mix, Odd unusual types 
of ICs. Small devices 100.. $4.95 

Linears, TO -5, Tested in Spec. 
702 Hi gain, DA Amplifier 
709 Hi Perf. Oper. Amplifier 
710 Hi Speed Diff. Comparator 
711 Dual Comp. /Sense Amplif. 
Choice $1.75 any 10 at $1.58 ea. 

COUNTING Circuits, DIP 
958 Decade Counters $3.95 
959 Buffer Memory $3.95 
960 Decoder Driver $5.95 
Any 3 or more take 10% disc. 

Lampdriver SCR Module w /6V lamp, 
test 150 -400 PIV 750 mil. 6 for 
$2.95. 100 $29. 

Exotic Parts Bds. Cost $1000 Sur- 
prise variety 25 pcs. 5 lb. mix in- 
cludes many ICs. 25 pc 10 pound 
mix includes heavier heat sinks 
w /power trans. Either group $25 
both $45 

Computer Panel 8½x14" w/23 12V 
lamps, 16 DPDT Toggle & 5 Mom. 
push switches. 4 lbs. $7.50 

Computer Panel w/330 ea. Neon 
NE -2 lamps, 8x12" 4 lbs. $4.95 

Small Silic. Diode mix 500 $5.95 

MEMORIES 
Binary Memory Planes, New Ampex 
64x64 (4096) wired toroid bits. 
41/2" sq. 50 mil. or 31/2" sq. 30 
mil. Choice $20, 5 or more $19 
each Same units, double sided 
planes $30, 5 or more $28 each. 

Decimal Memory Planes. Perfect 
IBM 10" sq. w /10,000 50 mil bits 
$15, 4 or more $12.50 each. 

Same type size 5x8" 50x80 (4000) 
50 mil bits $8.95. 4 stack .....$25 
Repairable planes, half price. 

Matrix Bd. 100 bits of Buffer 224 
bit Memory 21/2x4" choice 2 for $5 

Memory Plane Experiment Kit $10 
6 Asst. some damaged. 21/2 lbs. 
6 pages Memory Info /data included 

Satisfaction Guaranteed. Free 
Goody Bag with $10 order 

add 25f 

Include Postage, extra returned. 
Calif. orders 5% tax. 

Free Catalog -12 f postage 

MIKE QUINN ELECTRONICS 
727 Langley St. Oakland Airport 

Calif. 94614 
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OLDIES -45 RPM -original hits. Over 4000 avail- 
able. Catalog 25f. C & S Record Sales, Box 197, 
Wampsvilie, N.Y. 13163. 

TUBES 
TUBES -330 each. Year guarantee. Tuner Clean- 
er $1.00. Free catalog. Cornell, 4213 -W Uni- 
versity, San Diego, Calif. 92105. 
TUBES, SEMICONDUCTORS, ELECTRONIC 
EQUIPMENT & COMPONENTS. Quality mer- 
chandise only! Serving engineers, Purchasing 
Agents, TV /HiFi Servicemen and Hams for 20 
years. Write for Catalog or call 212 -WA 5 -7000. 
BARRY ELECTRONICS, 512 Broadway, New 
York, N.Y. 10012. 
RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jer- 
icho Turnpike, Mineola, N.Y. 11501. 
TUBES - lowest prices in the world. Hard to get 
British, German, foreign and American obso- 
lete and present day special purpose transmit- 
ting tubes. Send for giant tube and parts cata- 
log. United Radio Co., Dept. W -56 Ferry St., 
Newark, N.J. 07105. 

WANTED 
QUICKSILVER, Platinum, Silver, Gold. Ores An- 
alyzed. Free Circular. Mercury Terminal, Nor- 
wood, Mass. 02062. 
QUICK CASH . for Electronic Tubes, Semi- 
conductors, Equipment (Receivers, Transmit- 
ters, Scopes, Vacuum Variables, etc.) Send lists 
now! Write: BARRY ELECTRONICS, 512 Broad- 
way, New York, N.Y. 10012 (212 -WA 5- 7000). 

DO -IT- YOURSELF 
PROFESSIONAL ELECTRONICS PROJECTS - 
$1.00 up. Catalog 25f. PARKS, Box 25665A, 
Seattle, Wash. 98125. 

TAPE AND RECORDERS 
BEFORE renting stereo Tapes, try us. Postpaid 
both ways - no deposit - immediate delivery. 
Quality - Dependability- Service -Satisfaction- 
prevail here. If you've been dissatisfied in the 
past, your initial order will prove this is no idle 
boast. Free Catalog. Gold Coast Tape Library, 
Box 2262, Palm Village Station, Hialeah, Fla. 
33012. 
TAPEMATES make available to you ALL 4 -TRACK 
STEREO TAPES -ALL LABELS- postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES, 5727 W. Jefferson Blvd., 
Los Angeles, California 90016. 
RENT 4 -track open reel tapes -all major labels - 
8,000 different -free brochure. Stereo -Parti, 55 
St. James Drive, Santa Rosa, Calif. 95401. 
STEREO TAPES: CARTRIDGES, CASSETTES, 
REELS, 33% DISCOUNT. UNAVAILABLE ELSE- 
WHERE. MAIL 20¢- CATALOGS. STAR RECORD - 
INGS-EW, BOX 1055, EL PASO, TEXAS 79946. 
CASSETTE blanks, also educational and lan- 
guage, accessories and recorders. Literature- - 
write CASSETTES UNLIMITED, P.O. Box 
13119W, Pittsburgh, Pa. 15243. 
TAPES . . . blank recording . . . pre- recorded 
music. Catalog 10¢. Tower, Lafayette Hill, Pa. 
19444. 
STEREO TAPES, save 20, 30% and more, post- 
paid anywhere U.S.A. We discount batteries, 
recorders, tape /cassettes, 80 -page catalog 250. 
SAXITONE TAPES, 1776 Columbia Road, N.W., 
Washington, D.C. 20009. 

HIGH FIDELITY 
FREE! Send for money saving stereo catalog 
#E11W and lowest quotations on your indi- 
vidual component, tape recorder or system re- 
quirements. Electronic Values, Inc., 200 West 
20th Street, N.Y., N.Y. 10011. 
HI -FI Components, Tape Recorders at guaran- 
teed "We Will Not Be Undersold" prices. 15 -day 
money -back guarantee. Two -year warranty. No 
Catalog. Quotations Free. Hi- Fidelity Center, 
239 (L) East 149th Street, New York 10451. 
DONT THROW YOUR OLD CARTRIDGE AWAY. 
Send us $50.00 and any old used cartridge and 
we will ship you via air Prepaid anywhere any 
one of the following Top Stereo Cartridges: 
Shure V -15 Type II, Empire 999VE, ADC 10EMK 
11, Stanton 681EE. Write for lowest quotations 
all stereo components. Send $1.00 for our 
discount catalog. DEFA ELECTRONICS, 2207 
Broadway, New York, N.Y. 10024. 
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INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

TRIACS 
PRV 
loo 
200 
300 
400 
500 

5 AMP 
.90 

1.40 
1.75 
2.25 
2.60 

1OA 
1.20 
1.75 
2.25 
2.75 
3.25 

ER900 TRIGGER DIODES. These 

bidirectional trigger diodes are 

one of the best and cheapest 

methods to trigger SCR's and 

triacs 3/$1.00 

UNIJUNCTIONS! 
Similar to 2N2419. RBB of 5-7 

stand off ratio of .6 and Ip of 

12 with data sheet 
SPECIAL $1.00 

ZENERS750 Milliwatt 1.68V $ .40 
10 Watt 7 -180V $ .75 

MOUNTING 
HARDWARE KITS. 

These kits are used to mount our 

SCR's Zeners and Rectifiers etc. 
6x32 stud (3, 12 amp rectifiers, 

7A SCR's) 6 sets /$1.00 
Vex28 stud (30 amp. rectifiers, 
20 amps SCR's.) 4 sets /$1.00 

2N1163 a TO-3 PNP GERMANI- 
UM TRANSISTOR rated at 35v 

and a gain of 50 at 25 amps. $1.75 

N- CHANNEL FET'S TO-18 plastic 
units, low noise, low leakage, 25 volts 
source to gate, 50 ma sate current 
Gain to 9000 umho's. $ .80 

NEON LIGHT OR NIXIE TUBE 
DRIVERS. An NPN, TO-18, SI 

Transistor. With a VC80 of 120 
3 /51.00 

Silicon Power Rectifiers 

PRV 3A I 12A 30A 

100 .091 .30 I .50 

200 .16 1 .50 1 .80 

400 .201 .70 I 1.20 

600 .30 1.00 
I 

1.50 

800 .40 
I 

1.25 i 1.80 

1000 .55 1.50 2.20 

WE LEAD THE WAY 
IN SERVICE AND QUALITY! 

Terms: FOB Cambridge. Mass, 
Send check or Money Order. Include 
Postage, Average Wt. per package 
Vs lb. No C.O.D.'s. Minimum Order 
$3.00 

Rated companies 30 days net 

9030 8 BIT MEMORIES $3.95 

LINEAR CIRCUITS 
CA 3011 FM IF 
AMPLIFIER $ .90 
702C WIDE BAND DC AMPL. $1.75 
709C OPERATIONAL AMPL $1.75 
710C HI SPEED 01FF. AMP. $1.75 
711C DUAL COMPARATOR $1.75 

DIGITAL RTL CIRCUITS 
2 -914 QUAD 2 input gate 1.25 
900 Buffer $ .75 
925 Dual 2 input gate expander 

.75 
923 JK flip flop $1.00 
2-923 Dual 1K flip flop $1.50 

Controlled Avalanche or 
Epoxy Rectifiers 1 AMP. 

PRV 
100 

I 
.07 

200 I .09 
400 

I 
.12 

600 I .18 
80O I .22 

1000 I .35 

5111con Control Rectifiers 
PRV I 3A I 7A 

50 i .35 I .45 
loo I .501.65 
200 ' .70 

1 .95 
300 I .90 I 1.25 
400 I 1.20 I 1.60 
500 

1 
1.50 I 2.00 

600 1 1.80 2.40 
700 , 2.20 

I 2.80 

20A I 70A 
.70 

1 

1.00 I 4.00 
1.30 I 8.00 
1.70 I 

2.10 112.00 
2.30 
3.00 I 16.00 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

Post Office Box 74B 

TATE 
Somerville, Mass. 02143 
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;mal 
UNUSUAL 
BARGAINS 

BY, MAIL 

SHOPPING MART 
A selection of products available by mail for readers of ELECTRONICS WORLD L 
All merchandise sold on money -back guarantee. Order by No. Send check or M.O. 

EXCELLENT 
fo 

XMAS 
GIFTS: 

Super 6" 
Astronomical Reflector 

Share the wonders of space explora- 
tion. Features aluminized & over - 
coated 6" f/8 ground and polished 
pyrex t accurate to 1r . ve, 
48 A.. tiX mirror 

tinder senne. 
48X. 96X, 192X evenieces and Bar- 
IOW ln double or triple power. (tack 

tt1 pillion focuser. Electric clock 
drive w manual slow -motion. :Setting 
ireles, h ,1 heavy-duty equatorial mount. 

Pe 
Ae t 

1. Compares to 8293 -á33t1 
Stock No. 85.086AK ..5239.50 FOB 
41/4" REFLECTOR TELESCOPE 
Stock No. 85,105AK ..594.50 FOB 
3" REFLECTOR TELESCOPE 
Stock No, 85,050ÁK ..$29.95 Ppd. 

Tune In and Turn On Your Own 

Psychedelic Light Show 
Take one bookshelf sized conservative 
looking oiled walnut lie islte,I light tic's 

with its built -in kirke, an ludic. 
controlled 3- channel color o Acti- 
vate by attaching to iii -11 

organ. 
stereo 

speaker. Plug In ani ,ritrh tit: \Lus 
tills the ro and the pritallr scren 
lea into pu 

-nlsating 

life. Patterns a . rc wild and wonderful. or soft and so0,h- ieg- responding II re t ly in time :ml 
intensity to sir. Perfect home en- 
tertainment. tittle theater or 

1mhos. House current. ( 18 "R-x1_ "I 1'x11 °ni 

Stock No. 80,126AK .... 549.95 Ppd, 

Long -Wave Black Light Fixture 
1.;,014.111,1y -able, compact') 

rd1. IonR't i3_ñó_i'' i,iack tlieltt l ultra. .1. 1 

u11í 111 Ina. t t'ait. 11(1 -V loci, , 
built -in niter- eliminates harmful 
shorter wave ultraviolet rays. Use to 
Identify t s, ral fungi. bacteria - 
eherk for surface flaws. oil ami gas leakage- Pecten for ,lisp l as-s .iii, 
n uprasreot paper. peints. chalk. rear - 

:Oil-. tria,' rt1ntt`'I,,r. 
lncl. ad.Iust:l i,1e 

push -pull s 'dill. 
connecting Mug. Mount vert.. hire., 

corner. I(1" L., It _" w.. 
i Ì , 

n 
11. 

Stock No. 70,364A1( ..$12.00 Ppd. 
REPLACEMENT BULB 
Stock No. 60,124ÁK...54.50 Pod. 

'Bright Ideas' in Unique Lighting 
Big. new 1110-page handbook packed with facts. loaded with Illustrations. 
All latest developments, pplica- 
tions, a . uipment. Covers .strobes. 
pUrces black light, projectors, crys- 

tal and organic slides, olor organs, 
mirrors. polarized color, screens. 
light boxes. Mu.sicVi.sion. etc. Rar 
find for business, home, hobby. 
Ideal for display houses, combos, 
experimenters, hobbyists. 81/" 
1I" looseleaf paper punched to fit 
3 ring binder . .. add new develop- 
ments as they happen, 

Stock No. 9100ÁK $3.00 Ppd. 

New $99.50 Helium -Neon Laser! 
completely 's.,-ln1, lr, I. tsl aril- starl- 
ing r /three Mimes power output of 
fOtnparable , d e i s . Steady. chipie- 1 toree 

light of nde':lie 1 safe 1 power. 
Excellent COMM ation. Particularly 
useful for studies. experiments In 
holography. i terferontel`- diffrac- 
tion. optical alignment. . impic and 
safe to use -.lust plug witch 
on. The 411, lb. unit reaches s- 
power In 2 secs.) full power. Ispl- rally 0.5 mill watt iIl.:1 111R' mini- 
mum) in 3 mills, Beast divergence 
only 2 mllliradlans (far ahead of 
competition)) beam - 2 , -1 , 1 1 ms al 
411 feet. 
Stock No. 79,004AK ... $99.50 Ppd. 

GIANT FREE CATALOG 
148 Pages- 1000's of Bargains 

,il'I,'-ly 'w 197n 
edition. New items. 
categories. illustrations. 
Doaios of electrical a d 
electromagnetic ports. 
aeressories. Enormous 
selection of Astronom- 
ical Telescopes. Micro - 

Maénilie 
R In 

rs. Magnets. 
Lenses, Prisms. Many 
war surplus Items: 
for hobbyists. xp I 

ntestero. workshop. factory. 
Mall coupon for catalog AK" 
EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING, 
BARRINGTON. N.J. 08007 
NAME 

ADDRESS 

CITY 

STATE ZIP 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

EDMUND SCIENTIFIC CO 
300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 08007 
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-GREGORY ELECTRON ICS 

An Extensive Selection of 
General -Electric 

Progress Line 2 -Way 
Mobile Equipment 

30 -50 MHz Vibrator Power 
14" Case Complete Access. 
Fully narrow -band (Tx & Rx) 
MA /E 13 6/12v, 30w 

MA /E 16 6/12v, 60w 
MD /Y 16N 6/12v, 60w 
Dynamotor Power Supply 
MT /16 12v, 60w 
Transistor Power Supply 

$178. 

$198. 

$138. 

$228. 

148-174 MHz Vibrator Power 
14" Case Complete Access. 
Fully narrow -band 
MA /E 33 6/12v, 30w 
MA /E 36 6/12v, 60w 
Vibrator Power Supply 

FA/E 33 6/12v, 30w 
MT/33-6/12v, 30w 
MT/36-6/12v, 60w 

$198. 

$228. 

$188. 
$228. 
$248. 

450 -470 MHz 15w Vibrator 
Power Supply MA /E 42, 
with accessories 
MT 42 12v, 15w 
Transistor Power Supply 

$148. 

$198. 

450 -470 MHz General- Electric 
Progress Line Accents 

10 watts, 12 volts /transistor power supply; front or 
rear mount. Complete accessories. Model No. EG48S 
Wide Band $168 Narrow Band $188 

EG 48CT (Trunk) EG 48CF (Front) 

GE Progress Line Receiver Strips 25 -50 MHz 
Narrow Band $45 Wide Band $35. 

Voice Commander II 
Fully transistorized, 148-170 MHz, portable, 
1 -Watt, complete with nicad batteries. 

1 unit $148. 
3 units -15% discount ea. $125.80 
6 units -30% discount ea. $103.60 

Crystals & tuning if desired, add $45. 

BATTERY CHARGERS 
1 unit $16. 

3 units -15% discount ea. $13.60 
6 units -30% discount ea. $11.20 

Reconditioned & Used FM 2 -Way Radio Equipment 
We By Late Model Equipment for Cash 

Send For '69 Catalog- 
+- 6Na60RY TL 

a5ae:rnoNaea... 

GREGORY 
ELECTRONICS 
CORPORATION 

249 RT. 46, Saddle Brook, N.J. 07662 
Phone: (201) 489-9000 

CIRCLE NO. 129 ON READER SERVICE CARD 

COOPERATE WITH THE 

ZIP CODE PROGRAM 

OF THE POST OFFICE 

DEPARTMENT. 

USE ZIP CODE 

IN ALL ADDRESSES 

HI -FI components, tape recorders, sleep learning 
equipment, tapes. Unusual Values. Free cata- 
log. Dressner, 1523 R Jericho Turnpike, New 
Hyde Park, N.Y. 11040. 

HI -FI EQUIPMENT -GET Our "ROCK BOTTOM" 
prices on NAME BRAND amplifiers- tuners- 
tape -recorders - speakers FRANCHISED - 60 
YEARS IN BUSINESS. Write for this month's 
specials -NOW! Rabson's 57th St., Inc., Dept. 
569, 119 W. 57th St., New York, New York 10019. 
LOW, LOW quotes: all components and re- 
corders. Hi -Fi, Roslyn, Penn. 19001. 
DON'T THROW YOUR OLD CARTRIDGE AWAY. 
Send us $19.95 and any old cartridge. We will 
ship PREPAID any one of the following top 
rated elliptical diamond stereo cartridges NEW: 
Shure M75E, M91E, M92E, Empire 888E, Picker- 
ing V15AME3, XV15 ATE, ADC 660E, 550E. 
Write for lowest quotations all stereo com- 
ponents. Send $1.00 for our discount catalog. 
DEFA ELECTRONICS, 2207 Broadway, New 
York, N.Y. 10024. 

AMAZING DISCOUNTS on famous brand high 
fidelity stereo components. No small wonder 
that we have set new sales records each year 
since 1959. Write: Arkay Electronics, 1028 -02 
Commonwealth, Boston, Mass. 02215. 

GOVERNMENT SURPLUS 

JEEPS Typically From $53.90. . Trucks From 
$78.40... Boats, Typewriters, Airplanes, Multi - 
meters, Oscilloscopes, Transceivers, Electronics 
Equipment. Wide Variety, Condition, 100,000 Bid 
Bargains Direct From Government Nationwide. 
Complete Sales Directory and Surplus Catalog 
$1.00 (Deductible First $10.00 Order). Surplus 
Service, Box 820 -K, Holland, Michigan 49423. 

AUTHORS' SERVICES 

AUTHORS! Learn how to have your book pub- 
lished, promoted, distributed. FREE booklet 
"ZD." Vantage, 120 West 31 St., New York 10001. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through interna- 
tional correspondence. Illustrated brochure free. 
Hermes, Berlin 11, Germany. 
SECRET LOANS BY MAIL. Borrow $100 to $1500 
for any good reason in absolute privacy. No 
interviews, no endorsers, no co- signers. Fast 
service. Write Dial Finance Co., Dept. K -594, 
410 Kilpatrick Bldg., Omaha, Nebraska 68102. 

HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning. 
Catalog! Drawer H400, Ruidoso, N.M. 88345. 
HYPNOTIC Sleep Learning recordings produce 
fabulous results. Details free. ASR Founda- 
tion, Box 7021eg Henry Clay Station, Lexington, 
Kentucky 40502. 

PHOTOGRAPHY -FILM 
EQUIPMENT, SERVICES 

SCIENCE Bargains- Request Free Giant Catalog 
"CJ" -148 pages -Astronomical Telescopes, Mi- 
croscopes. Lenses, Binoculars, Kits, Parts, War 
Surplus bargains. Edmund Scientific Co., 300 
Edscorp Bldg., Barrington, New Jersey 08007. 

MAGNETS 

MAGNETS. All types. Specials -20 disc mag- 
nets, or 2 stick magnets, or 10 small bar mag- 
nets, or 8 assorted magnets, $1.00. Maryland 
Magnet Company, 5412 -E Gist, Baltimore, Mary- 
land 21215. 

EMPLOYMENT INFORMATION 

FOREIGN and USA job opportunities available 
now. Construction, all trades. Earnings to 
$3,000.00 monthly. Paid overtime, travel, 
bonuses. Write: Universal Employment, Wood- 
bridge, Conn. 06525. 

FOREIGN and USA job opportunities available 
now. Construction, all trades. Earnings to 
$3,000.00 monthly. Paid overtime, travel, 
bonuses. Write: Universal Employment, Wood- 
bridge, Conn. 06525. 

RECTIFIERS & TRANSISTORS 
Silicon Rectifiers 

PIV 1 251 50110012001 4001 6001 8001100011200 
1A' I -1.031-.041 .061 .081 .101 .141_.171_.22 
3A 1.041.051 .061 .081 .111 .151 .221 .301 .38 

18Á!I_ 091_151_191.291_391_491_ -I -I - 
20A 1.151.201_.251 .391 .501 .751 .9011.1511.40 
40A 1.251.351 .601 .9011.201 1.5011.8012.1012.40 

Tophat, Flangeless. aPressnt. 3. 20. 40 Stud, 
Silicon Controlled Rectifiers 

1500 PIV PRY 1 25 1 50 11001200 1 400 1 600 
STUD 1A 1.08 1.12 1.18 

I .30 1,55_ 
I .85 

1 AMP 7A 1.11 I .14 1.20 I .45 1 .90 11.20 250 EA. 18A 
I .15 Í .231.35 

1 
.60 11.10 11.40 

20A 1.18 1.32 1.45 
1 .70 11.15 1 1.95 

Tophat Pressfit. 7 & 20 Amp Stud 
Germanium Power Transistors 

150W- T0-3.7A 
2N456A- 40V -.25 2N 458A- 80V -.45 
2N457A- 60V -.35 2N1021A- 100V -.60 

2N1038- 40V- 8/51.00 -20W TO -5.3A 
Silicon Power Transistors 

2N 389A 85W, 60V -,55 2N1048A 40W 120V -.55 
2N 424A 85W, 80V -.65 2N1718 10W 60V -.15 
2N 497 4W, 60V -.10 2N1719 10W 100V -.20 
2N 498 4W, 100V -.12 2N1724 50W 80V -.65 
2N1047A 40W, 80V -.40 2N2151 30W 80V -.25 

Silicon Small Signal NPN, TO -5 
2N696 7/$1.00, 2N697 6/$1.00, 2N699/$1.00 

3N34 Tetrode -60f; IN34A Diodes 100/$2.25; 
2N1142 Ger. Hi -Freq. Amplifier 4/$1.00; Thermistor 
Beads, 5000 ohm or 1200 ohm -3/$1.00; Varicaps- 
27, 47, or 100 pf, 411-$1.25 ea.; P.C. Board 8 "s8" l/1 a "- 
1 oz. Copper- 2 /98f; Photo Cells, Herrn. Glass, 5 
Diff. for $1.00; 2N1300 Series, T0.5 Assorted -25/ 
$1.00; I.C. Dual -in- Line -20/$1.00; TO -5- 15/$1.00. 

ASSORTMENTS 
Precision resistors film 50/$1.00 
Precision resistors wirewound 40/$1.00 
Ceramic capacitors 70/$1.00 
Relays 6 different types 6 /$1.00 
Terminal lugs, assorted 200/$1.00 
Tie lugs, assorted ... 50/$1.00 
Push button switches, on -off, panel 6/$1.00 
Pots, 2.4 watt, assorted 15/$1.00 
Free $1.00 pack with $10.00 order; min. order $3.00; 
send sufficient postage, overage refunded; fully 
guaranteed; free catalog. 

GENERAL SALES CO. 
254 Main (713) 265 -2369 

Clute, Tex. 77531 
CIRCLE NO. 131 ON READER SERVICE CARD 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AD or WRITE FOR CATALOGS 

COMPUTER TRANSISTORS ON HEAT SINKS 
IBM Computer Quality Units 

( #22 -920 ) -- Inn consists or one 150- 
watt power transistor on heavy, ribbed, 
alum bum heat sink. flan, experimental 
uses. (1 lb.) $1.99 Cost Gov't Over 510 .00 

(525 -915) - - Unit consists f t 150- - -:_': 
watt power Innslstors, .i D t. seven. 

a...0'' diodes, capacitors, res story, etr on heavy, ago 
ribbed aluminum heat sinks. Ideal for use as m 
mob. spec) control. 1 4 IM. 1 

Cost Gov't Over 535.00 $4.91 

RUNNING TIME METER 
(BOX )o-elec b reghts and roe+ 

riling hours electric lights et., itc. Y 
Records such s tenths an. rundredt etc. 

7x7 
Records total priors, tenths and hundredths up 

9,99".93 hours. For 
Shipping weight 

e2 s. -- -__ 
Size a':'xa °xzY. snippbe wei5blxms. $5.69 Cost (her 

1 

- 

52e.00 

12 and 24 -VOLT TRANSFORMER 
e -90 ) -General Electric 115-volt. 

60-cycle to 12 24-volts p 750-watts. 
Capacity 42-amps. < 2e , 64-amps. at 12-volts 

for battery chargers, tanning 
DC motors, r. I" x s'. t la ,.I 
Cost Gov't Over 535.00 $16.72 

EXPANDED SCALE 0 - 15 DCVM 

( 021 -see I -- Brand new, expensive voltmeter 
reads 9.5 to 16 -volts GC and 5 to 8- volts. \'en' useful 
for automotive nd aircraft battery arge indicator, 
etc. nvrsnnvai v r' 

movement. black phenolic case. I" x 5" x 2'2'. (3 Iles. , 09 e°' 
List 532.50 $12.95 

SURPLUS TELETYPEWRITERS f ITEM p22 -975) - 
in. erat Orig. Ie V wb ig,r 

blunt, mum also. . 
lumll el'nti m e.. I0L Ì60e ibn .Size 

SPECIAL x3n'x 
x "..v'..e 

Aron hate limited number Model In 

.. $249.50 Telet 
i.asal, e1. a, 

'rata, 0.11,1,111. 

pta: ..¡ . -,,. SEND 25e COIN OR STAMPS FOR CATALOGS 
rl¿A',,ww ®- All Items FOB Money Back Guarantee 

. SURPLUS CENTER 
DEPT, EW -I 19 LINCOLN, NEBR. 68501 
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EDUCATIONAL 
OPPORTUNITIES 

LEARN ACCIDENT INVESTIGATION. Train at 
home to earn $750 to $1,000 monthly. Car 
furnished. Expenses paid, No selling. No college 
needed. Full or spare time. Men urgently needed. 
Free placement service. Write for FREE infor- 
mation. No obligation. Universal Schools CZ -11, 
6801 Hillcrest, Dallas, Texas 75205. 
USED Correspondence Courses and Books sold 
and rented. Money back guarantee. Catalog 
free (Courses Bought). Lee Mountain, Pisgah, 
Alabama 35765. 
LEARN WHILE ASLEEP, Hypnotize! Strange 
catalog free. Autosuggestion, Box 24 -ZD, 
Olympia, Washington 98501. 

INVENTIONS WANTED 

INVENTORS! Receive free invention analysis at 
no risk to you. Send for FREE disclosure form 
today. New York Invention Service, Dept. 19, 
160 Broadway, New York, N.Y. 10038. 

PATENT Searches including maximum speed, 
full airmail report and closest patent copies, 
$6.00. Quality searches expertly administered. 
Complete secrecy guaranteed. Free Invention 
Protection forms and "Patent Information." 
Write Dept. 23, Washington Patent Office Search 
Bureau, 711 14th Street, N.W., Washington, D.C. 
20005. 
INVENTORS! Sell your invention for cash or 
royalties! Our client manufacturers eagerly seek 
new items. Patented. Unpatented. Financial as- 
sistance if needed. 25 years proven perform- 
ance. For free information, write Dept. 25, Gil- 
bert Adams, Invention Broker, 80 Wall St., New 
York, N.Y. 10005. 
YOUR IDEA could be worth a fortune. Get the 
OFFICIAL GUIDE for your Patent Protection. 
$2.00. SIELCO, Box 141 E. Kensington, Mary- 
land 20795. 

MAGAZINES AND BOOKS 

BACK DATE MAGAZINES! Send needs. Midtown, 
Box 917 -EW, Maywood, N.J. 07607. 
TECHNICAL BOOKS -Write for catalog. Heffner 
BOOKS, Box 5766, Pasadena, Calif. 91107. 
PAPERBACK CATALOGUE -261 pages, 15,000 
titles, subject indexed. $1.00, credited toward 
order. New York Book, 4AL West 43rd Street, 
N.Y.C. 10036. 

BUSINESS OPPORTUNITIES 

FREE CATALOGS. Repair air conditioning, re- 
frigeration. Tools, supplies, full instructions. 
Doolir', 2016 Canton, Dallas, Texas 75201. 

I MADE $40,000.00 YEAR by mailorder! Helped 
others make money! Start with $10.00 -Free 
proof. Torrey. Box 318 -N, Ypsilanti, Mich. 48197. 
JAPANESE Electronics New Products Monthly! 
Specimen copy $1. deductible. Dee, 10639 -W 
Riverside, North Hollywood, Calif. 91602. 
FREE BOOK "990 Successful Little -Known Busi- 
nesses." Work home! Plymouth 345 -K, Brook- 
lyn, New York 11218. 
EARN more at home. Details $1.00. R. Gross- 
man, Box 51, Winsted, Conn. 06098. 
MAKE BIG MONEY raising chinchillas, rabbits, 
guinea pigs for us. Catalog -254. Keeney 
Brothers, New Freedom, Pa. 17349. 

RUBBER STAMPS 

RUBBER ADDRESS STAMP $2.00. SIGNATURE 
$3.50. FREE CATALOG. JACKSON, BOX 443 -G, 
FRANKLIN PARK, ILL. 60131. 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog of 
yeasts, equipment. Semplex, Box 122 -76, Minne- 
apolis, Minn. 55412. 

STOP BURGLARS THE EASY WAY!! Affix au- 
thentic "Protected by Electronic Sentry Alarm" 
Decals to auto windows, doors & windows of 
home, retail stores; vending machines, etc. 
Whether you have an alarm or not -thieves stay 
away! Only $1.00 for each set of two. J. Ross, 
80-34 Kent St., Jamaica, N.Y. 11432. Dept. EW. 

November, 1969 
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1 
4 

IM ti lal ti ti INN Ei Ei IM MM Ei 
R 

a ,- XMAS Si 

SAIE! 
'DOUBLE 
"BONUS 
1$ 
1 

1 

WORTH OF 
Transistors 
Diodes 
Rectifiera 
Knob* 
Condensera 

etc. tc. 
Add 25e for 

handling 

I---PLUS 

BOSH 
-pOR 

FREE 

WtZN 
$1000 

ORDERS 

CHOOSE BLIS -DOR PAK 

1 ANY 111 1 FOR FREE f HIGH- POWER 

12N1906 GERMANIUM 

1 

1 

1 

ic SALE: 
EPDXY SILICON In"Igi "e - -- 'Y 'uy ' 

TRANSISTORS BLIS -DOR PAK 
at our bargain 
price and got the 

2nd one for 
11NLY 'Li 

10 for $1.01 
Type 
2N2222 
2N2368 
2N2711 
2N2368 
2N3396 
2N3565 
2N3568 
2N3638 
2N3641-3 
2N3645 
2N3662 

2N3683 
2N3793 1I 

Q Q ` 

s 
198 

(Watts)115 

BVCBO 10 0 

(AMP) 15 

I HIGH VOLT' 
1 AMP 
EPDXY 

IPIV 
2000` I 3000 
4000 I 5000 
6000 

1 
8000 
10000 

/7 NPN HIGH POWER 
SALE 2N3632 
1.00 23W. 3A. 1.35 
1.65 
2.25 
2.96 
3.50 
3.95 

Sale 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for Si 

2 
REIS-DDR 

PAK S 

for $1.01 
2N4248 
2N4284-5 
2N4288.9 
2N4290 

1 

1 

5 for $1 
5 for $1 
5 for $1 
5 for $1 

1 

1 

1 

1 

C BLIS -pO lit S1 
In the new RE- USABLE BLIS -DOR PAK 

1 r. $25 SURPRISE PAK: transistors. rcct, diodes, etc. S1 

50 GERMANIUM GLASS DIODES, 1N39, IN4'f no test $1 1 
40 TOP HAT SILICON RECTIFIERS, no testasst values $1 

25 EPDXY RECTIFIERS, silicon asst, no test $1 

Li 40 PRECISION RESISTORS, !2 2 \V. 1!i asst values $1 

L_': 30 TRANSISTORS, rf, if, audio, ose. no test $1 

60 TUBULAR CONDENSERS, to .iimf to 11íV, asst S1 1 
50 DISC CONDENSERS, to.05mf npo, temp coef, asst $1 

30 POWER RESISTORS, to 25 watts, to 29K ohms Si 1 
10 VOLUME CONTROLS, to 1 meg, switch too! $1 

10 ELECTROLYTICS, to 100mf, tubulars too. asst $1 1 
50 RADIO d TV KNOBS, asstd rotors & styles $1 

10 TRANS'TOR ELECTROLYTICS to 100mf, asst values $1 

So COILS AND CHOKES, if, rf, ant, ose. peaking, etc $1 

El 65 HALF WATTERS, to 1 meg, 5(4, Popular values too Si 

2 FIELD EFFECT TRANSISTORS, n channel, hobby $11 
10 PANEL SWITCHES, toggle, slide, micro. rotary $1 

S "IBM" COMPUTER BOARDS, many trans. diodes $11 
40 "MICRO" CONDENSERS, for transistor circuitry $1 

50 TERMINAL STRIPS, I to K lug types $1 

4 PHOTO ELECTRIC CELLS, hi. imp.. schematic $1 

40 "TINY" RESISTORS, 1 /10W, 5, -S too! to 1 nex 811 

SALE ON FAIRCHILD "ICs" I 
5 - 1 AMP 1000 PIV 5 for $1 ' 6 - 1 AMP 800 PIV 6 for $1 

SIP OC 1011. 

4 -2 AMP 1000 PIV 4 for $1 

COUNTING DIGITAL "ICs" 

1No. 
similar Description 

958 SN749CN Counter $5.95 1 959 SN7475N Memory 3 for $15 
960 S7441N BCD -to- Decoder 

1 

1 

1 

1 

Terms: add postage. Rated: net 30. cod's 25% 
Phone Orders: Wakefield, Mass. (617) 245.3829 
Retail: 211 Alpion, St., Wakefield, Mass. 

RIANT ' XMAS CATALOG ON: Parts, Rectifiers. 
J Transistors, SCRs, I.C.'s, Equipment. 1 00 

POLY PAKS 

Fairchild Bu. ea. I 900 Buffer 
914 Dual Two Input Gate 
923 JK Flip Flop 3 for $3 I 927 Quad Inverter 

1 

1 

1 
B\ 1st ER" $ 2 22 3 tot 

$6 
1 

Type Use 
702 D.C. Amplifier 
709 Operational Amp 
710 Differential Comparator 
711 Sense Amplifier MI -tom- tit - - P.O. BOX 942 W 

IYNNFIELD, MASS 
01940 Efti- -- 

LOWEST PRICES ON 
LINEAR AMPLIFIERS 
Guaranteed! With Spec. Sheets! 

1 

CIRCLE NO. 110 ON READER SERVICE CARD 

ABOUT YOUR SUBSCRIPTION 
YOUr subscription to ELECTRONICS WORLD 

is maintained on one of the world's most 
modern, efficient computer systems, and 
if you're like 99% of our subscribers, 
you'll never have any reason to complain 
about your subscription service. 

We have found that when complaints 
do arise, the majority of them occur be- 
cause people have written their names or 
addresses differently at different times. 
For example, if your subscription were 
listed under "William Jones, Cedar Lane, 
Middletown, Arizona," and you were to 
renew it as "Bill Jones, Cedar Lane, Mid- 
dletown, Arizona," our computer would 
think that two separate subscriptions 
were involved, and it would start sending 

you two copies of ELECTRONICS WORLD each 
month. Other examples of combinations 
of names that would confuse the compu- 
ter would include: John Henry Smith and 
Henry Smith; and Mrs. Joseph Jones and 
MaryJones. Minor differences in addresses 
can also lead to difficulties. For example, 
to the computer, 100 Second St. is not 
the same as 100 2nd St. 

So, please, when you write us about 
your subscription, be sure to enclose the 
mailing label from the cover of the mag- 
azine-or else copy your name and ad- 

dress exactly as they appear on the 
mailing label. This will greatly reduce any 
chance of error, and we will be able to 
service your request much more quickly. 
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HARD TO FIND THESE AT SURPLUS 
Boonton .25OA RX Meter: With Certificate 

Calibration from Bewleri -l'ar kart 
Hewl -Pack Digital Delay Generator . i1S:t It 

t211113 Double- l'ul..e l'lu.in, $:3251' talue 
Sanborn »6705 Optical X -Y nee or,ler. Write light beams, dev:l"1 : needed. A $265 

n Y.tel :Bill Vai I -0.. l't.'amps. .sillies 
Esterline -Angus AW 0.1 t a do Recorders 
Brush 100- Channel t vents Recorders w /pads 
Empire Devices NF -105 IttI Meter with 5 plugitt.s 

1.1 kllz to 10011 mhz; fresh calibration 5000.00 
Gen. Radio 716C51 tI nht ose) or 716C (1 sc) $875 value. either u elihr:tted 
Gen. Radio .1610A complete Capac i lY -nlea system, $200() Value. from u. exertion', 
LAN .4725 5 -dial ,II5% Wheatstone Bridge L &N .4735 Gutlyded 5.diu1 
L &N -4230 Anthony Pattern ,011 ESt .230 .01';s, (; liar,led " " 
E51 .800 Guarded Dl' (:etc. -Dot., $131,0 va I ue ... . .. 
Marconi TF -1245 1 khv. -:X00 nthz 0-Meter ,650.00 Freed .1030A 20 Ito to 1011 Ithz Q- Nteter Boonton 01905 11-Meter, ;11075 value 
L &N 112 l'olentiometer, V1110' t 

` 
e x c e l l e n t nd. L &N K3 " 

Rubicon -2781 Pot. lust like IAN K3 Honeywell 11-digit Universal Ratio Set. .Shunt Boxes, Volt Boxes, cal :O.: Ash for l.i,t Fluke .803R AI -,01' 1)1f1. VII. NHS- Calihra:ed Fluke .825AR li(' DDT. \'N1. NI3S- Calibratedd Fluke .801R 111' Ult. VII. NRS- (':0ibraletl DIGIT -DIAL DC VOLTS with phenomenal :: Kintel 30825: 1.112-3 t p to 250 li Kintel 50825: 1.02 -500 t up to 2- 
11 Fluke 301E: 1.1)2 -515 t up to 3001 

1 
Fluke 3010: 1.112 -11112 t up to 1110n Fluke 410BDA- 500 -án00 v tip to 10 n Fluke 410A: 10n(1- 10.010 

', 

v un to III m Select /z -w volt -divid re.Istors to set Volts Kintel .-50F100 1.02.500 v up to 1 AMP! 
5 -DIGIT DVM'S all ertd ititiS to specs, tV /hooks' 

.step- Switrlt: El _3500, also Ratiometer ..225.00 Reed-Relay) Cimron 47200/69O0A ......395.00 iSeed-Itela:: NLS -3324. also Rationlrtrr SnlhlState: El 61880. also R.atlotneter 
4 -Digit V to Freq. Converter, 11,1 -met :2'2210 
5 -Digit V to Freq. Converter Victor = 2:10.4 ..175.00 Thermal- Converter AC Calibrator: Engelhard .:í00R1 . 20 hz.511 ktrz .05', both 1: t I ..395,00 

PRICES: 
u 1 

950 00 
. -ith 

995.00 
with 

:3:0: 

..950.00 
165.00 

,.99.50 

kit 
..295.00 
surìng ..495.00 

195.00 
275.00 
450.00 
250.00 

.. 450.00 
.695.00 
X95.00 
275.00 
395.00 
350.00 

.795.00 . 1 

450.00 
325.00 

.250.00 
u 150,00 .200,00 
.350.00 
.495,00 
.195.00 
.495.00 

1 150.00 

.450.00 

.550.00 
125.00 

HIGH -POWER SIGNAL GENERATOR BARGAINS 
85 khz -40 mhz TS -606,U avourato ealilt, both freq. 

R "0 0.1 t v to 10 across 211 ohm load, 
(' \V ant ANC. Practically 7.ero lenit_t6e .125.00 

40 -400 mhz TS -608. to 1 .,n ohnl. 125.00 0.2 -2.5 ghz A.I.L. ..124. 21,_ -20 waits 
Into 50 ohms. CW or AM ..... ..395.00 

0.2 -2.5 ghz Maxson .1141A puts 10 to 40 watts into 511 ohms (AV or ANt ..950.00 0.96 -2.2 ghe FXR .L771Á. 10 to 10.0 n w out into .50 ohms (.7 -2.2 vl CW or I'M 1....125.00 
FAIRCHILD SOLIDSTATE SCOPES all w /dual -trace pluglns 25 & 50 m 

r 
tV /delayed time-ha.se plu5ins, 

v /books, v /rerrnt NBS- traeoahle llb. ea inn,.,, grad. Low as 825.00 
WE PROBABLY HAVE THE BEST INVENTORY OF GOOD LAB TEST EQUIPMENT IN THE COUNTRY. BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR SPECIFIC ITEMS OR KINDS OF ITEMS YOU NEED! 
WE ALSO BUY! WHAT DO YOU HAVE? 

Box 1220 -A, Beverly Hills, Calif. 90213 
Phones: Area 213- onice 272.5707, messages 275-5342 

LIBERTY PAYS MORE! - 
WILL BUY FOR CASH 

ALL TYPES: 

* ELECTRON TUBES 
* SEMICONDUCTORS 

* TEST EQUIPMENT 
* Military Electronic Equipment 

WIRE -WRITE -PHONE COLLECT! 
We pay freight on all purchases- 

LIBERTY OFFERS MORE! 
PRESTEL FIELD STRENGTH 
METER 
(Model 6T4G) 

Only 

$12000 
F.O.B. 

New York 

* Never Anything Like It! * 1 -Man Can Do A Better Job than 3 in the 
Same Time! * A Gold -Mine for Antenna Installers! 

Calibrated from 40 to 230, and 470 to 860 in 4 
Bands Megahertz, from 10 to 50,000 Microvolts, 
Nothing makes it easier to properly and speedily find 
the correct place to install TV, FM and Communica- 
tion Antennas. You can measure and hear the signals 
with this 41/2 volt battery economically powered unit. 

LIBERTY ELECTRONICS, Inc. 
548 Broadway, New York, New York 10012 

Phone (212) 925-6000 
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ADVERTISERS INDEX 

READER 

SERVICE NO. ADVERTISER PAGE NO. 
READER 

SERVICE NO. ADVERTISER PAGE NO. 

150 Alco Electronic Products 97 121 Mallory & Co., Inc., P.R. 2 

149 Allied Radio 73, 74 120 Methods Research 68 

148 Altec Lansing 88 119 Motorola Training Institute 81 

147 Arcturus Electronics 105 118 Multitore Sales Corporation 60 

146 B &K 91 
National Radio Institute 8, 9, 10, 11 

145 BSR (USA), Ltd. 81 
National Technical 

144 Bell P/A Products Corporation 6 
Schools 62, 63, 64, 65 

143 Burstein -Applebee Co. 88 
117 Olson Electronics, Inc, 60 

CREI, Home Study Division, McGraw - 
116 Park Electronic Products 106 

Hill Book Co. 18, 19, 20, 21 

115 Pioneer Electronics Co. 14 
142 Cleveland Institute of 

Electronics 82, 83, 84, 85 
110 Poly Paks 109 

141 Concord Electronics Corporation 12 
109 Quinn Electronics, Michael 106 

140 Cornell- Dubilier 1 
108 RCA Electronic Components & 

139 Crystek Y2 Devices 87 

138 Delta Products, Inc. 61 RCA Electronic Components & 

137 Edmund Scientific Co. 107 Devices SECOND COVER 

136 Electronic Detection Corp. 97 RCA Institutes, Inc. 52, 53, 54, 55 

135 Electro- Products Labs 68 RCA Sales Corp. 89 

114 Electro- Voice, Inc. FOURTH COVER 107 Radar Devices Mfg. Corp. 7 

134 Finney Company, The 98 106 SCA Services Company 70 

133 Foredom Electric Co. 91 105 Sams & Co., Inc., Howard W. 99 

132 GC Electronics 51 104 Sansui Electronic Co., Ltd. 75 

G & G Radio Supply Co. 105 103 Schober Organ Corporation 4 

131 General Sales Company 108 102 Scott Co., H.H. 24 

Goodheart Company, Inc., R.E. 110 101 Sencore, Inc. 23 

Grantham School of Electronics 5 100 Shure Brothers, Inc. 69 

130 Greenlee Tool Co. 97 99 Solid State Sales 107 

129 Gregory Electronics Corporation 108 98 Sonar Radio Corp. 78 

128 Heath Company 92, 93, 94, 95 90 Sonar Radio Corp. 78 

Hewlett- Packard THIRD COVER 97 Surplus Center 108 

127 ICS 72 96 Sylvania Electric 79 

126 Johnson Company, E.F. 57 95 Telex Communications Division 59 

125 Kenzac 72 94 Tescom Corporation 75 

124 Lafayette Radio Electronics 80 93 University Sound 67 

Lampkin Laboratories, Inc. 70 92 University Sound 101 

123 Liberty Electronics, Inc. 110 Valparaiso Technical Institute 80 

122 Magitran Co. 71 91 Xcelite, Inc. 58 

CLASSIFIED ADVERTISING 105, 106, 107, 108, 109 

Prttuctl t1t c.s.A. 
ELECTRONICS WORLD 
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The Electronic Piano 
(Continued from page 41) 

The popularity of such music labora- 
tories has increased rapidly as more and 
more adults take up the instrument they 
shunned as children. 

Other >V'iauu fact urcrs 

P.A. Starck's Pianotron uses piano 
strings struck by wool felt hammers but 
has no sounding board. It has a 74 -note 
keyboard and electronic amplification 
and can be used with earphones and a 

teaching programmer. 
Hohner's Clavinet also uses strings 

and electronic amplification. However. 
the firm's Pianet N uses reeds in a man- 
ner very similar to the Wurlitzer. 

Gnlbransen's electronic piano is said 
to have electronic tone generation in- 
stead of amplified reed or fork sources, 
and has variable attack and decay char- 
acteristics. 

Rocky Mount Instruments, Inc.'s 
Electra -Piano and Harpsichord uses no 
strings or bars but has 61 separate tone 
generators, one for each note on the 
61 -note keyboard. It has harpsichord 
and lute sounds in addition to piano 
sound. 

Baldwin is reported to be developing 
two models of Electropianos -64 note 
and 88 -note models -plus an Electro- 
piano instruction laboratory which will 
allow up to 24 units to be connected to 
a single teaching unit. 

At the 35th Convention of the Audio 
Engineering Society, N.V. Philips Co. 
engineers described a research model 
of an electronic piano they had devel- 
oped. This piano uses pulse generators. 
envelope filters, oscillators, frequency 
dividers, modulators, and amplitude - 
dependent filters in addition to the con - 
ventional amplifier and loudspeaker. 

A child can practice in privacy by us- 
ing headphones, leaving family in peace. 

November, 1969 

Need high temperatures in tiny places? 
The amazing Little Torch is so tiny 
it can throw a flame of 6300 °F. 
through the eye of a needle. It soli 
ders, brazes, welds and heats with 
exacting precision in the smallest 
places; uses oxygen and acetylene, 

hydrogen, propane, natural gas or 
Mapp. It's available with five tips 
ranging in size from one large 
enough to weld 16 ga. steel to one 
small enough to weld .002" copper 
wire. For free brochure write to: 

Dept. 1133 -9, 2633 S.E. 4th St., Minneapolis, Minnesota 
CIRCLE NO. 94 ON READER SERVICE CARD 

the new 

J L 555 
o.. 

Ceo" 

w 

55414 

The AU555 by Sansui is an outstanding, professional control ampli- 
fier. 60 watts (IHF) of music power, bandwidth from 20 to 30,000 Hz 

and a distortion factor of less than 0.5% assure you of clean sound 
reproduction. The Sansui AU555 offers almost unlimited versatility 
with its pre- and main amplifier sections designed for independent 
usage, 2- adjustable speaker damping factors, 4- position speaker 
selector switch, 4- outputs and 7- inputs, and much, much more . . . 

At your franchised Sansui dealer. $159.95. 

SUJls-1th 
SANSUI ELECTRONICS CORP. Woodside. New York. 11377 Los Angeles. California, 90007 

SANSUI Electric Co., Ud., Tokyo, Japan European Office Frankfurt a.M., West Germany 
CIRCLE NO. 104 ON READER SERVICE CARD 
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This is one of several scopes that the author owns with which 
the outboard sweep generator (shown below) has been employed. 

TRIGGERED SWEEP 
FOR ANY SCOPE 

By IMRE GORGENYI 

An add -on circuit that converts a low -cost 
general- purpose or service scope into an 
instrument with a triggered sweep circuit. 

UNTIL the last decade, oscilloscopes were luxury items. 
Today, there are thousands of scopes in use and on 
the market, but many still own low -cost scopes de- 

signed in the 194O's. The trouble is, of course, not that these 
older scopes were cheap, but that the newer "good" scopes 
are expensive. We are not referring to laboratory scopes 
costing thousands of dollars. But even the most modest 
"good" scopes have a price tag of $250 and many of these 
are in kit form. 

Our definition of a "good" scope is one with 5" CRT, d.c. 
coupling, triggered sweep, calibrated vertical input, and 
calibrated sweep. We could compromise on a 3 -in screen, 
a.c. coupling, and a modest frequency response but we 
should still have to have a calibrated vertical amplifier and 
a triggered sweep. The a.c.- coupled scope kits are plentiful 
and their modification to calibrated vertical input and trig- 
gered sweep is not really such a big job. However, if you 
take your only scope apart for modification, how can you 
check out your work? This is the reason why so many scope - 
modification articles have been written for a particular model 
and so few modifications have been made. 

The simple circuit presented here, thanks to IC's and 
transistors, represents the entire triggered sweep circuit. It 

Fig. 1. Block diagram of triggered -sweep circuits shown 
along with the modified input circuit of the oscilloscope. 
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can be built and checked out with a Heath 0 -10 or similar 
scope and, after a few connections, can be used, just by the 
flip of the switch, as a normal, or triggered sweep. The out- 
board circuit is connected to the scope and gives stable 
patterns in the triggered -sweep mode when the horizontal - 
deflection switch is in the "External" position. In other switch 
positions the scope works just as before. The circuit works 
with any scope, any size, any make or model; it has its own 
power supply, needs only 50 -mV peak -to -peak signal to 
trigger it, and works up to i MHz. Price of the components 
is around $40.00. A kit containing all semiconductors and a 
glass -epoxy printed- circuit board with holes drilled is avail- 
able. With this, the assembly time is cut a third. If you know 
what a triggered -sweep scope vill do, you know that the 
investment is well worth it. 

Circuit Operation 
Basically, the outboard circuit provides a saw -tooth for 

the horizontal- deflection amplifier of the scope (Fig. 1). The 
start of the sweep, the saw- tooth. is initiated by the trigger 
amplifier. If the amplified input signal reaches a preset level, 
the Schmitt trigger changes the state of the sweep multi - 
vibrator, which in turn opens a gate, and starts to charge the 
timing capacitor. The capacitor charges linearly to a preset 
voltage, producing a saw- tooth. On reaching this point, the 
capacitor voltage triggers the flip -flop (the sweep multi - 
vibrator), which goes back to its previous state, closing the 
gate and discharging the timing capacitor. To provide a 
linear sweep, the saw -tooth has to be linear, therefore, we 
charge the capacitor \with constant current. 

We need a large negative -going pulse for the blanking. 
For the trigger level control, a d.c.- coupled amplifier is used. 
The power supply has to be stable in order to get unifonn 
signal outputs. As can be seen, we need lots of circuitry if 
we want reasonable performance. With transistors and an 
integrated circuit it is easy, but it would be a complicated 
task with tubes. 

Now let's go through the schematic shown in Fig. 2. The 
power supply is straightforward. The output voltages are 
nominal, depending on the zener diodes. They are not crit- 
ical and could be +20, -10% as long as they are stable and 
the a.c. ripple does not exceed 15 mV (p -p). For Q13 any 
n -p -n transistor can be used. provided it has a minimum 
beta of 50 and can stand the voltage and power (300 mW). 
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Don't forget the heatsink. The MDA -920 -1 bridge rectifier 
can be replaced too; four separate silicon rectifiers will do 
the job. 

The input, coming from the scope's vertical cathode fol- 
lower, is fed to the base of Q1. This connection will be ex- 
plained later. The emitter- follower has two functions; it 

feeds the differential amplifier (Q2 -Q3, gain about 20) 
through a d.p.d.t. switch (S2 Slope) and serves as limiter 
if the input signal exceeds 10 volts. The amplified signal 
triggers the Schmitt trigger, composed of two gates in the 
integrated circuit MC724P. 

The positive -going output (pin 5) is differentiated and fed 
to pin 13 of the next gate pair which form a flip -flop. This 
pulse makes the multivibrator change its state; pin 3 goes 
positive, carrying the base of Q9 with it. Q9 goes into satu- 
ration, cutting off Q8. With Q8 cut off, the timing capacitor 
which is parallel with it can begin to charge from the con- 
stant- current source made up of Q6 and Q7. The timing 
capacitor starts to go negative, taking the base and the emit- 
ter of Q10 (emitter -follower) with it. From the emitter we 
take the saw -tooth signal and feed it to the scope's horizon- 
tal amplifier. 

The same point is connected through a 4.7k -ohm resistor 
to a Schmitt trigger (Q11 -Q12) which, referenced on D6, 
triggers the IC multivibrator, resetting it to its original state. 
Now, the multivibrator is ready for the next trigger pulse, 
which would start the next sweep. 

The trigger pulse starts the sweep, the duration of which 
is determined solely by the timing capacitor. As the sweep 
ends, it automatically resets and is ready to go again. Only 
after reset can the next trigger pulse flip the sweep multi- 

vibrator. So it is assured that the sweep starts with the 
trigger pulse. With the slope control we can determine on 
which slope of a waveform the sweep starts. 

There are only four timing capacitors provided, because 
the 2500 -ohm variable control has a fairly wide range, about 
1 to 10. The lowest sweep rate with the arrangement shown 
is about 10 Hz, the highest around 100 kHz. This means you 
can lock in one cycle of these frequencies on the scope's 
screen while the variable frequency control pot is in the 
minimum -resistance position. Turning the pot up, more and 
more cycles will appear on the screen. This simple arrange- 
ment is, of course, somewhat frequency -limited. However, 
the horizontal amplifiers in the scopes we have modified are 
in the 200 -kHz range and our sweep generator will work up 
to about 1 MHz. 

Q4 and Q5 form a d.c.- coupled amplifier, producing a 
negative -going blanking pulse. When the sweep multivibra- 
tor is waiting for a trigger pulse, the output of Q5 is -30 V, 
cutting off the CRT. During this time the beam is blanked 
out and does not appear on the scope. This is a peculiar prop- 
erty of the trigger -sweep scope; no input, no beam. 

Simplified Version 

If you are not using the printed- circuit board, we would 
recommend a small -hole Vector board, with pins. The layout 
is not critical, but have the leads short. If you want economy 
there are a couple of parts you can omit and still get satis- 
factory performance. You can omit Q2 -Q3 and associated 
parts if you don't need the trigger level and slope controls. 
In this case, connect point A directly to point B. 

If the retrace is not blanked, you will still have a pretty 

Fig. 2. Complete schematic diagram of the outboard sweep generator. Semiconductors used are shown in the parts list. 
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These semiconductor components can be ordered 
as a kit from PrinTrac, P.O. Box 3306, Scotts- 
dale, Arizona 85257 for $35.00. The PC board 
alone is $5.00. 
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ANOTHER SONAR FIRST. 

CRYSTAL CONTROLLED BASE OR MOBILE 

24 CHANNELS 
FM MONITOR RECEIVERS 

designed for POLICE, FIRE, MUNICIPAL DEPTS. 
Commercial, Industrial i Other Unlimited Uses 
NEW -SONAR EXCLUSIVE! 24 channel 
professional receivers, engineered to sat 
rsfy the most exacting requirements for the 
professional user. Features unique turret 
switching design Exceptional sensitivity 
and selectivity Crisp audio sound Nar- 
row band operation Noise free squelch 
Solid state for reliable operation at high 
temperatures Operates from 117VAC and 
12VDC Heavy gauge construction Fits 
into smallest vehicle. 
FR -2512 / FR -2513 
(25.50MHz) (150.175MHz) 

Comes with AC and DC power cables. 
mounting bracket, less crystals. 
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SONAR 
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County, State 8 Federal Agencies, Commercial 
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A highly dependable performer with supe 
rior professional features. AUTO-SCAN 
searches and locks automatically on any 
of 8 preprogrammed channels. Priority 
Channel locks to the exclusion of other 
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cause of carrier delay Designed for 
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ground Noise free squelch 8 crystals 
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less crystals. Crystals $5.00 ea 
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clean picture, so you can omit the blank- 
ing amplifier consisting of Q4 and Q5. 
By so doing you not only save two tran- 
sistors. the zener diode. and five resis- 
tors, but also the power -supply parts 
(diode. zener, resistor. and capacitor) 
for generating the -30 volts. Further- 
more. the extra winding on the power 
transformer is not needed either. You 
can also substitute the dashed resistors 
for the constant- current source (Q6. Q7). 

We found, however, that it is worth 
building the entire circuit so we incorpo- 
rated everything on the printed -circuit 
board for the kit. 

Circuit Check -Out 
After the board is wired and the pow- 

er- supply outputs have been checked, 
connect the board to the power. Check 
the voltages again. The plus and minus 
10 -volt lines should be between 10 -12 
volts under load. The 3.6 volts for the 
IC must not exceed 4.0 V. After apply- 
ing a 1 -volt signal (say 1 kHz) to the 
input, take your scope probe and verify 
the operation of the different stages. 
Keep in mind that you get an output 
( saw- tooth ) with an input signal only 
with the trigger level control in the cor- 
rect position. Put your probe at the 1800- 
ohm resistor in the Q3 collector circuit 
und turn the level pot. There will be 
about 4-V peak -to -peak signal if the pot 
is the middle of its range. On pin 5 of 
the \IC 7 2-IP you will see a square wave, 
and on pin 3 the same. 

After the circuit is vorking properly, 
connect the output to the scope's hori- 
zontal input (marked "Ext "), place the 
Horizontal switch in External position, 
the blanking pulse to the Z -axis ter- 
minal (on the rear of sonie scopes ), and 
the input to the first vertical cathode 
follower, or the top of the vertical gain 
control. 

Here we recommend a modification, 
the only one on the inside of the scope 
that has nothing to do with the sweep, 
namely. the addition of a vertical cali- 
brator switch. The advantages of the 
calibrated vertical input are obvious; 
peak or peak -to -peak voltages of any sig- 
nal may be read directly from the 
oscilloscope. 

The amplitude calibrator is a 5 -posi- 
tion switch. replacing the "Vertical Am- 
plitude" or "Vertical Gain" potentiom- 

on the front of the scope. Refer 
hack to Fig. 1 for the modification cir- 
cuit. Now the signal needed for the 
sweep trigger is taken directly from the 
1000 -ohm resistor on this switch. We 
are using five horizontal lines about 1- 
cm apart as a graticole on the center of 
a 5" CRT. The amplitude calibration is 
easily accomplished with the aid of an 
audio generator and a.c. voltmeter. 

The horizontal sweep can be cali- 
brated too. it requires good stable capac- 
Hors in the tinting circuit and some sort 
of frequency -calibrated generator. A 

NEED SOUND ADVICE? 

Consult the all -new 
1970 STEREO HI Fl DIRECTORY 

It's the most complete, most reli- 
able guide to virtually every new 
component on the market...ampli- 
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turntables.home TV -tape re- 
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to listen for, how to buy, what to 
pay -- before you set foot in the 
store. 

Your copy of the 1970 Stereo HiFi 
Directory is available now at your 
local newstand. It's only $1.35. Or, 
if you prefer, send $1.35 (plus 25c 
for shipping and handling) to Ziff - 
Davis Service Division, Dept. SD, 
595 Broadway, New York, N.Y. 
10012. We'll mail it to you prompt- 
ly. 
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Our hot ones are the last to go. 
The last thing you need is to be 

called back a day or two after you've 
replaced the sweep or high voltage 
tubes in somebody's color TV. 

But, they're usually the first to go. 
Because they get so hot. 
So we figured out how to cool them. 
Now, they last a lot longer. 
Take our 6JE6C /6LQ6, for ex- 

ample. It's the horizontal deflection 
tube that takes such a beating when 
the set gets hot. 

Well, we've given it special patent- 
ed radiator fins that first absorb the 
heat and then radiate it out of the 
tube. 

Now it runs cooler and lasts longer. 
Same for our 6JS6C. 

A Or take our 6BK4C/6EL4A. 
That's the shunt regulator that elim- 
inates runaway high voltage. We gave 
this one a whole new anode and 
shield design to improve heat transfer 
and stability. 
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Now it also runs cooler and lasts 
longer. 

Or take our 3A3B high voltage 
rectifier. This one's got leaded glass 
for added protection. And it lasts 
longer too. 

So next time you have to replace 
any of the hot ones, just cool it. 
You'll both last longer. 
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rN;T0 ELECTRONICS 
V.T.I. training leads to success 
as technicians, field engineers, 
specialists in communications, 
guided missiles. computers, ra- 
dar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sep- 
tember. February. Dorms, cam- 
pus. High school graduate or 
equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 46383 

so 

EW Lab Tested 
(Continued from page 17) 

would not be suitable for this type of 
service. 

This measurement was made with the 
tweeter level control at maximum, which 
also gave the best results in listening 
tests. The low- frequency response fell 
off sharply below 90 Hz. Harmonic dis- 
tortion was very low, only about 1% 
down to 80 Hz, and rising to 4% at 50 
Hz. Below that frequency, the output 
fell off so rapidly that we could not mea- 
sure the distortion. 

Tone-burst response was generally ex- 
cellent-in fact, it could be termed su- 
perior except for a single anomaly at 
3 kHz, where there was a sustained ring- 
ing. Although the specifications do not 
list the crossover frequency, it may well 
be at or around 3 kHz. 

The most important consideration is. 
of course, how the speaker sounds. We 
can best describe it as extremely easy, 
smooth, and pleasant. Harman -Kardon 
describes it as "neither brilliant nor 

deep -throated," and we agree with this 
appraisal. Its sound is well- balanced and 
one is not normally aware of any lack of 
extreme highs or lows. Tone controls 
with the correct characteristics can be 
used with great effect to modify the 
speaker's basic sound. It simply would 
not "spit," "screech," or "boom," no 
matter how much boost we applied. 

Like any good omnidirectional speak- 
er system, the HK50 is difficult to local- 
ize by ear. Usually, one simply cannot 
tell where the sound is coming from. If 
conventional speakers are also visible in 
the same area, almost everyone assumes 
that they are producing the sound. 

Beyond these comments, we would 
not attempt to further describe or define 
the sound of the HK50 speakers. They 
must be heard (this applies to any speak- 
er, of course) to be evaluated. We con- 
sider them to be a very successful omni- 
directional design, esthetically as well as 
sonically, at a moderate price. Inciden- 
tally, Harman -Kardon supplies a pair of 
HK50's as part of its top -of- the -line 
compact music system. 

The HK50 sells for $99.95. A 

Dual 1212 Automatic Turntable 
For a copy of manufacturcr.s brochure, circle _No. 35 on Reader Service Card. 

r OR many audio fans, spending up- 
ward of $100 on a record player is 

out of the question. A budget music 
system, like any other, should empha- 
size the loudspeakers and while there 
are excellent low- priced speakers, there 
is a lower limit below which quality 
suffers noticeably. Caught in this price 
squeeze, many people have chosen to 
sacrifice quality in the record player, 
putting up with wow, rumble, and the 
indignities that low- priced changers 
sometimes impose on records and lis- 
teners. 

When we heard of a Dual changer 
selling for less than $75, yet embodying 
most of the features of the more expen- 
sive models, we were both curious and 
skeptical. What had been sacrificed in 
the price -cutting process? Having now 
tested and used the new Dual 1212, we 
can affirm that little, if anything, has 
been done that could affect the user's 
enjoyment of his records, and the end 
result is an unqualified success. 

The Dual 1212 is a three -speed 
changer, with interchangeable automat- 
ic and manual -play spindles. Up to six 
records can be stacked for automatic 
play. Like the other Dual players, the 
1212 has a cueing lever with silicone 
damping for a gentle lowering of the 
cartridge to the record. The balanced 
arm has a direct -reading stylus -force ad- 
justment that proved to be accurate 
within 0.15 grana at all settings. The 
arm is a very light aluminum beam with 
a "T" cross -section for rigidity. 

The 1212 has a vernier speed adjust- 
ment of nominally -3 percent about the 

selected speed. Its high -torque motor 
does not change speed significantly over 
a wide range of line voltages. A unique 
feature of the changer is the automatic 
linking of the anti -skating force adjust- 
ment with the tracking -force adjust- 
ment. It really works, as we verified 
by observing that the cartridge output 
waveform on high -velocity records was 
clipped symmetrically on both channels. 
The arm friction is low enough to allow 
operation at a 1 -gram tracking force. 
which is as low as we would recommend 
operating any cartridge we have used. 

The changer has a 3 i-pound lami- 
nated platter. The finish is relatively 
spartan, basically flat black with silver 
accents. Light metal stampings are used 
for trim and covers, but the basic struc- 
ture is solid and rigid. 

The plug -in cartridge holder is re- 
leased by simply pushing back the finger 
lift. Slots in the holder enable the car- 
tridge to be positioned for optimum 
overhang and minimum tracking error, 
with the aid of a plastic jig supplied 
with the changer. A wedge may be in- 
stalled under the cartridge to set it at a 
15- degree vertical tracking angle when 
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playing single records, if this is to be the 
usual mode of operation. 

Obviously, practically all the ad- 
vanced features of the manufacturer's 
1009 and 1010 have been incorporated 
in the 1212. What about its perfor- 
mance? We measured the rumble as 
-39 dB in the lateral plane and -35 
dB including vertical components. These 
are well below rumble figures we have 
obtained on other comparably priced 
record changers. Flutter was 0.025 per- 
cent and wow was 0.07 percent (0.09 
percent at 78 r /min). The arm tracking 
error was less than 0.67 degree per inch 
of radius. These figures show the Dual 
1212 to be compatible with the finest 
amplifiers and speakers, as well as the 
most compliant cartridges available to- 
day (some of which cost as much as the 
entire 1212, incidentally). 

The Dual 1212 was easy -to -use, free 
from idiosyncrasies, smooth in its record 
handling, and very quiet, both acousti- 
cally and in its rumble output. The auto- 
matic turntable, priced at $74.50 (base 
and cartridge extra) , is a truly fine value 
and should bring the best in record - 
playing capability to modest -priced 
home music systems. 

NEA TRAINING PROGRAM 
THE NEA (National Electronic Asso- 

ciations) Apprenticeship & Training 
Program has had a twofold purpose - 
upgrading existing tecl ' .ion, and de- 
veloping new ones. This program has had 
moderate success to date. The CET (Cer- 
tified Electronics Technician) examina- 
tion has been given to 3000 men, with 
about 1250 of these successfully acquir- 
ing the status of CET's. What has been 
learned front those who have failed the 
test is that there are four basic educa- 
tional programs needed: TV alignment; 
the logical order of troubleshooting; 
solid -state circuits and systems; and the 
use of test equipment. 

In order to enhance the existing pro- 
gram of upgrading technicians, NEA is 
now encouraging all their local organi- 
zations to work more closely with the 
vocational and technical schools in their 
area. It is their hope that they will de- 
velop a better understanding on the part 
of instructors of the industry needs for 
qualified radio -TV technicians. 

Three facilities are neetled to have 
a successful technician development pro - 
grani-a teaching site, a training site, 
and an indenture agency. The teaching 
site could by any local vocational/techni- 
cal school in a given area. The training 
site could be any local electronics service 
shop. The indenturing agency (the local 
bureau of apprenticeship and tr, g) 
is a branch of the U.S. Department of 
Labor that is located within each com- 
munity. 

For further information about the 
NEA program, or help along these lines, 
contact Charles Cave, CET, NEA Director 
of Apprenticeship & Training, 7902 
Bardstown Rd., Louisville, Ky. 40291 
(phone: 502/239- 3718). 
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MILLIONS ARE 

SPENT TO FIX 

2 -WAY RADIOS. 

WHAT'S YOUR 

CUT? 

If you'd like to get into a 
top -paying job, maybe FM 
2 -way radio is for you. 
Each year, more and more 
businesses are buying 
2 -way. That means serv- 

ice. And service means 
money. We can train you 

to get in on the action. 
Our special home study 
course is the place to start. 
We teach you FM 2 -way 

radio servicin ,and prepare 
you for an FCC license. 

Send me FREE Evaluation 
Examination 

Send details on Home Study 
Course on FM 2 -way radio 
servicing. 

Send details on how you can 
prepare me for an FCC license. 

Name 

Add.e:+ 

onY 

Occupation 

Zp 

MOTOROLA 
TRAINING INSTITUTE 

1301 Algonquin Road, Schaumburg, Ill. 60172 

CIRCLE NO. 119 ON READER SERVICE CARD 

The brand for all reasons 
BSR McDONALD 600 

Every BSR McDonald automatic turntable is 
precision made in Great Britain to the 
most exacting specifications. Upon their 
arrival in the U.S., every model is unpacked 
and re- tested under actual playing 
conditions. That's why BSR service calls are 
the lowest in the industry -and perhaps 
that also explains why BSR sells more 
turntables than anyone else in the world. 

E 

BSR (USA) LTD. 
BLAUVELT, N.Y. 10913 

Please send FREE detailed literature 
on all BSR McDonald automatic turntables. 

McDONALD 

Name I 

Address I 
I 

City ' 
State 
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A Government FCC License can 
help you bring home up to 
$10,000, $12,000, and more a year. 
Read how you can prepare for 
the license exam at home in your 
spare time -with a passing grade 
assured or your money back. 

IF YOU'RE OUT TO BAG A BETTER JOB in Electronics, 
you'd better have a Government FCC License. 

For you'll need it to track down the choicest, best - 
paying jobs that this booming field has to offer. 

Right now there are 80,000 new openings every 
year for electronics specialists -jobs paying up to $5, 

4 $6, even $7 an hour... $200, $225, $250, a week ... 
$10,000, $12,000, and up a year! You don't need a 

college education to make this kind of money in 
Electronics, or even a high school diploma. 

But you do need knowledge, knowledge of elec- 
tronics fundamentals. And there is only one na- 
tionally accepted method of measuring this knowl- 
edge ... the licensing program of the FCC (Federal 
Communications Commission). 

Why a license is important 

An FCC License is a legal requirement if you want 
to become a Broadcast Engineer, or get into serv- 
icing any other kind of transmitting equipment - 
two -way mobile radios, microwave relay links, radar, 
etc. And even when it's not legally required, a li- 

cense proves to the world that you understand the 
principles involved in any electronic device. Thus, 
an FCC "ticket" can open the doors to thousands of 
exciting, high -paying jobs in communications, radio 
and broadcasting, the aerospace program, industrial 
automation, and many other areas. 

So why doesn't everyone who wants a good job in 
Electronics get an FCC License and start cleaning up? 

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

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

CIE courses are so effective that better than 9 

out of 10 CIE graduates who take the exam pass it. 
That's why we can back our courses with this iron- 
clad Warranty: Upon completing one of our FCC 
courses, you must be able to pass the FCC exam and 
get your license -or you'll get your money back! 

They got their licenses and went on to better jobs 

The value of CIE training has been demonstrated 
time and again by the achievements of our thous- 
ands of successful students and graduates. 

2 NEW CIPE CAREER COURSES 
1. BROADCAST (Radio and TV) ENGINEERING... 
now includes Video Systems, Monitors, FM Stereo 
Multiplex, Color Transmitter Operation and CATV. 
2. ELECTRONICS ENGINEERING ... covers steady - 
state and transient network theory, solid state physics State Zip 
and circuitry, pulse techniques, computer logic and 
mathematics through calculus. A college -level course Check here for G.I. Bill information 
for men already working in Electronics. L - - - - 

CIRCLE NO. 142 ON READER SERVICE CARD 

Ed Dulaney, Scottsbluff, Nebraska, for example, 
passed his 1st Class FCC License exam soon after 
completing his CIE training ... and today is the 
proud owner of his own mobile radio sales and serv- 
ice business. "Now I manufacture my own two -way 
equipment," he writes, "with dealers who sell it in 
seven different states, and have seven full -time em- 
ployees on my payroll." 

Daniel J. Smithwick started his CIE training while 
in the service, and passed his 2nd Class exam soon 
after his discharge. Four months later, he reports, 
"1 was promoted to manager of Bell Telephone at 
La Moure, N.D. This was a very fast promotion and 
a great deal of the credit goes to CIE." 

Eugene Frost, Columbus, Ohio, was stuck in low - 
paying TV repair work before enrolling with CIE 
and earning his FCC License. Today, he's an inspec- 
tor of major electronics systems for North American 
Aviation. "I'm working 8 hours a week less," says 
Mr. Frost, "and earning $228 a month more." 

Send for FREE book 

If you'd like to succeed like these men, send for 
our FREE 24 -page book "How To Get A Commercial 
FCC License." It tells you all about the FCC License 
... requirements for getting one ... types of licenses 
available ... how the exams are organized and what 
kinds of questions are asked ...where and when the 
exams are held, and more. 

With it you will also receive a second FREE book, 
"How To Succeed In Electronics," To get both books 
without cost or obligation, just mail the attached 
postpaid card. Or, if the card is missing, just mail the 
coupon below. 

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

Cleveland Institute C I of Electronics 
1776 E.17th St., Cleveland, Ohio 44114 
Accredited Member National Home Study Council ,.' 

A Leader in Electronics Training ...Since 1934 

r- 

Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without cost or obligation: 

Your 44 -page book "How to Succeed In Elec- 
tronics" describing job opportunities in Electronics 
today, and how your courses can prepare me for 
them. 

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

Electronics Technology Electronic Communications 

Broadcast Engineering Industrial Electronics 

First Class FCC License Electronics Engineering 

Name 
'PLEASE PRINTI 

Address 

City 
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EW-67 
J 
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Resistivity: Some Definitions 
By JOSEPH TUSINSKI /Chief Technical Instructor, Old Dominion College 

Often when defining technical terms or using them in an equation, many 
technical men confuse them and unknowingly employ wrong expression. 

FNGINEERS as well as technicians some time have dif- 
ficulty defining resistivity. Resistivity and resistance 
are both related to the ability of a substance to im- 

pede the drift of electronic charges. However, in specifically 
defining one or the other, dimensions used in formulating 
each term are either disregarded or not even considered. 

Resistance has dimensions of mass, length, time, and 
charge. Hence it is defined in terms of volts per ampere. 
The unit of resistance is the ohm and its symbol is capital 
omega (Q). For example, when 10052 is expressed, what is 
implied is 100 volts per ampere. Resistivity, on the other 
hand, is given in terms of resistance per volume and its 
symbol is rho (p) . Thus a problem normally involves re- 
sistivity when it appears in a formula and the wrong dimen- 
sions are used, or it would be more appropriate to say not 
used. Care should be exercised in using tables of resistivities 
because, in many cases, identical substances may have dif- 
ferent numerical values of resistivity. 

Resistivity appears subscripted in a number of ways. 
Some are: 

p specific , P volume , P relative a P surface , P square , p bulk e 

P sheet , p la ttiee , and p imperfection 
Lattice and imperfection resistivity deal with lattice vi- 

brations and imperfections of a crystallographic structure. 
Hence technicians familiar with how semiconductors and 
thin -films are made will encounter these terms as well as 
sheet resistivity. Sheet resistivity may be encountered in a 
number of fields such as thin -film technology or microwaves. 

It should be mentioned here that all discussion about re- 
sistivity in this article refers to a homogeneous material. A 
heterogeneous material may be physically attainable or it 
may be obtained by virtue of frequency effects, such as skin - 
effect (see the author's article "\Vhat is Skin Effect ? ", June 
1963 issue of this magazine). 

Fig. lA shows that for very thin films, resistivity varies 
logarithmically and that for thicker materials, the resistivity 
curve flattens out. 

A four -point probe method (Fig. 113) is used to measure 
sheet resistivity of semiconductor crystals. If the thickness 
of the crystal is more than twice the probe spacing, the re- 
sistivity of the material can be expressed by the equation: 
p s = (2T Vs) /1 where s = probe spacing, V = voltage 

Fig. 1. IA) In thin films, resistivity varies logarithmically. 
Four -point probe IB) is used to measure crystal resistivity. 

THICKNESS - 
(A) 
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(SEMICONDUCTOR) 

'e) 

T >25 

measured with a zero-current voltmeter, I = constant cur- 
rent source, and 2ir = 6.2832. 

Bulk resistivity, p o, is another term used to describe the 
resistivity or the impurity concentration of a semiconductor. 
Ordinarily, when the resistivity of a material is measured, 
a known current is forced through the material and the re- 
sulting voltage drop is measured. Thus by Ohm's Law (R = 
E /I) the resistance is determined and related to resistivity 
in ohms /cma. Very often the temi is shortened to ohm -cm, 
the cube being implied. However, in bulk resistivity mea- 
surements, the resistance of the ohmic contacts must not be 
included in calculations. Thus a method somewhat similar 
to the four -point probe method is used ( Fig. 2) . 

Square resistivity is perhaps the most misunderstood of 
all. Technicians usually ask, "Square what ?" or they as- 
sume that a square centimeter is implied. The implication 
of square resistivity is that the length of the sample is equal 
to the width, i.e., is square. Resistivities are given in ohms/ 
square. For example, assume a sample of material having a 
resistivity of R ohms /square. Thus if four of the basic units 
are combined, the length doubles, hence the resistance dou- 
bles (2R); however, the width also doubles, which is the same 
as paralleling two resistors having values of 2R each. The 
total resistance of the combination is: (2R) X (2R) /(2R + 
2R) = R. 

A simile can be derived by increasing the length three 
times and the width three times, i.e., square. The total 
resistance is: 1/ (1 /3R + 1/3R + 1 /3R) = R. 

For example, suppose it is desired to achieve a resis- 
tance of 15 kit with a material having a resistivity of 30052/ 
square. Let us assume that the resistor must have a mini- 
mum width of 20 mils: determine the length of the resis- 
tor. From R = p (L /W) L = WR/ p square then L = 
(0.02 X 15,000)/300, or 1 inch. This equation states that 
to determine the resistance of a specimen, the square re- 

Fig. 2. To measure bulk resistivity, current must be forced 
through the material and the resulting voltage drop measured. 

ZERO CURRENT 
VOLTMETER 

OHMIC 
CONTACT 

OHMIC 
CONTACT 

L 

L Vs 
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y = CONDUCTIVITY mhos -cm 
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LATEST BEST SELLER 
(for you) 

SK Series I 
Top of the Line I Replacement Guide 

ncn 

Here it is, strictly non -fiction -in fact, all fact -the 
indispensable RCA solid -state replacement guide. 

It works for you by charting the replacements of some 

12,200 semiconductors - domestic and foreign. 

The 39 SK "Top -of -the Line" transistors, integrated 

circuits, and rectifiers are designed and manufac- 

tured specifically for your kind of servicing problems. 

All top quality, too -no cast -offs, no factory seconds, 

no unbranded culls. All with electrical characteris- 

tics comparable or superior to originally designed -in 

devices. 
As for range -from small -signal operations to the 

newest 100 -watt audio outputs! 
The comprehensive RCA SK Series -and the thou- 
sands of types they can replace -are clearly cross - 

referenced in the RCA SK Series Top -of- the -Line 

Replacement Guide. 
Pick up your copy from your local RCA Distributor 
today. 
RCA /Electronic Components /Harrison, N. J. 07029. 
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The new Bolero's beauty is far more than skin deep. Behind its distinctive fretwork grille is a 10" woofer with 
a 10 -lb. magnet structure acoustically coupled to a 10" phase inverter. That combination means taut, true, unmuddied bass response down to 40 Hz. Above 2000 Hz, 
a newly developed tweeter takes over. It's a compression - driven type, feeding through a rigid cast aluminum horn. The tweeter delivers smooth high frequencies clear in to the 20,000 Hz region, with excellent dispersion. Hear the biggest news -and the biggest sound -in bookshelf speak- ers today. It's the Bolero. At your Altec dealers. For a catalog describing all our speaker systems, write Altec 
We wouldn't put on Lansing, 1515 So. 

Manchester Ave - 
such a beautiful front nu Calif. 92803. 

if we didn't have the speakers 
to back it up. 

CIRCLENO. 148 ON READER SERVICE CARD 

It's yours free 
for the 1Y i 
asking! 

GIANT 274 PAGE 
1970 

RADIO-TV 
ELECTRONICS 

CATALOG YOUR BUYING GUIDE FOR . . . 

TV's, Radios, Recorders, Phonos, Amateur and CB equipment, 
electronic parts, tubes and test equipment ... featuring B -A's 
famous big bargain packed section! r Write to: 

BURSTEIN -APPLEBEE CO., 
DEPT. EW -K 3199 MERCIER ST., 

KANSAS CITY, MO. 64111 
Name 

Address 

City 

State 
L 

Zip Code 

7 

J 

sistivity is multiplied by the ratio of the length to the width. 
The use of specific, volume, and relative resistivities is 

normally relegated to metals. These are perhaps the most 
popular tables of resistivity available, and yet erroneous 
conclusions arise from their use. 

In electronics, copper wire has been the most popular 
material used to interconnect components. For this reason, 
many tables list the various characteristics of copper. How- 
ever, the characteristics of copper may be altered by various 
means (alloying or annealing). Therefore a certain type 
of copper is used as a standard in evaluating the conduc- 
tivities of materials (y = 1 /p). 

The standard, which represents 100 percent conductance, 
is annealed copper at a temperature of 20° C. The resistance 
of a one -meter -long section having a uniform cross -section 
of 1 mm- is equal to 0.01724 ohm. Other methods were 
tried dealing with the weight of copper; however these were 
not too fruitful, and the measurement of length and area 
became the popular way to standardize. 

The conductivity of aluminum may vary by as much as 
35 percent depending upon its composition. Pure aluminum 
(99.97 percent) has a conductivity of 64.6 percent of stan- 
dard copper. Thus if standard copper is considered to be 
unity, aluminum has a relative resistivity of 1/0.646 = 1.54 
or a specific resistance 1.54 times that of standard copper. 
Thus values derived from a table consisting of relative re- 
sistivities must be multiplied by the resistivity of copper 
to determine their actual or specific resistance. 

Tables relating the resistivity of a round copper wire 
were quickly formulated so that most of the arithmetic 
could be simplified. From these, a table of specific resis- 
tivities evolved. The popular dimensions chosen were the 
one -nail diameter and one -foot length. (The mil -inch was 
adopted in England.) Thus they yield the specific resistance 
of a material one -mil by one -foot, normally classified as 
S2 /mil -foot. For example, annealed copper would have a 
specific resistivity of 10.3652 /mil -foot. 

Volume resistivities relate the resistance of a cubic struc- 
ture. They are specified as follows: 1. 4 /cm -cube (pre- 
ferred), 2. 52 -cm, and 3. microhm -centimeters. 

All three designations refer to a cubic specimen having 
square faces of one centimeter. The resistance is to be 
measured between flat plates making contact with opposing 
faces. Standard copper has a volume resistivity of 1.7241 X 
10- 60/cm -cube or 1.7241 microhm -cm. When psi, and po 
of copper are compared (1.7241 microhm-cm compared to 
10.3651 /mil -foot) and dimensions disregarded, serious math- 
ematical errors result. A simple example will help to 
illustrate this point. The resistance of any uniform homo- 
geneous material is given as R = p L/A (ohms) . It is ob- 
vious that if p = 1.64, orp =2.83 X 10 -6, or p= 16.9 is 
used in the equation, different results would be obtained. 
However, all of these resistivities (relative, volume, and 
specific) are given for the same material. Thus in order 
for the calculated resistance to be meaningful, the units 
of L and A must be converted to correspond to the method 
used in determining the resistivity of the material. 

Another factor should be mentioned about determining 
resistivities of insulators. For example, the surface resis- 
tivity of an insulator is measured from the opposite edges 
of a square specimen. The bulk resistance of the body, 
which is parallel to the surface, must be many times greater 
than the surface resistance. The volume resistivity of an 
insulator must be determined using sophisticated guarding 
procedures, so that surface charges will not mask uniform 
conduction through the sample. 

All of the resistivities discussed are by no means all 
of the various forms of resistivity that the technician or 
engineer will encounter. The intent is to bring about a re- 
spect for a numerical value of resistivity and to be concise 
in specifying the dimensions, method used, or theory in- 
volved in determining a value of rho. 
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There's more here 
What you are looking +Jan meets diagrams. pictures, and 

at is RCA's solid -state - everything there is to know 
color chassis -the CTC -40. about our CTC -40. 
A whole lot went into that the eye. You can buy it from your 
chassis. Like fifteen years of tech - RCA Consumer Electronics Dis- 
nical research. Pioneering in the development 
of Solid State. And the backing of a national 
workshop program like nobody else's. 

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

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

November, 1969 

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

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

u 

o. 
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BOOK 
REVIEWS 

"HOW TO USE GRID -DIP OSCILLATORS" by Rufus P. Turner. 
Published by Hayden Book Company, Inc., 116 W. 14th 
St., New York 10011. 108 pages. Price $2.95 soft cover. 

This is a revised and updated version of the author's 1960 
text and places heavy emphasis on the practical applications 
of the grid -dip oscillator in radio, television, and electronic 
work. 

Lavishly illustrated, this book can be used as a study text 
or as a practical "how -to" handbook for the technician, engi- 
neer, or hobbyist. The author explains how to check LC cir- 
cuits, linear and coaxial tanks, how to convert a signal gener- 
ator or r.f. test oscillator into a GDO or a GDO into a conven- 
tional or marker generator, signal injector, or c.w. oscillator. 

There are step -by -step instructions on how to measure 
inductance; test and align TV, radio, and FM receivers; how 
to get more out of a transmitter; and how to find the resonant 
frequency of an antenna or check for antenna matching. 

As is the case with all of Mr. Turner's books, the exposition 
is clear, concise, and easy to understand. 

* * * 

"INTRODUCTION TO LARGE -SCALE INTEGRATION" by Adi J. 
Khambata. Published by John Wiley & Sons, Inc., New York. 
190 pages. Price $9.95. 

The author has addressed this volume to the user's point 
of view and is intended to give management, marketing, field 
service, and technical personnel a basic look at LSI. 

The book is divided into four main sections so the reader 
can select the material of most interest to him. Section one 
deals with device and technology considerations, section two 
covers systems considerations, section three explores appli- 
cation considerations, while the fourth section takes up mis- 
cellaneous topics such as the computer's role in LSI, reliabil- 
ity, testing, and price projections. 

The appendices provide data sheet information on various 
commercially available items from eleven firms. An extensive 
bibliography is also included for those wishing to pursue a 
particular topic in greater depth. 

* * * 

"ELECTRONIC POWER SUPPLIES" by Joseph Grabinski. Pub- 
lished by Holt, Rinehart and Winston, Inc., New York. 216 
pages. Price $3.95. Soft cover. 

This is another volume in this publisher's series of hand- 
books designed for use in technical institutes as well as junior 
and community colleges. It can also be used in industrial 
training programs for upgrading technicians or as a self - 
instruction text. The student should have had a course in a.c. 
and d.c. circuits, understand the basic operation of solid -state 
and vacuum diodes, and have a working knowledge of alge- 
bra, trigonometry, and elementary calculus before tackling 
this book. 

The six chapters cover single -phase rectifier circuits, poly- 
phase rectifiers, magnetic amplifiers, gaseous tube circuits. 
controlled rectifiers, and regulators. The text is well illus- 
trated and the presentation is straightforward and concise. 

* * * 

"RTL COOKBOOK" by Donald E. Lancaster. Published by 
Howard W. Sams & Co., Inc., Indianapolis, Ind. 233 pages. 
Price $5.50. Soft cover. 

Our readers are, of course, familiar with the writings of 
Mr. Lancaster and will undoubtedly welcome this discussion 

90 

of RTL's and their applications. His emphasis on a single 
type of digital IC's is based on their relatively low price and 
the ease with which they can be interfaced with conventional 
transistor circuitry. 

After the discussion of basics, the rest of this volume covers 
logic and switching circuits, multivibrators, linear circuits 
and techniques, counting flip -flops, scaling and divide -by -n 
counting, decimal counting, and digital instruments and 
other RTL applications. The material is practical and the 
treatment is thorough. Those interested in working with these 
readily available, relatively Inexpensive components will find 
this "cookbook" invaluable. 

* * * 

"104 SIMPLE ONE -TUBE PROJECTS" by Robert M. Brown. 
Published by Tab Books, Blue Ridge Summit, Pa. 17214. 
192 pages. Price $6.95 hard cover, $3.95 soft cover. 

This is a book for the inveterate "build -it- yourselfer" who 
is never happy without an electronic project on the bench. 
No matter what type of project the builder has in mind, 
chances are he can find instructions here for building a sim- 
ple, inexpensive gadget. 

The projects range from test instruments and ham gadgets 
to wireless microphones, tube rejuvenators, electronic games, 
and audio devices. None of the circuits requires more than a 
single tube and in most cases the components can be salvaged 
from the "junk box." Even if purchased new, the cost per 
project has been limited to an easy -to -take $5.00 or less. Stu- 
dents with science -fair projects on their schedule should look 
over the assortment Mr. Brown has provided for ideas and 
construction assistance. 

* * * 
"ELECTRICAL FUNDAMENTALS FOR TECHNICIANS" by Robert 
L. Shrader. Published by McGraw -Hill Book Company. New 
York. 459 pages. Price $10.95. 

This book represents a new and interesting approach to 
the problem of teaching basic electricity to prospective tech- 
nicians of varied backgrounds and educational achievement. 

The first seventeen chapters provide a largely nonmathe- 
matical coverage of the fundamentals of electricity. The 
balance of the book is a recap or "second look" at the sub- 
jects with emphasis on complete comprehension. The author 
even tells the student how to tackle the subject to avoid 
discouragement and, finally, defeat. 

This volume can be used in formal classes in technical 
institutes, vocational schools, or junior college electronics 
courses or can be used by the student working on his own. 
There are "check -up" questions scattered throughout the 
text whereby the student can verify his comprehension of 
the material and then quizzes at the end of each chapter 
for further verification. 

The text is informally written, well illustrated, and the 
subject matter logically presented -all of which contribute 
to its usefulness. 

* * * 
"SEMICONDUCTOR CIRCUITS LABORATORY MANUAL" by 
David J. Comer. Published by Prentice -Hall, Inc., Engle- 
wood Cliffs, N.J. 122 pages. Price $7.35. Soft cover. 

This manual is designed to be used in the second year cur- 
riculum of most technical institutes or in the third year of 
electrical engineering courses. Emphasis is on design, with 
special attention being given to design procedures. 

The basic theory of diode and transistor operation is cov- 
ered in the introductory section. With this material and 
the new theory introduced in each experiment, the student 
has enough information to understand circuit basics. 

Experiments on each phase ( diodes and transistors, pow- 
er stages, high- frequency and special -purpose stages, switch- 
ing and logic circuits, and power supplies ) can be per- 
formed using standard and easily available parts. Each ex- 
periment is preceded by a listing of objectives, the equip- 
ment required, the theory involved, the procedure to be fol- 
lowed, and topics for discussion. 
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Reading Aid for Blind 
(Continus il from page 50) 

The feasibility of a direct -translation 
reading aid, based on the principle out- 
lined, has clearly been established. With 
Office of Education support, three aids 
have been fabricated, and improved 
models are in the offing. Although the 
device is still in the early experimental 
stages, it shows promise of wide useful- 
ness among the blind. 

We gratefully acknowledge the en- 
couragement and advice of Dr. J.G. Lin - 
vill, the valuable suggestions of Dr. J.C. 
Bliss and Dr. J.D. Meindl, and the as- 
sistance of the other team members of 
the blind reading -aid project. Further 
recognition is extended to J. Baer and 
J. Gill of the Stanford Research Insti- 
tute, who designed and fabricated the 
stimulator array and most of the probe 
hardware. Finally, our gratitude to the 
SEL Instrument Lab for their assistance 
in the fabrication of the blind reading - 
aid units. 

(The work presented or reported here - 
in was performed pursuant to a grant 
from the U.S. Office of Education, De- 
partment of Health, Education, and 
Welfare. However, the opinions ex- 
pressed herein do not necessarily reflect fect 
the position or policy of the U.S. Office 
of Education, and no official endorse- 
ment by the U.S. Office of Education 
should be inferred.) 

$25- BILLION SALES IN 1969? 

ACCORDING to Mark Shepherd, Jr., 
President of the EI:1 and President 

and Chief Executive Officer of Texas In- 
str nts, 1969 is beginning to shape up 
as a banner year for the electronics in- 
dustry. 

:After rising by 4.4% to reach $24.2 
billion during 1968, total U.S. factory 
sales of electronics are expected to climb 
another 3.1% during this year, to reach 
nearly $25 billion. 

It is anticipated that the major equip- 
ment markets will -how a mixture of 
moderate expansions and leveling activi- 
ties during the rest of this year. Sales of 
industrial electronics are expected to rise 
some 6.8% to reach nearly $7.2 billion. 
U.S. factory sales of consumer electronics 
are expected to increase 4.4% to reach 
$4.8 billion or more. Replacement com- 
ponent sales, estimated at $690 million, 
are up 2.2% from their over -all 1968 
sales level. 

The conservative sales gains antici- 
pated for electronic products during this 
year reflect a somewhat slower growth 
rate for the over -all U.S. economy. Al- 
though there was relatively little im- 
mediate impact of the income surtax, 
some downward pressure on consumer 
buying may develop late this year and 
continue into 1970 as a result of tight 
money and the fact that discretionary in- 
come will be smaller as prices for bask' 
needs soar. 

November, 1969 91 

Customer Relations 
Specialist. 

B&K 
465 CRT 

Rejuvenator /Checker 

A good part of successful servicing is 
successful selling. That's why we 
developed the 465 CRT Rejuvenator/ 
Checker. It's the "Silent Partner" that 
leaves a good impression. One that 
guarantees repeat and referral business. 

The B &K 465 shows the customer the 
true condition of his picture tube and 
forecasts its life expectancy. It is 
capable of checking both color and 
black & white, foreign or domestic picture 
tubes. And through the use of 
continuously variable voltages for all 
CRT elements, you never have to worry 
about obsolescence. And the best thing 
of all is that it does it all right in the 
customer's home without removing the 
tube from the set. 

As a result, he gains confidence in your 
abilities and judgment and becomes 

more susceptible to the idea of 
purchasing a new tube. But if your 
customer temporarily can't take on the 
expense of a new picture tube, you can 
rejuvenate the old one as part of your 
service or for an additional fee which 
you can offer to apply to a new tube at a 
later date. Either way, you've satisfied 
your customer and increased your profits. 

So if you would like to know more about 
how our customer relations specialist 
can stimulate your business, contact your 
B &K distributor or drop us a line direct. 
We have a lot of new ideas we'd like 
to share that can mean money for you. 

CRT Rejuvenator /Checker 
Model 465. Net: $94.95 

B &K Division of Dynascan Corp. 
1801 W. Belle Plaine 
Chicago, Illinois 60613 

B &K puts an end to test equipment. 
We've developed Silent Partners. 

CIRCLE NO. 146 ON READER SERVICE CARD 

FOREDOM MINIATURE POWER TOOLS 
for the Professional Technician 

Drill, grind, debur, polish, sand, cut, 
drive screws and nuts. No other tools 
can perform the range of intricate, 
precision operations you can do with 
FOREDOM. 

SEND FOR 
COMPLETE - 
MINIATURE 
POWER TOOL 
CATALOG NW -250 

THE FOREDOM ELECTRIC COMPANY 

Bethel, Connecticut 06801 

CIRCLE NO. 133 ON READER SERVICE CARD 
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Exciting New Kits For Home & Hobby 

A 

,) . 

NEW Kit IG -57A 

$13500* 

1 n 

IIIw ®111 

NEW 
Kit IG -28 

$7995 >, 

NEW 
Kit IP -28 

$4750 

NEW 
Kit GR -78 

$12995': 

NEW 
Kit GD -209A 

$14995 

NEW, Improved Heathkit IG -57A Solid -State Post Marker/ 
Sweep Generator ... Now With Built -In Video Sweep Modulator 
Now align virtually every color and B &W TV set on the market ooh the new 
Heathkit IG -57A. New built -in Video Sweep Modulation eliminates the need for 
external equipment -the IG -57A and a scope are all you need to check the overall 
frequency response from the antenna terminals thru the tuner, IF strip, video de- 
tector to the color bandpass amplifier outputs. And you don't have to worry 
about video detector diode load. Another new feature is the addition of two in- 
dividually adjustable 15 volt bias supplies with switchable polarity. Additional 
features: 15 crystal -controlled markers for color bandpass, TV sound, IF fre- 
quencies between 39.75 & 47.25 MHz and picture & sound carriers for channels 
4 & 10 ... switchable retrace blanking ... adjustable phase control ... trace 
reverse function for proper display ... built -in switchable 400 Hz modulator ... 
Zener regulated power supply ... external attenuator for I, 3, 6, 10 & 20 dB steps 
up to 70 dB ... complete with all test leads, cables, connectors & plugs. Put com- 
plete servicing facilities on your bench now, with the new Heathkit IG -57A. 14 lbs. 

NEW Heathkit Color Bar -Dot Generator ... Advanced 
Integrated Circuitry Produces 12 Patterns Plus Clear 
Raster, Eliminates Divider Chain Instability Forever 
The new IG -28 is the signal source for all color and B &W TV servicing. No 
other instrument at any price will give as much stable, versatile TV servicing 
capability. Its solid -state circuitry produces dots, cross hatch, vertical and 
horizontal bars, color bars, and shading bars in the familiar 9x9 display ... 
plus exclusive Heath 3x3 display of all these patterns ... plus a clear raster that 
lets you adjust purity without upsetting AGC adjustment. Fifteen J -K Flip - 
Flops and associated gates count down from a crystal controlled oscillator, 
eliminating divider chain instability and adjustments. And for time -saving con- 
venience the IG -28 has variable front panel tuning for channels 2 through 6. 
Plus & minus going video signals at the turn of a front panel control ... for 
sync, in- circuit video or chroma problems, use the front panel sync output. 
Two front panel AC outlets for test gear, TV set, etc. Built -in gun shorting cir- 
cuits and grid jacks too. Add any service -type scope with horizontal input and 
you have vectorscope display capability as well. Fast, enjoyable circuit board - 
wiring harness construction. You can't beat the Heathkit IG -28 for versatility 
or value ... put it on your bench now. 8 lbs. 

N EW Heathkit 1 -30 VDC Solid -State Regulated Power Supply 
t he new modestly priced IP -28 is an excellent power supply for anyone working 
with transistors. Compact Heathkit instrument styling with large, easy -to -read 
meter ... two voltage ranges - 10 V., 30 V.... two current ranges - 100 mA, 
I A. External sensing permits regulation of load voltage rather than terminal 
voltage. Adjustable current limiting prevents supply overloads and excessive 
load current. Convenient standby switch. Fast, easy assembly with one circuit 
board and wiring harness. Order yours today! 9 lbs. 

NEW Heathkit GR -78 Solid -State General Coverage Receiver... 
Tunes 190 kHz To 30 MHz In Six Bands 
The new GR -78 combines wide coverage, superior performance and portability 
with sharp styling to provide a remarkable value in general coverage receivers. 
Tunes AM, CW & SSB signals from 190 kHz to 30 MHz in six switch -selected 
bands. The all solid -state circuit employs modern FET's in the RF section and 
4 ceramic filters in the IF to deliver maximum sensitivity and sharp selectivity. 
Bandsprcad Tuning is built -in, and can be calibrated for either Shortwave 
Broadcast or Amateur Bands. Completely portable ... comes with a nickel - 
cadmium rechargeable battery pack and built -in charger that operates from 
120 or 240 VAC and 12 VDC. Many built -in features ... 500 kHz crystal cali- 
brator ... switchable Automatic Noise Limiter ... switchable Automatic Vol- 
ume Control . Receiver Muting . . . Headphone Jack and many more. 
Order yours today. 14 lbs. 

NEW Heathkit Deluxe Radio- Controlled Screw -Drive 

Garage Door Opener Semi -Kit 
The next best thing to a personal doorman. The "wireless" factory assembled 
transmitter operates up to 150 feet away. Just push the button and your garage 
door opens and the light turns on ... and stays on until you're safely inside your 
home. The giant 7 ft. screw mechanism coupled with the '/4 HP motor mean real 
power and reliability and the adjustable spring -tension clutch automatically re- 
verses the door when it meets any obstruction ... extra safety for kids, pets, 
bikes, even car tops. Assembles completely without soldering in just one evening. 
Easy, fast installation on any 7' overhead track (and jamb & pivot doors with 
accessory adapter). Order yours now. 66 lbs. 

Adapter arm for jamb & pivot doors, Model GDA- 209 -2, $7.95" 
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Why do these 
instruments 
cost so much? 
Here are five solid -state research/ 

industrial -quality instruments that 

offer high performance 

specifications -and that meet and 

even exceed those specs. They 

perform reliably over long periods 

of time, and you operate them with 

controls that are easy to understand, 

easy to use. They're instruments 

that give you measurements you 

can trust. And they're backed up 

with the extra advantage of local 

service on a nationwide basis. These 

are the reasons they cost a little 

more. Aren't your measurements 

worth it? 

Power Our solid -state 6217A DC Power 
Supply is short -circuit proof and provides an 
extremely well régulated metered output of 
0 -50 V dc voltage, 0 -200 mA dc current. Use 
the coupon for your copy of our Power Supply 
Selection Guide. Price, Model 6217A, $90. 

Use the coupon for the information you want. 

L 

413- l+6 
ammo -iimis'ww-MI 

Signal Source The 3310A Function 
Generator furnishes sine, square, triangular 
and sawtooth waves, as well as pulse output. 
Solid state and reliable, it has a frequency 
range from 2.3 cycles per hour all the way up 
to 5 MHz in ten decade ranges. The output 
spans a 70 dB range, from a high of 15 volts 
peak -to -peak into 50 ohms. The output 
frequency can be controlled by an external 
voltage. A four -page technical data sheet gives 
all the information on the 3310A, $575. 

Measure The solid -state 427A Multi -Meter 
measures dc voltages from 100 mV to 1 kV 
full scale, ac voltages from 10 mV to 300 V 
full scale at frequencies up to 1 MHz, and 
resistance from 10 tl to 10 M tl center scale. 
Battery operated -use it anywhere. Ask for 
a data sheet on the 427A, priced at $225. 

Display The 1206A is a rugged solid state 
500 kHz single- channel oscilloscope 
featuring sensitivity from 5 mV /div to 
50 V /div with vernier. Sweep ranges from 
1 µsec /div, with vernier extending slowest 
sweep to at least 12.5 sec/div. Automatic 
triggering, beam finder, human oriented 
controls. You can trust the measurement you 
see. Send for a copy of our 12 -page brochure 
on the 1200 Series Low -Frequency 
Oscilloscopes. Model 1206A, $715. 

Count The 5221A Solid -State Electronic 
Counter presents frequency and time interval 
measurements on an easy -to -read 4 -digit 
display, counts to 10 MHz. Zero blanking, 
readout storage and sample rate control, 
adjustable from 100 msec to 5 sec, are just a 

few of the advantages of this low- priced 
counter. Ask for a technical data sheet on the 
5221A, which is priced at $425. 

Hewlett- Packard 
Palo Alto, California 94304 
Please send me more information on 

Name 

6217A, 3310A, 427A, 1206A, 5221A. 

Company 

Job title 

Company address 

City /State /Zip 

HEWLETT PACKARD 
00921 J 
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Why do 
service technicians 
specify RCA color 
picture tubes more often 
than any other brand? 

Back in the early days of color, 
you had no choice. Now that you 
have a choice, it's still RCA by a 
wide preference. Why? Primarily 
because of experience. 

And hand -in -glove with experi- 
ence goes performance. Out- 
standing overall performance... 

down through the years...with a wide variety of tube sizes. 
Put them together and they add up to confidence...for the 

service technician who installs the tube...for the set owner 
who has to pay the bill. 

RCA puts its reputation on the line with every picture tube 
it makes. Whether it's the RCA HI -LITE built to OEM specs 
all the way...or a quality rebuilt RCA Colorama...you can 
rely on RCA picture tubes to protect your hard earned service 
reputation. They're designed to protect the biggest reputa- 
tion in the COLOR TV industry. 

RCA Electronic Components, Harrison, N.J. 

RC,' 
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