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The Shure M91E cartridge cannct, alas, track as well as the incomparable
V-15 Type Il Improved, but then, no cartridge can. What the M91E can do is
out-track everything else. Stereo Review (Feb., '69) said, “The listening
quality of the Shure M91E was excellent .. . . it virtually matched the perform-
ance of the V-15 Type Il in its ability to track the highest recorded levels to
be found on modern recordings.” High Fidelity (July, '69) agreed: “Its sound
is about as neutral and uncolored as any pickup we've auditioned; clean,
smooth, well balanced across the range . . . a first class ‘tracker.’” We at
Shure agree. We ought to know, because we introduced the concept of track-
ability. The M91E for now (only $49.95)—the

V-15 Type Il Improved later. Shure Brothers g! _
Inc., 222 Hartrey Ave., Evanston, Ill. 60204. Y | SHURE
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Put More ‘GO POWER"’

into Your Electronics Career —

MIOWVE ARIBAD
from Technician to

BANGUINIEER

by studying at home with

GRANTHAM SCHOOL OF
ENGINEERING

“the college that comes to you”

Givantham Bchool of Engineering

bas conferred on

FJohn Boe

the degree of

Hssoriate in Science in Ellectronics Elngineering
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Earn a DEGREE in Electronics Engineering

The GRANTHAM educational program in ELECTRONICS ENGINEERING is designed to
upgrade electronics technicians to the engineering level, mostly by home study.

While you continue your present employment, you
can really learn electronics engineering and earn an
ACCREDITED DEGREE. Upgrade your income and
prestige by upgrading your electronics education at the
college level.

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

This accredited degree program consists of four “cor-
respondence semesters’’ of 100 lessons each, a total of 400
lessons. All except the last ten of these lessons are com-
pleted entirely by correpondence. However, after you have
completed Lesson 390 you must then attend a two-week
Graduation Seminar at the School. It is during this at-
tendance that you complete Lessons 391 thru 400 and
receive your ASEE Degree.

Accreditation and G.1. Bill Approval

Grantham School of Engineering is accredited by the
Accrediting Commission of the National Home Study, is
approved under the G.1. Bill, and is authorized under the
laws of the State of California to grant academic degrees.

Grantham School of Engineering
e Established in 1951 e

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

Telephone:
(213) 469-7878

TED
A Se,
&

January, 1971

What's in Your Future —
The Same Old Job, or Success in Engineering?

Where will you be five years from today ? Are you headed
for real advancement in electronics, or in a rut ? The expe-
rience you have as a technician is valuable; it gives you a
head start toward a better future. But to get ahead and
stay ahead, experience must be supplemented with more
education in electronics and such allied subjects as math-
ematics, physics, computers, and engineering design.

The Grantham educational program in electronics engi-
neering is nct for beginners. Every point is explained
just as carefully as if you were a beginner, but the impor-
tant difference is that while the beginner would need ex-
tensive laboratory training, you (as an experienced tech-
nician working with modern equipment) do not require
such training and should not waste your time doing the
same laboratory experiments that beginners must per-
form. This program in engineering is designed, written,
and taught for and to experienced technicians, and be-
ginners are not accepted for enrollment.

@® Mail the coupon below for our free Bulletin @

Grantham School of Engineering £W-1-71
1505 N. Western Ave., Hollywood, Calif. 90027

Gentlemen:

Please send me your free Bulletin which gives com-
plete details on the Grantham educational program
leading to the Associate Degree in Electronics Engi-
neering. I understand no salesman will call.

Name
Address

City State Zip

I have been in electronics for
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t inventory.

Keep electronic componants handy with
Mallo2in® Benchtop Organizers. Each Mallobin
contains a popular assortment of electronic
components in a stackable, interlocking plastic
case. Fifteen partitioned drawers keep parts
neat. And each drawer is color coded and
lateled for quick location of the part you wan:.

- MALORY DISTRIBUTOR PRODUCTS COMPANY
nGivisi nof I IRCAMALLORY & CO. INC
Box 1508, Indianapolis, Indiana 16200 Telephone: 317-G36G-5:353

Bat-eries Cassette Tapes FESRBIE] Semiconductcrs  Sonalert® » Switches » Timers » Vibrators

CIRCLE NO. 133 ON FEADER SERVICE PAGE

Mallobins come with selected components in-
cluding all tvpes of fixed capacitors, MOL and
wire-wourd resistors, carbon and wire-wound
controls. n addition to regular Mal‘obins, cus-
tom assortmants are available.

Ask your Wallory distributor for Maliobin prices
and details today
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QUALITY NN/
CRYSTALS

for your Communications
THE

“ON-CHANNEL™

CRYSTALS by

S

NOW vou can
Z/P-oRrbER

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.

C (RYSTER

formerly

TEXAS CRYSTALS

Div. Whitehall Electronics Corp.

1000 Crystal Orive
Fort Myers. Florida 33901

4117 W. Jefferson Blvd.
Los Angeles. Cahfornia 90016
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Coming Nlext Month
Special Feature Article

f____————T_——‘:-——""—___
Electronics World

Circuit Innovations
In 1971
Color-TV Sets

In this first of a two-part series, Forest H. Belt discusses
some of the unusual circuits that you will encounter in
the 1971 lines now being introduced. The customer will
have the widest possible choice of models and screen
sizes, while technicians will find modules, 110-degree
picture tubes, and novel circuitry in sets they service.

By eliminating the need for very thin specimens—and sav-

Scanning ing hours of valuable time in preparing them—the scan-
_Electron ning-type electron microscope has brought a new dimen-
Microscopes sion to R&D labs. Even ‘“stereoscopic” viewing is possible

with these sophisticated research tools.

Educators, operators of cable-TV systems, broadcast per-

Selecting a sonnel will find a wealth of up-to-the-minute information on

Video Tape available units. Sixteen models are covered along with a
Recorder fact-packed table which permits instant comparisons of
features and prices. Don’t miss this.
Alert to the possible dangers of carelessly substituted
parts, television manufacturers have launched an all-out
TV Service campaign to see that their sets stay safe over their service
and life. Ray Herzog of General Electric explains what his firm
Safety is doing to insure that parts with critical parameters are
brought to the attention of technicians to discourage alter-
ations or bypassing of safeguards.
ITU and The 1971 World Administrative Radio Conference may
How Its Decisions make a bigger difference in your viewing habits and tele-
Affect You phone service than you think. Learn why.

All these and many more interesting and informative articles will be yours in
the February issue of ELECTRONICS WORLD . . . . . on sale January 19th.
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By MURRAY SUNTAG/ Associate Editor
P

Video Disc Debut

In the latter part of 1970 another method of presenting TV programming was introduced to the American
press—the Teldec Video Disc. Created jointly by British Decca and Telefunken, this thin plastic video disc is
capable of storing over 500,000 bits/mm? (100 times storage capacity of an audio disc). Because of the
program density attainable on the video disc (up to 3500 grooves/in), a playing time of 5 minutes on a 9-in
disc, or 12 minutes on a 12-in disc is possible. Each revolution of the disc represents one complete television
picture. Using a video disc player, both video and sound information on the disc can be transmitted to any
standard TV set. Although similar to ordinary record player. disc player has no turntable. The video disc,
driven by a central carrier at a speed of 1500 r/min, literally floats on a very thin air cushion that forms
between disc and a stationary faceplate. This action causes disc to float up against the stylus in a cable-driven
pickup cartridge. The stylus, unlike those used in phonographs, rests on top of the frequency-modulated
video disc grooves rather than within the groove and senses the “hill and dale” height variations. A pressure
transducer converts these variations into electrical impulses. For longer programs, an automatic changer is
feasible, although the problem of pauses between discs still has to be solved. All-in-all, this technology
promises big things for the future; recording multi-channel stereo programs—two, three, four, or more
channels being possible and obsoleting such terms as turntable rumble and anti-skating devices. Although
player shown to press produced only black-and-white pictures of good quality, it is anticipated that by the
time Teldec goes into full production (1972), color units will also be available. It is estimated that black-and-
white video disc player will cost between $150 and $250 and a video disc should not be much more
expensive than a stereo record. An article elaborating on the technical operation of the video disc is planned
for next month’s issue.

School for Radio Hams

It’s never too early nor too late to become a radio ham—an avocation that claims among its practitioners
such pre-eminent personalities as a king (King Hussein of Jordan) and a U.S. Senator (Barry Goldwater).
Lafayette Radio Electronics, Syosset, N.Y., is offering free radio instruction to all—from the ages of seven to
eighty-two, on a first-come, first-served basis. The course, heing taught by a licensed instructor, is geared to
prepare students for the proper and efficient use of radio communications. Two sessions are offered: one,
dealing with Citizens Band equipment and its operation, meets once a week at 7:30 p.m. for four weeks; and a
second, which provides intensive preparation for the Novice Amateur Radio License exam (covering both
code and theory), meets once a week at 7:30 p.m. for eight weeks.

Those who are interested should contact Frank Morisco, Educational Consultant, Lafayette Radio Electron-
ics Corp., 111 Jericho Turnpike, Syosset, L.1., New York 11791.

A Talent Pool

With defense ani space cutbacks and a down economy in general, many professional and skilled personnel
have been literally thrown on the open market. Consequeatly, unlike the years of feast when professionals
had their choice, the tables have been turned and employers are doing the picking. But, just a little remind-
er—the ups and downs in the economy are cyclic and usually the ups are around a lot longer than the downs.
For those who are interested, NASA has made available a talent pool of those professionals they reluctantly
had to lay off due to budgetary cutbacks. For information, call James R. Miles at NASA’s Employment
Assistance Center, Area Code 202-962-8696.

TV X-ray Detectors

January, 1971

Two simple, low-cost detection instruments, developed by the HEW Environmental Health Service’s Bu-
reau of Radiological Health, now make it economically feasible for all TV service technicians to check home
television sets for dangerous emissions of x-rays. According to John C. Villforth, Director of the Bureau, “the
instruments will indicate with reasonable accuracy whether a television receiver is emitting x-rays above the
maximum of 0.5 milliroentgen per hour allowed by the Federal Standard and also will help locate the source
of trouble so repairs or adjustments can be made.” One of these instruments, a simple Geiger-Mueller device,
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has no meter display, therefore olwiating need for ecalibrations and interpretation of results. The other
imstrument. a more complex Geiger-Mueller device, uses a count-rate meter circuit which indicates relative
x-ray intensity. Both instruments can be built from readily available parts. Detailed instructions for making
and using new devices are contained in Bureau of Radiological Health report. “Simple X-rav Detection
Instruments for Television Service Technician™ by Richard K. Stoms and Edward Kuerze. Copies may be
purchased ($3.00 each for paper-bound copies and 65 cents for microfiche) by order number (BRH/DEP
70-1-4 PB 192-377) from the Clearinghouse for Federal Scientific and Technical Information. Springficld.
Virginia 22151,

Although the incidence of dangerous x-ray emissions from color-I'V receivers is not as prevalent as some
reports have indicated. we think—even if only for psychological reasons—x-rav detection devices should
become part of every service technician’s tool kit. We're sure most people. especially those whose children
continuously hover over a TV set. would like to be assured by their TV technician that their set is not spewing
forth potentially dangerous x-rays.

Auto Safety Device

A prototype device which virtually gives a driver eves in the back of his head. hasx been developed by
Svlvania Flectric Products Tue. The system. designed to be installed in a side mirror or in rear light assembly
of a vehicle, automatically warns driver when another vehicle is approaching from his left- or right-rear blind
zone. Ultrasonic safety detector responds to noise generated by engines and tires. When it detects a vehicle
traveling at least 35 miles-per-hour. that is withiu 25 feet of car. it antomatically flashes a warning light. It is
particularly helpful in fog or rain when driver has to exercise extreme visual surveillance to change lanes
safely. Currently undergoing field tests. Svlvania plans to demonstrate’ the svstem to all of the major automo-
bile manufacturers.

Going to Metric System

After 180 vears of thinking about going to the metric svstem (Thomas Jefferson first recommended it in
1789, the United States ix finally giving it a try. A directive issued by NASA states that as of November 11
1970, all measurement values used in the agency’s future scientific and technical publications will be
expressed in the metric system. Actually NASA's role. ax being the first federal agency to do so. is due to its
decision to assist the Bureau of Standards in studving the effect that the metric svstem will have in the U.S,
In 1968, the Secretary of Commerce. who was authorized by Congressional Public Law 90-472 to make this
study. delegated this responsibility to the Bureau of Standards. Most NASA officials feel that. in the long run.
conversion to the metrie system will provide henefits to the country. especially in the areas of foreign trade.
Among the industrial nations of the world, only the U.S.. Great Britain, Canada. Australia. and New Zealand
continue to use the Fnglish system. However. Great Britain is now converting to the metric system and the

Commonwealth nations intend to convert.

New Microwave Oven Standard

Based on results of Federal, State, and local public health ageney surveys of microwave ovens. HEW
Faovironmental Health Service's Bureau of Radiological Health imposes new Federal limitation on radiation
emission from microwave cooking ovens. Survey showed that 20 to 30 percent of ovens tested emitted
radiation in excess of industry standard. New standard under Radiation Control for Health and Safety Act
requires that ovens manufactured after October 6. 1971 may not emit radiation in excess of | mW/em? prior
to sale and may not emit radiation in excess of 5 mW/em? throughout useful life of oven. Both of these
limitations are hased on microwave power densities measured at five centimeters (ahout two inches) from anv
external surface of the oven. The standard also requires at least two safety interlocks with one of them
concealed to prevent undue tampering.

Electronic Shorts

Murantz Co.. Ine. institutes national plan for analyzing performance of hi-fi and stereo components—grais.
Consumer can bring his receiver. amplifier. and preamplifier—no matter what make—into any Marani:
dealer to be thoroughly analvzed and tested by most modern and sophisticated test equipment . . . . RCA
receives one of broadeast industry’s largest equipment orders to supply complete color-TV studio system for
Oesterreichisheher Rundfunk Gmbh. (ORF). the Austrian broadeasting agenev. RCA will build and supply
color TV cameras. video tape recorders. TV film systems. and other equipment for installation in huge TV
production complex in Vienna where ORF is consolidating its operations. . . . Meanwhile. back at home
RCA has announced a 3 percent average increase in distributor prices on its current line of color and

black-and-white television sets. A
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Discover the ease

[

and eitement of NRI's

DIMENSIONAL
METHOD

of Electronics,Communications,
TV-Radio Training

12 HOME STUDY PLANS TO CHOOSE FROM

Practically all vocational and engineering schools
require students to conduct carefully planned
laboratory demonstrations to prove theory pre-
sented in textbooks. So does NRI. Why? Because
the only way to really learn at home . . . to recog-
nize and understand circuits . . . is to get your
hands on actual equipment, including transis-
tors, printed circuits and today’s other solid-state
devices. NRI's unique, 3-Dimensional training
method puts theory you learninto actual practice.
You learn with your hands as well as your head.
You learn by unique ‘discovery’” methods the
WHY of Electronics, Communications, TV-Radio
. . . WHY circuits do the things they do. NRI
training starts with carefully, condensed ‘‘bite-
size,” interesting books programmed with ab-

OVER 50 YEARS OF LEADERSHIP

sorbing, revealing experiments using the finest
parts money can buy. You get the kind of tech-
nical training that gives you experience equal to *
many, many months of performance on the job.

Whatever yourinterest, whatever your education,
the NRI 3-Dimensional training method can fill
your needs. Learning becomes as close to being
fun as any school can make it. Tens of thousands
of men have learned the NRI way. Pick the field
of your choice and mail the postage-free card
today for your FREE NRI Color Catalog.
NATIONAL RADIO INSTITUTE, Electronics Divi-
sion, Washington, D.C. 20016.

BEGIN NOW AN ABSORBING
ADVENTURE—LEARN ELECTRONICS
THE NRI WAY—MAIL CARD TODAY

IN ELECTRONICS TRAINING
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Start Fast with NRI’s Educator-
Acclaimed Achievement Kit

The day you enroll with NRI this remarkable starter
kit is on its way to you—regardless of the course
you choose. It is specifically designed for you and
your training objective. It has one purpose—to get
you started quickly and easily. It is an outstanding
way of introducing you to NR| training methods . . .
an unparalleled *first dimension’’ that opens the
way to new discoveries, new knowledge, new op-
portunities. The Achievement Kit is worth many
times the small payment required to start your
training. Find out more about it. Mail the postage-
free card now.

NRI ‘‘Bite-Size’ Lesson Texts
Program Your Training

Reading is a necessary part of any training pro-
gram, but it takes a great deal of stamina to wade
through a 300-page technical textbook. Every NRI
course is condensed into ‘‘bite-size' texts that are
simple, direct, well-illustrated, averaging an easily-
digested 40 pages. These are *‘programmed’’ with
NRI training equipment you build, experiments
you perform, to bring to life the fundamental laws
of electronics, the theory, the training of your
choice. You are always kept well supplied with these
books, NRi does not require you to *‘pay as you go."

You Get Practical Experience
With Actual Electronic
Equipment

NR! does not leave the practical side of Electronics
to your imagination. Electronics becomes a clear,
understandable force under your control as you
build, experiment, explore, discover. NRI pioneered
the concept of home-lab training equipment to
give you 3-Dimensional knowledge and experience.
Every kit is designed by NRI to demonstrate prin-
ciples you must know and understand. Kits con-
tain the most modern parts, including solid state
devices. NRI invites comparison with equipment
offered by any other school, at any price. Prove to
yourself what nearly a million NRI students could
tell you . . . that you get more for your money from
NRI. Mail postage-free card for your NRI Color
Catalog. No obligation. No salesman will call.

APPROVED UNDER GI BILL ifyou

served since January 31, 1955, or are in
service, check Gl line in postage-free card.
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THE SANSUI (5-
QUADPHONIC SYNTHESIZER

SANSUI QS-I

4-CHANNEL SOUND FROM ANY 2-CHANNEL SOURCE

Senses and recovers the ambient information
hidden in your stereo discs, tapes and broadcasts

After having discovered that the ambient components of the original total sound
field are already contained in hidden form, in conventional stereo records, tapes
and broadcasts, Sansui engineers developed a method for sensing and

recovering them. These subtle shifts and modulations, if re-introduced, 2“—':% ::’.‘;:'homc E———
breathtakingly recreate the total of the original sound as it existed in the —R| metrx
recording or broadcast studio.

The heart of the Sansui Quadphonic Synthesizer* is a combination of a unique clreutt
reproducing matrix and a phase modulator. The matrix analyzes the 2-channel
information to obtain separate direct and indirect components, then redistributes
these signals into a sound field consisting of four distinct sources.

This type of phase modulation of the indirect components, applied to the additional
speakers, adds another important element. It sets up a complex phase interference fringe in the

Phase-modulation

Phase -modulated signals

listening room that duplicates the multiple indirect-wave effects of the original field. The result is T
parallel to what would be obtaind by using an infinite number of microphones in the studio (Ml through
Mn in the accompanying illustration) and reproducing them through a corresponding number

of channels and speakers.

Sound source

Listening room

The startling, multidimensional effect goes beyond the four discrete sources used in conventional
4-channel stereo, actually enhancing the sense of spatial distribution and dramatically expanding the
dynamic range. Also, the effect is evident anywhere in the listening room, not just in a limited area

at the center. And that is exactly the effect obtained with live music! This phenomenon is one

of the true tests of the Quadphonic system.

The Sansui Quadphonic Synthesizer QS-1 has been the talk of the recent high-fidelity shows at which
it has been demonstrated throughout the country. You have to hear it yourself to believe it. And you
can do that now at your Sansui dealer. Discover that you can hear four channels plus, today,

with your present records and present stereo broadcasts. $199.95.

*Patents Pending

SANSUI ELECTRONICS CORP.

Woodside, New York * Gardena, Callfornia

SANSUI ELECTRIC CO., LTD,, Tokyo, Japan * Frankfurt a M., west Germany
Electronic Distributors (Canada), British Columbia

CIRCLE NO. 117 ON REAOER SERVICE PAGE
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HIi-FIl PRODUCT REPORT

by Hirsch=-Houck Labs

Altec-Lansing 729A “Acousta-Voicette”
For copy of manufacturer’s brochure,
circle No. 1 on Reader Sercice Page.

N the continuing quest for *flat™ frequency response

throughout a hi-fi system, the speaker hus rightfully re-
ceived the greatest attention. While there is room for argu-
ment as to what actually constitutes “flat™ frequency re-
sponse for a speaker, there is general agreement that un-
due emphasis or de-emphasis of any part of the spectrum,
or the presence of peaks or holes in a measured response
curve, are undesirable qualities.

No matter how “perfect™ a speaker may be, the charac-
teristics of the listening room have a profound effect on the
systemn response at the listener’s ear. Standing-wave pat-
terns and absorption of high frequencies by room furnish-
ings negate much of the speaker designer’s efforts.

In recent years Altec-Lansing has developed a tech-
nique, which it calls “Acousta-Voicing,” for modifying the
combined response of speaker and room as required for
optimum flatness of response at a specified listening posi-
tion. Originally intended for commercial sound installa-
tions, the voicing system employs narrow-band adjustable
filters, each covering Y3 octave, which can remove relative-
ly narrow band response irregularities without affecting ad-
jacent frequencies.

The process is quite complex, and normally makes use of
“pink™ noise speaker excitation (having constant energy
per octave of bandwidth), calibrated pickup microphone,
and a real-time spectrum analyzer to display the entire au-
dio spectrum at a ghance while making adjustments. Be-
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Altec-Lansing 729A “Acousta-Voicette”
B&O SP-12 Phono Cartridge

cause of the specialized and expensive test equipment re-
quired, plus a considerable number of engincering hours,
voicing would hardly seem to be practical for the home,

Fvidently Altec-Lansing thought otherwise and the re-
sult was the Acousta-Voicette 729A stereo equelizer. The
T29A huas two sets of Ya-octave active filters, 24 for ecuach
chunnel, with center frequencies between 63 and 12,500
Hz. The loss in each Ys-octuve band is adjustable from 0 to
12 dB, with a vertical slider potentiometer. ISach sterco
channel has i re-insertion gain control, able to add up to 17
dB of gain tc compensate for equalization losses.

The 729A is a rather large black box, 18%” wide by 67
high by 8” deep. It is inserted in the tape-monitoring cir-
cuits of an amplifier or receiver. A switch on its panel cuts
the equalizer in or out, or restores the tape-monitoring
functions when a recorder is connected to the jacks on the
T29A.

Obviously. with 48 equalization adjustments, it is out of
the question to bulance a system by ear. The best way is still
to use a pink-noise signal and spectrum analyzer, and this is
the method employed by Altec when installing the 729A or
its professional counterparts. However, the company has
also made it possible to set up the device with a more mod-
est equipment outlay. A special test record is supplied with
the 729A. It has Y4-octave bands of noise, centered at fre-
quencies corresponding to the filters of the 729A, from 50
to 16,000 Hz, plus white- and pink-noise bands. The only
test instrument required is a sound-level meter, or (as we
used) a wide-range microphone and a.c. v.t.v.m. for reading
its output voltage. The final equalization can be no better
than the accuracy or flatness of the microphone or sound-
level meter. which must be of professional quality. Instru-
ments made by Bruel & Kjaer, General Radio, Hewlett
Packard, and H. H. Scott are suitable, with prices ranging
from about $300 to over $1000. If this seems expensive,
consider that the real-time spectrum analyzer used by Altec
engineers costs about $10,000.

The procedure is simple. One speaker at a time is equal-
ized. The microphone is placed at the preferred listening
location. The test record is played, obviously with a pickup
and amplifier having essentially flat response between 50
and 16,000 Hz, and sound-pressure readings taken at each
test-band frequency. When these are plotted on a special
graph supplied with the 7294, the result is what is called
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the “house curve”—the actual response of the speaker and
room combined, at the listening point.

The equalizer controls corresponding to the major peaks
in the house curve are then adjusted to compensate for
them, und the test is repeated. Since cach adjustment has
some effect on adjucent frequency bands. it is necessary to
repeat the process several times. In our case, we found
three sets of measurements to be sufficient to get a reason-
ably flat response curve. The other speaker is then equal-
ized in the ssme manner. It took us about 2 hours to do a
complete voicing on a stereo system.

While listening to program material, the two re-insertion
gain controls are set for equal loudness when the equalizer
is switched in and out, and for channel balance. A transpar-
ent plastic cover is then installed over the control panel of
the unit to prevent accidental movement of the controls. It
is also a good idea to record the control settings for refer-
ence.

Ilectrically, we confirmed the specifications of the 729A.
It has unity gain with no re-insertion gain added and its
intrinsic harmonic distortion is less than 0.32% up to 1.0
volt output. This increases to 0.66% at 2 volts and to 1% at
3 volts, but few amplifiers require more than 1 volt at their
tape inputs for full output.

To evaluate the cffectiveness of the 7294, we used it to
equalize two very different listening rooms. One (our laby) is
a small room, with two compact bookshelf speakers of good
quality at one end. The house (room) curve showed a large
peak at about 10 kllz, with an amplitude of 12 or 13 dB,
and relatively little irregularity at lower frequencies. The
final (corrected) response curve shows how the over-all re-
sponse was adjusted to within +2 dB from 50 to 16,000 11z,
except for slight dips at 80 and 160 11z. We probably could
have eliminated these, but did not consider it necessary.
The response curve of the 729A equalizer which flattened
out the house curve is essentiully the inverse of that curve.

We were disappointed in the audible results. The system
sounded dull and lifeless with the high-frequency peak
climinated. We suspecet that this was due to the proximity of
the listening position to the speakers (about 6 to 8 feet),
which resulted in our flattening out the direct response,
approximately on axis, rather than the over-all output of the
speakers in all directions, which is what our ears ultimately
heard.

The second installation was more typical. It was in a liv-
ing room with a pair of good-quality reflected-sound speak-
er systems. lere the microphone was about 18 feet fromn
the speakers, and very little direct sound reached it. The
house (room) curve showed a large peak at about 200 Ilz,
which had always been audible as a heaviness, or coloration,
on male voices. It was due to an unfortunate combination of
a smaller speaker peuak at that frequency, and a room reso-
nance which reinforced it.

The 729A readily sinoothed out the over-all response to
within 3 dB from about 50 to 16,000 11z. In this case the
improvement in sound quality was dramatic, with a neutral
character having no trace of “boom™ or unnatural heavi-
ness, yet fully supported by a solid low bass when supplied
by the program. Although the voicing was done at one
point in the room. it scemed equally effective at other posi-
tions.

Our conclusion is that the Altec 729A can probably clear
up most “difficult”™ hi-fi listening situations caused by room
effects. It can, of course, correct some speaker deficiencies,
but is a rather expensive way to do this. Priced at $799, it is
cheaper than a specially designed listening roomn and may
well be the best alternative to that course. We think it
makes econoinic sense to buy the best speakers you can
afford and use the 729A to supply the finishing touches to a
really deluxe music system. It is obviously not for every-
body, but is not a “gimmick™ and it does its job very effec-
tively A

B&0 SP-12 Phono Cartridge

For copy of manufacturer’s brochure,
circle No. 2 on Reader Service Page.

OR many years, the Bang & Olufsen cartridges, made in

Denmark, were marketed in this country by Dynaco.

B{Ois now distributing the latest version of this distinctive

cartridge under its own name, through Bang & Olufsen of

America, Inc. The cartridge is known as the SP-12 or SP-10,
depending on the stylus dimensions. The SP-10 is fitted
with a 0.6-mil conical dinmond, while the SP-12, which we
tested, has a 0.2X0.7-mil elliptical diamond stylus. The styli
are interchangeable and easily replaced by the user.

The SP-12 uses the "X -shaped armature design that has
characterized the company's earlier cartridges. All moving
parts—stylus, cantilever, and armature—are in the replace-
able stylus assembly, which includes a magnetic shield. The
main cartridge body contains the magnet and four coils
whose pole pieces protrude slightly and are close to the
four tips of the armature. The generating system is sym-
metrical, and is not particularly sensitive to induced hum
from external magnetic fields. There is some magnetic at-
traction between the cartridge and a steel turntable and

14

even though it is not great, the low tracking-force require-
ment of this cartridge makes it advisable to use it only with
non-ferrous turntables (as is virtually every modern turnta-
ble).

The BL O SP-12 is designed for a 15-degree verticul
tracking angle. Its physical shape is such that any apprecia-
ble vertical-angle error (on the low side) will cause the car-
tridge body to contact the record surface. It, therefore, is
supplied with a removable plastic wedge that tilts the en-
tire cartridge body by 3 degrees when it is installed in the
arm of an automatic turntable. This produces a vertical an-
gle of 18 degrees when playing the first record and 12 de-
grees when playing the tenth record of a stack. This £ 3-de-
gree error is insignificant from a performance standpoint
and assures that the cartridge body will clear the record at
all times. If it is installed in a Dual 1219 or P-F automatic
turntable, both of which have adjustable vertical tracking
angle features, this wedge is not needed, nor is it required
with a properly installed manual record-player arm.

Playing the CBS STR100 test record, the B& O SP-12 had
a very uniform response (within +2.5 dB) all the way to the
20,000 Hz upper limit of the record. Channel separation
was 25 to 35 dB at middle frequencies, 15 to 20 dB at
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You build your own digital computer step-by-step,
circuit-by-circuil. You really get involved as you learn com-
puter organization, operation and programming with this remarkable
new training aid. It performs the same functions as bigger commer-
cial computers—and it's yours to keep and use.

What better way to learn all about computers than to ac-
tually build and use one? That's exactly what you do in NRI's
new Complete Computer Electronics home training program.

What you see illustrated may very well be the most unique
educational aid ever developed for home training. This is not
simply a “logic trainer.” It is literally a complete, general
purpose, programmable digital computer that contains a
memory and is fully automatic. It's a small-scale model of
larger, expensive commercial computers. Once you build it
and it is operational, you can define and flow-chart a problem,
code your program, store your program and data in the mem-
ory bank. Press the “start” button and, before you can remove
your finger, the computer solves your problem and displays
the results.

NRI is offering this new course because this is only the be-
ginning of the “Computer Age.” The computer industry con-
tinues to leap ahead. Qualified men are urgently needed, not
only as digital technicians and field service representatives,
but also to work on data acquisition systems in such fascinat-
ing fields as telemetry, meteorology and pollution control.
Office equipment and test instruments also demand the skills
of the digital technician. This exciting NRI program can give
you the priceless confidence you seek to walk into a techni-
cian’s job and know just what to do and how to do it.

You learn with your hands as
We// as your headPlanned from the beginning to

include training equipment in the pioneering NRI tradition.

this exceptional new course combines kits with educator-ac-

claimed NRI “bite-size” texts in an easy-to-understand pack-

age. But, unlike other home training, this is not a general

electronics course. Lessons have been specifically written to

stress computer repair. You perform a hundred experiments,
January, 1971

NEW:5 io e -

GCOMPUTER
TEGHNICIAN

NRI program includes a
complete, operating computer,
with memory, to make you
thoroughly familiar with
computer organization,
design, operation, construction,
programming, trouble shooting
and maintenance.

build hundreds of circuits, use professional test equipment.
You build and use your own solid-state, transistorized volt-

ohmmeter and your own oscilloscope in addition to your digi-
tal computer. Because you work with your hands as well as
your head, your training is as much fun as it is education.

Train at home with the leader

There is so much to tell you about this latest NRI *“first” in
home training, you must fill out and mail the coupon today.
Get the full story of Complete Computer Electronics and the
amazing digital computer you build and use as you learn. The
free NRI Catalog you receive also tells you about other NRI
training plans in Color TV Servicing, Communications, Elec-
tronics Technology. There is no obligation. No salesman will
call on you. NATIONAL RADIO INSTITUTE, Washington,
D.C. 20016.

ik L L
J MAIL NOW FOR FREE CATALOG

I 9] NATIONAL RADIO INSTITUTE
'y Washington, D.C. 20016 93-011
Please send me your FREE CATALOG with de-

tails about new Complete Computer Electronics
training. (No salesman will call)

Age.

____State Zip
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
L 8 N N N § § N § § N § § § ]
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Need high temperatures in tiny places?

The amazing Little Torch is so tiny
it can throw a flame of 6300°F.
through the eye of a needle. It sol-
ders, brazes, welds and heats with
exacting precision in the smallest
places; uses oxygen and acetylene,

Little Torel.

CIRCLE

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:

Tescom

CORPORATION

Instrument

" ~

o B

Dept. 133-1 2633 S.E. 4th St., Minneapolis, Minnesota 55414

NO.120 ON READER SERVICE PAGE

” 7 ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE
HOME STUDY COURSES IN:

« Electronics Engineering Technology
« Electronics Engineering Mathematics

Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level.
Complete college level courses in Elec-

tronics Engineering. Wwe're a forward
iooking school. Outstanding lesson ma
terial—thorough and easy to understand.
Engineering taught on the basis of appli
cation and understanding rather than on
the basis of memorization. Up to date
in every respect. Acquire the knowledge
and ability that means the difference
between a low paying technician job and
a high paying engineering position. Low
tuition cost with low monthly payments
Free engineering placement service for
our graduates. Write for free descriptive
literature. Ask for bulletin no sales-
man will catl on you.

COOK’S INSTITUTE
o/ g‘ﬂ‘rfrom'a é‘nginnn'ng

Forest Hill Road
P. 0. Box 10634
Jackson, Miss. 39209
Established 1945

Formerly Cook's School of Electronics
CIRCLE NO.146 ON READER SERVICE PAGE
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Cooperate With The

Zip Code Program

of The Post Office
Department.
Use Zip Code

In All

Addresses

GET
INTO

ELECTRONICS

V.T.L training leads to success
as technicians, fleld engineers,
specialists in communications,
gulded 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.1. 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
e ey

10,000 Hz, and 10 to 15 dB at 20,000
Hz

The excellent high-frequency re-
sponse of the cartridge encouraged us
to check it with the CBS STR120 rec-
ord, which sweeps from 500 to 50,000
[1z. On one channel, the response was
essentially umtorm to 25,000 Iz, and
on the other it went to 30,000 Hz.
Stereo separation was maintained all
the way to the uppermost frequenc:
limits of the cartridge.

The cartridge is rated for tracking
forces between | and 2 grams. W
found 1.25 grams necessary for best
tracking of the 1000-11z 30-ci/s bands
of one of our test records. The IM dis-
tortion, with the RCA 12-5-39 record.
was low up to about 17-cm/s velocity
with a 1.25-gram force. and up to 23
cm/s at a 2-gram force. The response
to the tune bursts on the STEREO RE-
viEw SRI2 test record was excellent
although we could see second-harmon-
ic distortion on bursts in the 10- to 20-
k¥iz range. The outpul of the cartridge
was 4.3 millivolts at 3.54 cm/s. We
measured the effect of shunting capaci-
tance on the response, and would
judge that total capacitances up to
about 300 to 350 pF have negligible
effect on the response.

In our largely subjective test of
tracking ability, the cartridge acquit-
ted itself well. It ran a close second to
two or three of the best cartridges we
have tested. At no time did it mis-track
seriously—in fact, it was necessary to
listen quite carefully to detect the
slight mis-tracking that occurred on a
few of the highest level bands of the
Shure TTR101 “Audio Obstacle
Course’ record.

B& O emphasizes its use of a dia
mond mounted directly on the canti-
lever without an intermediate cup or
bushing, which would add undesirable
mass to the moving system. Its success
is obvious from the outstandingly wide
range and flat response of this car-
tridge. Each cartridge comes with it
own individually run response curve,
which agreed quite closely with our
own measurements. In fact, we were
pleasantly surprised to find that our
tests confirmed every published claim
made for the cartridge, even though
we used different types of test records.
This is not, by any means, a usual oc-
currence in cartridge testing.

When playving records with the car-
tridge it is difficult to assign any special
character to the sound. This is a logical
result of its smooth, wide-range r«
sponse, which gives it a very neutral
quality. This highly desirable property
means that the cartridge will repro-
duce records faithfully, without impos-
ing any of its own characteristics on the
sound. The B&O SP-12 stereo phono
cartridge sells for $59.95. .

ELECTRONICS WORLD



Important
New

SAMS
Books

Color-TV Field-Service Guides

These invaluable guides have been com-
piled to enable the technician to service
color-T'V more efficiently in the cus-
tomer’s home. Charts provide chassis
layouts showing type, function, and
location of all tubes and /or transistors
used in a particular chassis, ratings and
locations of fuses and circuit breakers,
location of service controls and adjust-
ments, etc. Specific field-adjustment
procedures are shown on page opposite
chassis layout. Index provides instant
reference to the proper chart for any
particular TV chassis. Each volume
contains 80 diagrams covering over
3,000 chassis.

Volume 1. Order 20796, only. .. .$4.95
Volume 2. Order 20807, only. .. .$4.95

Questions and Answers

About Medical Electronics

by EDWARD J. BUKSTEIN Anyone fa-
miliar with basic electronic circuits will
find this a fascinating and readily
understandable book emphasizing the
applications of electronic equipment in
clinical and research medicine, general
principles of equipment operation,
special features of tﬁe equipment, and
the related medical terminology.
Order 20816, 0nly. . ........... $2.95

ABC’s of Integrated Gircuits

by RuUFuS P. TURNER. This basic in-
troduction to the integrated circuit (IC)
will be welcomed by hobbyists, experi-
menters, and students who have some
familiarity with semiconductors. De-
scribes the fundamentals of the IC, and
its applications in amplifiers, oscillators,
control circuits, communications, test
equipment, and computers.

Order 20823, 0nly............. $2.95

Transistor Specifications Manual. 4th Ed.
by THE HOWARD W. SAMS ENGINEERING
STAFF. Lists the electrical and physical
parameters (along with the manufac-
turers) of virtually all of the transistor
types now in use. Also includes fre-
quency, gain, and leakage parameters,
as well as a special section on rf power
transistors. Comb-bound.

Order 20788, 0nly. ...... ...... $4.50

ABC's of FET's

by RUFuUS P. TURNER. Clearly explains
the theory and describes the operating
principles of FET’s (field-effect tran-
sistors), special semiconductor devices
with unique qualities. Describes FET
circuit design and typical applications
in a number of practical circuits.

Order 20789, 0nly............. $2.95

January, 1971

Computer Data Handling Circuits

by ALFRED CORBIN. This book offers
the beginner a valuable introductory
course in practical digital data circu:t
analysis. Makes understandable the
semiconductors and circuitry used in
digital equipment. Explains digital data
logic and tge associated mathematics.
Analyzes the basic logic circuits and
their functional blocks, as well as digital
display devices. Invaluable for anyone
desiring to be conversant in the opera-
tional theory of data handling circuits.
Order 20808, 0only. .. ... ... ...$4.5%0

Color-TV Case Histories

by JACK DARR. Case histories not only
provide the TV technician with solu-
tions to troubles heislikely to encounter,
but enable him to compare his trouble-
shooting methods with those of others.
Each of these case histories of troubles
actually happened. The symptoms zre
given for each trouble, along with the
method used to locate it.

Order 20809, 0nly. ............ $3.50

Radio Spectrum Handbook

by JAMES M. MOORE. This book fills the
“information gap’’ about the many
types of radiocommunication which ex-
ist apart from radio and TV. Each
chapter covers a given frequency-alo-
cation range; a table provides an over-
all summary of the uses of all frequencies
in that range, followed by text describ-
ing the individual radio services avail-
able. Includes information on receivers
available for the various frequency
bands described. Hardbound.

Order 20772, 0nly. ............ $7.95

CIRCLE NO. 126 ON READER SERVICE PAGE

Order from your Electronic Parts Distributor,

First-Class Radiotelepone
License Handbook. Third Edition

by EDWARD M. NoOLL. Completely up-
dated to cover all the new material
included in the recently revised FCC
Study Guide. Book sections include:
Theory and discussion of all phases of
broadcasting; all the questions (and the
answers) included in the FCC Study
Guide; three simulated FCC examina-
tions; appendices containing the most
relevant FCC Rules and Regulations.
This book will not only help you ac-
quire your license, but will also serve as
a textbook for broadcast engineering
training. Order 20804, only. ... .$6.50

Short-Wave Listener's Guide. 4th Ed.

by H. CHARLES WOODRUFF. Completely
revised and enlarged to include the
most recent changes in SW broadcasting
schedules. Lists world-wide short-wave
stations by country, city, call letters,
frequency, power, and transmission
time. Includes Voice of America and
Radio Free Europe stations, and sta-
tions operating behind the Iron Curtain.
With conversion chart and handy log.
Order 20798, 0nly. . .. ......... $2.95

ABC's of Tape Recording. 3rd Ed.

by NORMAN CROWHURST. Newly revised
and updated edition of this popular
handbook. Explains how tape recorders
work (transport mechanisms, heads,
controls, etc.), how to choose the best
recorder for your needs, and how to use
it most effectively for both entertain-
ment and practical purposes. Includes
tips on recording quality and recorder
care. Order 20805, only.. . ... .. $2.95

| |
| or mail to Howard W. Sams & Co., Inc., Dept. EW-011 |
| 4300 W. 62nd St., Indianapolis, Ird. 46268 [1207% - (7 20808 |
| ) 120807 [ 20809 |
| Send books checked at right. $_________enclosed
| [J'Send FREE 1971 Sams Book Catalog (120772 (720789 |
(120816 (720804 !
| Name. - . - |
| ;:d: LI []20823 [7]20798
: e — - [D20788 ] 20805 |
City _ State_______Zip. I
L - e e e J



Can you solve these
two basic problems in
electronics?

This one is relatively simple:

When Switch S: 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) s)oA 0g—2 walqoid
dn yby |1e Asyl—| walqoid SHIMSNY
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Z: 10 volt zener diodes

This one’s a little more difficult:

What is the output voltage (p-p)?

Note: If you had completed the first lesson in the
new courses in Solid State Electronics; you could
have easily solved this problem.

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

If you had completed an entire RCA Institutes
Home Study Course in Semiconductor
Electronics, Digital Electronics, or Solid State
Electronics, you should now be qualified

for a good paying position in the field you choose.
Send for complete information. Take that first
essential step now by mailing the attached card.

ELECTRONICS WORLD



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

Build and keep this
valuable oscilloscope.

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
January, 1971

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

Valuable Equipment—Yours To Keep

A variety of RCA Institutes engineered kits are
included in your program of study. Each kit is yours
to keep when you've completed the course.
Among the kits you construct and keep is a working
signal generator, a multimeter, a fully
transistorized breadboard superheterodyre

AM receiver, and the all-important oscilloscope.
These 4 kits are at no extra cost. Compare this
selection with other home study schools.

Convenient Payment Plans

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

Classroom Training Also Available

RCA Inst tutes 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. Biil.

Send Attached Postage Paid Card
Today. Check Home Study or
Ctassroom Training.

Accredited Member National Home Study Council.

IF REPLY CARD IS DETACHED, SEND THIS COUPON

RCA Institutes Inc.
Home Study Dept.

320 West 31 Street

New York, N.Y. 10001

|
|
|
|
|
: Please send me FREE :llustrated career catalog
|
|
|
|
|

Name Age
(please print)
Address S
City State Zip.
240-001-1 "
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CosCo

Offers o Complete line

of Muric
Enhancement Products

Strobes—like the Mega above, or
the compact Astrolite below. Even
a kit that practically builds itself

Color Organs—with or without light
disptays. Brilliant 4 color light dis-
plays available in six different
models styled like the D-35 shown
above, or use your imagination
and control up to 3200 watts with
the 4 channel C2000 shown below.

Write for free color brochure show-
ing all the quality CosCo lighting
products. Dealer inquiries invited.

s '
CosCo Research, Inc.\i’
P.0. Box 17, Colo. Springs, Colo.

303 / 473-1950 80901

CIRCLE NO.145 ON READER SERVICE PAGE

B
LETTERS

ELECTRONICS BY HOME STUDY
To the Editors:

Referring to vour Sept., 1970 article
“Can You Learn Electronics by Home
Study?,” 1 say “yes” and | believe in
home-study programs. Ilowever, these
courses are designed for newcoriners or
technicians wanting to change fields.

What about the established electron-
ics technicians in various fields who
need a convenient way to up-date their
skills and electronic abilities? What's
needed is a refresher course with kit
projects reviewing and renewing; proj-
ects which can help keep one abreast
of electronic circuitry and compo-
nents. Mass-production could muke
this need less expensive than by indi-
vidual purchasing. Many of the flields
share in common use of basic circuitry,
and a course so designed should find an
attractive market for home-study
schools.

BEN P. GRISAFI
El Cajon, Cal.

DIRECT VS REVERBERANT SOUND
To the Lditors:

Reverberance and directionality in
loudspeaker systems are currently a
matter of much interest. | was glad to
see your two-part series on this topic
("Is Omnidirectionality Desirable in a
Loudspeaker?” by Don Davis, 8/70
and “Direct vs Reverberant Sound for
Stereo Speakers™ by George Augspur-
ger, 9/70). It is unfortunate that both
articles contain a number of inaccura-
cies.

Mr. Davis states” . . . if you were to
listen in an anechoic chamber . . . to a
well-made recording taken in a con-
cert hall . . . vour ears and brain, hav-
ing no other distracting aural refer-
ences, would ‘feel’ as if thev were in
the concert hall.” This is not so. I have
heard music plaved on several speak-

rs in anechoic chambers, and it

sounds very unlifelike. The reason is
clear: all the sound comes from the two
speakers. The reverberant sound in a
concert hall arrives at your eurs from
different directions and this is directly
perceivable.

e says “the desired ratio of direct-
to-reverberant sound has been careful-
Iy established ™ in commercial record-
ings. So it has, with the realization that
the recording will be played back via
speakers in a room with some rever-

beration of its own, so that the hall re-
verberation is deliberately controlled
in order that the combined effect will
be optimal. Binaural-type recordings,
made for headphone playback, do not
sound proper on speakers.

Mr. Augspurger declares “'to repli-
cate the sound field perceived when
listening to a live performance would
require 30 or 40 channels rather than
two or four.” To duplicate the total
phase and amplitude information
throughout a region of space is impossi-
ble with any finite number of speakers;
to create a sound field at two points
(listener’s ears) audibly indistinguish-
able from the original requires a num-
ber of channels that is generally agreed
to be less than ten.

Still worse, “To reproduce a large
sound source, a single large speaker
systemn will do a better job than a single
small speaker system, all other factors
being equal.” Cleurly, if all other fac-
tors were equal, there would be abso-
lutelv no difference in the sound. The
only significance of the size of a speak-
er to its sound is that it is easier to de-
sign a large speaker system to have
uniform dispersion and wide dynamic
range; this in no way prevents a well-
designed small system from having
equal performance. As for “perfectly
balanced stereo’ being equivalent to
“exactly the same sound everyviwhere,”
really now, Mr. Augspurger.

Mr. Davis” technical discussion of di-
rectionality and “critical distance” is
nearly irrelevant, for no speaker is
highly directional at low (below 200 11z
roughlv) frequencies. A tvpical “highly
directional™ speaker is only so at mid-
range and treble frequencies, thus vio-
lating Mr. Davis’ criterion that “what is
desired is a reproducer with a fixed dis-
tribution that does not vary with fre-
quency.” Furthermore, a much more
realistic criterion is that the dispersion
into the room be uniform for all fre-
quencies. This establishes require-
ments on the room acoustics as well as
the loudspeaker; it is impossible to de-
sign a speaker system to be ideal in ull
rooms, and difficult to design one to be
good even for all likely home listening
rooms. Flexibility is a desirable attrib-
ute in a loudspeaker system.

For economic and psychological rea-
sons, it is probable that home music
systems will be dominated by two-

ELECTRONICS WORLD
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speaker system playback for some
titne. Within the context of two speak-
ers in a typical home listening room, 1
think the important question is wheth-
er the presence or absence of the spa-
tial effect created by reverberant
speakers creates a total effect which
sounds more like the original perform-
ance.
GERALD D. BLuM, Exhibit Planner
Muscum of Science
Boston, Mass.

We have planned some future arti-
cles that will shed more light on the
topic and continue the debate. Reader
Blum’s last sentence opens up the en-
tire philosophical question as to wheth-
er the home sound system should re-
produce the original performance or
should it perhaps even improve on it?
This “improvement” is certainly at-
tempted in the recording and master-
ing of pop and rock music groups,

though not so much in the recording of

classical music. Perhaps anything goes
with pop music so long as the listener
Sfeels more with the music. With classi-
cal music however, we usually tend to
respect the original composer-director-
orchestra-concert hall performance.
Editors.
E 3
CODE-BREAKING FOR SUBSCRIBERS
To the Editors:

The item in the October issue (page
77) on breaking vour label code inter-
ested this “alert,” 12-year subscriber to
your magazine—despite its error, omis-
sion, and incompleteness. “"Cryptogra-
phy, anyone?” it asked. Why not? tere
arc my contributions.

The error was right at the start after
347 was explained. Your computer
will be looking in Chicopee, Mass., not
New Milford, N.J, since the 5 digits
after the maguazine code 34 should be
the subscriber’s Zip Code. That is what
the labels on my 34" magazines tell
me.

The omission was in your not telling
what the "MTHC" stands for. They
represent the first, third, and fifth let-
ters of the subscriber’s last name and
the first letter of his first namne.

Now to the “268N105 01", What is
it? Whatever it is, it may have been
changed since there is no resemblance
on my labels.

FRANK ]J. MANUS
Loong Beach, Calif.

Our astute reader is certainly correct.
The Zip Code should appear in the
Sfirst line along with the subscriber’s
initials. We hadn’t thought this would
be of interest to readers so we used fic-
titious numbers. The coding “268N 105
01, tells us the source of the original
subscription order, and gives us the mi-
crofilm cartridge number to help us lo-
cate the subscriber’s record.
January, 1971

If you cant come to the worlds
newest, largest and most exciting
electronics department store,

£
3
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1971 Allied Radio Shack Catalog

Thousands of electronic values!

well mail the store to you!

r—-_l.’:\?/a_ﬂ've.’ , 4

W
T g P e T

Big Choice of Audio Items
Factory-Direct Savings! - i

Allied TD-1099. 3-Head Stereo Tape Deck. One-
piece head makes tape threading a snap. Walnut-

grain case. $179.95

Realistic. STA-120. wideband AM, FET-FM
Stereo Receiver, 140 Watys, With case. $269.95

MOTOROLA
PANASONIC 2

,“"Ied al

camesn —t
r=—

01vISION OFVVANOV conr
FCY

RADID SHALK

Allied Radio and Radio Shack have joined Mail Coupon To Address Below. .. or bring to
forces to form the largest electronics dis- Allied Radio Shack store for new 1971 catalog!

tributing company in the world! This new
460-page catalog offers you famous-name
brands, exclusive new products you’ll find

PR 1

ALLIED RADIO SHACK, 100 N. Western Avenue 604
Chicago, lllinois 60680

| Yes! | want your big new 1971 catalog. | enclose $1 for
matling and handling (refundable with my first purchase of

A |

nowhere else and prices that only our

$1 or more).

combined buying power makes possible! | name |
I . Frrst Middte Last I
World's Largest! Over 800 stores in 48 I ADDRE Street or Route and Box No |
states. See your phone book. ¢ STATE 230000 |
I enclose [Jcheck []money order [Jcash g
— ABOUT YOUR SUBSCRIPTION
Your subscription toELECTRONICSWORLD  you two copies of ELECTRONICS WORLD each
is maintained on one of the world’s most month. Other examples of combinations
modern, efficient computer systems, and of names that would confuse the compu-
if you're like 99% of our subscribers, ter would include: John Henry Smith and
you'll never have any reason tc complain Henry Smith; and Mrs. Joseph Jones and
about your subscription service. Mary Jones. Minor differences in addresses
We have found that when complaints can also lead to difficulties. For example,
do arise, the majority of them occur be- to the computer, 100 Second St. is not
cause people have written their names or  the same as 100 2nd St.
addresses differently at different times. So, please, when you write us about
For example, if your subscription were your subscription, be sure to enclose the
listed under “William Jones, Cadar Lane, mailing label from the cover of the mag-
Middletown, Arizona,” and you were to azine—or else copy your name and ad-
renew it as “Bill Jones, Cedar Lane, Mid- dress exactly as they appear on the
dletown, Arizona,” our computer would mailing label. This will greatly reduce any
think that two separate subscriptions chance of error, and we will be able to
were involved, and it would start sending  service your request much more quickly.
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35,000 parts
foradollar.

What do you do
when a customer walks
in with a TV set which has
a brand name that sounds like
hara-kiri, and you find that one of =
the transistors has committed suicide?

You can tell him to throw the sct away.

Or, if the transistor has a number, you can
look it up in Sylvania’s ECG Semiconductor
Replacement Guide and pop in an ECG re-
placement.

The Guide lists over 35,000 transistors,
FETs, diodes, rectifiers, Zener diodes and linear

ICs. It includes JEDEC, European
and Japanese types.
All of them can be replaced by only 87
ECG semiconductors.
So you don’t have to own a warehouse to do
your job.
You just need a few drawers of ECG parts.
And one buck...
for which your Sylvania Distributor will
gladlyv sell you the Guide. He also has the entire
ECG replacement line. Remember: Sylvania
supplies you, we don’t compete with you.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

ELECTRONICS WORLD



Marine

Communications
Up-to-Date

By RICHARD HUMPHREY

Summary of latest and proposed FCC
Rules and Regulations that will lead

to extensive changes in marine radio.
SSB is to be used in the 2-3 MHz band,
and there is to be an expansion

of the v.h.f./FM marine band.

N June 26, 1970 the Federal Communica-
tions Commission released its Report & Or-
der on IFCC Docket 18307 covering the schedule
of dates, technical standards, frequencies, and
other requirements for the progression to single-
sideband in the 2-3 MI1z marine band. The Re
port & Order also affects, to an extent, the al-
ready expanded v.h.f./FM marine band and thus,
despite certain technical and procedural guide-
lines to be taken care of in later action, effective-
lv writes finis to the most extensive and far-
reaching changes in marine communications
since their inception.

AM to SSB

As far as the United States is concerned, the
decision to move from double-sideband or "TAM”™
1o SSB in the 2-3 MIlz mnarine band and also the
recent expansion of the v.h.f./FM inarine band
was prompted by a continuing increase in the
number of pleasure craft. As of March 1, 1969,
over 166,000 pleasure craft had 2-3 Mz marine
radiotelephones (the FCC reports that as of Janu-
ary 1, 1970, vessel stations in all categories in the
2-3 Milz band had grown to 187,500

No other country has precisely this probhlem of
congestion and interference in the 2-3 MHz ma-
rine band as a direct result of a sheer mass of
numbers. It was hoped that the creation of 28
channels in the 156-162 Mllz frequency band at
the 1957 llague International Maritime Mobile
Radiotelephone Conference (this was ratified at
Geneva in 1959) might be an answer but it was
soon apparent that it wouldn't be. First, this
country could only adopt 18 of the 28 lague
channels because of existing allocations mainly in
the Public Salety service (police, fire depart-
ments, etc.). Second, despite the fact that the

January, 1971

DE::;:::II" Ffl‘-QUency o) Points of Communications Notes
Shia [ Coast

16 156.800 156.8008 Intership and ship to coast 1
06 155.200 Intership 2
65 154.275 156.275 Intership and ship to coast 3
66 156.325 156.325 intership and ship to coast 3
12 156.600 156.600 Intership and ship to coast 3
73 155.675 156.675 Intership and ship to coast 3
14 196.700 156.70D Intership and ship to coast 3
14 156.725 156.75% Intership and ship to coast )
20 157.300 161,660 Intership and ship to coast s
13 156.550 156.650 Intership and ship to coast 4
15 156.750 Coast to ship 5
17 156.850 156.850 Ship to coast 6
07 156.350 156.350 Intership and ship to coast 7
67 166.375 Intership 7
08 166400 Intership 7
09 156.450 156.450 Intership and ship to coast 8
10 186.500 156.500 Intership and ship to coast 7
n 156 550 156.550 Intership and ship to coast 7
17 156 875 Intership 7
18 156900 156.900 Intership and ship to coast 7
19 156.950 156.950 Intership and ship to coast ?
19 156.975 156.995 Intership and ship to coast ?
80 157.025 157.025 Intership and ship to coast 7
88 155.425 Intership 18
68 15€.425 156.425 Intership and ship to coast 10
09 156.450 156.450 Ship to coast 8,10
69 15€.475 156.475 Ship to coast 10,11
70 156.525 Intership 10
n 156.575 156.575 Ship to coast 10.11
12 156.625 Intership 10
18 156.925 166.925 Ship to coast 10,11
24 157.200 161.600 Ship to public coast 12
84 157.225 161.825 Ship to public coast 12
25 167.250 161.850 Ship to public coast 12
85 157.27% 161.37% Ship to public coast 2
26 751.300 161.900 Ship to public coast 12
86 157.325 161.925 Ship to public coast 12
27 157.350 161.950 Ship to public coast 12
87 187.375 161.975 Ship to public coast 12
28 157.400 152.000 Ship to public coast 12

NOTES: 1. This channel is the Naticnal (not international) Distress, Safety & Calling fre-
quency. Vessel and coast siations arz required to maintain a listening watch during their
hours of service. Required chanrek, 2. This channel is the intership safety channel for safety
communications ofty. Recuired channel; 3. These channels are port operation channels and
may be used oniy in Or near = pcrt, in 0cks, or waterways, with traffic lImited to movement of
ships and safety of ships and persons, 4. This channel to be used for safety communications
pertaining to the movement of ships and is primarily ship-to-ship and secondarily shp-to-
coast. 5. This is 8 ®receive-nnly’ channel for the transmission of weather information, focat
conditions, hazards to navigation, and Notices to Mariners. Operating at this writing Caly in
USCG 7th District {Miami), 6. State Control channel tor use by non-Federal government
agencies and s@tes for cantrol primarily of recreational boating. May be used by private ship
stations; 7. May be used only on commercial vessels for commercial, operational, or eco-
nomic messages relating disectly to ship business; 8. Channel 9 Is shared between commer-
cial and non-comma2rcial vessels and traffic; 9. Use limited to commercial ships engagzed In
commercial fishing Also m.ay be used for ship-to-aircraft communications where airasft is
associated with fist ing operations: 1. For non-commercial (pleasure craft) use for cemmu-
nications relating to the ne=ds of the vessel; 11. Available to marinas, yacht clubs, and
organizations affer ng services and :upplies to non-commercial vessels; 12. Public Corre-
spondence (Marine Operzatar) channels.

Table 1. Lisiting of U.S.A. v.h.f./FM marine channels, equiva-
lent ship and coastal station frequencies, and any restrictions.
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Tolerance |
Freque:cv Conditions Parts Notes
Ban in 108
1605-4000 kHz A3A, A3H, and A3 emissions only 20 Hz 12
1605-4000 kHz Emissions other than 50 1
A3A A3H, and A3J
100-200 MHz Stations with carrier 10 34
power under 3 watts
100-200 MHz Stations/carrier power 3-100 watts 5 34
100-200 MHz Stations/carrier power 25 34
over 100 watts
2000-2850 kHz A3A, A3H, and A3J emissions only 20 Hz 256
2000-2850 kHz Emissions other than 50 56
A3A, A3H_and A3J
100-200 MHz Stations with carrier 10 46
power under 3 watts
100-200 MHz Stations/carrier power 3-100 watts 5 46
100-200 MHz Stations/carrier power 25 46
over 100 watts

NOTES: 1. For coast stations operating below 515 kHz or the band 1600-27.500 kHz: 2.
Tolerance shown in hertz and not in parts per 10¢; 3. For coast stations operating above 30
MHz and for manne utility stations: 4. Applicable to transmitters type-accepted after March
1. 1969, transmitters placed in service after Januarg 1. 1970 and all transmitters after
January 1, 1974. Provided: tolerance of 20 parts 10° applicable until January 1, 1974 to
transmitters type-accepted prior to March 1,1969 and installed prior to January 1, 1970: 5.
For coast stations in the marihime fixed services: 6. For marine receiver test stations in the
maritime fixed services.

Table 2. Frequency tolerances and explanatory notes for coast
stations operating in 2.3 MHz and v.h.f./FM frequency bands.

v.hf/1°M band would obviously serve the nation’s pleasure
boating communications nceds far better than 2-3 Mllz,
the pleasure boater stubbornly refused to become interest-
ed in the new band.

Then, in the fall of 1967, American representatives took
two basic ideas to the Geneva World Administrative Radio
Conference of the International Telecommunication Un-
ion: first to increase the number of channels in the v.h.f./
IFM marine band, to change from wide-band FM (+ 15
k11z) to narrow-band I'M (%5 kllz), reduce channel spacing
from 50 to 25 kllz, and to add still more pleasure-boat ori-
ented services to the v.h.f./FFM marine band and second, to
progress from double-sideband (AM) emission to single-
sideband (SSB) in the 2-3 MIIz marine band.

Three types of SSB were envisioned: A3A (“reduced” car-
rier with the carrier 16 decibels T2 dB below peak enve-
lope power), A3I1 (*full” carrier with the carrier between 3
and 6 dB below p.e.p.), and A3] (“suppressed™ carrier with
the carrier at least 40 dB below p.e.p.). There were changes
scheduled in the maritime frequencies in the 4 to 27.5 Mllz
spread also, but nothing as all-inclusive as those in the 2-3
MIIz and v.h.f./FM marine bands.

Although there was support for these changes, there was

Table 3. Frequency tolerances and explanatory notes for ship
stations operating in 2.3 MHz and v.h.f./FM frequency bands.

E Tolerance
requency - Pa
Conditions rts Notes
Band in 106
1605-2070 kHz
2080-3500 kHz A3A, A3H, and A3J emissions only 50 Hz 1,2
1605-2070 kHz Emissions other than
2080-3500 kHz A3A A3H, and A3J 200 1
2070-2080 kHz 50 1
2182 kHz Survival craft stations 200 1
100-200 MHz Ship and survivat craft/
over 27.5MHz 10 3
100-200 MHz Survival craft stations
on 121.5 MHz 50 3

NOTES: 1. For ship and survival craft in the band 1600-27,500 kHz; 2. Tolerance shown in
hertz and not i parts per 106; 3. Applicable to transmitters type-accepted after March 1,
1969, transmitters placed in service after January 1, 1970 and all transmitters after Janu-
ary 1, 1974. Provided: tolerance of 20 parts 108 applicable untt January 1, 1974 to
transmutters type-accepted prior to March 1, 1969 and installed prior to January 1. 1970.
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a great deal of opposition as well, both here and abroad.
Fventually, an international schedule of dates for the tran-
sition to single-sideband in the 2-3 M1z marine band was
worked out. No more installation of double-sideband trans-
mitters after January 1, 1973; no more use of double-side-
band transmitters after January 1, 1982 (for international
use).

Additionally, the framework for eventually changing
from 50-kHz spacing and wide-band FM to 25-kl1z spacing
and narrow-band M was adopted. lowever, the United
States with its unique problems could not conform entirely
to the international agreements in either band. The " Amer-
ican™ v.h.f./FM marine-band channels, points of communi-
cations, and applicable notes are given in Table 1.

Most of the opposition to the narrow-banding of the
v.h.f./FFM band concerned losses in recovered audio and
capture effect and possible cross-channel interference. The
standurd answer from the supporters of the changes was
that the v.h.f./I'M land-mobile service had been operating
under more-or-less the same requirements for years.

The mujor opposition to the single-sideband transition in
the 2-3 MHz band had to do with the schedule of dates.
Everyone had agreed for some time that single-sideband
was coming, but “couldn’t it be put off for a time?” In the
FCC’s rule-making procedure, it was this schedule of dates
that drew the most formal comments (32) and letters (17).
These are the dates, effective as of mid-1970:

1. January 1, 1972—no more neic installations of double-
sideband equipment at ship or coast stations

2. January 1, 1977—no more use of double-sideband
equipment at ship stations

3. Junuary 1, 1972—no more use of double-sideband
equipment at public coast stations

4. January 1, 1977—public coast stations serving lakes
and rivers (with the exception of the Great Lakes and the
Mississippi River System) will not be authorized to use 2-3
Mllz communications

5. January 1, 1972—new installations of SSI3 equipment
aboard ship stations authorized only when v.h.f./FFM is al-
ready aboard

6. January 1, 1977—public coast stations must not com-
municate on 2-3 MIlz with ship stations that are within
v.hf./FM range

7. January 1, 1972—ship stations with new SSB installa-
tions must not communicate on 2-3 M1z with ship or coust
stations within v.h.f./I°M range.

The first four of the above dates are straightforward, al-
though the first date (Junuary 1, 1972) specifying “no more
new installations . ' requires some explanation. The
Comurnission has provided amortization relief to vessel own-
ers who sell their boats and take their radio equipment with
them to their new vessel and to owners of presently li-
censed and installed double-sideband marine radiophones
who wish to retain this equipment. In both cuses, this dou-
ble-sideband gear may be used until January 1, 1977 (if li-
censed and installed prior to January 1, 1972). The owner
maintaining his radio on the sume boat need only to renew
his license at the proper time. The owner who sells his boat
and takes his rudio equipment (double-sideband) with him
need only attach his old license to his application for his
new ship license and the FCC will authorize that new li-
cense for a period not to exceed January 1, 1977.

The last situation under this “grandfather™ clause: 1« man
who sells his vessel after Jan. 1, 1972 and leaves his DSB
gear on that vessel leaves the new owner a useless piece of
radio equipment cven though the radio was installed and
licensed prior to January 1, 1972 and the license at the time
of the sale was valid. If the new owner wants radio, he must
first install v.h.f./FM and then 2-3 Mllz single-sideband.
“The new purchaser of the vessel,” savs the FCC Report,
“has no earned or implied rights to the use of double-side-
band equipment.™

ELECTRONICS WORLD



Table 4. Listing of new SSB frequencies available on 2-3 MHz band. »

However, the requirements specified for the last three
dates (items 5-7) have and will continue to be a source of
confusion and recrimination. January 1, 1972: you must
have v.h.f./FM installed and licensed before you can install
and license 2-3 MHz SSB equipment. Opponents of this re-
quirement state that SSB will serve both long-range and
short-range communications needs. There is absolutely no
need for a vessel station—and, in particular, a station
aboard a pleasure boat—to use $SB to communicate for 20
miles or so. The Communications Act of 1934, as well as
most experts, echo the “no more power than is necessary to
maintain communications” theme.

The last two dates (items 6 and 7) complicate matters.
According to the schedule of dates, if a public coast station
has telephone traffic for a ship station that is within v.h.f./
F'M range, the coast station can call on 2-3 MHz. This is
where complications arise, since the ship station cannot re-
ply on 2-3 MHz (item 6); it must answer on v.h.f./FM. But,
the coast station doesn’t have v.h.f./FM because it is not
required to have it until January 1, 1977 (item 6), although
the Commission is “urging™ 2-3 Mz coast station licensces
to submit v.h.f./FM applications before January 1, 1972,
Only if Bell Telephone cooperates and implements v.h.f./
FM by January I, 1972 at its existing 2-3 M1z stations will
things run smoothly.

To further complicate matters, there will be the uncount-
ed thousands of double-sideband “"grandfather™ marine ra-
diophones calling anyone, any time, and anywhere they
please with no v.h.f./FM—2-3 MHz distance restrictions
whatsoever.

Requirements

Technical specifications for the 2-3 MIHz SSB operation
are substantially the same as for the frequencies above 4
MHz. The authorized bandwidth for the three modes of
SSB (A3A, A3lH, A3)) is 3 kHz. The frequencies for the two-
tone test is to be resolved later since 700 Hz and 2500 Hz
offer certain difficultics.

A3A—reduced carrier—had been a bone of contention
during the rule-making procedure. The reason for having it
is for those stations which employ automatic frequency con-
trol (a.f.c.) in their receivers. Comments in regards to A3A
were filed by Collins. Motorola, and the United States Pow-
er Squadrons. The FCC itsell has stated that it felt A3A
should be phased out as soon as possible. But, evidently,
now is not the time.

Coast station transition to SSB is as follows: use of double-
sideband (A3) emission to cease as of January 1, 1972 and
the use of single-sideband, full carrier (A3l1) to begin on
that date. This progression applies to 2182 kilz only. In
other words, A3H (sometimes referred to as “compatible
single-sideband ™) is to be the ouly type of SSB authorized to
coast stations on 2182 kllz. On the other authorized fre-
quencies for coast-station use, A3A, A3H, and A3] shall be
used after January 1, 1972.

Onue further point must be mentioned: the concept that
marine communications are primarily a safety factor is an
old one. All coast and ship stations have long been required
to monitor 2182 kHz continuously “during their hours of
service.” Since September 3, 1968, chaunel 16 (156.8 MIHz)
in the v.h.f./FM band has been the National (American)
Distress, Calling & Safety frequency. This means that all
coast and ship stations must monitor this channel (156.8
MHz), while in “American™ waters, on the same basis as
2182 kHz.

During the rule-making procedure in Docket # 18307,
the Coast Guard, whose primary responsibility is search and
rescue, strongly supported the requirement that ship sta-

(Continued on page 83)

Table 5. Suggested v.h.f./FM crystals that should be stocked. P>
January, 1971

Carrier
Frequency

2065.0 kHz

Conditions of Use

Assignment to ship and coast stations will be subject to coordina-
ticn with Canada. Available only at locations which will not
caJse interference to use of the same frequency by Canada.
Limited to a maximum output power of 150 watts p.e.p. and to
emissions 2.8A3A and 2.8A3J.

2079.0 kHz "

2082.5 kHz Available to ship stations primarily for intership safety commu-
nications in the maritime mobile service. On a secondary basis
tc safety nications, available to ship stations other than
th ose aboard vessels engaged in commercial fishing for commer-
cial {operational) communications. On a tertiary basis, subject
to non-interference to ship stations, may be assigned to coast
stations for Commercial (Operational) communications with
ship stations. Ship and coast stations are limited to 3 maximum
power of 150 watts p.e.p. and to emissions 2.8A3A and 2.8A3J.

2086.0 kitz Available to ship and coast stations serving vessels operating in
the Mississippi River System. Limited to a maximum output

power of 150 watts p.e.p. and to emissions 2.8A3A and 2.8A3).

2093.0 kHz Available to ship stations for intership communications aboard
vessels engaged in commercial fishing. Limited to a maximum
output power of 150 watts p.e.p. and to emissions 2.8A3A

and 2.8A3J.

2096.5 kHz Available for use by limited ship and coast stations as provided
in Subsections 83.360 and 81.361, except that the provisions
of Subsection 81.361(b){4) do not apply. Limited to emission

2.8A3J and a maximum power output of 150 watts p.e.p.

2203.0 kHz Available in the Gulf of Mexico only, for assignment to ship
stations other than those aboard vessels engaged in commercial
fishing. Limited to a maximum output power of 150 watts

p.e.p. and to emissions 2.8A3A and 2.8A3J.

NOTE: The Federal Communications Commission will amend the proper sections cf Parts
81 and 83 to finalize these frequencies. In the interim, the Commussion will assign the above
frequencies in order "'to avoid delay in making these frequencies available to the publc.”

Channel Frequency (MHz) Use Comments
6 156.300 Intership Safety Required
16 155.800 Distress, Safety Required
& Calling
26 157.300 ship xmt Public Correspondence These two fre-
161.900 ship rcv {Marine Operator) quencies are
" the most used
28 157.400 ship xmt
162.000 ship rcv " throughout the
country
12 1£6.600 Recommended by

U.S. Coast Guard
for routine
{non-Distress) traffic

14 156.700 "

- 152.550 U.S. Weather Bureau Check in your
taped forecasts particular area
for availability
15 156.750 Environmental Presently opera-
channel tive only in
Miami area
13 156.650 Navigationa! This is the so-
channel called “bridge-
to-bridge fre-
quency
69 156.475 Recreational craft
and also coast
stations {marinas,
yacht clubs, etc)
n 156.575 "
78 156.925 "

<
NOTE: In aadition. one other public correspondence set of crystals. Check in your area to
see which channe s are operative. One or two sets of Port Operation crystals (see Table 1)
are also recommended. While channels 6 and 16 are FCC-required plus “‘one or more work-
ing frequencies,’’ oleasure-boat owners should be encouraged to use the “non-commercial”
channels (see Tasle 1) and not use channel 6 as a routine intership working frequency
except for safety purposes. The FC.C is currently assigning channel 68 to marinas ard yacht
clubs along with channels 69. 71, and 78
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Recent

in Electronics

Laser Gyroscope. (Top right) Technician is making final check on
this laser gyroscope before separating it from the gas-fill station. The
helium-neon laser combines three ring lasers in a quartz sphere. An-
gular displacement and rates around three orthogonal axes are
sensed without loss of accuracy at very high shock and vibration
levels. The new gyro, built by Honeywell, will be used in an Army
advanced technology flight-test program. The three-axis gyro is the
first of its kind produced as a missile attitude-control sensor.

Highest Voltage Electron Microscope. (Center) A 3-million-volt elec-
tron microscope, boasting magnification up to 100,000X, is being
developed by Hitachi for Osaka University in Japan. The higher volt
age allows the electron beam to pass through living specimens of
greater thickness than before. Also, a specially designed TV camera
is used to pick up low-density electron beams for photomicrograph
display. This reduces the possibility of specimen damage. To protect
researchers from x-radiation, the observation chamber is shielded
with a thick flint-glass window.

Computer Uses All-IC Main Memory. (Below left) The main memory
of IBM’'s new 370 Model 145 computer is the company’s first to
consist of monolithic circuits rather than ferrite cores in its main
memory. More than 1400 circuit elements are contained on a single
silicon chip. Two chips are shown here mounted on a memory module
held between fingers. Each '/;-in square chip has 174 complete
memory circuits; four chips are housed in the double-layer module
The main memory of the new computer will store more than a half-
million characters, but occupies only about half the space that would
be needed for an equivalent-capacity core memory.

Light-Sensitive Thin-Film Computer Card Reader. (Below right) Laid
out on glass like a crossword puzzle is this new light-sensitive thin
fitm circuit. It consists of a flat array of 960 photosensitive elements
plus auxiliary components and interconnections, deposited on a 4
X 8 in plate of glass. The element could one day replace the mechani
cal or photocell sensors now used to read stationary punched cards
for computers. The new device, developed by RCA Semiconductor
Device Laboratory, is sort of a coarse version of the photoconductive
image-sensor arrays that are being used for experimental solid-state
television camera tubes.

.




Newv
Nlodular
Color-TV

Recelver

By EUGENE LEMKE/Manager
Color-TV Engineering, RCA

RCA’s new CTC-49 solid-state chassis
represents the greatest single departure

for the company from traditional techniques.
Plug-in modules, thick-film ceramic circuits,
and a new wide-angle picture tube are featured.

HE new CTC-49 solid-state color-TV chassis represents

perhaps the greatest single departure by RCA from tra-
ditional circuitry and techniques. The primary purpose has
been to reduce the total circuit to small, easily identifiable,
independently aligned and, therefore, totally interchangea-
ble functional modules.

A number of significant factors have influenced the ulti-
mate decision as to what circuits should constitute an inte-
gral module and the total number of modules that should
be used in a color receiver. The modules must maintain a
minimum identifiable performance function so that one
can readily isolate a defective unit by certain performance
deterioration or malfunction, thus reducing some of the
skill required in servicing. At the other extreme, the mod-
ule should not become so large as to burden the user with

What Does it Mean to the User?

RCA's modular approach to color-TV circuitry, as exempli-
fied by the CTC-49 chassis (Argosy—Model EP-506), is a ma-
jor step toward “instant replacement’ servicing in the home
by the technician of vital circuit components. Just as the older
tube sets could be serviced by tube replacement in the home,
in this new receiver, the solid-state plug-in modules are readily
replaceable.

The chassis employs eleven plug-in ‘“‘AccuColor’” circuit
modaules, including three ceramic circuits, five silicon integrat-
ed circuit chips, and an easily replaced tuner assembly.

All of the plug-in modules are covered by the company’'s
warranty program for a period of one year from original pur-
chase of the set. The user has the option of selecting the serv-
ice agency. RCA Service branches will maintain an inventory of
all the various plug-in modular units. Independent service
technicians will either maintain a similar inventory or be able
to obtain replacement units through the nearest RCA branch.
A national network of regional offices is being set up to imple-
ment this program and make replacement modules readily
available at the consumer level. The regional offices will be
supplemented by district offices in key cities across the coun-
try.
Initially, circuit modules will be replaced under the warranty
program by new factory units. Eventually, the program will
involve replacement by factory-rebuilt units under the same
sort of set-up that prevails in the automotive and other con-
sumer businesses. The most obvious advantage to the con-
sumer is a far higher percentage of “in-home” servicing, re-
sulting in faster and less-expensive repairs.

32

Rear view of CTC-49 chassis with all modules plugged in.

excessive replacement costs. In fact, the user cost should be
low enough to preclude the repair in favor of replacement.
Additional size limitations are imposed by considerations of
interaction of circuits, radiation, and capacitive limitations
in high-gain, high-frequency circuits.

Long-term goals have to be taken into account when de-
signing modules in order to provide for improved tech-
niques in the future, while retaining the same module ter-
minal technique. Already the extensive development of
specialized monolithic and ceramic circuit techniques for
color TV have had significant influence on module design.

The CTC-49 features a total of eleven plugguble circuit
modules (shown in color, Fig. 1). All modules are positioned
in the chassis to fuce rearward and are easily and indepen-
dently accessible for removal. Except for the low-voltage
power-supply module, the rest are plugged into phenolic
master boards utilizing specially designed edge connectors.
(Editor’s Note: Refer to our lead photo for a rear view of the
chassis with the modules plugged in. This is shown in color
on our cover, along with an extra set of the plug-in mod-
ules.)

The whole TV chassis can be considered to be divided
into five distinctive assemblies, as follows: (1) The tuner as-
sembly contains both the v.h.f. and u.h.f. tuners which are
both automatically fine-tuned, as well as the primary cus-
tomer controls—color, tint, brightness, on-off, volume,
a.f.t.-defeat switch, and continuously variable sharpness
control. The total assembly can be easily removed through
plug connectors. (2) The complete signal-processing assem-
bly (Fig. 2), consisting of one master board and eight mod-
ules. (3) The deflection master board with its vertical and
horizontal oscillator function modules (Fig. 3). (4) The chas-
sis proper, on which the miscellaneous heavier components
are assembled. These include the low-voltage transformer,
deflection output devices and their heat sinks, solid-state
high-voltage quadrupler, and a small auxiliary circuit board
containing picture-tube set-up controls and the less-used
horizontal hold, vertical hold, and contrast controls. (5) The
remaining assembly constitutes the picture tube itself, its
deflection and convergence yokes, convergence wave-
shaping circuitry and its controls, purity and blue lateral
assembly, and degaussing shield and coil.

Here is a brief description of the chassis circuitry, high-
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lighting the most important differences compared to previ-
ous receivers.

The tuner assembly follows very closely the practices em-
ployed in the company’s previous solid-state chassis. It uses
a four tuned circuit wafer switch v.h.f. tuner with MOSFIT
r.f. amplifier, a cascode-type mixer and af.t.-controlled lo-
cal oscillator. Most significant variation is the elimination of
the familiar “link circuit.” In its place is a terminated coaxi-
al line which interconnects the tuner and the i.f. amplifier
input independent of each other and the length of the in-
terconnecting cable is no longer critical. This results in total
interchangeability of the tuner and if. assemblies without
requiring subsequent realignment of tuned circuits as has
been the case in the past.

The total signal-processing circuitry is connected from
the tuner-assembly output to the picture-tube socket. Five
monolithic integrated circuits are used, replacing a substan-
tial number of discrete circuit components. The pix i.f.-a.ft
module is completely self-contained, and the heart of the
module is a new complex integrated circuit specifically d«
signed for this purpose and used for the first time in TV
receivers. This IC performs the total amplification at the
picture i.f. passband, with outputs for the 4.5-MHz intercar-
rier sound signal, low-level video, and color information
Another output provides reference for the now rather con-
ventional automatic fine tuning (a.f.t.) integrated circuit,
which is also contained on this module.

The video output from the i.f. module is fed into the vid-
eo/sync module. The functions of luminance delay, vertical
and horizontal retrace blanking, control of contrast, and
control of video peaking are performed in the first video
amplifier transistor. The second video amplifier is an emit-
ter-follower stage which provides an impedance match be-
tween the first video amplifier and the three parullel-driv-
en picture-tube drive modules.

The tuned color input is fed into the first chroma module.
As is the case with the pix i.l. module, a specialized IC has
been developed for this circuit and used for the first time.

(Continued on page 77)

Fig. 2. The signal-processing assembly board is shown here
without its eight plug-in modules. Each of these modules is
plugged into one or more specially designed edge connectors.

Fig. 3. The deflection master board without its two modules.

Fig. 1. Block diagram of the receiver which consists of five main assemblies that include eleven plug-in modules (in color).
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LOW-wattage amplifier offers

some fringe benefits its high-pow-
er cousins do not. One is reduced cost
of construction. By operating at lower
voltages, the cost can be reduced by us-
ing lower voltage rated components.
Another benefit is reduced physical
size of the components due to the low-
er working voltages. The smaller capa-
citors and lower wattage resistors allow
construction of a complete two-chan-
nel stereo power amplifier on a circuit
board measuring only 2V," x 3%, "

This miniature amplifier packs a real
punch in the performance depart-
ment. It will produce a clean 3.7 watts
continuous power across an 8-ohm
speaker load without heat sinks or
overheated output transistors. Its re-
sponse of 15 Hz to over 30 kHz leaves
little to be desired as far as the ear is
concerned.

The high input ilnpedance allows
the amplifier to be driven directly by a
crystal phonograph cartridge if a suit-
able volume control is added across the
input.

By departing from the conventional
complementary-symmetry output
stage, balancing or biasing diodes are
eliminated. The combination of silicon
output transistors, 05 and Q6, with
their respective germanium drivers,
03 and @4, is unique. With this ap-
proach, the output transistors are bi-
ased off except for the small base cur-
rent due to the inherent leakage of the
drivers, O3 and Q4. This allows the
drivers to be turned on by very low sig-
nal levels without a trace of crossover
distortion. The germanium drivers are
biased by the voltage drop across resis-
tor R7. This voltage is about half the
supply voltage. This configuration is re-
sponsible for the extremely low “no-
signal™ current, which is on the order
of 1 to 2 milliamps.

The input stage is “bootstrapped™
with the feedback network consisting
of resistors R6 and R2 and capacitor
C1. This network raises the input im-
pedance to 500,000 ohms.

The components were chosen for
their low cost, without sacrificing am-
34

Smal-Size

Hi-Fi Stereo
Amplifier

By WALTER W. SCHOPP

Delivers a clean 3.7 watts per channel into 8 ohms
without heat sinks or overheated power transistors.

plifier performance. They are readily
available and no special or hard-to-get
items were used. Construction of the
amplifier was simplified, and chances
of wiring errors reduced, by using an
etched-circuit board. Using the compo-
nents specified in the parts list assures
the builder that the circuit board holes
will be in the correct places to match
the components. The circuit can also
be hand-wired in the conventional way
as no part of the circuit is critical. The
etched, tinned, and drilled circuit
board can be purchased (see parts list).

After construction, check the voltage
on the collector of transistors O2A and
(2B (Channels A and B). If the amplifi-
er is operating properly, the voltage on

these collectors should be half the sup-
ply voltage with no input signal to the

amplifier. A
Power Output watts
Frequency Response 15-30.000 Hz
Voltage Gain 50

Quiescent Current 1-2 mA per channel

Operating Temp. 40°125° F

Input impedance

QOutput Impedance

Table 1. Specs of the compact amplifier.

Fig. 1. Complete schematic diagram and parts listing of unit.

R1—33,000 ohm, Ya W res

R2—39.000 ohm, Ya W res.

R3—56.000 ohm, Ya W res.

R4—12,000 ohm, Y W res.

R5—470 ohm, Ya W res.

R6—22,000 ohm, Ya W res.

R7—15.000 ohm, Va W res.

C1, C2—20 pF, 15 V elec. capacitor (Sprague
TE11567)

C3—1000 pF, 15 V elec. capacitor (C-D CDE-
1000-15)

C4—2000 pF, 25 V elec. capacitor (C-D CDE-
2000-25)

r————————————
t
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l csa E:
1
I
| ¢
I
INPUT l :
CHAN. $
|
L]
INPUT | S
CHAN. [
8
I
(-
=< |
— csB
l L
:
I3
|
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C5—0.1 uF, 20 V elec. capacitor {Centralab UK-
20-104)

T1—12 V at 2 A power trans. (Stancor P-
8130)

Q1—2N3704, 2N3705, or 2N3706

Q2—2N3702 or 2N3703

Q3—2N1302, 2N1304. 2N1306. or 2N1308

Q4—2N1303, 2N1305, 2N1307, or 2N1309

Q5—2N5322 or 2N5323

Q6-—2N5320 or 2N5321

1—Etched and drilled circuit board. Available
from Nielsens, 934 Miranda Way, Livermore,
Calif. 34550. $2.95 postpaid.
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Electronic Counters

By DONALD L. STEINBACH/Research Engineer, Sr.
Lockheed Missiles & Space Co.

Discussion of general electronic counter design
considerations followed by construction details

ona simple three-mode electronic counter that Two Yiezws of the electronic counter built by the author
showing (above) the front-panel arrangement of controls
uses 60-Hz power line as the timing reference. describad in article and (below) inside of the chassis.
TYPICAL electronic counter consists of a series of cus- play the number of events that occur during a preselected
caded decade counter and display units, a gate time interval, derived from the time base. This mode is
through which the data to be counted must pass in order to normally used to measure the frequency of a periodic
reach the first of the decade counters, circuits to shape and waveform.
condition the input data waveform, control circuitry, and 5. Period mode: The decade counters count and display
an accurate and stable time reference. These elements that the elupsed time, derived from the time base, between suc-
make up an electronic counter may be interconnected in cessive events. This mode is normally used to meusure the
various ways to achieve cight different modes of operation. period of a periodic waveform.
Those cight modes are defined as follows: 6. Time Interval mode: The decade counters count and

1. Scaler mode: A trivial mode, where the display is not display the elupsed time, derived from the time base, be-
required and the decade counters serve as dividers to pro- tween two independent occurrences. This mode is similar
vide output events at some decade submultiple of the input to the Period mode, except that the gate controlling events
events, scaling the time or frequency of the input events by (open and close) are usually not both derived from the same
some factor of ten. signal.

2. Totalize mode: The decade counters count and display 7. Multiple Period mode: This mode is the same as the
the total number of events that occur at the input to the Period mode, except that the unknown period is length-
counter, without regard to the time relationships among ened, usually by some multiple of ten. The averaging effect
those events. of this mode of operation generally provides more accurate

3. Ratio mode: The decade counters count and display period information than the Period mode.
the number of events that occur at one input during the 8. Rate mode: This mode is the same as the Frequency
interval between successive events that occur at the other mode except that the gate controlling signal is variable (in
input. The counted events must occur at a higher repeti- discrete steps) in increments other than multiples of ten.
tion rate than the gate controlling events. All of the modes This mode is often used to convert frequency measure-
that follow are variations of the Ratio mode. ments to a display of more practical units (e.g., to convert

4. Frequency mode: The decade counters count and dis- pulses per revolution to revolutions per minute).

Fig. 1. Logic diagram of the time-base divider circuitry used in the electronic counter described in this article.
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DC1, DC2--Decade up counter (Motorola MC780P)

FF1—JK flip-flop (Motorola MC723P) 11,12, 13—/, hex inverter (Motorola MC789P)
FF2, FF3—'/, dual JK flip-flop (Motorola MC790P) ST1—", quad Schmitt trigger (Motorola MC9709P)
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Fig. 2. Logic diagram showing three stages of six-stage count-
er used in electronic counter. Each stage is Motorola MC780P
decade up counter. Motorola’s hex inverter MC789P (11-16), is
used to generate complement of each data output and make 8CD
outputs compatible with input requirements of display decoders.

The Totalize configuration can be considered the mini-
mum electronic counter configuration, since an electronic
counter without a visual display is actually a scaler rather
than a counter. Nearly every electronic counter is designed
to operate in the Frequency and Period modes, and most
include the additional mode switching for the Totalize
mode as well. Flexibility and cost increase hand-in-hand
and few electronic counters are designed to operate in all
eight modes.

A complete electronic counter system consists of six ma-
jor functional blocks: (1) the counters and storage registers,
including the counter output circuitry for the Scaler mode;
(2) the decoders, display drivers, and displays; (3) the input
channels; (4) the time base, including divider gating for the

Fig. 3. Logic/schematic diagram of BCD-to-seven-segment decoder, display driv-
er, and display that receives the data outputs from the six-stage counter of Fig. 6.

Multiple Period mode and a variable modulo divider for
the Rate mode; (5) control logic circuits for controlling the
counter gate and supervising the over-all sequence of coun-
ter operations; and (6) mode-switching circuits to intercon-
nect the various functional blocks in the configuration re-
quired for each of the eight operating modes.

All gated measurements are subject to a =1 count uncer-
tainty when the gating signal is not coherent with the input
signal (the usual case). The effect of this ambiguity is re-
duced as the number of events counted is increased. Time-
base accuracy and stability, and trigger errors, limit the ulti-
mate measurement accuracy of the counter.

A Practical Design

The remainder of this article describes a simple three-
mode electronic counter designed around RTL 1C's and
utilizing the 60-11z commercial power-line frequency as
the timing reference. The six-digit readout displays fre-
quency, period, and total events. Although designed for a
maximum counting frequency of 4 Mllz, the author’s de-
sign prototype has operated at frequencies in excess of 24
MHz under carefully controlled conditions.

The Time Base (Fig. 1) for the electronic counter consists
of a Schmitt trigger to condition the 60-11z power line sine
wave, three JK flip-flops in a divide-by-six configuration to
provide a 10-Hz output, and two decade divider packages
to derive the 1-Ilz and 0.1-11z outputs. Three buffer ele-
ments standardize the time-base output levels, increase the
available drive level, and isolate the divider stages from
external wiring capacitance.

The Schmitt trigger, described in the September issue,
responds to signals at the “Input” line only when the
“Gate™ line is at the logic (0" level. A logic 1" level on the
“Reset™ line resets all of the Q) outputs of the FI's and dec-
ade dividers to the logic "0 level, providing a means of
initiating a zero-time reference.

Using the 60-11z power-line frequency as the timing ref-
erence reduces the cost of the elec-
tronic counter, but limits the period
and frequency measurement accuracy
to about 0.1%, and limits the period
timing resolution to 100 milliseconds.
Measurement accuracy can be im-
proved by using a crystal oscillator for
the timing reference and the timing
resolution can be increased by utilizing
a higher timing reference frequency
and bringing out the higher frequency
components (100 Iz, 1000 Hz, etc.)
available at the outputs of the decade
divider stages that must be added. The
time-base generator used in the digital
clock described in the November issue
is indicative of the type of system that
might be employed. Suitable crystal os-
cillators are available in the Interna-
tional Crystal EX/OX and OE lines.

Six Motorola MC780P decade up
counter IC’s make up the six-stage
counter section in Fig. 2. Kach of the
decade counters advances one count

with each clock pulse (a 1-to-0 transi-
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G1, G2, G3, G4, G5, G6, G7, G8—'/, quad 2-input gate {Motorola MC717P)

G9, G10—"/, dual half adder {(Motorola MC775P)

G11,G12,G13—Y, triple 3-input gate {(Motorola MC793P)
G14,G15, G16—'/, quad 2-input “or’* gate (Motorola MC9715P)

Transistors—Motorola MPS 5172
36

tion) that arrives at its “T" input. A log-
ic 1" level applied to the “Reset™ line
resets the four Q outputs of each of the
six counters to the logic "0 level. Uti-
lizing the decade counter IC's rather
than decade counters constructed from
four JK flip-flops and a gate reduces
system cost, simplifies counter layout,
and reduces assembly time. The dec-
ade counters are rated to operate at up
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to 4 Mllz, although most of them will
perform satisfactorily at higher speeds.
The Motorola MC7897 hex inverter
package associated with each stage of
the counter generates the complement
of each data output and increases some
of the output drive levels so that the
counter BCD data outputs are compat-
ible with the input requirements of the
display decoders.

The data outputs (A, A, B, B', C, (U,
and D) from each stage of the counter
are connected to the corresponding in-

CONTROL

s2
DISPLAY TIME

(.___ +ve

puts of a comnpanion decoder, display INPUT

driver, and display stage (Fig. 3). The
BCD-to-seven-segment decoder, as-
sembled here with five 1C packages, is
the same as that described in the Au-
gust issue. The seven output lines from
each decoder stage are connected to
low-cost ($14.00 per 100) n-p-n silicon
transistors which complete the return
paths for the seven segments con-
tained in each of the RCA DR2010
Numitron display tubes (see the July is-
sue for complete details on these and other readout de-
vices).

The control logic circuitry in Fig. 4 is responsible for gen-
erating the counter “housekeeping™ functions, namely (1)
opening and closing the counter gate, (2) controlling the
display time, and (3) resetting the system logic prior to each
new measurement interval. Control flip-flops FF1 and FF2
open and close the counter gate (G2), (3 and I indicate
the gate status. Q1 and ()2 make up the display reset gener-
ator, Q1 and I form the reset pulse generator, and Bl in-
creases the reset pulse drive capability to accommodate the
systemn reset loading. The first clock pulse on the “*Control”
line opens the counter gate, allowing signals on the “Input”
line to appear on the “Output” line. The next clock pulse
on the “Control” line closes the counter gate, driving the
“Output” line to "0.” After a variable time delay, set by R1,
a reset pulse is generated resetting the entire counter sys-
tem (and clearing the displayed count to all zeros).

Immediately after receipt of a reset command (either
manually vig S1 or automatically cia S2-G1-11) both FI1
and FF2 are in the “0” state where the Q outputs are at the
logic “0" level and the (' outputs are at the logic 17" level.
The outputs of G2 and G3 are at the "0 level and the
“QOutput” line remains at “0” independent of any excur-
sions on the “Input” line. The “CGate Closed™ line is at the
“1" level, signifying that the counter gate (G2) is closed.
Transistor Q1 conducts, holding the emitter voltage of UJT
(2 near zero, and both reset lines (“Reset A™ and “Reset
B™) are at the logic “0” level. When the next clock pulse
arrives via the “Control™ line, FF1 toggles (FF2 does not)
opening the counter gate. Any signal on the “Input™ line
appears (inverted) on the “Output™ line while the gate is
open. The next clock pulse on the “Control™ line causes
FF2 to toggle (FF1 does not) closing the counter gate and
removing the forward bias from the base-emitter circuit of
Q1. Capacitor Cl is now free to charge toward +Vy
through R1 and R5 (R5 controls the display time). When
the emitter voltage of (2 reaches the UJT peak-point volt-
age, 02 delivers a positive-going pulse to the input of (1.
This pulse initiates the monostable multivibrator (G1, C2,
R8, and I1) timing cycle, causing a 10-microsecond pulse to
appear on the “Reset A” and “Reset B” lines. The reset
pulse also resets the control flip-flops, FF1 and FF2, en-
abling them to initiate another measurement cycle. When
FF1 and FF2 reset, Q1 conducts and prevents the genera-
tion of additional reset pulses until the gate opens and clo-
ses again.
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R1—500.000 ohm pot with sw. S2

{Centralab B-59 with KR-1 sw.)
C1—10 pF elec. capacitor (Centralab EA30-10}
C2—0.003 pF elec. capacitor (Centralab CPR-

FF1, FF2—JK flip-flop (Motorola MC726P)
B1—Dual 3-input buffer (Motorola MC788P)

1%~ RESET B
]
2
RESET A
= - "}
3322 GATE
—Dh—’cms:o
[ 3 D
ouTPUT
Fideet >
12 9 GATE
036
_E"E; OPEN

G1, G2, G3—Y, triple 3-input gate (Motorola
MC792P)

i1, 12—/, hex inverter (Motorola MC783P)

S1—Push-button switch (Switchcraft 951)

S$3, S4—Push-button switch (Switchcraft 953)

Q1—Motorola MPS 5172

Q2—Motorola HEP 310 or 2N4871

Fig. 4. Logic/schematic diagrarn of control logic circuitry (7005071) used in
the electronic counter to open and close the counter gate, control the display
time, and for resetting system logic prior to each new measurement interval.

The UJT peak-point voltage is a function of the UJT sup-
ply voltage (V) and the UJT intrinsic stand-off ratio. The
elapsed time from gate closure to the initiation of the reset
pulse is adjustable from less than 1 second to more than 5
seconds with the components specified.

The input amplifier and shaper conditions the input sig-
nal so that it meets the amplitude and transition-time re-
quirements of the system JK flip-flops and decade counters.
Oue version. shown in Fig. 5, uses an 1C differential voltage
comparator (the Motorola MC1710CG) connected as a
Schinitt trigzer. The fast regenerative switching action is a
result of the feedback path from the output terminal to the
non-invertirg input terminal (+), via Rl and R2. A 1-to-0
transition occurs at the output as the input signal crosses
the upper trip point (about + 7 millivolts) in a positive-go-
ing direction. The trip points (neglecting hysteresis) are a
function of the reference voltage applied to the lower end
of R2—ground or 0.00 V d.c. in this case. The source-follow-
er input stage (()1) minimizes the loading of the input sig-

Fig. 5. Schematic of one version of an input amplifier and shap-
er circuit (700604 1) that can be used to condition input signal
to the electronic counter to meet amplitude and transition-time
requirements of system JK flip-flops and the decade counters.
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IC1—Differential voitage comparator (Motorola MC1710CG)
C1, C2—0.01 pF capacitor {Centralab UK 25-103)
Q1—"n" channel FET (Motorola HEP 802)

37



n

INPUT e

3
o N

,_ [ ;’ﬁ/ OO((:)lpF

Y
' g

R7 I_
oM 2o
i® ;u GND ouT §— 9 —3 ;
1
= 2= 470
RE
IR SYNC+—
3 7 -z > 3
IN, 2
6 + outeuT
Cﬂ'_' sTRoBE
T v—
R4
820 = 8 )
RS Y Ik R2 L
a3 TRIGGER 2.4k ==ce
oo LEVEL .o
3 i J
=L 1 =~ 3Re
= 35.6k
= 1 -8V 32
SLOPE| | L L
S RIO
.ﬁ:_ sS4

7
R5—1000 ohm pot (Centralab T-1000)
R8—1000 ohm pot (Centralab B-5}

C2, C3—0.01 uF elec. capacitor {Centralab UK 25-103)
C4—0.1 uF elec. capacitor (Centralab UK16-04)
1C1—Dual differential comparator (Motorola MC1711CG)
S1-—D.p.d.t. switch {Centralab 1462)
Q1—"n-" channel FET (Motorola HEP 802)

Fig. 6. Schematic diagram of a second type of input amplifier
and shaper circuit (700514 1) that can be used to condition the
input signal to the counter described in the article. This cir-
cuit, however, is not as well suited for processing low-fre-
quency, low-amplitude waveforms as circuit shown in Fig. 5.

nal and presents a low source impedance to the comparator
inverting input. Resistor R5 in the source lead of Q1 is se-
lected so that the source-to-ground voltage is 0.00 V d.c.
when the signal input is 0.00 V d.c. The exact value of R5
must be determined experimentally, and will lie between
1000 and 2000 ohms. The hysteresis of the Schmitt trigger
is a function of R1, R2, and the output voltage swing and is
given by:
Vhy-u-lvuis - [Rzl(Hl + Hz)] ( vpin T{max)~ ¥Ypin7 (min))'

The hysteresis of the circuit shown is approximately 20
millivolts. The comparator will tolerate up to 7 volts on
either input terminal and a differential input voltage (imea-
sured between pins 2 and 3) of up to £5 volts. Both ratings
must be observed simultaneously. Resistor R3 limits the
comparator steady-state output current and shunt capacitor
C3 reduces the effect of R3 on the system transient re-
sponse. Bypass capacitors Cl and C2 must be located as
close to the comparator as possible.

A second version of an input amplifier and shaper circuit
appears in Fig. 6. It includes provisions for selecting both
the trigger level and trigger slope, but depends on the
high-voltage gain of the comparator rather than Schmitt-
trigger action to condition the input waveform. Therefore,
it is not as well suited for processing low-amplitude, low-fre-
quency waveforms as the circuit of Fig. 5. The Motorola
MCIT11CG dual differential voltage comparator used in
Fig. 6 is approximately equivalent to two MC1710CG com-
parators with their outputs connected together. Either half
of the dual comparator may be disabled by grounding the
associated “strobe” terminal. The potentiometer (R5) in the
source of Q1 is adjusted so that the source-to-ground volt-
age is 0.00 V d.c. when the signal input voltage is 0.00 V
38
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C1. C2—2000 uF elec. capacitor (Centralab EA15-2000)
C3. C5—1000 pF elec. capacitor (Centralab EA15-1000)
C4-—1000 uF elec. capacitor {Centralab EA30-1000)
C6-—0.1 pF capacitor (Centralab UK16-104)

C7—0.01 puF capacitor (Centralab UK25-103)
T1—Filament transformer (Stancor P-8358)
D1—Bridge rectifier (Motorola MDA 952-1}

D2, D3—1N4001 rectifier diode
D4—1N4742A or 1N30228B zener diode
D5—1N4735A zener diode
D6—1N52288B zener diode
D7—1N4719 rectifier diode
Q1—2N3055 transistor (mounted on HEP500 or MS-10 heat sink)
Q2, Q3—MPSA20 transistor
SCR1—Silicon controlled rectifier (Motorola 2N5061)

Fig. 7. Schematic diagram of the power-supply circuit that is
used to satisfy all the electronic counter power requirements,

d.c. Resistor R2 is selected for a voltage of —1.0 V' d.c. at the
junction of R2 and R8. The other end of RS is held (by R3
and R4) at + 1.0 V d.c; thus, the trigger level is adjustable
from +1.0 V to -1.0 V. Switch S1 selects the trigger slope
by simply disabling the undesired half of the comparator.
All of the electronic counter power requirements are sat-
isfied by the power-supply circuit of Fig. 7. The “+ V~
output provides about + 16 V d.c. (unregulated) for the con-
trol logic UJT circuit, and zener diode regulated “+12 V'™
and "6 V" outputs supply the input amplifier and shaper
voltages, und the “60-Hz" output (about 4.2 V p-p) becomes
the time-base input signal. The well-regulated “44.5 V™
(Continued on page 56)

Fig. 8. Electronic counter system block diagram showing time
base and input amplifier and shaper sections. Schematics for
these sections are to be found in Figs. 1, 5, and 6, respectively.
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Myo-Cybernetics

* |PROTOTYPE

ACII day 100 people in Los Angeles County, Californma
are felled by paralyzing strokes. Another large number
are paralyzed from other causes, such as spinal cord and
head injuries. In the past, many of these people were
doomed to be bedridden or confined to nursing homes for
the rest of their lives. For many, little could be done to help
them resume an independent and productive life. Now,
there is hope. A small group of physicians and engineers at
Rancho Los Amigos Hospital in Downey, California are
pooling their talents to improve methods of treatment.

They're making progress, too, with a marriage of clec-
tronics and medicine. They are using an electronic device
similar to the cardiac pacemaker (covered in the February,
1970 issue of ELECTRONICS WORLD) to help partially para-
lyzed stroke victims walk more effectively. To date, the de-
vice has been used successfully on over 20 patients in the
stroke-rehabilitation program at Rancho Los Amigos lospi-
tal. Unfortunately, the device is still experimental and will
not be available for general use in the near future.

The physician-engineering team working on this pro-
gram is made up of Drs. Vernon Nickel, Vert Mooney, and
William Wilemon, who are supplying the medical expertise,
and Drs. Jim Reswick and Don McNeal, who are providing
the technical “*know-how.” Drs. Nickel and Reswick are
working together to set up an “lLngineering Center Com-
plex” which will be devoted to developing methods of ap-
plving technology to the treatment and rehabilitation of
chronic ailments. Drs. Wilemon, McNeal, and Mooney are
more directly and technically involved in the current appli-
cation and development work. Dr. Reswick is credited with
coining the word, myo-cybernetics. for this new medical
technology; myo meaning muscle and cybernetics meaning
contro! system.

The team is working in close cooperation with Medtron-
ics of Minneapolis, one of the largest suppliers of cardiac
pacemakers in the country. The Los Amigos team is supply-
ing some of the technology being applied to equipment
that Medtronics is building for them.

Electrical Stimulation of the Nerve

According to Dr. Nickel, the device they are currently
using is most applicable to a patient who cannot lift his foot
off the floor to walk. Its operation is based on electrical
stimulation of the peroneal nerve, which activates the mus-
cles that lift the foot to take a step. The patient using the
device wears a power pack on his belt, which controls a
transmitter attached to the inner thigh. The transmitter
sends impulses to a tiny receiver implanted under the skin
of his leg. The receiver sends an electrical impulse along a
January, 1971

By FRED W. HOLDER

New medical technology, still in an
experimental stage, holds promise

for those heretofore doomed to bedridden
existence. Using pacemaker-like device,
patient’s muscles are stimulated into action.

Prototype myo-cybernetic unit consists of transmitting coil
{left), power pack {center), and the heel-switch cable {right)

wire to stimulate the peroneal nerve and start the walking
motion.

The transmitter is triggered by a tiny Microswiteh lo-
cated in the heel of the patient’s shoe. Dr. Nickel stressed
that this switch provides for appropriate timing of the sys-
tem to enable the patient to develop a good walking
rhythm.

To start the walking process, the patient simply lifts his
heel to activate the switch. This, in turn, triggers the trans-
mitter to pulse the receiver and stimulate the peroneal
nerve, causing the wearer to lift his foot off the floor for a
step. As his heel again strikes the floor, the transmitter is
turned off, relaxing the muscles and allowing the foot to
rest flat on the floor. The system remains inactive until the
wearer again lifts his heel.

The doctors indicated that this new technology may find
applications whenever the brain is no longer able to supply
the motivational signals to stimulate the muscles. When this
occurs, a tiny implanted radio receiver -can take over the

job. Of course, it will not be able to perform the complex

interaction and data processing that tukes place among the
muscles, nerves, spinal cord, and brain during any normal
physical action. It will, however, be able to provide those
gross signals necessary to assist the patient in performing
physical tasks such as walking and perhaps, one day, breath-
ing.

At this time, applications are very limited und highly ex-
perimental. but the results look quite promising, according
to Dr. Nickel. The experiments have been most successful

(Continued on page 57)

Close-up view of the receiver which is implanted under the skin
and used to stimulate nerves, causing specific physical activity.




Rear view of assembly. There are actually two chassis avail-
able (the only difference being picture-tube size); one has 227
square inches {20-in diag.) viewing area, other 295 square
inches (23-in diag.) viewing area. Both are solid-state, using
total of 45 transistors, 55 diodes, four IC’s, two SCR’s, and
two tubes (the picture tube and a high-voltage rectifier tube).

1°S been several vears now since the Ileath Co. first con-
templated developing a color-TV kit. Our first reaction at
that time, considering the price they had projected, was
that it would be a foolish venture. There wasn't any price
differential then and there really isn’t any today berween
the color kits they selt and what one can pay for an already-
assermbled receiver. Obviously there are other reasons be-
sides saving money that make a person wunt to build a
product of this type, since the sales of these kits have far
exceeded the company’s own expectations.

There are many individuals who just enjoy building
something themselves. It is therapeutic in that it takes one's
mind off other problems. And there certainly is personal
satisfaction in having the set work upon completion. (Of
course, it could be very frustrating too, should the set not
work )

There are other good reasons; building any kit is educa-
tional if vou really want to make an effort to study the prod-
uct and circuit analysis that accompanies any kit. \We would
think that every electronics technician either taking a cor-
respondence course or going to school, or even an electrical
engineer going for a degree, would want to build a color-
TV set to learn analog circuitry and also build a digital
counter ot some kind to learn digital techniques. Just to
build a kit in itsell and leurn the techniques of wiring, sol-
dering, and assembling various electronic components is
something that any student should trv in order to find out if
it is what he likes. It's also a good way to get practical expe-
rience.
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Heath’s new line of solid-state color-TV sets

have many unusual features. Modular design
simplifies construction and final test procedures;
helps assure top performance.

Still another good reason that should not be overlooked is
that after completion one should be able to service and
muaintain the set with a minimum of effort, thereby elimi-
nating expensive servicing costs. The plug-in, modular de-
sign used in the newest color-TV kit simplifies inajor serv
ice problems in that individual sections can be readily iso-
lated. Any board can be easily removed and anv module
will be repaired at any one of Ileath’s 21 different service
centers, after the 90-day free warranty period, at a cost of
only $5 per panel. The centers will work on a 48-hr turn-
around cycle.

We built the GR-370 kit and although it took us soine 29
hours we enjoved every moment. We ended up with sever-
al unsoldered connections, a soldering short on the a.g.c.
board, and an improperly mounted transistor, but we had
no difficulty in isolating these problems. The troubleshoot
ing guide supplied with the kit is almost foolproof. Correct
resistance and voltage measurements are given for almost
every connection including all transistor terminals. After
final alignment, the set worked as wuas expected; it com
pared favorably with the best color sets we have seen.

Design Details

Such features as automatic fine tuning (a.ft); solid-state
v.h i tuner with MOSFET for greater sensitivity; solid-state
u.h.f. tuner using hot-carrier dioce; R-Y, B-Y color demodu-
tators; adjustable video peaking; SCR sweep circuits; and
many other features are incorporated. Thev follow much
the same pattern as many of the color sets in the industry.




What makes the Heath sets different are the unusual fea-
tures built into them.

There are two new color-set chassis available, the GR-270
and the GR-370. The only difference between them is the
size of the picture tube which is either a 20-in or 23-in type.
Both are solid-state. We understand by the time this copy
gets into print Heath will also have two additional models
in this series. Basically the circuits are similar, the only ma-
jor difference being that one will be a portable set using
one of the new 14-in picture tubes. The other will be a
25-in picture-tube version using the new square tube.

One of the greatest features—and it is sort of a trade-
mark for the company—is that these color sets include a
built-in dot generator and gun-shorting switches. These are
used not only in the final convergence of the assembled kit
but also as a self-servicing aid; you can perforin conver-
gence and color purity adjustinents on these color-TV sets
periodically if required. A very inexpensive voltohmmeter
is also included in the kit for checking resistance and volt-
age. There is no need for any other test equipment. lFor
those who are familiar with alignment techniques and have
the necessary equipment, the company includes complete
alignment procedures in one of the booklets accompunying
the kit

A rather unusual feature is that the sets include power
tuning. You can scan through all v.h.f. and one pre-selected
u.h.f. channel at the push of a button. An automatic motor-
driven tuner advances one channel at a time. This ties in
nicely with their remote-control unit, should vou care for
this added feature. The remote control consists of a traus-
mitter that sends out an ultrasonic signal, a microphone
that picks it up, and a receiver that produces the correct
function in the set. There are 9 functions that can be con-
trolled this way—TV on: TV off; reduced volume; further
reduced volume; v.h.f. channel selector; tint clockwise and
counterclockwise; color clockwise and counterelockwise.

It's getting to be relatively common practice to prm'id(‘
antenna inputs for both 300- and 75-ohm antennas on hi-fi
equipment but the trend has not extended to the TV indus-
try as yet. These Heath sets, though, do have provision for
300-ohm balanced or 75-ohm coaxial lead-ins for v.h.f. and a
300-ohm balanced input for u.h.f. One of the instruction
manuals accompanying the set includes a comprehensive
section on antenna problems. Complete details are given
on how to build your own attenuator pud.s if you are in too
strong a signal arca and the proper use of preamplifiers if
vou are in a fringe arca.

To some, a rather important feature is the fact that the
a.c. power input is adjustable for low or high line voltages.
You have a choice of connecting the set for use with either

120 or 130 volts, 60-11z a.c. sources. This is important for
those living in arcas where the line voltage is high.

In addition to the conventional picture-tube degaussing
coil, the sets also have provision for connecting an external
coil (which is supplied) that can be used periodically to de-
gauss the various elements. This is most important after
completion of the set and even later should such devices as
vitcuum cleaners get too close to the set.

“Instunt-On.” while not that fast, is a theme promoted by
Heath. This certainly prolongs tube life and permits the set
to come on a little faster. Heath has two “on/off” switches—
one shuts the entire set off should it be used only on rare
occasions: the nther can be used to shut off all voltages oth-
cr than to the picture-tube filament, thus providing the
“Instant-On™ operation.

ICs ure no longer a novelty since they ure appearing in
all types of consumer products. The four used in these sets
are in the sound section, chroma demodulator, the 3.58-
MIlz color oscillator, and the automatic fine-tuning control
(a..t.). No doubt 1C’s will become increasingly popular in
time, eventually being used throughout the entire set.

In covering what we believe are some of the most impor-
tant, unusual features, we should mention the company’s
exclusive “Magna-Shield,” which consists of metal panels
that completely surround the picture tube on all sides and a
metalized chussis in the rear (which, incidentally, is hinged
and can be swung out for servicing). The shield prevents
stray magnetic fields from distorting or affecting the televi-
sion picture.

In addition to normal 4- or 8-ohm speaker outputs the set
has a separate hi-fi output directly off the emitter-follower
ahead of the audio-output stages. This provides a .3-volt
r.as, signal across 1000 ohims with a response of 30-10,000
Hz +1 dB. Harmonic distortion is quoted at less than 1% at
1000 Hz.

Plug-in, modular construction is, in our opinion, one of
the greatest features of these sets. Much military as well as
computer cquipment uses this technique. The greatest
problem that arises with this type of construction is contact
failures between panel assemblies. In realizing this, Heath
has done a remurkable job of assuring failure-proof opera-
tion with extremely sturdy contacts. Their philosophy of
reliability extends beyond this; each component has a very
generous sufety fuctor. Howas quite obvious that the quality
of individual components was not affected by any cost-cut-
ting attempt and we believe, from the viewpoint of reliabil-
ity, that these television sets are superior to all other color-
TV sets on the market.

(For more specific technical details on the company’s
complete line of color sets, see page 28.) A

Design is based around ten separate plug-in modules (from left to right): 3.58-MHz osc.; a.g.c./sync; vertical osc.; luminance; video out-
put; pincushion; sound; horizontal osc.: chroma; and (not shown) convergence circuit board. Additional circuit boards are used in the pre-
assembled and pre-aligned u.h.f./v.h.f. tuners, the three-stage i.f. amplifier, the high-voltage and automatic fine tuning (a.f.t.) assemblies
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By FRED W. HOLDER

These light displays add to emotional impact
of music. Here are operating principles,
capabilities, and a listing of what’s available.

T'S unlikely that Bainbridge Bishop of New Russia, New sical instruments for typifyving musical sounds by the display

York could visualize the elaborate light displays available of colors™ preceded the development of the incandescent
today when he patented the first color organ on January 16, lamp by two vears.

1877. After all, Mr. Bishop's “attachiment for keyboard mu- One particularly striking light display is owned by Mike

McLane, an Altadena, California artist. McLane teamed his

Typical 3-channel color organ (Eico Model 3440) with built- artistic talents with the electronics “know-how™ of Larry

in electronics and display screen is ready to be plugged in Simims, a space-program engineer. Simms designed and

a ] ted di | igh-fideli 5 . . . . .
nd connected directly across a high-fidelity loudspeaker built the electronic circuitry needed to control the light

display from McLane's tape deck. The artist arranged the
lights for the greatest emotional impact. The resulting visu-
al effect is a striking display of red, vellow, and blue lights
flushing on and off in close synchronization with the music:
red for the low, yellow for the middle, and blue for high-
frequency tones. The 40 blue lights extend from the upper
left of the two- by four-foot display to the lower right in a
random band that intersects the uneven line of 20 red
lights scattered between the lower left and upper right
hand corners. The intersection occurs slightly off center of
the display. The eight vellow lights are arranged horizontal-
lv across the unit, around the perimeter of the reds and
blues. The lights are covered with a patterned, transtucent
plastic of the type used in shower doors. When all lights are
on. the effect is similar to that of a non-objective painting,
The display was built in 1966; the same year that Leon
Wortman of Palo Alto, California received a patent on his
42 ELECTRONICS WORLD




light display. Mr. Wortman has written

_ ' CHAN. WATTS/CH. LIGHT DISPLAY** LIST PRICE
several construction articles for KLEC-
TRONICS WORLD on a display he calls :R;mean Lisurelndustries Corp. . fed Blue. G
. o g N ‘hoop - n.a. ed, Biue, breen i et
the Photorh)lthnncon.~ (These ")‘(I(I\ Gaf:::;,"N.f’(‘,l;&’ : "o e $ ?ggg'
issues are no longer available from
us.—Editor) CaSco Ressarch, Inc. 3 200 Na 99.50
In his patent application, Wortman 3524 N. Tejon Street 1 200 No 24.50
said one of the objects of his invention Catorado Springs, Calo. 80307 4 500 No 199.50
wias “to create the effects of motion of Edison Instruments, Inc. 4 250 No 65.00
light in different dimensions, singly or 46 Liberty Street 4 600 No 100,00
simultaneously. These dimensions in- Brainy Boro Station 4 1000 No 200.00
chude lateral, vertical, diagonal, circu- Metuchen, N.J. 08340 3 300 No 2995
lar, and forwzf‘rd and .l)uck\\'ur'd from Edmund Scientific Co. 3 . Red, Green, Blue o
the observer.” He said the effects of 555 Edscorp Bldg. “ 750 No 16.00
the invention do not depend upon the Barrington, N.J. 08007 3 200 No 39.95
use of color, but color “may enhance 3 500 No 34.95
the effect of motion.” When color is 4 500 LD 195.00
used, he recommends blue in the low Eico Electranic Instrument Co., Inc.
channel, red in the middle channel, 283 Malta Street
and green in the high channel. You will Brooklyn, N.Y. 11201
; ' . - Model 3465 3 400 No 69.95
note the deletion of yvellow from his Model 3460 1 500 No it
recommended colors although he had Model 3440 3 30 Blue, Red, Green 7995
used it in some of his earlier work. Model 3445 4 n.a. Biue, Amber, Red, Green 99 95
According to Wortman, the spacing Model 3450 4 na. Blue, Amber, Red, Green 109.95
of the light bulbs within the display is Knight-Kit (Altied Radio Sheck Div.
related to the effects of optical iotion. 2617 W. Tth Street
When the spacing between bulbs is in- Fort Worth, Texas 76107 3 na Red, Green, Biue 34.95*
creased beyond an optimum value, he - -
s ] e . Realistic (Ailied Radio Shack)
said, “the effects of motion may be- Div. Tandy Corp.
come so pronounced and appear to be 2617 W. 7th Street
so staccato-like that some observers Fort Worth, Texas 76107 1 600 No 14.95¢

may actually experience unpleasant
effects, popularly referred to as motion

*Kit price; n.a. = not available; **order of colors indicates frequency-range order, from low to high.

sickness.” The spacing requirements
for the bulbs limit the minimum size of
the display to a four-inch cube contain-
ing three bulbs. “However,” he said, “the optical effect is
fully realized with a display approximately 20 inches across
the front and 9 inches high. As the display is enlarged to
become a “wall-to-wall” installation, the visible motion be-
comes exceptionally dramatic and emotionally exciting.”

Color Organs

The emotional impact of dancing lights and color when
synchronized with rhythnic music explains the current
popularity of the color organ, the “grand-daddy™ of musical
light displays. A number of articles have been written on
color organs and similar light displays over the past decade.
Now, vou can also choose from several models of commer-
cially available color organs. (See Table 1.)

Most of the commercially available color organs have
three or four frequency channels. The output of each chan-
nel is used to drive a bank of different colored lights; red,
blue, green, vellow, or amber are the colors most often
used. Frequency range is selected, normally, by an RC fil-
ter.

Eico, among others, makes several inodels of color or-
gans. Its Model 3440 is a three-channel device which oper-
ates from any 3.2- to 16-ohm loudspeaker line. The color
frequencies of the unit are blue for low frequencies, red for
medium frequencies, and green for high frequencies. The
unit is provided with a sensitivity (gain) control and “on
off”" switch and boost controls for the red and blue frequen-
cies. The unit is all solid-state, uses RC filters for channel
selection, and transistor output drivers.

The company’s Model 3450 color organ may be connect-
ed across any 3.2- to 16-ohin loudspeaker. The unit features
four channels, which drive blue (150 Hz), green (800 11z),
red (1700 Hz), and amber (3000 Hz) lights. The unit has a
sensitivity control and “on/off" switch, a color-balance con-
trol, and threshold controls for all four channels. It features
solid-state construction with RC filters that are used to se-
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Table 1. Listing of some commercially available color or-
gans. New companies are coming into fieid almost daily.

lect channel frequencies, and SCR channel-output control.

Edison Instruments, Inc. manufactures several different
models of three- and four-channel color organs. Actually,
these are control units which translate musical tones into
light of different colors and patterns in synchronism with
the beat, volume, and frequency content of the music. All
of the color organs feature silicon senticonductors. The
four-channel, 2400-watt unit has triac power-output stages
and RC filters. Each channel can drive 600 watts of lighting
for a total power output of 2400 watts. The rugged steel
cabinet has eight outlets, two per channel, located on the
rear panel. Fach channel is individually fused. The unit
may be operated by connecting it across any loudspeaker or
by using an accessory microphone to actuate the unit by
direct sound pickup. The frequency ranges of the four
channels are: Channel 1 (60-350 Hz); Channel 11 (330-1000

An audio-actuated strobe light, such as this Eico 3475,
produces intense flashes of light in time with music.




Some manufacturers, such as Edison Instruments, supply just
the electronics and leave the choice of light display up to user.

These components. from Edmund Scientific, create dynamic dis-
play on a screen or wall. A light projector, a color wheel, and a
special loudspeaker actuating vibrating mirrors are employed.

Hz); Channel 111 (500-1750 11z); and Channel 1V (1100-8000
11z).

The manufacturer recommends strings of Christimas-tree
lights behind plastic diffuser panels to create many beauti-
ful effects, limited only by the creative imagination of the
user. The compuny also suggests use of colored spot lights,
viewed either directly or reflected, by themselves or in
combination with diffuser panels and strings of smaller
lights to provide a dazzling display.

Table 2. Typical commercially available strobe lights.

Manufacturer or Tube Flash List
Distributor v Rate Price
CoSco Research
PS-50 50 watt-sec, 1to 10 Hz $ 49.50
PS-100 50 watt-sec. (2) 110 10 Hz 99.50
PS-250 125 watt-sec. (2) 110 10 Hz 149.50
MS-400 200 watt-sec. 11010 Hz 179,50
Edmund Scientific G-E =PXA 144 11012 Hz 365.00
Eico
Model 3470 FT106 Variable 39.95
24.95*
Model 3475 FT106 Variable 59.95
39.95*
*Kit price.

A photographic mission in mid-December 1966 added
another form of light display to those being used to en-
hance rock and roll music. Photographer Paul Slade was
doing some fashion shots at “The Cheetah,” a teenage club
in New York, for Paris Match. l1e was using six Thomas-Bal-
car electronic flash units for lighting. Thomas Instruments
Co. sent its chief technical consultant, IFrank Smith, to su-
pervise the installation of the units.

After the picture-taking session, Smith, a classical-music
fan, sought revenge on this alien environment. lle began
flashing the extremely bright lights in time with the music.
To his dismay, Smith found the dancers not only accepted
this new lighting effect, but accepted it us the highlight of
the evening. Their cries for more, as Smith disconnected
the unit, caused club owner, Olivier Coquelin, to order an
installation of the units for non-photographic use. Since
then, the strobe has become quite popular.

Strobe Lights

The effects of the strobe light can be quite dramatic as
illustrated by an experiment conducted by Larry Simms.
Simms placed a strobe in each corner of the room. llis
strobes are triggered by an oscillator, a digital counter, and
computer-tvpe logic circuitry. Ile adjusted the circuitry to
fire the strobes in sequence around the room. The effect
was deadly for a moth placed in the center of the room.
The moth flew rapidly in a 4-inch circle until it fell to the
floor exhausted. The effect of this arrangement on people
was similar to “seu sickness.”

There are several commercial strobes on the market (see
Table 2). For example, Eico has two models: the Model
3470 variable-speed strobe light and the Model 3475 sound-
actuated strobe light. The Model 3470 strobe light uses a
simple RC timing circuit and an SCR to fire the xenon tube;
it has an “on/off" and speed control knob on its front panel.
The Model 3475 may be actuated by sound or music levels
from a radio or amplifier or it may be operated indepen-
dent of audio signal. The unit features a sensitivity control
and threshold control. By balancing these two controls, it is
possible to make the unit flash at the rate desired or to
make it flash only at certain signal levels from your amplifi-
er or radio. The unit uses a unijunction transistor oscillator
to drive an SCR, which in turn fires the xenon tube.

The small strobe light manufactured by CoSco Research
Inc. has a variable flash rate adjustable from 1 to 10 flashes
per second. The unit features a 50-watt-second strobe lamp
with a specially enginecred reflector. It uses all solid-state
electronic circuitry with a unijunction transistor oscillator
and SCR driver to trigger the flash tube. The company also
makes a larger strobe, which features two 125-watt-second
xenon lamps that flash alternately to improve lamp life.
The unit has all solid-state electronic circuitry and a varia-
ble frequency of from 1 to 10 flashes per second. This unit
also uses a unijunction transistor oscillator and SCR output
driver. A relay is used to switch the firing signal between
the two xenon tubes.

An interesting aspect of the combination of pop music
and randomly flashing lights is the “mind effect;” the view-
er’s mind synchronizes the music and lights. This effect led
to the development of a very simple, but dramatic light
display by Mike McLane. McLane's display has nine 12-
inch-square compartments with four flashing Christmas-
tree lights in each compartment. The front of the display is
covered by a diffuser panel. The effect is a dramatic, ran-
domly changing display that enhances the music so popular
today.

Edmund Scientific Co. of Barrington, N.J. carries an ex-
tensive line of light displays. One of the more interesting,
called “MusicVision,” is created from a simple arrangement
of components. A light beam passes through a revolving
color wheel to the face of the “Motiondizer'—a speaker

(Continued on page 59)
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Testing
I-Fi
Equipment

Part 2-Test Procedures

By JULIAN D. HIRSCH/Hirsch-Houck Laboratories

This potentially lucrative servicing market requires special knowledge and
attention to quality of equipment performance. Here are the actual test
procedures required, along with hints on avoiding some common testing errors.
Simplified techniques, with minimum of test equipment, are included.

NY service shop specializing in hi-fi components or do-
ing a substantial business in that field should be
equipped to test and verify performance of the components
which they have repaired or aligned. It is reassuring, both
to the customer and the service technician, to know that a
repaired unit meets the manufacturer’s original perform-
ance specifications. Last month we discussed the test instru-
ments required, pointing out how they differ from conven-
tional radio and TV service instruments. We listed some
specific makes and odels of test equipment that we have
found suitable.

This month the specific procedures and test setups will
be described. Wherever possible, they conform to Institute
of High Fidelity (IHF) or other recognized standards but, in
some cases, the techniques are those we have found to be
useful and practical in our testing of hi-fi components.

FM Tuners

The basic test setup for M tuner sensitivity and distor-
tion measurements is shown in Fig. 1. These measurements
are made with a standard modulating frequency of 400 Hz,
which is built into most I'M signal generators. If the genera-
tor lacks this feature, or if other modulation signals are re-
quired (as in stereo channel separation tests), external mod-
ulation is applied as shown by the dashed line in Fig. 1.

A dummy-antenna network is required to terminate the
50-ohm signal-generator output and provide a 300-ohm
source impedance for the tuner antenna input. Different
dummy-antenna configurations are used for unbalanced
and balanced inputs, as shown. Most tuners use a balanced
input, but there are enough with unbalanced inputs to war-
rant making up both types of network. They can be pack-
aged in small cans or plastic boxes. Shielding is not impor-
tant but the lead lengths between the generator’s 50-ohm
termination and the tuner antenna terminals should be
kept to & minimum.

Both dummy-antenna configurations have a 6-dB inser-
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tion loss, so that the generator output must be set to rwice
the desired value. In other words, if the tuner measure-
ment is to be made with 1000-uV input, the generator out-
put is set to 2000 pV.

For sensitivity, mono distortion, and signal-to-noise ratio
measurements, either channel output of the tuner can be
used. If possible, disable the tuner’s multiplex circuits by
switching to mono. The tuner audio output (or the Tape
Output of an integrated receiver) goes to an a.c. v.t.v.m. (or
transistor voltmeter) and a distortion analyzer. A scope
should also be used, initially to view tuner output and later
residual distortion and noise from the distortion analyzer.

The IIIF usable-sensitivity test is made with a carrier de-
viated +75 kHz at a 400-11z rate. It is usually sufficient to
easure sersitivity at mid-band, between 98 and 100 Mltlz,
although it may vary slightly across the I'M band. A rough
check at 90 MIlz and 106 Ml 1z can also be made as a test of
front-end tracking. Since you will not be operating in a
screened room, tune the receiver to a frequency where no
broadcast signal is received. The scope should show only
“grass” or random noise with no visible modulating signals.

Set the signal-generator output moderately high (50 to
100 pV) and tune it for maximum output from the tuner.
Reduce the generator level until some noise or distortion
appears on the output waveform. With the distortion ana-
lyzer, null out the 400-Hz fundamental, reading the residu-
al as a percentage of the fullv modulated output. If it is less
than 3.2%, reduce the generator output and repeat the
measurement; if it is more than 3.2%, increase the genera-
tor output and repeat the measurement. With each change
of output, a slight re-adjustment of the generator {requency
may be necessary to minimize distortion. If the re-tuning is
sufficient to materially alfect the receiver’s tuning-meter
reading, this indicates incorrect i.f. or discriminator align-
ment.

The signal input, in microvolts, which results in 3.2% dis-
tortion (=30 dB) is the IHI usable sensitivity. Remember,
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Fig. 1. Set-up for FM tuner sensitivity, distortion checks.

this input is half the output setting of the signal generator.

Set the generator output to 2000 pV (1000 pV at the
tuner input) and measure the distortion in the tuner out-
put. Re-tune the generator frequency slightly for minimum
distortion. The scope, connected to the distortion-unalyzer
output, will identify the distortion uas second or third har-
monic, or as power-supply hum. Even laboratory-grade sig-
nal generators cannot be relied upon for accurate distortion
meuasurements below 0.5%. An I'M tuner with a measured
distortion of 1% or less can be considered satisfactory. If it
is much more than 1%, the i.f. and/or detector circuits are
probably misaligned or there may be other faults in the
tuner.

The image response of an FM tuner will normally occur
at a frequency higher than the signal by twice the i.f. fre-
quency. With the tuner set at 98 Mlz, the image response
is at 119.4 MHz. The initial output reading, at 98 Mllz,
should be with the signal generator output set at the HIF
usable-sensitivity level, using 75-kHz deviation at 400 Hz.
Then, tune the generator to 119.4 MHz, using its maximum
output, and locate the point of maximum output from the
tuner. Reduce the signal-generator level until the audio-
output voltage from the tuner equals that measured in the
usable-sensitivity test. Record the generator output at this
point.

Image response is the ratio of generator outputs at image
and signal frequencies, for equal tuner output, and is ex-
pressed in decibels: Image Ratio= 20 log E i uge! E i,

Specified image ratios are usually between 60 and 90 dB.
If the measured value is appreciably less than rated, it indi-
cates a possible front-end misalignment.

The i.f. rejection is measured in the same manner, except
that the test is made at the if. frequency of 10.7 MHz in-
stead of the image frequency. Many FM signal generators
do not cover this frequency but this test can usually be
omitted, since only a gross misalignment would materially
affect i.f. rejection and this would almost certainly be re-
vealed by sensitivity and image-rejection tests.

For stereo channel separation measurements, the signal
generator should be modulated by an external multiplex
generator, unless a sterco test generator with an internal
r.f. source is used. With the left channel modulated at 400
Hz (do not use more deviation than necessary—230 kHz
should be adequate) and an r.f. level of 1000 uV to the
tuner, measure its left-channel audio output. Then connect
the v.t.v.m. to the right channel and read the crosstalk. Re-
adjust the signal frequency slightly for minimum crosstalk.
The amount of re-tuning should not be sufficient to affect
tuning-meter indication. Use the dB scales of the v.t.v.m.
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and its attenuator or runge switch to determing the stereo
separation—the difference between the two readings—in’
decibels. Repeat this measurement with the right channel
modulated, measuring crosstalk in the left channel. It is
convenient to wire up a switch for connecting the meter to
the desired channel without changing cables. Do not re-
tune the signal generator if it has been optimized for the
other channel. Commonly, the two crosstalk figures differ
somewhat, but they can be averaged to obtain mid-band
channel separation.

Channel separation or crosstalk should also be measured
at a high audio frequency. Some loss of separation is normal
at the high and low frequencies, but an excessive loss at the
high end may indicate a serious misadjustinent of the multi-
plex circuits. If possible, use a 10-kHz modulating frequen-
cy for this test. If a service-type stereo generator is used,
maximum usable frequency may be only 5 klz.

Although some FM tuners have rated mid-band stereo-
separation figures of 40 dB or more, many signal generators
are not that good. In general, if the measured separation is
greater than 20 dB at 400 11z and 10 to 15 dB at 10 kHz,
the tuner may be considered satisfuctory in this respect.
Once the separation exceeds about 10 to 15 dB, the car
perceives little change in the stereo “spread,” other than a
slight shift in apparent speaker spacing.

Dial calibration should be checked to verify the receiv-
er’s local-oscillator tracking. Signal-generator frequency
calibration, usually good to 1%, is not adequate for this pur-
pose. Use FM-broadcast signals of known frequency. If
there are insufficient signals available, or they are not at
suitable frequencies, a crystal-controlled marker generator
may be used (this facility is built into some low-cost stereo
multiplex signal generators).

If you wish to verify the frequency response (inainly the
accuracy of the tuner’s de-emphasis curve), it is only neces-
sary to check a few frequencies. Modulate the signal gener-
ator at 400 Hz, with about 22-kl1z deviation, and measure
the output of either channel. Repeat the measurement with
50 Hz and 10 kHz modulation, maintaining the same devia-
tion. With an ideal de-emiphasis characteristic, the 50-11z
and 400-Hz levels should be identical, while the 10-kl1z
output should be down 13.8 dB. A tolerunce of £2 dB
about the ideal response curve is satisfactory.

Amplifiers

The test setup for amplifier measurements is shown in
Fig. 2. The frequency-response measurements, made on
the preamplifier section of an amplifier or receiver, are
performed at a low level. In most cases, a reference output
of about 1 volt across 8-ohim speaker loads, or about 0.1 volt
across a high-impedance load connected to the preamplifi-
er or tape-output jacks, is satisfactory. The reference fre-
quency for all amplifier measurements is 1000 Hz.

THF standards call for all amplifier gain controls to be at
their maximum settings. We have found that some amplifi-
ers become unstable when the tone and volume controls
are all at their maximum settings (which is an abnormal
operating condition in practice). Before measuring tone-
control characteristics check the amplifier under these con-
ditions, using the scope to show any ultrasonic or sub-sonic
instability. If it occurs, reduce the volume-control setting
until the amplifier becomes stable. Be sure that any loud-
ness-compensation circuit is disabled. On some receivers,
the loudness compensation (bass boost) is always operative;
in this case, the volume control must be at maximum for
frequency-response measurements.

Phono-preamplifier equalization should be measured, if
possible, at the tape outputs of the amplifier. Set the audio-
generator level to deliver a 0-dB reference output at 1000
Hz. Most audio v.t.v.m.’s are calibrated for 0 dB at 0.78 volt
(actually 0 dBm), which is suitable for this purpose. Main-
taining a constant input level, measure the outputs at 3
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kHz, 5 kllz, 10 kllz, and 15 kliz. They should be down
from the 1000-11z level by 4.8 dB, 8.2 dB, 13.8 dB, and 17.1
dB, respectively, if the amplifier is correctly equalized for
the RIAA characteristic. Return to 1000 Hz and reduce the
input level by 20 d3. Mecasure the output at 300 Hz, 100
Hz, and 50 Hz. It should be higher than the 1000-11z level
by 5.5 dB, 13.1 dB, and 16.9 dB, respectively. Deviations of
+2 dB from the ideal response are acceptable. Normally
only one channel need be checked fully, but spot checks
can be made on the other to check their similarity.

Since the tone controls and filters usually follow the tape-
monitoring outputs, their characteristics must be checked
across the speaker leads. It is not necessary to plot the full
response curve of the wmplifier, unless it has some unusual
characteristics. Tone-control measurements at 100 1z,
1000 Mz, and 10 kl1z are usually adequate.

With the tone controls set to their mid-positions, supply a
1000-1z signal to the Aux or other high-level input and
adjust for an output of O dB (0.78 volt) across the 8-ohm load
resistors. Set both controls (bass and treble) to their maxi-
mum and minimum positions and note the variation in out-
put. It should be no mmore than +3 dB3 with well-designed
tone controls. Return controls to center positions.

Change input to 100 1z and to 10 klz at same level. Note
output, with the controls centered and at their extremnes.
The amount of variation should be compared to the manu-
facturer’s specifications. Values from 10 dB to 20 dB
are typical (they necd not be symmetrical about the center
response level). At maximum boost, be sure that the output
waveform, as seen on the scope, is not clipped. Some low-
powered amplifiers may distort at the suggested levels with
full boost. If this occurs, reduce the input level as required.

Runble and scratch filters can be checked the same way.
From a 0-dB reference level at 1000 1z, the drop in output
at a low or a high frequency is measured when the filters
are switched in. The choice of frequencies depends on the
manufacturer’s specifications, since there is no standardiza-
tion of filter cut-off frequencies or slopes.

The IHF standard (IHHF-A-201) procedure for hum and
noise measurement is unnccessarily complex for our pur-
poses. At H-H Labs, we have established standardized gain
and power-level references for all amplifiers. The gain is set
so that an output of 10 watts (8.94 volts across 8 ohins) is
obtained when 1 volt at 1000 11z is applied to a high-level
input. In the case of a preamplifier, the reference output is
I volt (unity voltage gain). I'or the phono input, the refer-
ence input is 10 millivolts.

With gains standardized, the signal is removed and the
input is terminated with a resistor of about 2000 ochms. The
output voltage is measured across the speaker load (or
across an unloaded preamplifier output). The input termi-
nation is not critical; however, the open- and short-circuit-
ed conditions of the IHI procedure are unrealistic in terms
of normal operating conditions. We feel that a finite resist-
ance typical of a phono cartridge or emitter-follower out-
put is more meaningful.

The hum and noise output is expressed in decibels below
10 watts (or below 1 volt, for a preamplifier). For example,
3 millivolts of hum and noise corresponds to about =70 dB, a
completely inaudible level. [Hum and noise levels of -60 dB
or lower are usually satisfactory; on phono inputs —45 to -50
dB may be acceptable if the noise is largely sub-sonic
“bounce’ (which may be readily identified with the scope).

When testing a basic power amplifier, without controls,
there is no standardized gain setting. Otherwise the proce-
dure is the same, with the output noise referred to 10 watts.
The use of a fixed reference power, independent of the
amplifier rating, makes it possible to compare amplifiers of
different power ratings, with respect to the audible hum
they might contribute to a system. To correlate these noise
figures with the manufacturer’s rating, which is usually re-
ferred to his maximum power output, add 10 fog P el 10
January, 1971

F——
TAPE OUTPUT (FOR PHONG EQUAL. DNLY)

IN v L RI N
I a:ﬁé’é"ﬂou I‘-{jmnun:nl 1
L) 8n

120v
1%, @"‘

ADJUSTABLE
AC. SuPPLY

Fig. 2. Test set-up for making amplifier measurements.

decibels to the figure that has been previously measured.

Crosstalk between inputs of the winplifier is most easily
detected and evaluated subjectively, by listening. It is most
likely to be disturbing when the tuner output feeds through
to the phono inputs while records are being played. With
volume set somewhat higher than normal, and the pickup
arm on its rest, switch to phono and listen for the tuner
program in the background. In a receiver, the tuner is nor-
mully switched off in other modes und nothing will be
heard, but with separate tuner and amplifier combinations
crosstalk is not uncommon. If it exists, there is usually little
that can be done by the service technician to correct a de-
sign fault. The saine problem often occurs when the tape-
monitor switch is set to listen to a pre-recorded tupe while
the tuner is oparating. In either case, the cure is simple—
turn off the tuner if it is a separate component, or switch
the receiver to another input which is not energized.

Amplifier power and distortion measurements should be
made with both channels driven, although it may be desir-
able to drive only one channel to verify a manufucturer’s
specification, which is often based on only one channel op-
crating. Dynuamic, or music-power, ratings cannot be
checked without a rather complex test setup, and in our
view are less indicative of an amplifier’s perforimance than
a continuous-power measurement.

Drive both channels through a high-level input at 1000
Hz. We prefer to use an external “Y™ connector for this,
leaving the anplifier in its sterco mode. Alternatively, one
input may be driven, with the amplifier set to mono to
internally parallel the two inputs. Sometimes this can affect
the distortion characteristics of the amplifier, but in most
cases there is little difference between the two connections.
Adjust the balance control for equal output from both chan-
nels, with the volume control at maximum and tone con-
trols centered. No amplifier control is to be disturbed dur-
ing the tests.

While observing the output waveform of one channel on
the scope, increase the drive level until the waveform clips.
Sometimes the clipped portion contains hum components,
and sometimes the clipping is clean. Both positive and neg-
ative peaks of the sine wave may or may not clip siinulta-
neously. If the waveform distorts gradually rather than clips
suddenly, or exhibits kinks at points other than at its peuks,
the amplifier negative feedback is not very effective. This is
typical of some low-priced “puackaged’™ units, but is rare in
hi-fi comnponents of good quality.

Watch for bursts of oscillation, anywhere on the output
waveform, as the level is increased to the clipping point
and beyond. Repeat this with a capacitor of about 0.01 pF
across the 8-chm load. An amplifier should be stable with
reasonable capacitive loads. Remove capacitor for other
tests.

To check the maximum power output, monitor the line
voltage and maintain it at 120 volts. Read the amplifier
output voltage as the waveform just begins to clip. The
power is K2/8 watts per channel. This measurement should
be repeated at the extremes of 20 Hz and 20 kllz where
most amplifiers deliver less power than at 1000 Hz.
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Fig. 3. Turntable and phono pickup measurement set-up.

Distortion should be measured at low power, medium
power, and maximum rated power. All distortion analyzers
operate satisfactorily at a l-watt level (2.83 volts across 8
ohms), and this is suitable for low-power measurements.
Distortion should also be measured at 10 watts (8.94 volts)
and at the maximum rated power of the amplifier. When
measuring distortion, connect the scope to the analyzer
output to display the residual signal waveform. Often, at
low outputs, the distortion is masked by hum or random
noise.

If the tested channel appears to be normal, a full test
need not be made on the other channel. A simple check of
clipping power output at 1000 Hz should be sufficient.

Record Players

Turntable and pickup measurements are made with the
test setup of Fig. 3.

For wow and flutter measurements, the 3-klIz test bands
of the STEREO REVIEW SR-12 or CBS Labs STR150 records
may be used. The amplifier can be any preamplifier or inte-
grated amplifier, with its output going to the wow and flut-
ter meter. An appreciable fluctuation in meter reading can
be expected, especially when measuring wow, which re-
quires operator judgment in determining the true reading.
The meter manufacturer’s instructions should be followed
carefully. Wow and flutter may be measured independent-
ly by appropriate settings of the test instrument, or a single
combined figure may be obtained. Either method is satis-
factory. The combined wow and flutter of the better-grade
turntables is under 0.1%, most good turntables fall between
0.1 and 0.2%, and low-priced units may go as high as 0.3%.

Rumble measurements, according to NAB standards, re-
quire playback equalization not found in standard hi-fi am-
plifiers. Ilowever, a reasonable approximation is possible
with a good RIAA-equalized preamplifier. The response
should be as accurate as possible at low frequencies, where
errors can have a great effect on rumble measurements.

Rumble is referred to a reference level of 1.4 em/s (sty-
lus velocity) at 100 11z. The CBS Labs BTR150 and STR100
test records have lateral bands recorded at 5 em/s (1000
11z). If either of these records is used to establish a refer-
ence level, add 2.1 dB to the measured rumble to obtain
the correct figure. The STEREO REVIEW SR-12 record has
four bands, recorded at 1000 Hz with different levels. If the
highest level band is used (4.67 cm/s), add 2.8 dB to the
measured rumble.

Fig. 4. Set-up that is used for tape-recorder measurements.
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The procedure is simple. Play the reference-level bands
and adjust the amplifier gain so that the v.t.v.m. reads 0 dB
(or any other convenient level). Then play the silent groove
bands of the BTR150 and SR-12 records and observe the
meter reading. It will probably fluctuate considerably, re-
quiring visual averaging over some period of time. The av-
erage reading is noted, as “X"" dB below the reference lev-
el. Add the correction factor of 2.1 dB or 2.8 dB, and you
have an approximate unweighted rumble figure.

It is approximate because of uncertainties in amplifier
equalization and the meter-response characteristics, but is
sufficiently accurate for our purposes. The rumble mea-
sured in this manner includes both vertical and lateral com-
ponents. By paralleling the two channels of the cartridge,
the vertical components are canceled, and the remaining
rumble is essentially horizontal. There is usually a drop of 3
or 4 dB in the meter reading when this is done. The less the
change in reading, the less vertical rumble is present (a
desirable condition).

Typical rumble figures for low-priced turntables are —-25
to -30 dB. Good component-quality automatic turntables
usually have rumble between -30 and -35 dB (which is the
NAB broadcast standard), while the best turntables mea-
sure from -35 to —40 dB or lower. These are unweighted
figures, which cannot be compared to most manufacturers’
specifications, but which are valid for appraising the quality
of a turntable.

Phono Pickups

The same setup is used for pickup and arm testing as for
turntables. It is usually advisable to install the cartridge
with the manufacturer’s recommended tracking force, us-
ing an accurate gauge. Do not try to operate at the mini-
mum recommended force. Practically all cartridges give
their best performance when operated in the middle or
upper part of the range of recommended forces.

Anti-skating should be set initially as recommended by
the arm manufacturer. As a check, play the special bands of
the STEREO REVIEW SR-12 test record. Often a higher anti-
skating force than recommended gives better results, and
this record provides an accurate means of making the ad-
justment without instruments.

The most widely used frequency-response test record is
the CBS Labs STR100. If an unequalized (flat) preamplifier
input is available, it should be used when playing this rec-
ord. Be sure to connect a 47k-ohm resistor across the car-
tridge if a regular phono input is not used (sometimes a
high-gain microphone input is available). If you use a good-
quality mono preamplifier for all your cartridge testing,
you may be able to remove the RIAA de-emphasis in the
preamplifier for this purpose.

The test record has voice announcements of the spot fre-
quency bands, from 20 kl1z down to 20 Hz. An ideal pickup
will have flat frequency response from 20 kHz to 500 liz.
The portion below 500 Hz can be ignored, since it is more
likely to reflect the preamplifier equalization and record
characteristics rather than the cartridge itself. If the pream-
plifier has RIAA equalization, the CBS Labs record is sup-
plied with information for interpreting the response read-
ings.

Record the output readings of the preamplifier from the
v.t.v.m. for each test frequency, while playing the left-
channel side of the record. Then turn the record over (right
side) and repeat the test. This gives both the frequency re-
sponse and crosstalk for the left channel. Repeat the proc-
ess for the other channel. When the data is plotted, there
will usually be some differences between the two channels.
Moderate differences are normal and are due to a combina-
tion of record and cartridge characteristics.

Channel separation is usually 25 dB or better at mid-
frequencies (500 Hz to several kHz), but may reduce to 10
(Continued on page 66)
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REACH FOR CHROMA FOAM!

New Chroma Foam cleans up the cruddiest tuners with
it's unique green foaming action!

Chroma Foam’'s exclusive Poly-Solaxan Silicone Base
contains hollow abrasive particles that burnish delicate
gold and silver contacts, then collapse to prevent dam-
age. Moreover, Chroma Foam doesn’t drip, dry, cake or
run, yet provides permanent lubrication without detuning
the most sensitive equipment!

That’s why we dare to claim that Chroma Foam is seccnd
to none. It took years to develop a miracle time and
money saver, SO you can work miracles in minutes!

The rest of our new miracle service chemical line

50 BELOW Circuit Cooling Spray...cools to at least 20 degrees
below any other spray on the circuit. TAPE HEAD CLEANER-pene-
trates deep to clean and protect tape heads, reduce noise and
improve fidelity. TUNER CLEANER-dispenses under 80 pounds
pressure to do the job of an ultrasonic bath.

Special Intro Offer: Your first 5 can order of Channel Master
service chemicals comes packed in a free metal tote box with fold
out storage tray...Grab onto one!

CIRCLE NO. 148 ON REAOER SEFVICE PAGE

£ -
=53_3  CHANNEL MASTER

o DIV. OF AVNET, INC.,

ELLENVILLE, N.Y. 12428
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AC’S Service Shop was wallowing in the December
doldrums. Almost all the Christmas presents had
been bought and wrapped; the customers, like evervone
else, were flat broke; nobody was spending an extra nickel.
Actually Mac and Barney didn’t mind. It was nice to be
able to catch their breath after the hectic pre-Christmas
rush. The lull gave them a chance to dig the solder blobs
out of the corners of the bench, to restock parts, to put the
service literature back in order, to replace worn line cords
and test leads, and to clean and recalibrate their instru-
ments. Finally, though, everything was ship-shape, and Bar-
ney saw Mac start loading his pipe—a promising sign he
was ready to stop work and talk a while.

“It’s kind of nice to L. able tc do all these little chore: we
don’t have time for in the heat of battle,” Barney observed.

“Yep,” Mac agreed. lighting his pipe, “and 1 like vour
choice of words. While we've been working around here
today, I've been thinking we're engaged in a constant bat-
tlie against the enemy of electronic equipment, and that
battle is all the tougher because of the protean nature of
that enemy.”™

“Come again. The what kind of nature?”

“Oh, come on! You remember that old sea-demon, Pro-
teus, in Greek mythology who knew all things, past, pres-
ent, and future, but who was stingy with his knowledge?
The only way you could muke him talk was to catch him
taking a siesta and tie him up. This took some doing be-
cause he tried to escape by assuming all sorts of shapes: that
of a lion, a serpent, a leopard, a boar, a tree, fire, and water.
But if vou hung on to him, he finally returned to his original
form and told you what you wanted to know.”

“I still don’t see what that has to do with electronics.”

“Things that cause trouble with electronic equipment are
just as tricky and shifty as Proteus was. About time we get
hammerlock on one thing that’s fouling up the perform-
ance of electronic gear, trouble takes on an altogether new
character and we have to shift our hold and start all over
again. Let me give you some ferinstances:

“When 1 first started working on radios back in the early
days of battery receivers, our troubles were mostly fragile
tubes, costly battery consumption, insufficient sensitivity,
and poor contacts. You don’t know true horror unless
yvou've accidently touched an "A+" lead to the positive ter-
minal of a B-battery and have seen four 201A%s and a 112A
light up with what seems a blinding light. And don’t forget
those tubes cost five dollars each—five hard, honest dollars;
not the marshmallow imitations we call dollars today.”

“Stick to vour story; don’t get off on inflation,” Barney
warned.

“Okay,” Mac growled reluctantly. “Batteries, too, were
expensive; and those early sets were hard on batteries. Iilu-
ment rheostats were used to control the volume and keep
current consumption as low as possible consistent with pass-
able reception. There was no good reception, as we know it,
in those days, no matter what reactionary old-timers with
poor memories tell you. The chief problem was just to be
able to hear signals from comparatively weuk transmitters.
50

Changing Nature of Service

The more servicing problems seem to change, the more they seem
to be like the problems we had with some of the early sets.

s John Frye

To achieve sufficient sensitivity, tuned radio-frequency
stages were cascaded until instability occurred. Since all
sections of the ganged tuning capacitor carried the same
frequency, if individual rotor section wipers did not make
good contact, you had coupling and oscillation: therefore,
cleaning these contacts was a ritual. Another source of con-
tact trouble was the buyonet-type tube sockets used. Fnds
of the tube pins pushed down against the bronze contact
springs. Sandpuapering the ends of the pins and the bronze
contacts and bending up the lutter to create more contact
pressure was standard operating procedure.”™

“Didn’t you have capucitor or resistor troubles in the old-
en days?”

“Now don’'t get smart. Those sets used very few fixed
capacitors or resistors. Plate voltages were supplied by a
B-battery and bias voltages by a C-battery. Different voltag-
es were secured by using taps on these batteries; conse-
quently, no voltage-dividing or voltage-dropping resistors
were necessary. About the only resistors used were the fila-
ment rheostats, the grid-leak resistor of the detector stage,
and occasionally a fringe-howl] suppressor across an audio
transformer winding in a set using a regenerative detector.
Since good batteries are low-impedance devices and since
the stage gain of the receivers was low, bypassing of plate
and grid returns was not necessary. Occasionally you found
a capacitor used to remove the r.f. from the plate circuit of
the detector. But any capacitors used were of a stable mica
type that gave little trouble.™

“1 can’t imagine a radio without gobs of capacitors and
resistors,” Barney admitted.

“They weren't long getting into the act. Alternating-cur-
rent radios got away from the cost of batteries. Tube fila-
ments were made heavier and less fragile. Tube sockets
were changed from the bayonet type to the flat type with
positive side-wiping contacts. The screen-grid tube was in-
troduced to provide more stage gain, and we went to the
superheterodyne circuit to get more sensitivity and selec-
tivity. That meant the tuning capacitor usually had only
two sections, each carrying a different frequency; so wiper
contact resistance was much less critical.”

“Sounds like you solved all your problems.™

“Yes, and acquired a whole new batch! The a.c.-operated
radios used power transformers, filter capacitors and
chokes, resistance voltage dividers, and voltuge-dropping
resistors. Lots of bypass capacitors were necessary with the
higher-gain stages requiring various voltages to keep the
r.f. currents where we wanted them. Proteus changed to
fire and water, because heat and moisture now became two
of the chief enemies with which we had to contend. Lots of
heat was generated by the power transformer, the rectifier,
and the heavy-filament tubes. This heat melted the wax
from the ends of the waxed-paper capacitors and dried out
the clectrolytics. With the wax seuls gone from the bypass
capacitors, moisture got into them and caused them to be-
come leaky or to short out entirely. Moisture also produced
electrolytic action in the windings of the power, i.l., oscilla-
tor, and audio transformers, causing the windings to short
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together or to open. Finally, the higher
gain of the tubes made shielding neces-
sary over the coils and the tubes; und
this led to metal tubes.™

“What did you do about all those oth-
er problems?”

“Cupucitors were produced that did
a better job of resisting heat and mois-
ture. Intermediate-frequency trans-
formers were made more heat- and
moisture-resistant by using better ma-
terials and fabricating techniques. Os-
cillator coils were dipped in moisture-
proof wax. Interstage audio transform-
ers were replaced by resistance-capaci-
ty coupling. Eventually we got rid of
the power transformer by going to a.c.-
d.c. circuits that also permitted use of
lower-current series strings.”

“That should have solved your heat
problem.”

“1t should have, but it didn't. Getting
rid of the bulky and heavy power
transformer, filter choke, and inter-
stage coupling transformers, plus the
development of miniature tubes, per-
mitted the design of much smaller ra-
dios that could be fitted into smaller
cabinets. Unfortunately, these cabinets
afforded poorer escape of heat than
had the big cabinets; so we still had a
heat problem. And the initial surge of
heavy current through the cold series
filaments caused them to fail almost as
often as had the old battery-type.™

“We just can’t win for losing, can
we?r” Barney observed.

“It seemns that way. But then along
came printed circuits and transistors.
Transistor power requirements were
so small that practically no heat was
generated by the radio itself, but un-
fortunately, transistors were much
more sensitive to ambient temperature
than were tubes; so heat was still an en-
ey, And in tube receivers using PC
boards, the heating and cooling of the
board caused it to become brittle,
warp, and crack right through the con-
ductors. Improved boards largely took
care of that.”

"I can think of some other forms old
Proteus has assumed,” Barney offered.
“Vibration became an enemy when ra-
dios were put in cars. That’s when lok-
tal tubes were developed to keep them
from shaking out of their sockets. Vi-
bration also caused breaks in PC
boards and cracks in speaker cones. It
breaks lead-foil connections of capuci-
tors suspended by their leads.”

“You're getting the idea. Let'’s not
forget dirt and corrosion. It’s the basis
of poor contact resistance of any sort. It
accounts for most noisy and erratic vol-
ume-control action, switch trouble, TV
tuner troubles, etc. With communica-
tions transceivers, dirty relay contacts
are a common cause of trouble.

“But I think we've pretty well made
our point that the nature of trouble
with electronic equipment is constant-
January, 1971

lv changing. Many of the problems are
cyclic in nature; I mean they fade out
of the picture for a while and then
come buack strong in succeeding new
equipment. For example, transistors
brought back problems with batteries
Plug-in modules threw the spotlight
again on contact resistance—the samec
problem we had with bayonet tube
sockets in the beginning. Power trans-
formers and their problems went out
with the advent of a.c.-d.c. radios, but
came right back with TV receivers,
and the latter introduced some new
high-voltage problems. AM radios had
a.f.c. back in the 1930°s; now we are
back to a.f.c. on FM receivers and on
TV sets. Design engineers are con-
stantly going up into the electronic at-
tic and bringing down something
stored there, knocking off the dust, giv-
ing it a new coat of paint, and putting
it into the latest equipment.”

“1 guess we eventually win most bat-
tles, but are we winning the war?™

*I think we are. You must remember
electronic equipment is constantly
changing, becoming more complex,
and above all improving in perform-
ance. Since it does a better job, if it re-
quires more service that would be un-
derstandable, possibly justifiable. But
the truth is modern electronic equip-
ment requires less service. The best
proof of what I am saying is contained
in the new solid-state modular color-
TV receiver kit Heatl is offering.

“I remember old-time service tech-
nicians who hung up their solder guns
when printed circuits came out. Thoy
were too hard to service. More did tne
same thing when transistors becarme
popular. Still more gave up when TV
began pushing radios out of the lime-
light. And a whole flock of them threw
in the sponge when color TV came in.

“I wonder what these quitters think
when people with very little experi-
ence in electronices are payving out a siz-
able sum for a couple of bushel baskets
of parts in full confidence they will be
able to assemble those parts into a col-
or-TV receiver, adjust it, and sercice it
with no other instruments than those
furnished with the kit. While | have
not had an opportunity to see one of
the sets, 1 have read the assembly, ad-
justment, and service manuals fur-
nished with the kit, and I'm convineed
the properly assembled receiver will
perform as advertised. Please note the
finished product is not just a TV receiv-
er. It has all the most advanced and so-
phisticated features: completely tran-
sistorized with the exception of the
picture tube and h.v. rectifier, modular
plug-in construction, a.f.c., a.c.c., ete. If
an amateur can build, adjust, and serv-
ice an up-to-the-minute color-TV re-
ceiver, we must have done a pretty
good job of wrestling the answers we
want out of our electronic Proteus.” A
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make tricky jobs easy

SUPER LONG NUTDRIVERS

Over 20” long with 1/4” and 5/6” hex open-
ings, color-coded plastic (UL) handles, full length
hellow shafts.

Eliminate skinned knuckles and the frustration
of trying to reach tuners, bezels, other up-front
components from the back of a TV set with
ordinary tools.

Extra length means more convenience, greater
driving power for many other “fix-it" jobs.

INVERTED PALNUT DRIVER SHANKS

Fit all Xcelite “99" handles, including Tee and
ratchet types. Popular 7/16” and 1/2” external
hex sizes, hollow shanks.

Save time, prevent damage to fastener or
equipment when removing Palnuts on balance
controls, on-off switches, volume control shafts
of most TV sets, record players, portable radios.

c © '
>
nationwide availability through

local distributors
REQUEST BULLETIN N470

®

XCELITE INC., 12 BANK ST., ORCHARD PARK, N. Y.
In Canada contact Charles W. Pointon, Ltd

CIRCLE NO.118 ON READER SERVICE PAGE
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The best way to get electronics into your head

No book ever written can give you the
“feel” of electronics.

This is why every NTS course in Elec-
tronics includes the most modern, profes-
sional training equipment in kit form.

Putting equipment together, kit by kit,
can teach you more about electronics than
a whole library of hone-dry theory.

Each kit contains illustrated instruc-
tions.

You look at the pictures, then you apply
what you see as you assemble or service
your equipment.

What could be simpler? Or more fun?
You'll enjoy every profitable minute.

Here's just some of the equipment you
get to build and what you will learn.

Color TV
295 sq. in. picture.
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NTS COLOR AND B&W TV
SERVICING

You receive a big screen color TV
with many unique features, including
self-servicing equipment so you can
make all normal test operations. You
also get an AM-SW radio, solid-state
radio, field-effect transistor, Volt-
Ohmmeter and electronic tube
tester. You learn about electronic
principles, trouble-shooting, hi-fi,
multiplex systems, stereo and color
TV servicing.

Solid-
state
B&W TV
74 sq. in.
picture
(cabinet
included)

The B&W TV receiver features the
latest in solid-state circuitry, making
your TV training the most modern,
most advanced available.

NTS COMPUTER
ELECTRONICS

One of the 10 important kits included
is this remarkable Compu-Trainer®
— an NTS exclusive. It's a fully oper-
ational computer logic trainer —
loaded with integrated circuits. It in-
troduces you quickly to the how,
what, when, and why of computers.
This unit is capable of 50,000 opera-
tions per
second.

Exclusive
Compu-Trainer

NTS ELECTRONICS
COMMUNICATIONS

Two exciting courses in the big-pay-
ing fields of transmitting and receiv-
ing equipment. Either one qualifies
you for your FCC First Class Radio-

ELECTRONICS WORLD



is to have the actual equipment in your hands.

Telephone License. NTS assures you
will pass this FCC exam within 6
months after successfully complet-
ing your course — or your tuition is
refunded. You receive 14 kits to build
an amateur phone 6 meter VHF tran-
ceiver plus NTS' exclusive 6 transis-
tor solid-state radio and a fully
transistorized volt-ohmmeter.

R
5 watt AM ....................
transmitter/
receiver. "y

o &S

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Let NTS put you into the age of elec-
tronic controls. Systems automation
is rapidly becoming the emphasis of
modern industry. NTS training in-
cludes equipment like a 5" wide
band oscilloscope. You also get the
new, exclusive NTS Electro-Lab — a
January, 1971

complete workshop “

that lets you build s
five industrial
controls to regulate
motor speed,
temperatures,
pressure, liquid i
level, smoke, and 3
.

much more.

5" Oscilloscope

Mail card today for free, full-color cata-
log that details what each training program
offers. (Or if card is missing, send cou-
pon.) No obligation. No salesman will call.

Remember, the best way to get electron-
ics into your head is to have the actual
equipment in your hands. The socner you
mail the card, the sooner you’ll get your
hands on the finest, most advancid elec-
tronics home training ever offered.

CLASSROOM TRAINING

AT LOS ANGELES You can take class-
room training at Los Angeles in sunny Cali-
fornia. NTS occupies a city block with over
a million dollars in facilities devoted ex-
clusively to technical training. Check box
in coupon.

APPROVED FOR VETERANS

Accredited Member: National Association of Trade
and Technical Schools; National Home Study Council.

NATIONAL G2 SCHOOLS

WORLD-WIDE TRAINING SINCE 1305
4000 S. Figueroa St.. Los Angeles. Calif. 90037

If card is missing check

coupon and mail for free
color catalog and sample
lesson. Now.

Please rush Free Color
Catalog and Sample
Lesson, plus informa-
tion on course checked
below. No obligation.
No salesman will call.

National Technical Schools
4000 S. Figueroa St., Los Angeles, Calif. 90037

Master Course in Color TV Servicing
Color TV Servicing

Master Course in TV & Radio Servicing
Practical TV & Radio Servicing

Master Course in Electronic Comm.
FCC License Course

Master Course in Electronics Tech.
Indusirial and Automation Electronics
Computer Electronics

Basic Electronics Dept. 240-011

Name Age

Address

City State

N
°

Check il interested in Veteran Traiaing under new B
Check 1t interested only in Classroom Training at Los Angeles

-
R e st

o
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Digital Instruments
(Continued from page 38)

output supplies power to the RCA dis-
play tubes, whose total current con-
sumption ranges from around 300 inA
to just over 1 A. The forward voltage
drop of diode D7 reduces the +4.5 V
d.c. at the emitter of Q1 to about +3.6
Vod.c. at the "+ V..” output. The +3.6
Vide at "+ V.7 is connected to pin 11
of every digital IC in the electronic
counter (pin 4 of every digital 1C is
grounded). The +3.6 V d.c. distribu-
tion line should be bypassed to ground
at frequent intervals with Centralab
UKI6-104 (or equivalent) 0.1-pF ce-
ramic disc capacitors to suppress sys-
tem noise transients. Lamp PLI and
the SCR are intended to indicate the
status of the counter gate. When a posi-
tive voltage is applied to the “"Gate
Monitor™ input, this causes the SCR to
conduct and the “Gate Open™ light to
illuminate.

Any attempt to substitute another
transformer in place of the one speci-
fied for T1 should be carefully consid-
ered—proper operation of the power
supply depends on the ability of 71 to
maintain its peak-to-peak voltage un-
der load.

Figs. 8 and 9 arce system schematic
diagrams for the complete three-mode
electronic counter. The system consists
of a power supply (Kig.7); control logic
(Fig. 4): a six-stage decade counter (Iig.
2): six of the decoder, display driver,
and display modules shown in Fig. 3; a
time base (Fig. 1); and input amplifier
and shaper (Figs. 5 or 6); and miscella-
neous controls and connectors. The

front-panel controls (see lead photo-
graph) consist of the “A.C. Input™ jack
J1), "D.C. Input™ jack (J2), “Sync Out-
put’ jack (J3), "Atten.” control (R1),
“Gate Open™ lamp, “Time Base Peri-
od” selector (S1), and “Mode™ selector
{8$2); the control logic functions
“Open,” “Close,” “Reset,” and " Dis-
play Time,” and, if the input stage
from IFig. 6 is used, "“I'rigger Level™
and “Slope™ controls (Fig. 8).

Switch sections S2A and S$2B (Fig. 9)
select the control logic “Control™ and
“Input” signals appropriate to the cho-
sen mode of operation; S2C supplies
power to the decimal-point selection
sections of SI (Fig. 8). The desired
time-base period and decimal-point po-
sition is selected by S1. Note that in the
Period mode, the second and fourth
positions of the “Tine Base Period™ se-
lector are merely repeats of the first
and third positions.

The signal available at the “"Svnce
Output™ jack is useful for synchroniz-
ing an oscilloscope (or other instru-
ment or circuit) to the signal being
counted, or for observing the appear-
ance of the shaper output when count-
ing crrors are occurring, such as in the
case of severe noise or distortion proes-
ent on the input signal.

The I-megohm “Atten.” potentiom-
cter may at first seem to unnecessarily
reduce the input impedance of the
clectronic counter (rom the nearly 10-
megohm input resistance of the FET
input amplifier stage. In practice, how-
ever, the shunt capacitance (primarily
due to the input jack and wiring capuc-
itance) becomes significant at frequen-
cies above a few kllz).

(Continued in March issue)

Fig. 9. Electronic counter system block diagram showing six-stage
counter, decoder, display driver and display, control logic, and
the power-supply sections. The schematic diagrams for these sec-

tions are shown individually in

Figs. 2, 3, 4, and 7, respectively.

+4.5ve 3 y
+V, +V, +V, +V, +V, +V,
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AABBCCD
[T Ie T dse E10ET0Iwe T{0T0dne  [HT{TTne TTET{{1se
1 L I L 1 L
Alggcc oo
| 2 3 4 &) 6
INPUT COUNTER 700 422!
I— RESET
+Vee
CONTROL LOGIC POWER SUPPLY
MODE 7005071 7005201
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- +4.5v
= h( |
W FREQ. (528 CONTROL ouTPuUT - +vee
| PERIOD | INPUT RESETA - +vg lLe-n7v
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—e 60H2
DO @ @
i OPEN RESET
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CLOSE DISPLAY
s2¢ TIME
Y ————a -
— o S$2—4-pole 5-pos. SW. {Centralab RA-1013)
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Myo-Cybernetics
(Continued from page 39)

STEREO/HI-FI DIRECTORY

on patients who have one paralyvtic leg
and one good one. Doctors hope this
technology will one day help patient
to walk

Dr. Reswick told of one patient, a
woman, who was paralvzed from th
waist down. They implanted receivers
in her buttocks and thighs. When trig-
gered, the receivers sent out signuls to
cause the muscles to stiffen so that she
could stand. Normally, she would have
needed a full-length body brace to stiff-
en her enough to stand upright

This is only the beginning. It ma;
eventually be possible for some of
these paralvzed patients to do a limited
amount of walking. What is needed
now, according to Drt. Nickel, is a bet
ter method of controlling these de

The compiete guide to everything you need for your
home music system. Picture-crammed pages and
complete, accurate, reliable facts on every piece of
equipment. A must for everyone concerned with
better listening—and sound buying.

1971 #2 $1.50
1969 %82 $1.25

TAPE RECORDER ANNUAL

The experts guide to getting the best use and plea-
sure from your tape recorder. What to buy—how to
use it—tape tactics—and a round-up of the best pre-
recorded tapes of the year. It's everything you want
and need to know about tape recording.

1971 #19 $1.50

1970 #99 $1.35
1969 #81 $1.35

vices, i.e., a steering wheel, clutch,
brake, and accelerator are needed. He
emphasized that engineers must now
work harder than ever to develop
these needed controls which will allow
volitional, proportional, and sequential
control of the device by the wearer. In
other words, the device must respond
when the patient desires, with an out-
put scaled to the patient’s effort and
with the timing or sequence of opera-
tions necessary to perform the desired
physical activily

Myo-cvberuetic devices are expect
ed to have a therapeutic effect for pa-
tients just as cardiac pacemakers help
hearts to regain their natural rhythm.
Some patients might use this device
only for a short time to re-new their
walking rhythm—while others ma:
have to use it permanently. A

Front-panel view of prototype myo-
cybernetic power pack, or cycler,
that has both adjustable “on” and
"off” times. Unit is not on market.

CYCLER
1233

OFF TIME
SECONDS
ON TIME

= B
PROTOTYPE
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for the annuals circled below. My remittance ircludes an

additional 35¢ per copy for postage and handling (Outside U.S.A. all magazines are

$2.50 per copy, postpaid.)
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Print Name
Address
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WAVE FORM ANALYSIS
& PEAK FM MODULATION

all for LESS MONEY!

The Lampkin 205A FM Modulation Meter
accurately indicates PEAK modulotion cn

mobile transmitters. To shoot trouble
visvally, use your own generol-purpose
oscilloscope at the 205A rear jack out
put. This mokes o low-cost, highly effec
tive test combo — and o well-rounded
shop — all for less money.

Lampkin pioneered the PEAK voltmeter
for FM modulation indication

Like to see the complete specs? Mail
coupon todayl

[‘ Use Ihis coupon for FREE booklet ‘‘How

To Make Money in Mobile-Radio Main-
tenance”” and information on Lompkin
meters.

Name. =
Address______ —
City . State.

LAMPKIN LABORATORIES,

—Zip

INC.

MFM Div., Bradenton, Fla. 33505

OUR STORE
AT YOUR DOOR

Fiil in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fontas-
tic Volue Packed Cotalog — Unheord of
LOW, LOW PRICES on Brand Name Speck-
ers, Changers, Tubes, Toals, Stereo Amps,
Tuners, CB, HI-Fl's, and thousands of other

Electronic Vvalues. Credit plan available.

NAME. = i,
ADDRESS. =
CITY. STATL.
GIVE ZIP CODE

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

0LSON ELECTRONICS

Dept. EM 260 S. Forge Street
Akron, Ohio 44308
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BOOKS

" ol

“LINEAR INTEGRATED CIRCUITS” compiled and pub-
lished by RCA Solid State Division, Somerville, N.J. 413
pages. Price $2.50. Soft cover. (Technical Series 1C-42)

This is an extensively revised and expanded version of an
earlier volume and includes information on the latest inno-
vations in IC technology as well as providing more detailed
data on the fabrication, design, and applications of linear
integrated circuits.

The body of the book consists of nine basic chapters deal-
ing with fabrication, packaging, and mounting; the effects
of monolithic fabrication on circuit design; basic circuit ele-
ments; differential-amplifier circuits; operational voltage
amplifiers; operational transconductance amplifiers; multi-
purpose amplifiers; special-purpose circuits; and transistor,
diode, and amplifier arrays.

It can be used as a helpful guide for circuit and system
designers in determining optimum design specifications
with respect to IC capabilities and system requirements or
it can be used as a textbook for those wanting more infor-
mation about LIC’s.

The manual is rounded off with an application guide, a
section containing technical data, and outlines of the IC
packages. The well-illustrated and easy-to-understand text
material makes this volume a welcome addition to the ref-
erence bookshelf.

* * *
“DC AMPLIFIERS IN INSTRUMENTATION" by Ralph Mor-
rison. Published by John Wiley & Sons, Inc., New York. 241
pages. Price $13.95.

From his vears of experience in the instrumentation
field, the author has sensed a need for a practical treatment
of d.c. amplifiers by practicing engineers and senior techni-
cians whose work involves many instruments of various
types.

Divided into nine chapters, the text first covers linear
components (resistors and capacitors) since they are used as
feedback elements and their characteristics limit instru-
ment performance. From there the discussion moves to
magnetic components, parasitic effects, feedback, feedback
amplifiers, modulation and demodulation, instrumentation
amplifiers, specifications and evaluation, and finally active
devices. Throughout the text the author places primary em-
phasis on practicality and provides a maximum amount of
information in a straightforward and concise manner.

The text is well illustrated. The inclusion of problemns at
the end of each chapter suggests that this book could be
used as a classroom text as well as a reference source.

* * *
“SINGLE SIDEBAND FOR THE RADIO AMATEUR" com-
piled by American Radio Relay League, Newington, Conn.
253 pages. Price $3.00. Soft cover.

This is the Fifth Edition of this popular ham handbook
and, like the previous editions, consists of a compilation of
SSB articles which have appeared in the pages of “QST.”

Many authors have contributed to this volume, making
for an interesting diversity of style and authoritative cover-
age as each writes about his “'specialty.”

The book is divided into nine chapters covering SSB prin-
ciples, exciters, transceivers, linear amplifiers, amplifier
58

construction, adjustment and testing, receivers, v.h.f. tech-
niques, and accessories. The lavish use of photographs,
schematics, partial schematics, tables, complete parts lists,
and other illustrative material adds considerably to the dis-
cussions.

Most hams will want a copy of this comprehensive hand-
book on their bookshelves both for reference and new op-
crating and equipment ideas.

* * *
“SERVICING MODERN Hi-FI SYSTEMS" by Norman II.
Crowhurst. Published by TAB Books, Blue Ridge Summit,
Pa. 17214. 221 pages. Price $7.95.

The author’s primary emphasis in this book is on circuit
components, making measurements on these various parts,
and working with test equipment. Actual hi-fi equipment
servicing is covered in the final four chapters, including the
last chapter which provides typical service data (and fold-
out schematics) on a number of packaged systems.

The text is well illustrated with schematics, line drawings,
tables, photographs, and pictorials.

* * *

“BATTERIES AND ENERGY SYSTEMS"” by Charles L. Man-
tell. Published by McGraw-Hill Book Company, New York.
213 pages. Price $14.00.

Although parts of this book are devoted to the chemistry
of batteries and the pros and cons of various types of con-
struction, there is much information that will be of value to
the specifier of batteries to power equipment of all types.

The 21 chapters cover the history and the galvanic con-
cept, the voltage concept, current-producing cells and bat-
teries, dry cells, primary batteries, air-depolarized cells,
fuel and mercury cells, silver batteries, water-activated sys-
tems, obsolete and historical systems, reversible systems,
lead secondary and alkaline secondary cells, nickel-cadmi-
um systems, battery charging, regenerative electrochemi-
cal systems, solar cells and related systems, specialized ap-
plication cells, electric cars and batteries, and how to select
a battery.

This well-written and well-illustrated text will serve as a
complete source of information on all types of batteries no
matter what the application requirement.

* * *
“BETTER SHORTWAVE RECEPTION” by William I. Orr &
Stuart D. Cowan. Published by Radio Publications, Inc.,
Box 149, Wilton, Conn. 06897. 155 pages. Price $3.95. Soft
cover.

This is a book for SWL’s, CB operators, hams, and stu-
dents, written by two “old hands™ at the game. It offers
step-by-step instructions on buying (or building) a short-
wave receiver, selecting the right antenna, how to tune for
best reception, what to listen for, reporting your “finds,”
and just about anything else the beginner needs to know.

Since the authors are enthusiastic SWL's as well as active
hams, they make excellent “‘salesmen” for the hobby. The
book is lavishly illustrated with photos of various installa-
tions, equipment, cartoons, graphs, tables, line drawings,
and schematics. The style is informal and conversational
and even the construction of a shortwave receiver is made
to seem simple the way the authors describe it.

* * *
“20 SOLID STATE HOME AND HOBBY PROJECTS” by R.
M. Marston. Published by Hayden Book Company, Inc.,
New York. 105 pages. Price $3.75. Soft cover

Although written by an Englishman, the circuits and
component parts required to build any and all of the 20
useful devices described are available in the U.S. as well as
abroad and, where necessary, alternate component types
are called out for 240- and 120-volt services.

The devices range from a light-operated switch to a self-
contained metal detector. Each project is pictured, sche-
matic and parts list provided, and in some instances PC
board layouts and wiring diagrams included. A
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Color Organs
(Continued from page 44)

over which an air-tight elastic material
is stretched. Small, front-surface mir-
rors mounted on this material reflect
the light beams onto a screen, wall, or
stage. The action of the speaker cones
forces trapped air to move the elastic
material and cause the miirrors to re-
flect patterns that leap and lunge in
perfect time with the music.

Why So Popular?

Why have these light displays become
so popular? This question is best an-
swered in the words of Leon Wortman:

“While it is true that there are emo-
tional reactions when one sees and
hears sound/color, the reactions are in
reality an enhancement of the normal
reaction to the sound. For example. if
one dislikes music with a distinct beat.
the addition of rhythmic light and col-
or will irvitate to the point where tem-
pers gel ‘hot;” some will even leave 1h
room ina huff. If one likes ‘syrupy’
sounds such as soaring strings produce.
the viewer becomes almost hypnotized,
mesmerized. If one becomes absorbed
in the mood of a classical work, the ab-
sorption is inlensified.

“The effect is more often like that of
watching a crackling five in a fire
place. The viewer sils entranced, nnless
it is ‘beat’ music and the aficionado
then finds it almost impossible 1o re-
main seated but must get up and move
withit” A

Here is a novel idea; this is a
2.way loudspeaker system with
a built-in color-organ display.
It is Benjamin/EM/’'s “"Sonoglo 5.

January, 1971

Precision

Line

Precision has led the
field in quality and de-
pendability for 25 years.

Greatest
for every PA application

¢ Most trouble-free line in the industry, Precision
offers a complete range of amplifiers in every
power range including mobile, and a complete line of accessories.
From the smallest office to large auditorium or industrial installations,
Precision gives maximum flexibility and performance.

- r-

value in soun

ION ELECTRONICS, INC.

DIVISION OF PRECIS

a 9101 KING STREET, FRANKLIN PARK, ILLINOIS 60131 MAIL THIS
1 COUPON

NAME____ _
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AMAZING OFFER
RADIO & TV SERVICE DATA

Your best, complete source for all
needed RADIO and TV diagrams and
helpful servicing data. Most amazing
values. Only $2.50, $£3, $4, per giant
volume. Cover all important makes.,
models of all periods. Use this en-
tire ad as your no-risk order form.

) NO-RISK ORDER COUPON — =
| TELEVISION SERVICE MANUALS |

l Supreme TV manuals are best for faster, easier TV
repairs. Lowest priced. Factory data on practically all
sets, Complete circuits, all needed alignment facts,
wiring-board diagrams, waveforms, voltages, production

| changes, and double-page schematies. Only $3 and

|$4 per large annual manual. Check volumes wanted,
send entire advertisement as your order form.

| New 1970 COLOR TELEVISION Manual, only $4,

| B New 1970 B-W TV, $4 1969 COLOR TV, §4.

1969 B-W TV, $4. [] 1968 TV, $4. [] 1967 TV, $4.

1966 TV, $3. [] Additional 1965 TV, §3

| [ 1965 TV, 83. [] 1964 TV,$3. [ 1963 TV, $3
[ Additional 1962 TV, $3. (] Early 1962 TV, $3.

l 1961 TV Manual, $3. 1960 TV Manual, $3.

| Additional 1959 TV, $3. (7] Early 1959 TV, $§3.

1958 TV Manual, $3. [ Additional 1957 TV, §3.

l H 1955 TV, $3. [J 1954 TV, 3. [J1951 TV, $3.

|

|
|

L
ij
Master Index to TV & Hadlo Manuals, 25¢.

RADIO DIAGRAM MANUALS

Get these low-priced radio manuals and simplify all
lrennh’s. Cover everything you may need from most

recent radios to old-timers; all types of radios, stereo,

combinations, transistor portables, |
FM-AM, and auto sets, Large sche-

maties, all needed altgnment facts, $ 50'
printed boards, voltage data, dial |

stringing, hints. Volumes are big, S—
ls’éxll", about 190 pages, each ... |
[] 1966, [] 1965, [ 1964, [] 1963, 1962, [ 1961, l

|D 1960, [T] 1959, [] 1958, [] 1956, B 1955, (] 1954,
l 1953, [7] 1952, [] 1951, [] 1950, ] 1948, [J] 1946, |
1942, [ 1941, [] 1940, (5 1926-38, EACH $2.30 |

|D 1965 Auto Radios. New Television Course, $3

l Also [] New 1967.1969 Combined Radio Volume, $4.
| SUPREME PUBLICATIONS |
|

l 1760 Balsam Road, Highland Park, ILL, 60035 |

Rush today TV and RADIO manuals checked in |
no-risk order form of this ad. Send postpald, I am

| enclosing full price. Satisfaction guaranteed. l
| Name: . l
| Address l
| City State: !

TAPE
CARTRIDGE
TRANSPORTS

Broadcast

quality transports for all
NAB type endless |loop tape cartridges.
Three models — manual, semi auto-
matic or automatic for broadcast, in-

dustrial or commerical applications.
Available in various monaural or stereo
head configurations, single or dual
speed. From $86.00. Tape cartridges,
associated record/playback electronics
available. Made in U,S.

FPRODUCTS OF SOUND RESEARCH

TELEX.

COMMUNICATIONES DIVIBION
9600 Aildrich Avenue South
Minneapolis, Minnesota 55420
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TONIGHT, YOUR
PROPERTY COULD BE
SOMEONE'S

Target

PROTECT IT WITH
DELTALERT!

Don't let unwanted visitors set their sights
on your home or business. For total family and
business safety get DeltAlert protection...
before it's too late.

Enjoy new peace of mind with a reliable
DeltAlert detection and alarm system. DeltAlert
detects motion in 150 to 300 sq. ft. of critical
space with a silent ultrasonic blanket...
turning on lights automatically to drive
away prowlers.

When the separate DeltaHorn is plugged in-
to the DeltAlert unit, the intruder faces the
additional obstacle of loud, ear-shattering
noise. A built-in 20-second delay switch allows
authorized persons to turn off the horn when
entering the monitored area. The sturdy units,
finished in handsome walnut veneer, are
maintenance-free, economical and need no
installation.

At home or work, proven economical se-
curity begins with DeltAlert alarm and detec-
tion protection.

DELTALERT
10%" x 3%"h x 3%"d
$69.95 ppd

DELTAHORN
3%"w x 3%"h x 3%"d

$24.95 ppd
Order your DeltAlert Security System today! l

Madein U.S.A

Superior Products At Sensible Prices

0000000000000 0000000000 °
Q pP70.26°
° °
. DELTA PRODUCTS, INC. <
[ [ . e
. P.O. Box 1147 EWGrand Junction. Colo. 81501 @
° (303) 242-9000 °
e Please send me literature )immediately: )
® Enclosed is § Ship ppd. () Ship C.O.D. @
®  Piease send DeltAlert(s) @ $69.95 ppd O
®  please send DeltaHorn(s) @ $24.95 ppd. :
°
e Name [ ]
®  Address g
° °
o City/State Zip °
[} o®
Cevscce . °®

[ 0000000000
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TEST
EQUIPMENT

Product Report

Hickok Model 3300 Digital V.0.M.

For copy of manufacturer’s brochure, circle No. 3 on Reader Sercice Page.

IE new Hickok Model 3300 looks

like a real workhorse of a portable
v.o.m. except that, instead of the usual
meter scale, a digital display is used.
Measuring only 8-in high by 5%/-in
wide by 4-in deep and completely bat-
tery-operated if desired, the d.v.o.n. is
easy to carry and convenient to use.

The meter has a 3Y,-digit display;
that is, there are three complete 0-9
digit decades while the fourth digit is
either a 07 or '1.” There are 27 mea-
surement ranges including 5 a.c. and
d.c. voltage ranges, 4 a.c. and d.c. cur-
rent ranges, and 7 resistance ranges. A
high-voltage range (15 kV) is also avail-
able using a separate h.v. probe.

The meter may be operated from a
115- or 230-volt a.c. power line or from
its internal rechargeable nickel-cadmni-
um battery pack. The batteries permit
a full 24-hour operation so that the me-
ter can be used at field locations for ex-
tended periods of time. The meter may
be operated from a.c. power while the
battery pack is being recharged.

The bright fluorescent digital display
consists of 7-segment numerical indica-
tors, which provide a maximum display
of 1999. Display features include an au-
tomatic polurity indicator, automatical-
ly positioned decimal point, and an
out-of-range indication. Overrange is
indicated by a blanked display which
occurs when the reading exceeds 1999.
The reading rate is one per second.

The test probes are permanently at-
tached to the front panel and are fitted
with a captive strap, which secures the
probes to the combination carrying
handle and tilt bail.

For operator protection on high-volt-

age measurements, the case is com-
pletely isolated from the input termi-
nals and contains no metal on the out-
side. Only the probes selected by the
switch settings are connected to inter-
nal circuitry and no damage to the in-
strument will result if the wrong
probes are used or if the instrument
has been incorrectly set up.

A high-impact-resistant plastic case,
shock-mounted readout, and a wide
temperature operating range make
this a rugged instrument for field ap-
plications as well as for laboratory and
production-line use. Price of the Model
3300 is $395, including battery pack
and regular probes. A

B&K Model 607 Tube Tester

For copy of manufacturer’s brochure, circle No. 4 on Reader Service Page.

DESl’lTli all the transistorized TV
sets and hi-fi receivers, there are
still a good many pieces of equipment
that employ vacuum tubes. Not only
does this include some not-so-new TV
sets, but there are quite a few hybrid
sets coming out this year that use tubes
along with transistors and 1C’s. In or-
der to test these tubes, the technician
needs u simple and quick-to-operate
tester like the new B&K Model 607.

The tester has a couple of unique
features that are worth noting. One of
these is a novel short-circuit test that
permits the user to lock out one tube
element at a time from the grouping of
elements that are tied together for the
usual shorts test. In this way, the user
can isolate where any internal short oc-
curs and not overlook other internal
shorts that may exist in the tube.

Another interesting feature is the se-
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ries of shape-coded windows through
which the setup readings are seen. By
sliding the tube setup chart booklet up
and down behind the flap in the cover
of the tester, only one line of readings
at a time can be seen. It is like a built-
in roll chart but without the roll. By
making the opening with different
shapes (hexagon, triangle, square, rec-
tangle, circle) and by matching these
shapes with the control numbers, the
setting up of a tube test is very fast and
requires no scarching and hardly any
thought at all. It's just a matter of push-
ing in a button and reading the meter.

The tester checks just about all pres-

ently available tube types for cathode
emission, grid leakage and emission,
and shorts and leakage. Less than 1 mi-
croampere of grid current can be de-
tected. The manufacturer refers to the
tester as a solid-state unit; it does use
an FET amplifier to drive the meter
for grid checks und there are semicon-
ductor diodes for power-supply rectifi-
cation and regulation.

The tester is housed in an attractive,
weatherproof, durable attaché-type
carrving case. It sells for $114.95. Test
data on new tubes is available every
four months on a $5 per vear subscrip-
tion basis. A

General Radio Model 1542 Stroboscope

For copy of manufacturer’s brochure, circle No. 5 on Reader Service Page.

N electronic stroboscope, which
produces bright flushes of light at
a variable repetition rate, hus a good
many applications. It can be used in the
industrial area to “freeze” machinery
motion for inspection and design; it can
be used inschools or labs to demonstrate
the principles of physics; and it can be
uscd in the home, in clubs, or even the
concert hall as part of u psychedelic light
display with color organs for recorded or
live pop music.
The new General Radio Model 1542
provides bright white light flashes
January, 1971

from a xenon lamp whose rep rate can
be varied from 180 to 3750 flashes per
minute. There is constant inage illuini-
nation at any flash rate, while the flash
duration can be as short as 5 microse-
conds. The stroboscope uses a reflector
that confines the light to a beam angle
of 40 degrecs.

The unit operates from the a.c. pow-
er line from which it draws only 9
watts. The case is unbreakable molded
plastic with a face plate to protect the
flash lamp. A threaded hole in the case
is for tripod mounting.

The 1542 is useful for observing the
working of high-speed machinery. Set-
ting the flash rate to coincide with the
machine motion provides a “stopped”
image while the equipment is working.
A slight change in the strobe flash rate
shows the machine moving in slow-mo-
tion so that its operation can be
watched. Devices operating at speeds
greater than the strobe flash rate can
be stroboscopically observed by setting
the flash rate to a submultiple of ma-
chine speed.

The company makes other more
claborate and more expensive strobo-
scopes. The Model 1592 is its latest and
lowest-priced unit. It is available for
$95. A

HOTTER
THAN EVER!

New Mark Ten B CD
System With Exclusive
VARI SPARK

Gircuitry.

Delta. the world's oldest and largest manu-
tacturer of Capacitive Discharge Ignition
Systems, brings you the most dynamic im-
provement in ignition since the advent of the
Kettering System.

By combining the new Vari Spark circuitry
with the now famous Mark Ten system. Delta
has formulated a new solid siate ignition that
drastically reduces combustion contaminants
and restores power lost by the use of smog
control devices. This completely sealed sys-
tem. with handy switch for instant conversion.
requires no rewiring—installs quickly. The
Mark Ten B actually pays for itself in dollars
saved
Look At These Features:

+ Eliminates 3 out of 4 tune-ups!

Improves combustion, reducing
contaminants.

Installs in only 10 minutes.

Instant starts in all weather.

Dramatic increase in performance.
Handy switch with redundant contacts for
instant return to standard ignition.
Two-piece housing with neoprene seals
affording dust and moisture protection.
Applicable to ANY 12-volt. negative-

ground engine.
Mark Ten B Only s5995ppd.
(12v neg only)
95
Standard Mark Ten 4

e o o o .

.

.

“Delta Products, One Of America's
Finest Names In Electronics”

I Order today! DP 70-25

DELTA PRODUCTS, INC.

I_
I I
I P.O. Box 1147 EW / Grand Junction, Colo. 81501 I
I (303) 242-9000 I
I Please send me literature immediately: I
Enciosed is $ O Ship ppd OO Ship C.0.D

l Please send I
I Mark Ten B @ $59.95 I
| Standard Mark Ten (Assembled) @ $44.95 |
| 6 Volt: Neg. Ground Only __Positive Ground |
| 12 volt: Specify Negative Ground I
| i
| |
i i

Standard Mark Ten (Deltalit ) @ $29.95
(12 Volt Positive Or Negative Ground Only)

Car Year Make

Address
City/State
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One of our students
wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully “’shopped around’’

for the best training he could
find. His detailed report on why
he chose CIE and how it worked
out makes a better ‘“’ad’’ than
anything we could tell you.
Here’'s his story, as he wrote it
to us in his own words.

By Harry Remmert

AFTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an increasc in pay, he said, “In what way
are you a more valuable employee now than when you
received your last raise?” Fortunately, I did receive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not completed any of them. I'd be tired, or want to
do something else on class night, and would miss so many
classes that I'd fall behind, losc interest, and drop out.

The Advantages of Home Study

Therefore, it was easy to decide that home study was the
answer for someonc like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss, and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because

62
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Hzrry Remmert on the job. An Electronics Technician with a promising
future, he tells his own story on these pages.

it is right there in print for as many re-readings as I find
necessary. If I feel tired, stay late at work, or just feel lazy,
I can skip school for a night or two and never fall behind.
The total absence of all pressure helps me to learn more
than I’d be able to grasp if I were just cramming it in to
meet an exam deadline schedule. For me, these points
give home study courses an overwhelming advantage over
scheduled classroom instruction.

Having decided on home study, why did I choose CIE?
I had catalogs from six different schools offering home
study courses. The CIE catalog arrived in less than one
week (four days before I received any of the other cata-
logs). This indicated (correctly) that from CIE I could
expect fast service on grades, questions, etc. I eliminated
those schools which were slow in sending catalogs.

FCC License Warranty Important

The First Class FCC Warranty* was also an attractive
point. I had seen “Q” and *‘A’ manuals for the FCC exams,

*CIE backs its FCC License-preparation courses with this famous Warranty:
graduates must be able to pass the applicable FCC License exam or their
tuition will be refunded in full.

ELECTRONICS WORLD



and the material had always seemed just a liti'§ beyond
my grasp. Score another point for CIE. {

Another thing is that CIE offered a complete 'package:
FCC License and technical school diploma. Completion
time was reasonably short, and I could attain something
definite without dragging it out over an interminable num-
ber of years. Here I eliminated those schools which gave
college credits instcad of graduation diplomas. I work in
the R and D department of a large company and it's been
my obscrvation that technical school graduates gencrally
hold better positions than men with a few college credits.
A college degree is one thing, but I'm 32 ycars old, and
10 or 15 years of part-time college just isn’t for me. No,
I wanted to graduate in a year or two, not just siart.

If a school offers both resident and correspondence
training, it’s my feeling that the correspondence men are
sort of on the outside of things. Because I wanted to be
a full-fledged student instcad of just a tagalong, CIE’s
exclusively home study program naturally attracted me.

Then, too, it’s the men who know their thcory who
are moving ahead where I work. They can read schematics
and understand circuit operation. 1 want to be a good
theory man.

From the foregoing, you can see I did not select CIE
in any haphazard fashion. I knew what I was looking for,
and only CIE had all the things [ wanted.

Two Pay Raises in Less Than a Year

Only eleven months after 1 enrolled with CIE, 1 passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. I had a pay increase cven be-
fore I got my license and another only ten months later.
I'm getting to be known as a theory man around work,
instead of one of the screwdriver mechanics.

These are the tangible results. But just as important are
the things I've learned. I am smarter now than [ had ever
thought 1 would be. It feels good to know that I know
what [ know now. Schematics that used to confuse me
completely are now easy for me to rcad and interpret.
Yes, it is nice to be smarter, and that's probably the most
satisfying result of my CIE experience.

Praise for Student Service

In closing, I'd like to get in a compliment for Mr. Chet
Martin, who has faithfully scen to it that my supcrvisor
knows I'm studying. I think Mr. Martin’s monthly reports
to my supervisor and generally flattering commentary have
been in large part responsible for my pay incrcases. Mr.
Martin has given me much more student service than “the
contract calls for,” and I certainly owe him a sincere debt
of gratitude.

And finally, there is Mr. Tom Dufly, my instructor. I
don’t believe I've ever had the individual attention in any
classroom that I've reccived from Mr. Duffy. He is clear,
authoritative, and spared no time or cffort to answer my
every question. In Mr. Duffy, I've received cverything I
could have expected from a full-time private tutor.

I’'m very, very satisfied with the whole CIE cxperience.

January, 1971
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Every penny I spent for my course was returned many
times over, both in increased wages and in personal satis-

faction.

Perhaps you too, like Harry Remmert, have realized that
to get ahcad in Elcctronics today. you need to know much
more than the “screwdriver mechanics.” They're limited
to “thinking with their hands”...learning by taking things
apart and putting them back together...soldering connec-
tions, testing circuits, and replacing components. Under-
standably, their pay is limited—and their future, too.

But for men like Harry Remmert, who have gotten the
training they need in the fundamentals of Electronics,
there are no such limitations. As “thcory men,” they think
with their heads, not their hands. For trained technicians
like this, the futurc is bright. Thousands of men are ur-
gently nceded in virtually every ficld of Electronics, from
two-way mobile radio to computer testing and trouble-
shooting. And with this demand, salaries have skyrocketed.
Many technicians carn $8,000, $10,000, $12,000 or more
a year.

Send for Complete Information—FREE

Many men who are advancing their Electronics career
started by reading our famous book, “How To Succeed
In Electronics.” It tells of the many electronics careers
open to men with the proper training. And it tells which
courses of study best prepare you for the work you want.

If you're “shopping around” for the training you need
to move up in Elcctronics, this 44-page book may have
the answers you want. We’ll send it to you FREE. With
it, we'll also include our other helpful book, “How To Get
A Commercial FCC License.”

To get both FREE books, just fill out and mail the
bound-in postpaid card. If the card is missing, send the

coupon below.
e .

CI Cleveland Institute

of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Accredited Member National Home Study Council = Aleaderin Electronics Training...Since 1934 i .
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I
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COLLEGE- !
LEVEL |
COURSE IN I
ELECTRONICS i,
ENGINEERING I Errlzin::rsing
|
I
I
I
|
I
I
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Cleveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
Please send me without cost or obligation:

1. Your 44-page book ‘‘How To Succeed in Elec-
tronics’ describing the job opportunities in
Electronics today, and how your courses can
prepare me for them.

2. Your book on ‘‘How To Get A Commercial FCC
License."”

| am especially interested in:
[ Electronics O etectronic
Technology Communications

{7 Industrial Electronics
and Automation

for men with prior ex- O First-class O Electronics

perience in Electron- FCC License Engineering

ics. Covers steady-

state and transient Name S - S
network theory, solid (rLease PrINT)

state physics and cir- Address. .
cuitry pulse tech-

niques, computer logic City. B
and mathematics

through calculus. A state Zip Age

college-leve! course
for men already work-
ing in Electronics.

[ check here for G.1. 8ili information. EW-85



Build this pipelike
Schober Recital Organ

“Includes

finished wainut
console, (Only
$1446 if you build
YOur own console.)
Amplifier, speaker
system, optional
accessories extra,

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

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

Send right now for the full-color Schober catalog,
containing specifications of all five Schober Organ
models, beginning at $499.30, No charge, no obliga.
gona."lll you like music, you owe yourself a Schober

rgan!

[} [}
[} [}
t  The .%ﬁm{etom.n Corp., Dept. RN-85 ]
: 43 West 61st Street, New York, N.Y. 10023 :
[} [ Please send me Schober Organ Catalog and [
[ ] free 7-inch "‘samplc’’ record. [ ]
: O Enclosed please find $1.00 for 12-inch L.P. :
H record of Schober Organ music. H
! NamEe -
!  ADDREss . -
! ary STATE_____ 7P b
]
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ELECTRONIC
TECHNICIANS!

Raise your professional standing
and prepare for promotion! Win
your diploma in

ENGINEERING
MATHEMATICS

from the Indiana Home
Study Institute

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

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

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

NOW you can master engineerin
mathematics and actually enjoy doing it!

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

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

Write today for more information and
your outline of courses.

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

The INDIANA
HOME STUDY INSTITUTE
Dept. EW-1, P.O. Box 1189, Panama City, Fla. 32401
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Testing Hi-Fi Equipment
(Continued from page48 )

dB or less at the highest frequencies.
There are sometimes rather large ir-
regularities in the crosstalk curve, com-
pared to the frequency-response
curve, This is not serious, unless the
separation goes to less than 15 dB at
mid-frequencies, which indicates a de-
fective or improperly installed car-
tridge.

Caution: Do not play your test rec-
ords with cartridges requiring more
than 3 to 4 grams tracking force. The
high-frequency bands can be seriously
damaged by a single playing with a
low-quality cartridge. In time, this will
occur even when good cartridges are
used. It is good practice to keep a fresh
pressing of the record on hand as a
check on the condition of your regular
records.

The output level of a cartridge is
measured by connecting one channel
at a time to the v.t.v.m. (with a 47k-
ohm terminating resistor) and playving
the 5 cm/s band of the CBS Labs
STREO0 record. Most cartridges have
an output between 3 and 10 millivolts,
which can be read directly on inexpen-
sive v.t.v.m.s,

Tape Recorders

The tape recorder test setup is
shown in Fig. 4. The recorder’s play-
back equalization is first tested with a
standard alignment tape. The high-fre-
quency portion of this tape is also used
for head-azimuth aligminent, which is
assumed to have been adjusted, togeth-
er with any required bias and equaliza-
tion adjustments, prior to testing.

The test frequencies on the tape are
preceded by voice announcements. An
amplifier and speaker (or headphones)
may be used to monitor the tape dur-
ing playback. If the recorder has its
own playback amplifiers and speakers,
these may also be used for this purpose.
However, all measurements should be
made at the line outputs. Record the
v.t.v.m. reading for each frequency. By
subtracting the meter reading for the
reference level (usually at 1000 Hz or
500 11z) from each reading, the net fre-
quency response can be determined.

IFor the over-all record/playback re-
sponse measurement, load the record-
er with the manufacturer’s recom-
mended tape. Some machines are ad-
justed for the so-called ““standard™
tapes, such as 3M# 111, while others
are optimized for low-noise tapes, such
as 3M#201 or #203. Supply a test sig-
nal at 1000 11z, at a 0-dB level as indi-
cated on the recorder’s meters, and re-
duce the audio generator output by 20
dB. Record a series of test tones at this
level, at frequencies from 20 Hz to 20
kllz. A reasonably complete test can
be made with tones spaced ina 1, 2, 3,

5, . . . progression (e.g., 20 lz, 30 Iz,
50 Hz, 100 Hz, etc.). Make a record of
the frequencies used or, preferably,
identify each one with a voice an-
nouncement on the tape.

Rewind the tape and play it into the
test instruments. Record the v.t.v.m.
reading for each frequency. Repeat the
playback for the other channel. The
data, when plotted, is the record/
playback characteristic of the recorder.
If the recorder has several speeds, this
test should be made at each speed

For signal-to-noise ratio measure-
ments, record a 1000-11z signal at )-dB
level for about 30 seconds. Remove the
signal and turn the recording gain to
minimum, while continuing to record.
When the tape is played back, note the
v.t.v.m. reading from the 1000-Hz
tone, and on the “quiet™ portion of the
tape which follows its removal. The
change in meter reading is the un-
weighted signal-to-noise ratio of the
machine. The scope will show whether
the “noise” is random hiss or il it con-
tains hum or sub-sonic “bounce.”

Rewind to the beginning of the
1000-11z tone and play it into the dis-
tortion analyzer. Measure the distor-
tion level. If it is appreciably less than
3%, as it often is, make several addi-
tional recordings at higher levels, in
steps of 1 or 2 dB and measure the dis-
tortion. This is necessary because most
recorder manufacturers specify the S/N
ratios of their machines relativc to the
recording level which produces 3%
distortion on playback. This is usually
somewhat higher than the maximum
recommended recording level shown
on their meters. As an example, if the
S/N ratio is 43 dB relative to the 0-dB
recording level, but a +8-dB level is
needed to produce 3% distortion dur-
ing playback, the S/N ratio of the ma-
chine is 53 dB.

To measure wow and flutter, use a
standard flutter test tape with 3000 11z
recorded with very low flutter (usually
less than 0.02%) and connect the flut-
ter meter to the recorder output.

Most home tape recorders have an
unweighted S/ N ratio between 40 and
50 dB, with the best approaching 60
dB. Wow and flutter are similar in
magnitude to that of good turntables,
but in recorders the flutter is usually
much greater than the wow, while the
reverse is true of turntables.

If a standard flutter test cassette is
not available, the wow and flutter of
cassette machines can be measured by
recording a 3000-11z tone from the au-
dio generator and playing it back into
the flutter meter. This gives somewhat
unreliable readings, usually higher
than the true flutter of the recorder.
The best cassette decks may measure
as low as 0.15% flutter when tested in
this manner, but 0.3% to 0.4% is more

common. A
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A broad new line of exciting, laboratory grade
test instruments from Leader, for servicing all
electronic equipment — priced to give you the
best dollar-for-dollar value — and built to the
highest standards in the industry!

Leader's got it in New, Portable Triggered Scopes;
Battery Operated Color Bar Generators; Post
Injection Sweep Marker Generators; and lots
more. Accessories too. Seeing is believing. Send
for your new catalog. See your distributor.

LOTS OF SCOPE...

—— 9 0-? LBO-301 Here's the only 3" Portable Triggered Scope with vertical and

4 £ horizontal calibration! All solid state, it features highest sensi-
tivity, wide bandwidth and an easy-to-use, horizontal panel design
for testing under all conditions. Great for servicing color TV and
computer circuitry. It's compact, it's portable, it's remarkably
low-priced. $334.50

LOTS OF STABILITY...

LCG-384 Our fabulous, new, Mini-Portable Color Bar Generator that's battery
operated, yet offers test patterns of the highest stability. Features
Leader's digital clock and binary system that acts as a miniature
computer. Has two switch selectable frequencies, four basic pat-
terns including gated rainbow for testing NTSC color sets. With
carry case, extra battery compartment and all accessories. $109.50

. LOTS OF SENSITIVITY...

i LBO-54B This 5" Wideband Scope features calibrated vertical input, 10MVp-

p/cm sensitivity and unstinting operational stability. Bandwidth
i is DC to 10MHz and the high linearity sweep range has automatic
synch. DC coupling and push-pull ampiifiers help deliver distortion-
free displays. $249.50

AND LOTS MORE...
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Seeing is believing.

LEaden

From left to right here's our
LBO-501—5" Triggered Scope/
Vectorscope $339.50

LSW-330—Solid State Post
Injection Swemar

Generator $399.50 & Ao

£BO-32B—3” Wideband @ aa Y |
Oscilliscope $189.50 .

LDM-810—Grid Dip hm'“-‘ ‘.'." TEST |NSTRUMENTS
Meter $44.50 37-27 27th Street, Long Island City

New York 11101.
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Guitarist’s
Tone
Control

(Top) Author's 5-circuit tone-control unit along with preamp
and battery were built into 12” x 2V, “ x 2V, “ chassis box. Box
can also accommodate 7-circuit tone control diagrammed.
(Bottom) Inside view with RC components on terminal boards.

By IAN E. ASHDOWN

Design details of a multiple tone control covering number of audio bands. Permits
creation of unusual sounds that cannot be produced with bass and treble controls.

OME days, no matter how he fiddles and adjusts, a gui- Fig. 1. Schematic of the 7-circuit tone-control network
tarist can never get exactly the sound he wants from his inserted between guitar pickup and guitar-amplifier input.
amplifier. If he wants a warm, mellow jazz sound, it usually

comes ont w_ith too mn'ch treble or bass. If he \\.'unts a pierc- Sl o—9—)J2 (EXTERNAL POWER SUPPLY)
ing treble cffect, there is always too much bass in the sound. 8t = f

This problem could be alleviated if the guitarist had a more oc Y. +&
sophisticated set of tone controls. If he could control not just y——rtos 2 = e R
the bass and treble but a number of separate ranges of the el 4 10 L g S ~
audio spectrum, he would be able to create sounds impossible PREAMP c2 378 _L_J 3
to obtain with bass and treble eontrols alone. =

With such an objective in mind, “Multi-Tone” was designed
and built. Essentially, this unit is « set of seven tone controls

._K_MT =
Rz _Jes o R | °
and a preamplifier built into a small case that can be attached

c2
to the amplifier or set on the floor. The unit can be built into o_“_.,?},r,_o ’_| Ry _Jcs 2 RIT

almost any sort of case or chassis, although the author found o 2r2

. . . . ce
the chassis box shown convenient and visually pleasing. 3
Because the tone controls attenuate the signal from the INSET -4 ’_i Re _JC7T 3 RI®
guitar pickups appreciably, a preamplifier is needed to boost (SEE TEXT) [ I
the signal back to its original level. This preamp can be ‘i? " S
driven either by a battery or an external power supply. The N rs _Jeo 3 Ri9
control can be built for less than $15 if all parts are new. o T __3re
The Circuit Design 0_“_wf
R6 _JCIt 2 R20
The control unit consists of seven resistance-capacitance ’L-R‘,s R
filters, each passing a different range of frequencies. The in- ci2 =
set in Fig. 1 shows one of these filters. '—l(—Wx!;'— o
R1 and C1 comprise a low-pass RC filter. The turnover fre- S
quency of this filter can be calenlated by formula: 1/2% RC. —17@‘
(This formula assumes that the filter is isolated from the ’
circuit.) R2 and C2 comprise a high-pass RC filter whose R e OToCoT C6, C7-250 pF capacitor
turnover frequency may be calculated by the same formula. R2. R3. R4, RS, R6, RIS, R16, R17, C8, C9—120 pF capacitor
Thus, by using the same values for R2 and C2 as for R1 and R18, R19, R20, R21-470,000 ohm 8‘2’ gs“—l_f‘gap‘:c‘i:&“i“"
Cl, the two filters can be made to have the same turn- Rs, R9, R10. RIL. Ri2, Ri3, R14— Su—s.p.s'.’:. S
over frequency. Combining these two filters as shown in the 500,000 ohm pot }; {’Al;:go_:e kiack
inset produces an RC band-pass filter with a center frequency  }=0.00]5 uF capacitor Bi—9-volt battery
equal to the turnover frequency. C4. C5—500 pF capacitor
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As an example, assume that a band-pass filter with a
center frequency of 600 Hz is desired. Using 500,000-0hin
resistors for R1 and R2, C1 and C2 should be about 500 pF.
By using different sets of values for C1 and C2, practically
any center frequency can be obtained.

In the tone-control unit a potentiometer is nsed for R2.
This allows the volume level of the signal passed by the filter
to be controlled. Since the total resistance of the pot in the
circuit is always 500,000 ohms, the turnover frequency of the
high-pass filter isn’t atfected when the pot is used as a volume
control.

The 470,000-0hm resistors following the pots are isolation
resistors. Unless they are used in the circuit, varying the re-
sistance of one pot will affect the signal levels of all seven fil-
ters. The isolation resistors buffer the action of the pots from
each other, allowing the filters to act independently.

In choosing the center frequencies of the filters, a good de-
sign criterion is a separation of one octave between each fre-
quency. Thus, if the first filter is chosen to have a center
frequency of 150 Hz, the other filters should have center
frequencies of 300, 600, 1200, 2400, 4800, and 9600 Hz.

In the event that some of the capacitors listed in the parts
list are not readily available, capacitors of close value may be
substituted. For instance, the parts list calls for 68 pF for C10
and C11. However, either 56-pF or 75-pF capacitors can be
substituted without sacrificing performance.

The lowest note on the guitar is 80 Hz, while the highest
harmonics extend beyond audibility. In order to control these
frequencies, the 150-Hz filter should be a low-pass type and
the 9600-Hz filter a high-pass type. These filters should have
an attenuation characteristic similar to a band-pass filter on
one side, and a constant attenuation on the other side of what
for a band-pass filter would be the center frequency.

The inset schematic shows the high-pass and low-pass filter
circuits as part of the “Multi-Tone.” The high-pass filter con-
sists of C12, R7, and R14. R7 and R14 function as a voltage
divider to match the attenuation of the band-pass filters.

It was found that the attenuation curve of the high-pass fil-
ter best matched those of the band-pass filters when the turn-
over frequency was lowered an octave to 4800 Hz. The for-
mula for the turnover frequency of this filter is: f = 1/2 7
(R7 + R14) C12 where it must be remembered that f is now
4800 (not 9600) Hz.

The low-pass filter is similarly designed, with R1 and R8
serving the same function as R7 and R14 in the high-pass fil-
ter. In this filter, however, the turnover frequency is raised an
octave to 300 Hz. The formula used to calculate it is: f =
1/2 « [R1R8/(R1 + R8)] C1, where f is now 300 (instead
of 150) Hz.

All calculations (including the graph in Fig. 2) have been
based on the assumption that the source impedance for each
filter is zero (i.e., input short-circuited) and that each filter
is terminated with an infinite impedance. Actually, the source
and load impedances are determined by such factors as the
isolating resistor network, the output impedance of the pre-
amplifier, the setting of the filter pots, and the input imped-
ance of the guitar amplifier. The effects of these factors have
been ignored.

Modifications

If the unit is to be used with a bass guitar, the builder may
wish to change the circuitry to cover the extremely low bass
frequencies. Since the 9600-Hz filter would be superfluous
for a hass guitar, the only changes needed will be to double
the values of all the capacitors, Center frequencies of the fil-
ters will then be 75, 150, 300, 600, 1200, 2400, and 4800 Hz.

The photos show the author’s prototype “Multi-Tone.”
This model had only five filters—the 1200- and 4800-Hz filters
were omitted. The unit performed superbly in the bass region,
but performance in the treble region was inferior compared
to the version described in this article.

One disadvantage of the circuit is the inherent signal loss,
January, 1971
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Fig. 2. Frequency-response curve of the ‘‘Multi-Tone."

At best the loss is over 25 dB—a 100-millivolt signal is re-
duced to less than 10 millivolts when it goes through the unit.
Therefore, a preamplifier is a necessity, in order to maintain
a reasonable signal level. The preamp should have a gain of
25 or 30 dB and a high input impedance.

Construction Details

Although it is possible to assemble all the components on
the lugs of the potentiometers, the finished product is any-
thing but neat. A better method is to mount the components
on perforated (or terminal) boards and connect them to the
jacks and pots with jumper wires.

The wiring isn’t critical, but it’s still a good idea to keep
the jumper wires as short as possible in order to prevent hum
pickup. Also, the pots should be connected to a single gronnd
lug (preferably the input or output jack).

When mounting the boards, be sure to keep wiring from
touching the case. An easy way of doing this is to mount the
boards with machine screws, with a nut on each screw be-
tween the case and the board to act as a spacer. Another nut
on the other side of the board will certainly hold the as-
sembly fast.

Any preamplifier with a gain of 25 dB or more and an input
impedance greater than 10,000 ohms is suitable for use with
the unit. Most low-level magnetic phono-cartridge preamps
with an output of a volt or so will also work. The author used
the Midland phono-preamp module (about $2.50 from Allied
Radio). The module has an input Z of 100,000 ohms, 28-dB
gain, and can be driven by 9-V battery.

If the builder uses a phono-preamp module with a battery
as its power supply, the entire unit may be built in a 12”7 X
9" x 2%” chassis box. This chassis box is large enough to
accominodate seven tone controls plus the preamp and bat-
tery, providing the pots are of the miniature variety (with a
diameter of less than an inch). The “on-off” switch can be on
one of the pots.

If an external power supply is used, the same case can be
used, but with a phono jack for the power supply. Any 9-volt
battery-eliminator power supply will work well.

No problems should be encountered in operating “Multi-
Tone” unless the guitar or organ has a high output. If so, the
preamp may be overdriven, resulting in distortion. The best
solution is to adjust the volume of the guitar with the guitar
volume controls until distortion ceases. A




New HeathKit ideas... for

New Heathkit solid-state color TV. ..
world’s most advanced design . .. as low as $489.95*

e Modular plug-in circuit boards

® MOSFET VHF tuner & 3-stage IF

¢ Built-in Automatic Fine Tuning

® Built-in Power Channel Advance

® Total owner-service capability

¢ Choice of 227 sq. in. or 295 sq. in
premium quality bonded face picture tube

One-of-a-kind superiority in performance, design, features and quality . . .
that's what new Heathkit solid-state color TV is all about. Two sizes: 227
sq. in. GR-270; & 295 sq. in. GR-370. Both have these common features:
Exclusive solid-state design using 45 transistors, 55 diodes, 2 SCR's:
4 IC's containing another 46 transistors & 21 diodes and two tubes (pic-
ture & high vollage rectifier); exclusive solid-state VHF tuner using
MOSFET design for greater sensitivity, lower noise & less cross-modula-
tion. 3-stage IF delivers higher gain for visibly superior pictures. Push-
button AFT is standard. Adjustable noise limiting & gated AGC keeps pulse
interference minimized, maintains signal strength. Exclusive Heath self-
service capability: you not only build your own color TV, but also service it
— right down to the smallest part. Other features include built-in automatic
degaussing; adj. tone control; 75 & 300 ohm antenna inputs; hi-fi output
and optional RCA Matrix picture tube for GR-370.

Kit GR-270, 227 sq.in., 1141bs. . ............oiviii .. $489.95*
Kit GR-370, 2955sq.in., 127 1bS. . ...c.cvvveveniniiininn.. $559.95°
Kit GR-370MX, GR-370 w/RCA Matrix tube, 127 Ibs. .......... $569.95*

3 cabinets for 295 sq. in. GR-370

Luxurious Mediterranean
Cabinet...factory assem-
bled of fine furniture
grade hardwoods and
finished in a flawless
Mediterranean pecan.
Statuary bronze trim
handle. 30-%,” H x 47"
W x 173" D,

Assembled GRA-304-23,
78 (bs. ...... $129.95*

3 cabinets for 227 sq. in. GR-270

Deluxe Early American
Cabinet...factory assem-
bled of hardwoods & ve-
neers and finished in
classic Salem Maple.
29%,” H x 374" W x
193%# D,

Assembled GRA-303-23,
731bs. ...... $114.95*

Contemporary Walnut
Cabinet and Base Com-
bination. Handsome wai-
nut finished cabinet sits

Wireless remote control
for new GR-270 & GR-370

Add extra convenience & versatility . .
turn set on & off, adjust volume, color &
tint, change VHF channels ... all from
across the room. Assembles, installs &
adjusts in just a few hours.

Kit GRA-70-6, 6 Ibs. ......... $64.95*

Exciting Mediterranean
Cabinet...assembled us-
ing fine furniture tech-
niques and finished in
stylish Mediterranean
pecan. Accented with
statuary bronze handle.
i?"/,,"DH X 417" W x
"

9" D.
Assembled GRA-202-20,
85 Ibs. ...... $114.95¢

on 3 matching walnut
base. Cabinet dimen-
sions 203%,” H x 314"
W x 18%” D. Base di-
mensions 734" Hx27%"
W x 18%8” D.
Assembled GRA-203-20
Cabinet, 46 Ibs. $49.95*
GRS-203-6 above cab.
w/matching base,

59 Ibs. ....... $59.95*

Special factory & Heathkit Electronic Center facil-

or parts. After warranty, we will repair or replace
any module for a flat $5 charge for labor & parts
for a period of two years from date of original kit
purchase.
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Contemporary Walnut

Cabinet...factory assem-

bled of fine veneers &
solids with an oil-rubbed
walnut finish, 29174,7 H
X 35'%” W x 19%” D,

Handy Roll-Around Cart
and Cabinet Combina-
tion. Features the GRA-
203-20 walnut cabinet
plus a walnut-trimmed
wheeled cart with stor-
age shelf,

Assembled GRA-203-20
Cabinet, 46 Ibs. $49.95*
GRA-204-20 Roll-Around
Cart, 19 lbs. . .$19.95*
GRS-203-5 Cart & Cabi-
net Combo,

New Heathkit solid-state portable color TV. . .
Console performance & portable convenience . . . only $349.95*

What do you do for an encore after you've designed the finest console solid-state
color TVs, the GR-270 & GR-370 above. Simple — make them portable! That's what
Heath engineers did in the new GR-169 solid-state portable color TV. They took the
highly advanced GR-370 circuitry, changed it very slightly to accommodate the dif-
ferent power requirements of the smaller picture tube, and packaged it in a compact,
portable cabinet. Result: a portable with console quality & performance. . . . the new
Heathkit **169". It features the same MOSFET VHF tuner, the same high gain 3-stage
IF for superlative color performance, the same modular plug-in glass epoxy circuit
boards used in the "'270"* and “370". And, of course, it features the same exclusive
Heath self-service capability that lets you do the periodic convergence and focus
adjustments required of all color TVs. .. plus the added advantage of being able to
Expedited 48-hour no-charge warranty serv- service the entire set, right down to the last part, using the exclusive Heath buiit-in
ice for Heathkit solid-state color TV modules volt-ohm meter. Other features include built-in VHF & UHF antennas & connections
for external antennas; instant picture & sound; complete secondary controls hidden
ities allow repair & return of modules in 2 working behind a hinged door on the front panel; high resolution circuitry for crisp, sharp
days. During the 90-day warranty period we will pictures. If you're looking for console performance that you can carry around, this is
repair or replace any module, no charge for labor it— the new GR-169 ... from Heath, of course. Kit GR-169, 48 Ibs.
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home, shop and ham shack

New Heathkit® IC15 MHz
frequency counter...199.95*

A highly accurate, low cost frequency meter for anyone requiring
accurate frequency measurements. Compare these features to
counters selling for over twice this low price: accurate counting, 1
Hz to over 15 MHz; integrated circuitry; automatic trigger level for
wide range input without adjustment; five digit readout with Hz/kHz
ranges and overrange indicators for eight digit capability; high in-
put impedance; storage circuitry for non-blinking, no-count-up
readout: computer-type circuitry, no divider chain adjustment; tem-
perature-compensated crystal time base oscillator; BNC input with
cable:; double-sided, plated-thru circuit board with sockets; three-
wire, removable line cord: heavy-duty aluminum case handle/tilt
stand and die cast zinc front panel; no special instruments required
for accurate calibration.

Kit1B-101, 7 IDS. ... e ii i e $199.95*

See these and 300 other
Heath-gift suggestions atone of the
following Heathkit Electronic Centers:

Anaheim, Calif. 92805
330 E. Ball Road

Boston Area

Wellesley, Mass. 02181
165 Worcester St.
Chicago, Illinois 60645
3462-66 W. Devon Ave.
Chicago Area

Downers Grove, 11l. 60515
224 Ogden Avenue
Cleveland, Ohio 44129
5444 Pearl Road

Dallas, Texas 75201
2715 Ross Avenue
Denver, Colorado 80212
5940 W. 38th Ave.
Detroit, Michigan 48219
18645 W. 8 Mile Road
Fair Lawn, N. J. 07410
35-07 Broadway (Rt. 4)
Houston, Texas 77027
3705 Westheimer

Los Angeles, Calif. 90007
2309 S. Flower St.

Milwaukee, Wisc. 53216
5215 W. Fond du Lac
Minneapolis Area
Hopkins, Minn. 55343
101 Shady Oak Road
New York, N.Y. 10036
35 W. 45th Street
Philadelphia, Pa. 19149
6318 Roosevelt Blvd.
Pittsburgh, Pa. 15235

3482 William Penn Highway

St. Louis, Mo. 63123
9296 Gravois Ave.

San Diego Area
LaMesa, Calif. 92041
8363 Center Drive

San Francisco Area
Redwood City, Calif. 94063
2001 Middlefield Road

Seattle, Wash. 98121
2221 Third Avenue
Washington, D. C, Area
Rockville, Md. 20852
5542 Nicholson Lane

All Heathkit Electronic Centers are units of Schiumberger Products Corporation.
Heathkit Electronic Center Prices Slightly Higher.

During 1971, consult Heathkit Catalog Supplements and local

newspapers for announcements of new Heathkit Electronic Cen-

ters opening in these places:

Long Island Area
Westbury, New York

Miami, Florida

Los Angeles Area
Woodland Hills, California

Atlanta, Georgia

San Francisco Area
El Cerrito, California

L . Prices listed are factory mail order.
Cincinnati, Ohio

Retail prices are slightly higher.

...orsend foryour FREE
factory mail order catalog

January, 1971
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1B-101 SPECIFICATIONS: Frequency Range: | Hz to preater than 15 MHz.
Accuracy: 1 count time base stability. Gate Times: 1 mullisecond or
1 second with autamatic reset. Input Characteristics: Sensitivity: 1 Hz to 1
MHz, less than 100 mV rms | MHz to 15 MHz. less than 250 mV rms. Atter
30 minutes warmup  Trigger Level: Automatic. Impedance: | Meg ohm shunted
by less than 20 pt. Maximum Input: 200 V rms, DC=1 kHz. Derate at 48 V per
requency decade. TIME BASE: Frequency: | MHz. crystal conirolled. Aging
Rate: tess than | 'PA/month atter 30 days Temperature: Less than +2 parts
in 107 7degree C. 20 1o 35 degrees C aiter 30 minutes warmup. *+.002% from
0 to 50 degrees C. GENERAL: Readout: 5 digits plus overrange. Temperature
Range: Storage; —55 1o 80 degrees C. Operating; 0 1o 50 degrees C. Power
Requirements: 105-125 or 210-250 VAC, 50/60 Hz, 8 watlis. Cabinet Dimensions:
87 W x 3a” H x 9” D not mcluding handle. Net Weight: 42 |hs.

New HeathKit® HW-101
SSB transceiver

The Hams at Heath have done it again . . . with an uprated version
of the Heathkit HW-100, one of the most popular pieces of ham
gear on the market! The HW-101 features improved receiver Cir-
cuitry resulting in better than 0.35 uV sensitivity for 10 dB S-+N/N.
Image and IF rejection are better than 50 dB. Other improvements
are a new 36-t0-1 ball-bearing dial drive; new selectable SSB or
CW filters and attractive new front-panel styling.

Kit HW-101,231bs. . ... ..ottt $249.95*

New HeathKkit
wattmeter/SWR bridge

Two switch-selected ranges allow measurement
of RF output from 10-200 W and 100-2000 W.
Built-in calibrator permits 10% accuracy through-
out the 80-10 M ham bands.

Kit HM-102, 3 Ibs. ............cotntn $29.95*

--------------- =
l

| Benton Harbor, Michigan 49022 a Schiumberger Company I
| O€nclosedis$__., plus shipping. J
| Please send model (s) )
| [J Please send FREE Heathkit Catalog. [J Please send Credit Application. J
| Name R
| Address . _ |
beity . state___  Zip 1
| *Mail order prices; F.0.B. factory. |
| Prices & specifications subject to change without notice. ~ CL-394 |
D o e e e e — — — — — — — — —— T S — — T —— T — " L]

CIRCLE NO. 137 ON READER SERVICE PAGE
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Sine-Swveep

enerator

o RE/IF Testing

By JIM ASHE

Design of a very slow sweep driver circuit
which varies capacitance of voltage-variable
diode installed in a separate LC oscillator.

Front-panel and top views of the sine-sweep gener-
ator constructed in a 7° x 7" x 2" metal chassis.

72

ARD questions may have easy answers when you have
this sine-sweep generator on your workbench. Tedious
point-by-point plotting work becomes rapid observation of
a clearly drawn trace. And the trace changes while you
work, showing the results of circuit adjustments and design
changes. Sweep testing is rapid and effective and is versa-
tile as well. You can use it in hi-fi work, tuner and receiver
Lesting, audio and r.f. filter design and adjustment. Sweep
signal testing is a powerful technique, yet it does not re-
quire complex or expensive equipment.
Required instruments are an oscilloscope, something to

drive the scope and a swept oscillator, and simple test input
+
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Fig. 1. Reverse-biasing a junction diode produces capacitance.

Fig. 2. Curved capacitance characteristic of diode capacitor.
Manufacturers’ charts will provide better data. Over a small
part of curve, departure from a straight line is not very good.
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and output devices. Commercial test gear combines the
sweep drive and the swept oscillator, but for maximum ver-
satility and convenience the sweep-drive circuitry can be
kept separate.

A sawtooth signal is conventionally used for sweep test-
ing in the laboratory. There is need for a linear sweep in
certain specialized kinds of testing, but for work in which
the same signal drives the tested circuit and an oscilloscope,
the input-output relation will be linear anyway. Whatever
kind of signal is available will work. Many TV and FM test
sweepers use the 60-hertz a.c. signal for sweeping, and very
successfully indeed.

However, this frequency cannot be used all the time be-
cause it is too fast. A 60-11z signal will cause some filters to
ring strongly, if they have sharp characteristics. And, for
audio work, 60-I1z sweeping is not very useful to show re-
sponse below a few hundred hertz. Hence, a frequency
lower than 60 Iz is required.

Diode Capacitors

Some kind of electronic frequency control is required for
generating sweep-tuned signals. There have been various
arrangements used, including Miller-effect circuits, varia-
ble permeability inductors, and coils mounted on loud-
speaker cones. One of the most convenient is the diode
capacitor. Any junction diode or transistor base-collector or
base-emitter junction is worth a try as a diode capacitor.

When the diode is forward-biased, charge carriers are
rushing to the p-n boundary and joining. But when the
diode is reverse-biased, the carriers are forced away from
the p-n junction, and the semiconductor material that is
without carriers acts like a dielectric. The diode becomes a
surprisingly good capacitor, simply by being reverse-biased.

Fig. 1 (top) shows a diode with a slight reverse bias. The
charge carriers have drawn back only slightly from the p-n
junction, which is serving as a dielectric. But the diode re-
gions containing the carriers act as conductors, so the diode
seems to be a tiny capacitor whose plates are very close
together. Typical capacitance values are a few tens of pico-
farads.

Now, if the reverse bias is increased, the charge carriers
will all retreat further from the p-n junction. Again, imag-
ine the regions still containing carriers as capacitor plates,
then if they are farther apart the capacitance must be re-
duced. Typically, strongly reverse-biased capacitances are a
few picofarads. And this voltage-varying capacitance is the
key to r.f. sweep-signal generation without elaborate cir-
cuits. If a time-varying frequency is applied to a diode capa-
citor, the capacitor can electrically tune an oscillator or sig-
nal generator. But there are two problems that may come
up when this technique is applied to real circuits.

The first problem is illustrated in Fig. 2. The tuning will
not be linear because the diode capacitance characteristic is
curved. A small voltage change at low reverse bias will pro-

Fig. 3. Complete schematic of sine-sweep generator. Most tubes serve as cathode-followers:
the diode drive sine-wave amplitude is about one-quarter amplitude of the oscillator output.
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SWEEP
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Fig. 4. {A) The basic diode capacitor circuit as installed in
an oscillator. (B) Simple zener and switch circuit for re-
verse-biasing the diode capacitor when the r.f. oscillator is
being used without the sine-sweep generator described.

FULLY ENCLOSED CONTAINER

IRIOR comAMC
RESISTOR | CAPACITOR TEST SEvuP
FAIRLY STABLE
OSCILLATOR | =
ANY LC TYPE
“SOLDER

OUTSIDE SUPPLY
LEADS, IF REQ'D

Fig. 5. Oscillator circuit should have bypassed power leads
and be completely shielded for minimum of stray radiation.

SINE-SWEEP LOW-FREQUENCY
GENERATOR OR D.C. SCOPE
- . R
i
FREQUENCY- FILTER OR RF. TO D.C.
SWEPT »—J CIRCUIT BEING .
OSCILLATOR TESTED DETECTOR

Fig. 6. Complete sweep-testing setup, appropriate for test.
ing filters or receiver and transmitter bandpass circuits.
All the leads are shielded and are grounded at both ends.

duce a much larger capacitance change than at a large re-
verse bias. This problem is minimized by sweeping the ca-
pacitance over only a small part of its range, so that the
small part of the curve used is practically straight.

The second problem arises because the electrical charac-
teristics of some reverse-biased diodes are not entirely sta-
ble. Diodes constructed for electrical tuning have good
characteristics, but miscellaneous diodes picked off the
bench or from a handy box of transistors may show an
alarming and frustrating erratic drift. Placed in an oscilla-
tor, they tune at random up and down, so that a very good
circuit sounds as though it has been pulled out of a junk box
and should be promptly thrown back. This problem can be
minimized by placing a tiny capacitor in series with the
diode, reducing its influence over the circuit to that re-
quired for the job. Used in this way, a junk-box silicon pow-
er diode can give perfectly satisfactory performance.

Looking again at Iig. 2, we see that we cannot sweep the
diode voltage to both sides of zero volts. 1t will be forward-
biased one half of the time. Some steady biasing voltage
must be added to the swept signal to displace the diode
drive conditions into the always-reverse-biased region. This
voltage-adding function, together with provision for the
scope horizontal drive and generation of the actual sweep
signal, are the three functions of the sine-sweep generator.

Motorola, and others, manufactures a sizable range of

specially designed voltage-variable capacitors. They are
available in DO-7 diode packages in capacitances from 6.8
pl to 100 plI at 4 volts reverse bias. They have a minimum
breakdown voltage of 20 volts and have very good 's. In-
expensively priced, they are competitive with anything you
find lying around that you may be tempted to “make do.”

Solid-state components seem to be a logical choice for
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this application, but vacuum tubes have one advantage.
Conveniently available tubes can generate and control the
relatively large signal voltages which are preferred for this
application, without complex circuitry or linearity prob-
lems. Fig. 3 is the complete schematic.

Circuit Description

There are two supply voltages because the output signals,
both scope drive und diode drive, need to be referenced
closely to ground. A side advantage is that circuit design is
simplified at the cost of one extra voltage-regulator tube.
Supply voltages of + 150 and 75 volts are obtained by car-
rying the power-supply transformer secondary center-tap
out as the =75-volt line, rather than connecting it to the
chassis. Power-supply ground is between V1 and V2. I'il-
tering and supply design are not critical, and anything goes
if the supply circuit can deliver enough current through
R25 to the regulator tubes. Choose R25 for 25-mA regula-
tor-tube current with all other tubes pulled out.

A BAKS phase-shift oscillator generates the low-frequen-
cy sine-sweep signal, and its frequency is controlled by
switching (not shown in schematic) the three resistors RI,
R2, and R3 in its grid circuit. Constant grid bias is obtained
by placing three silicon diodes in the 6AKS5 cathode circuit.
Their forward voltage is fairly constant, and some extra cur-
rent is provided for them through the 0B2 screen regulator
tube, V4. Because the screen terminal is not bypassed,
6AKS5 gain is reduced but oscillation is controlled by a
“soft™ screen bottoming. This minimizes distortion of the
bottom of the sine wave,

The rest of the circuit consists of cathode-followers. The
oscillator signal is more than large enough, and part of its
amplitude can be traded for really stable and straightfor-
ward circuitry. This results in an instrument that is entirely
free from adventurous peculiarities.

Passing through C4, the oscillator signal is applied to
cathode-follower V5B through a voltage divider that re-
duces its amplitude by a factor of about ten. A 1-megohm
pot could be used here, but the oscilloscope horizontal gain
control should be more than adequate. A simple adjusting
circuit including R19 adds a small negative bias to the grid
of V518 so that its cathode rests at ground potential rather
than about 7 volts above ground. This is arranged in case
some scope might not be able to ignore this small d.c. volt-
age. A series resistor, R24, prevents possible tube damage if
the scope drive terminal should be shorted to ground.

Starting on its way to the diode capacitor, the oscillator
output is applied through C5 to V5A and from V5A cath-
ode it goes as a low-impedance-source signal to the voltage-
adding network of R14 and R15. V6A supplies a poten-
tiometer-variable d.c. signal to the same network and these
two signals are algebraically added at the grid of V68,

The adding process works in this way. Iach signal comes
from a voltage source (the cathode-follower) which appears,
to the other signal, to be at signal ground. R14 and RI5
appear as a 2-volt-in-per-volt-out divider as seen from eci-
ther end, and the sum of the two inputs appears at V68,
another cathode-follower.

Newly converted again to low-impedance signals, the
combined bias and sweep signals are delivered at the diode
drive terminals. A series resistor, R17. serves to prevent
tube duamage in the event of a short to ground. Diode D6
clumps any voltage excursions in the negative direction
(which would be forward-bias to the diode capacitor) and a
meter provides a visual indication of output conditions.

Instatted almost as an afterthought, the meter is neces-
sary for effective use of the sine-sweep generator. The
diode bias control, R11, also serves us a fine-tuning control,
and the meter then becomes a calibration tool. Since, at the
lowest frequency, the meter will follow the signal which is
reproduced at the higher frequencies, you can observe
drive to the diode capacitor.
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