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bl firsts

make learning
Electronics at home
fast and fascinating—

give you priceless
confidence.

Some NRI f]I’StS in training equipment

®
f]I‘St to give solid state 25" diagonal color

TV, 5" wide band oscilloscope, color bar generator
and other professional equipment engineered spe-
cifically for education. You work directly on the
receiver as you build it, discovering the practical
aspects of TV servicing as you create a handsome
new color console. Only NRI includes an attractive
woodgrain cabinet without extra charge.

g

®
f]I'St to give you a unique, exciting digital

computer with memory built especially for home
training. You learn organization, troubleshooting,
operation, programming as you build and use it. Per-
forms the same functions as commercial computers.
Lessons stress computer repair. You conduct a hun-
dred experiments, build hundreds of circuits. A solid-
state TVOM is included among ten training kits.




NRI's “discovery” method is the result of over
half a century of leadership simplifying
and dramatizing training at home

The FIRSTS described below are typical of NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “‘hands-on” experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about
NRI training is designed for your education . . . from the much-copied, educator-acclaimed
Achievement Kit'sent the day you enroll, to “‘bite-size” well-illustrated, easy to read texts programmed

with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in
spare time, have a business of your own or qualify quickly for career positions in business, industry,
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you

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

more liberal money-back agreement. The full story about NRI leadership in Electronics training is in
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016 (in Canada write: NRI Rep., 330 Progress Ave., Sicarborough, Ont.)

APPROVED UNDER NEW G| BILL i you have served since January 31, 1955,

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

]':lo g
]1 bt to give you true-to-life experiences as a

communications technician. Every fascinating step
you take in NRI Communications training, including
circuit analysis of your own 15-watt, phone/cw trans-
mitter, is engineered to help you prove theory and
later apply it on the job. Studio equipment operation
and troubleshooting become a matter of easily re-
membered logic.
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fll St fo give you completely specialized

training kits engineered for business, industrial and
military Electronics. Shown above is your own train-
ing center in solid state motor control and analog
computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, and problem-solving
digital computer circuits are also included in your
course.
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_‘ ‘\\Editorial

By Milton S. Snitzer, Editor

THE FORK IN THE RGAD

The outcome of pending rulings on frequency allocations for hams
and CB’ers and on standards for quadraphonic FM broadcasts
can change the course of equipment design for the future.

In the past, we have seen the adoption of stereo FM broadcast
standards and the introduction of the Citizens Radio Service. We have
also witnessed the results of these advances in the avalanche of
equipment that has been made available to the public.

This is a healthy, ongoing process that often takes years of industry
and FCC efforts before coming to fruition. (Of course, many
changes never get past the proposal stage). Looking up the road,
we see serious consideration now being given to a variety of matters
that will affect electronics hobbyists.

For example, the proposed Class E Citizens Radio Service, initiated as
far back as February 1971, appears to be heading toward a decision,
since acceptance of comments was closed September 20. (See ‘‘CB
Scene” in our September 1973 issue.) Should the FCC act
favorably on opening up a portion of the 220-225-MHz amateur band to
CB’ers, you can be sure that a myriad of adaptors and units
covering the Class E band will be made available. However, even a
decision favorable to CB won't result in an instantaneous stocking of
dealers’ shelves with new equipment since considerable
manufacturing/distribution lead time is needed. Additionally,

Class D will not be obsoleted.

Further, the ham community is outraged by the possibility of losing
part of the amateur radio spectrum, and it is putting up strong (and
influential) opposition to usurping the ham portion of 220 MHz.

They point out that crowding by 2-meter FM’ers on the 144-MHz

band makes the 220-MHz band a likely one for hams to move to in the
future. So we’re not yet sure if we have reached the fork

in that road.

Hi-fi buffs, too, are anxiously awaiting results of pending proposals
before the FCC on quadraphonic broadcasting. There are some ’
ten proposals on hand, including a few that emanated from other
countries. One system, the Dorren Quadraplex System, submitted to the
FCC in May 1971, is a discrete 4-channel broadcast system that
would require a change in FCC regulations. In contrast, a matrix
system does not require such a change. However, its channel
isolation cannot match a discrete system’s separation.

Several years may well go by before the FCC makes a firm
decision on this matter. But when it does, you may be sure that
a big decoder market will develop.

There is no need to hold our breaths until the fork in
the road is taken. These matters are always churning and it would
be foolish to wait out possible turns of events. Since
there is no way of knowing when—if at all—they will be effected,
we would only be depriving ourselves of considerable enjoyment from
equipment that will not be obsoleted.

POPULAR ELECTRONICS Including Electronics World




A uother introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

286515
INTEGRATED
CIRCUITS:

A Basic Course
for Engineers
and Technicians
by R G. Hibberd
Pub. price. $9.95
Club price. $8.45

4047445
ELECTRONIC
CIRCUITS
MANUAL

by J Markus
Pub. price. $19.75
Club price. $15.75

637/458
DESIGNING
WITH TTL
INTEGRATED
CIRCUITS

by Texas
Instruments
Inc.

Pub. price. $18.50
Club price. $13.50

100/8180

MOS/LSI

DESIGN AND
APPLICATION
by Carr & Mize
Pub. price, $18.50
Club price, $13.50

313/059
HANDBOOK OF
SEMI-
CONDUCTOR
ELECTRONICS,
3/e

by P. Hunter
Pub. price, $27.50
Club price, $21.50

404/437
SOURCEBOOK
OF ELECTRONIC
CIRCUITS

by J. Markus
Pub. price, $19.75
Club price, $14.75

287/341
STANOARD
HANDBOOK OF
ENGINEERING
CALCULATIONS
by T. G. Hicks
Pub. Price. $18.50
Club Prize. $14.25

259/607
COMMUNICA-
TION SYSTEM
ENGINEERING
HANDBOOK

by

D. H. Hamsher
Pub. price, $29.50
Club price. $22.50

124/035
HANDBOOK OF
PHYSICS, 2/e
by Condon and
Odishaw

Pub. price. $34.75
Club price. $14.95

491/364

THE DESIGN OF
0IGITAL
SYSTEMS

by J. B. Peatman
Pub. price, $15.50
Ciub price. $11.75

=
Save time and money by joining the :!4;1 M

Electronics and Control Engineers’ Book Club

ERE is a professional club designed specifically to meet you:
day-to-day engineering needs hy providirg practical books
in your fizld on a regular basis at below publisher prices.

How the Club uperates: Basic to the Club's service is its publi-
cation, the Electronics and Control Engineers’ Book Club
Bulletin, which brings you news of books in your field. Sent to
members without cost, it announces and describes in detail the
Club’s featured book of the month as well as alternate selections
which are available at special members’ prices.

When you want to examine the Club's feature of the month,
you do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if vou want no book at all for that month-—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished arnually in your field. there will surely be at least four
that you wquld want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books.

CIRCLE NO. 16 ON READER SERVICE
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Special $1.00 bonus book
comes to you with your
first club selection
571/422
ELECTRONIC
FUNDAMENTALS

FOR
TECHNICIANS

by R. L. Shrader
Pub. price. $11.95
Ctub price, $9.25

649/170
OPERATIONAL
AMPLIFIERS
by Tobey,

Graeme &
Huelsman

Pub. price. $15.00
Club price. $11.50

200/731

359/347 STANDARD

MINICOMPUT-

HANDBOOK FOR
ERS FOR ELECTRICAL
ENGINEERS & ENGINEERS
SCIENTISTS '

10/e

by Fink and
Carrall

Pub. price. $32.50
Club price. $24.95

by Korn & Karn
Pub. price, $17.75
Club price, $10.50

ELECTRONICS AND CONTROL ENGINEERS’ 800K CLUB
582 Princeton Road, Hightstown. N.J. 08520

Plense envoll me as » member of the Flectranies and Control Engi-
" Huok Cluh and xerul me the two beoks Indicated below. [ am

nees:
to receive the bonns for just $1.00, and my first selectlon at the
special Club price shown. These hooks are to be shipped on ap-
proval, and | may veturn them both without cost or further obliga-
tion. If 1 Jdecide to keep the books, | agree to purchase as few
as four bouks during the next 1we years at specfal Club prices (at
least 154, below lizt)

Write Code No. of
first selection
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Get deeper
into your
music.

A hefty rib-reinforced 133 square inch
cone with a super-compliant surround.

A solid 15" cast aluminum frame. A
4-inch edgewound copper voice coil on a
highly heat resistant aluminum coil form.
A massive 18 |b. magnetic structure.
Precision engineering and construction
inside and out. 5

Add it all up, and you've got Altec’s
new 411-8A Dynamic Force acoustic
suspension woofer. A dynamite low
frequency speaker that delivers the
deepeést bass you've ever felt.

If you'd like to know how to custom
build a complete Altec professional
speaker system or how to add the bass
power of the 411-8A to your present
system, write for your free copy of the
411-8A Assembly Instructions today.

We guarantee it'll be déeply appreciated
by your music.

1515 S. Manchester, Anaheim, Calif. 92803

ALTEC

The sound of experience.

CIRCLE NO. 2 ON READER SERVICE CARD
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__ Letters

GETS MORE LIFE OUT OF CARBON-ZINCS

The “Rechargeable Alkaline Battery” (No-
vember 1972) was interesting, but I find it
very expensive to use in comparison to carbon-
zinc batteries. In most of my low-current drain
equipment—pocket portable radios and an in-
tercom—1I get longer service from my carbon-
zincs.

I think the lifespan of carbon-zine batteries
after recharging is underestimated. I have re-
charged my flashlight batteries for years. I also
have a multimeter with carbon-zinc cells that
have stood up for more than four years; they
get rechargedp about once a year and are still
okay.

IfaroLp P. HaFFa
Waterloo, Iowa

Obviously, rechargeable alkaline batteries are
not your cup of tea. Except for those in your
flashlight (and your letter doesn’t say how long
they lust), the batteries in seldom-used portable
radios, intercoms, and multimeters might in-
deed be more economical if carbon-zincs were
used. The alkalines shine in heavy duty and
constant-drain service where carbon-zincs just
can’t hack it, such as in flashlights, lanterns,
toys, etc. But if you prefer carbon-zincs, who
are we to deter you?

IN THIS CORNER, WEIGHING . . .

After reading Bill Kennedy’s letter (“Let-
ters,” August 1973), I felt compelled to take
issue with him. In the first place, “How To
Select an Electranic Organ” (June 1973) was
about electronic organs, The Hammond B-3
is an electric, rather than electronic, organ,
generating its tones by electromechanical means.

Secondly, the B-3 was in great favor with
professional organists, not because of its musi-
cal superiority, but becanse of its reliability
over the then tube-type instruments available.
In recent years, the swing has been toward the
infinitely more flexible and musically satisfy-
ing electronic organ.

K.R. REnsHAW
Minneapolis, Minn.

K.R. (and all you others who have written
in to refute Bill Kennedy's claims), you and

POPULAR ELECTRONICS Including Electronics World




Bill can fight it out in the arena of your own
choosing. We'll supply the gloves, you supply
the sweat.

LEND A HELPING HAND

We have a small radio club in the Philip-
pines where we train indigent enthusiasts in the
field of electronics. The club is encountering
some financial difficulty in purchasing radio
equipment here. We would like to appeal to
PoruLar ELecTroNics readers for help. We
urgently need test equipment, ham gear, sur-
plus gear, and old magazines. We would
greatly appreciate any help your readers can
give us.

RovoLro B. DEL Rosario
Chairman, Calaca Radio Club

16 Scout Tauzon St.

Diliman, Quezon City, Philippines

Anyone who wishes to contribute to a good
cause, please send to Rodolfo at the address
given above.

ANOTHER PE SCIENCE FAIR WINNER

I wish to helatedly thank you for your arti-
cles on laser modulation (May and November
1970) for the help they gave me on my Science
Fair project that placed first in the physics
category at the state level. A laser beam can

be internally (as in your articles) or extern-
ally modulated. I chose to externally modulate
the beam by means of a medified Michelson
interferometer. However, instead of the mir-
rors being stationary, they are moved by trans-
ducers that cause a phase shift in the light.
Since the amount of movement is proportional
to the voltage applied to the transducers, the
phase shifts are also proportional. When the
two beams recombine, amplitude modulation
oceurs.

MaRrviN MoOsER

Hoffman, Minn.

Congratulations, Marvin. Wée're happy to
have been of help. By the way, whatever hap-
pened to the Tesla coil and oatmeal-box crystal
radio Science Fair projects of bygone days’

SORRY, BUT WE GOOFED

Referring to the SSB Citizens Band Trans-
ceiver Directory in the Augnst 1973 issue, 1
note a discrepancy in your listing for the Tele-
dyne (Olson) RA-510 transceiver. In the Pow-
er Supply column, the listing should have been
“ac/de.”

WaLt CORRIGAN
Olson Electronics, Inc.
Fort Worth, Texas

Sorry for the inconuenience our goof has

caused anyone.

% Tr_iey pt?t ardotary engineinacar.

We put a cam shaftin aturntable.
Forthe samereason.

that can ultimately wear it out.

Now we have alternatives. For
cars, the Wankel rotary engine.
And for record players, the se-
guential cam shaft drive mech-
anism used in BSR's finest
automatic turntables.

its even rotating motion programs the
complex automatic functions of the BSR 710
and 810 smoothly and without noisy and poten-

The reason? To make it quieter, smoother, more reliable.

The basic record changer mechanism—like the automobile’s
piston engine—has been a fairly reliable device that has served
with some success for many years. But the very action of
the engine—or the changer—produces constant
vibration and strong, sudden movements

tially harmful quick starts and stops, without slam-
ming metal against metal. And because the cam gears are
mounted on a carefully machined central shaft, they are all
but impossible to put out of alignment by rough handling
or constant use.

The result; consistent care-free performance, and good
music. With the BSR 710/X and 810/X Transcription Series
Total Turntables.

BSR (G5A} LTD.
BLAUVELT. NEW YORK 10913

CIRCLE NO. 3 ON READER SERVICE CARD
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If you've ever said...

“There must be abetter

Send for a free Career Guidance Booklet that could start you
on the road to success in a rewarding new career.

It happens to all of us, sooner or
later. No matter what kind of job we
have.

One day, it suddenly strikes home
that we're going to have to work for a
living, the rest of our lives. And most
of us are horrified at the thought of
forever being locked into the jobs we
now hold.

“Surely,” we tell ourselves, ““there
must be a way to earn enough extra
dollars each month to balance the
family budget. Surely, there must be

&

5
&

away to get the kind of pasition where
you don’t have to worry about job

_security.”

“Surely,” in other words, “there
must be a better way to earn a living!”

If you, too, have been thinking
these same thoughts, youll find one of
our free Career Guidance Booklets
very helpful at this time. We invite
you to send for one.

Your free booklet will describe
the opportunities for higher income
and greater job security you might ex-

POPULAR ELECTRONICS Induding Electronics World



way to earn a living...

Mail coupon for Free

pect in one of the career fields listed ]
Career Guidance Booklets and Free “Demonstration Lesson.”

on the coupon below. It will also ex-
plain why ICS can prepare you for
this new career field...right in your
own home...in your spare time...re-
gardless of your education or past
experience.

In addition, you will receive a free
"“Demonstration Lesson” that lets you
see for yourself why preparing for a
more rewarding career—the ICS way
—may be a lot easier than you think.

Please bear in mind, as you check I
off your career choice on the coupon
below, that ICS has a long and distin-
guished record of success. In fact,

These free Career Guidance Materi-
als are yours without obligation.
They will help you find out what you
should know about the career field
of your choice. They will also let you
see for yourself why preparing for
a more rewarding career—the ICS
way-—may be easier than you think.

lcs International Correspondence Schools XA671T
Scranton, Pennsylvania 18515

Please send me a free Career Guidance Booklet, and a free
“Demonstration Lesson” for the field I have checked
below. I understand that I am under no obligation.

more than 8,500,000 men and women

have turned to ICS for career train- Air Conditioning/ O A'Chit.e‘f““’e
9 3 1891 Refrigeration & Heating Electrician
1 since 1875 O Air Conditioning/ O Master Electrician
R ; Refrigeration Technician O Practical Electrician
Major corporations use O Heamg Specialist S ——

ICS Career Training Engineering &Design g
ICS has provided training programs ggﬁnh:?a? Dl:I]nEi::x::lrml O Airline-Travel Tramm.g
for various divisions and branches of O Electrical-Electronics g l():omputen:' Prggramnung
companies like Ford; U.S. Steel; O Surveying & Mapping - rogramming L.oncepts

N C . L 60

Chrysler; Mobil; DuPont; etc. TV Servicin, g go(r)gon - O System 3

0O Color TV Technician

1
1
]
]
I
I
I
I
I
I
ICS Career Training is approved i .
for V d Servi d I O Sterco/Hi-Fi Specialist O Secretarial
or Veterans and Servicemen under " 8 CATV/MATV Specialist Accounting
the new G.I. Bill, and is Accredited by Electronics D Business Accounting
the Accrediting Commission of the § O Electronics Technician O CPA Training
National Home Study Council. ]  OSpecialized programsin O Income Tax Specialist
Now it's your turn to discover how 1 Computer Servicing, __ Motel/Hotel Management
Ics e . Communications/ O Motel Management
C t.rammg o Sta_rt yorgina r_e' | Broadcasting, CATV O Club, Restaurant
warding new profession. Just fill in O FCC Licensing ~ Management
the coupon and mail for your free i Automotive O Hotel Executive
‘Career Guidance Booklet and free 1 O Master l\gcchamc . O gxusmess mnagement
“ i " O Air Conditioning Specialist ecutive Management
DT RERE) [T, I O Body Rebuilding Specialist O Industrial/Production
] 0O Diesel/Gas Mechanic, Management
] Drafting ' O High School
0O General Draftin For those who want to earn
1 O Specialized Dratting ICS High School Diploma
I [ Check here for special information, if age 16 or under
B
l Mr. Age
l Address Apt.
City. State Zip

L N _R_B _§ N B N §F B N B N N F N N N F
Approved for Veterans Trammg Eligible Institution under the Guaranteed Student Loan Program. Accredited Member National Home Study
Council. Canadian r use address for service from ICS Canadian, Ltd. In Hawaii: 931 University Ave., Honolulu, Hawaii 96814

P
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Stereo Scene

~

)

ERHAPS the major difference between

a true audiophile and a music listener
who owns a high-fidelity system is that the
audiophile is often not fully satisfied with
the sound of his system. And much of the
time, it is the loudspeakers that provide the
major measure of dissatisfaction. Sometimes
this is because they may not, in fact, be
very good. In many cases, though, the loud-
speakers aren’t really the source of the
amoyances that lead to dissatisfaction, but
are instead being unjustly accused. Iere
are a few of the more common reasons
for the difficulty.

Room Placement. This is the most fre-
quent cause of poor—excessive or thin—
bass performance from loudspeakers of
better-than-passable quality. Even the best
systems differ widely in the efficiency of
their bass radiation into the room, and their
placement in the room can determine wheth-
er the over-all performance is excellent or
whether a typically efficient bass radiator
will become boomy or be sparse and dry-
sounding. o
" Speaker systems can be—and often are
—placed almost anywhere in a listening
room. In 2-channel stereo setups, corner
and along-a-wall placement schemes have
become traditional, but more recently
omnidirectional speaker systems have pro-
vided incentives for other placement
schemes. In 4-channel sound setups, the

Loudspeaker
Problems

12

By J. Gordon Holt

-

speakers again become corner located, or
they are placed in such a manner that they
define a roughly square or rectangular
listening area. The aim in either case has
always been to preserve or enhance binaural
“spread” (and front-to-rear balance in 4-
channel setups). Speaker systems can also
be placed at any height between floor level
and the ceiling.

There are two basic principles to re-
member in placing conventional speakers for
best bass. First, the closer they are to a

& T, T
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Fig. 1. Speaker placements at floor level.
(1) Maximum bass, severest standing waves.
(2) Excellent bass, moderate standing waves.
(3) Moderate bass, and smoother response.
(4) Has farily thin bass, smooth response.

==

Fig. 2. Some speaker placements on a wall.
Numerical designations are same as Fig. 1.
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the Sansui AU 9500:

hottestselling

integrited aniplifier

Sansui
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in the field.

Here's the power amplifier that not only boasts 85 hefty wats per
channel, but also boasts a host of other fantastic features. It's
designed and made for people who want only the best—and are
willing to pay for it. And, judging by the way the AU9500 is selling,
there must be a lot of those folks around.

The new Sansui AU9500 is the most advanced stereo product
we make. It’s superior performance characteristics include total
harmonic distortion and intermodulation distortion below 0.1%
throughout the entire audio spectrum and well beyond. Power
bandwidth is extremely wide (5-40,000Hz) and RMS true power,
conservatively rated, is 85 watts per channel into 8 ohms.

Among the many exciting features of the AU9500 are a wide
variety of conveniences, such as a 4-channel adaptor switch, for
QS, SQ, or CD-4 add-on units, the ability to handie up to four tape
decks, and provision for tape-to-tape dubbing. Triple tone controls
allow even the fussiest listener to adjust the AUS500’s response
to his taste.

As eye-catching as it is functional, the AU9500’s elegant
front-panel styling is a standout in any audio display. And it has
two counterparts, the AU7500 and AU6500, which offer many of
the same features, the same quality engineering and manufacturing,
but slightly less power. All three are powerful, quality units that
are unequalled for fine high fidelity reproduction.

SANSUI ELECTRONICS CORP.

Woodside, New York 11377 » Gardena, California 90247

SANSU! ELECTRIC CO . LTD.. Tokyo, Japan * Sansui Audio Europe S. A., Antwerp, Belgium
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room corner, the more efficiently they will
radiate bass into the room and the more
they will tend to excite standing-wave reson-
ances in the room. (See Figs. 1 and 2.) In
rooms of small size, standing waves affect
the middle-bass range which, in proper
proportion, gives the sound its fatness and
body, and in excess makes it boomy. In
large rooms, of 15 by 20 feet or more in
size, standing waves are likely to affect
mainly the deeper bass, below about 50
Hz. Since they are related to room dimen-
sions, standing waves occur at certain dis-
crete frequencies, and the result is a series
of peaks in the response (Fig. 3). So while
their utilization can help to fill out bass, it
may also produce uneven bass response.

RESPONSE (dB)
~

20 50 1000

100
FREQUENCY (Hz)
Fig. 3. Condition of maximum (but peakiest)
bass may produce less apparent deep bass.

The improved bass radiation that corner
placement brings about is likely to be uni-
form over the entire bass range, which is
of course desirable. Thus, optimwun place-
ment will often have to be a compromise
between radiation efficiency and a modicum
of bass peakiness.

Second principle: The more pronounced
a speaker’s mid-bass output, the less audible
its deep-hass range will seem to be when
listening to musical material. (This phe-
nomenon, which is purely psychoacoustical,
does not show up when listening to an
oscillator being swept through the bhass
range, as the ear has time to adjust its per-
ceptual sensitivity as the system’s output
changes.) For this reason, speaker place-
ment l‘ight in a cormer, where maximum
deep hass will be radiated into the room,
may actually make the sound seem to have
less deep bass, because of the effect of pro-
nounced standing-wave resonances at higher
bass frequencies. Again, it is best to hit a
compromise.

In many rooms, corner placement pro-
duces too much and too-peaky bass. The
best location is usually at or near the junc-
tion between two surfaces—typically a wall
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and the floor or ceiling. Ceiling placement
is often better, as the highs are not blocked
by furniture, and the multiple reflections
from the bare ceiling produce a more
spacious sound. In rectangular rooms, locat-
ing speakers against one of the longer walls
will give smooth low-end response but some-
times not enough of it. Don’t instantly dis-
miss as impossible an apparent thinning of
bass when you move the speakers, though.
Many of us have grown accustomed to ex-
cessive bass, and may need some readjust-
ment of values to appreciate the improved
quality (range and detail) that may ac-
company a diminution in the quantity of the
bass. Live with the new sound for a few
days before changing the speaker positions
again.

The Impossible Room. Some rooms just
don’t seem to want to support any low end
at all, while others tend to excessive bass
almost regardless of where you place your
speakers. Small L-shaped rooms are typi-
cally poor bass-supporters, as are ones with
angled ceilings. Square rooms tend to be
bassy and peaky because both dimensions
cause standing waves at the same fre-
quencies. Cube-shaped rooms of practical
(for the home) size are difficult for the same
reason. Despite such handicaps, vou can
often find at least one pair of speaker
locations where performance will he satis-
factory, if not great. Otherwise, you have
three alternatives. Rebnilding the room
along acoustical principles is one, but is
hardly practical for most of us. The choice
between the other two alternatives—renlac-
ing the speakers or buying a good equalizer
—depends on the relative cost.

To be effective for low-end control, an
equalizer should have separate controls
covering the 20-to-40-Hz range and the
40-t0-80-Hz range. (Even-narrower-range
control is hetter, but can be prohibitively
expensive. Altec’s Acousta-Voice equalizer
costs in the $1,000 class.) Suitable home-
type equalizers like the Soundcraftsmen 20-
12 and the SAE Mark Seven cost around
$300 and up, but this may still be less
money than it would take to replace vour
speakers with different ones, even if vou
were allowed a liberal trade-in on your pres-
ent ones. Equalizers offering octave-wide
control bands (as do the Soundcraftsmen
and the SAE) cant do much about the
sharp resonances of standing waves, but thev
can allow you to correct any fairly broad
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From Mits:
New digital test equipment

professional lab quality at shop cost.

Model 1700 Waveform Generator/Frequency Counter
Kit $139.95 Assembled $199.95

WAVEFORM GENERATOR: » 6 carrier waveforms including sine, triangle, square, ramp, saw
tooth and pulse. Frequency range — from 1Hz to 1.5MHz in 12 overlapping ranges. = 3
internal AM or FM modulator waveforms including sine, triangle, and square. Frequency
range — 100HZ to 150KHZ in 6 overlapping ranges. Has ability to accept external AM or
FM modulator signals. « 3 amplitude controls carrier only, modulator only or modulated
carrier,

FREQUENCY COUNTER: » Measures frequency of the WFG output or frequency of external
signals from 1Hz to over 10MHz. « 4 digit display of .55 inch Sperry gas discharge type. (same as
DVM) » Adjustable sensitivity. » Has tashing overrange indication. « Features an event counter which can be used
for external signals. » Input impedance — greater than 100K ohms. » External input clamped at = 10 volts. * Sampling period —1
second for Hz ranges, .1 second for Kilohertz zad Megahertz ranges. « Integrated circuit electronics construction.

POWER REQUIREMENTS: SPECIFY 115 OR 230 VAC, 60 Hz, 25 WATTS.

Model 1600 Digital Voltmeter

Kit $89.95 Assembled $129.95

FUNCTIONS: 1. AC Volts 4 Ranges from 1 volt to 1000 voits
2. DC Volts
3. AC Current
4.DC Cunent> 5 Ranges from .1ma to 1 amp
5. Ohms-6 Ranges from 100 ohms to 10 megohms

RESOLUTION: (low ranges) Voltage-10mv * Current-10ma * Resistance-1 ohm

ACCURACY: DC Voits — = .5 « All others — £ 1%

INPUT IMPEDANCE: DC Volts — 10 megohms = AC Volts — 1 megphm

SAMPLE RATE: 5 per second POWER REQUIREMENTS: Specify 115 or 230 VAC, 50/60 Hertz, 20 Waﬂs
« 2:1/2 digits of large .55” Sperry gas discharge display » Can be read from up to 40 feet away in direct ight » Integrated circuit technology th

« Auto polarity feature automatically displays polarity and magnitude w/o probe reversal » Regulated power supply = 100% overrange capability on all ranges

ITC-1800 Integrated Circuit Tester
Kit $119.95 Assembled $169.95

SPECIFICATIONS: * 18 LED indicators show status of IC under test * Internal 5 volt 1 amp power supply. internal 2 speed clock * Single step capability » Cross
bar switch allows complete programming of IC under test « 4 remote outputs « 4 remote inputs

Detailed instruction manual (includes diagrams of all common digital IC’s)

SIZE: 8"x 9" x 3-1/2" POWER: 50/60Hz 115 VAC 8 watts WEIGHT: 9 Ibs.

The ICT-1800 is ideal for testing digital integrated circuits. it also may be used to breadboard ICs while developing circuits. The ICT-1800 is as indispensable
for testing ICs as the vacuum tube tester was for testing vacuum tubes.

l- L. R N B N B B 2 N B B N B B B N N N N B B B N N N N N J -l

= 1 0O Enclosed is a Check for $ 1

@ 0 or 0O BankAmericard # 21

ml's I or O Master Charge # 2

1 Credit Card Expiration Date 1

1 Include $5.00 tor Postage and Handling 1

Mico |nstrumemut|un & : Model# ____ [Kit [lAssembled :
1 O Please Send Information on Entire MITS Line. 1

lelemetrv Systems, Int. ; e :
§328 Linn, N.E., Albuguerque, New Mexico 87108 §  ~DDRESS .
505/265-7553 Telex Number 660401 g oy "
1 STATE & ZIP .

MITS/ 6328 Linn, N.E., Albuquergue, New Mexico 87188 505/265-7553 Telex # 660401
L-----------------------------l
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aberrations. One could also consider the
five-band BSR-Metrotec equalizer, at $99.95
for minimizing peaky response, brightening
extreme highs or boosting low bass.

We mentioned that some speakers are
heavier, some thinner, at the bottom than
others. If you elect to try new speakers,
what vou want are ones that tend in the
opposite direction from your present ones.
A suitable choice may solve your problem,
but it is more likely that the end result will
be better if you equalize; for instead of
merely improving the situation, or even
overshooting it and ending up with an error
in the opposite direction, equalization allows
you to zero-in on the bass balance you want.

Equalizers are like atomic energy though:
they have great potential for evil as well
as for good. Improperly used, an equalizer
can completely mess up the sound of the
best system, so use with discretion. This
means that, if you don’t feel the urgent need
to elevate or depress any other part of the
audio spectrum (other than the bass), don't.
Leave all controls flat except those that are
correcting for your bass problem.

Phasing. A common cause of bass thin-
ness is misphasing of the loudspeakers.
Proper phasing is such a basic requirement
for good stereo that some instruction manu-
als don’t even mention it, assuming that
everyone knows about it. The result is that
the inexperienced audiophile runs a 50-50
chance of ending up with his speakers out
of phase.

When speakers are misphased, one’s cone
will be moving outward while the other’s
cone is drawing in. When one is trying to
produce an air-pressure wave in the room,
the other will be sucking the pressure wave
back in again, and the result is that bass
tones, which call for large air-pressure
changes, never make it out to the rest of the
room. The cones tend to cancel instead of
augmenting one another.

Phasing is easily checked either visually
or acoustically. The visual check involves
nothing more than seeing that each wire
starting at each GND or zero tap at the
amplifier follows straight through to each
minus terminal on the speakers. In the case
of zip cord, you can do this either by follow-
ing the tiny molding-seam ridge along the
edge of one of the wires of the pair, or by
observing the fact that some pairs have one
conductor colored copper and the other
silver. The acoustical method involves plac-
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ing both speakers face to face and about an
inch apart, feeding some bassy program
material to them with the system set for
mono (A+B) mode, and then disconnecting
one speaker. If the volume of the bass
increases when one speaker is turned off,
the phasing is wrong, and the connections to
either speaker (not both) should be reversed.

Shrillness. This is often the sign of a
poor loudspeaker, but there’s an easy way
of telling with reasonable certainty whether
most of the problem is speaker-related or
whether something else in the system is
causing it.

First, listen for surface noise from discs.
If this varies in pitch, from plops through
ticks to spitting sounds, your speakers are
free from severe treble peaks and the shrill-
ness must be coming from somewhere else.
If all the surface noise seems to have much
the same pitch, tune between two FM sta-
tions and observe whether or not that hiss
seems to have the same pitch as the sur-
face-noise ticks. If it does, the speakers are
probably peaky. Reduce the settings of their
tweeter controls or, if that’s not possible
or doesn’t help, get rid of them. If FM hiss
seems peak-free, the speakers are okay but
the pickup needs upgrading,

Suppose nothing indicates peaks. Then,
chances are the trouble is odd-order har-
monic distortion, possibly in the power
amplifier but more likely in the preamp.

The ear is extremelv sensitive to odd-order
harmonics (odd multiples of the funda-
mental frequency), and even amounts of it
that look absurdly low on paper (0.05% and
less) are perceptible to an acute ear as a
slight hardening of the sound.

If your transcucers are peak-free, though,
about the only thing that can cause shrill-
ness at listening levels below loudspeaker
overload is the electronics. So if that’s vour
problem, try a better amplifier or preampli-
fier, or both.

Poor Stereo. This covers a multitude of
sins, from lack of center fill between speak-
ers, through vague or wandering stereo
images, to excessively restricted listening
area and overly critical channel-balance
adjustment. The most common cause of any
or all of these malaises is irregular frequency
response, which need not necessarily show
up as response peaks. Dips in the response
can do it, without adding unduly noticeable
colorations to the sound. Unfortunately,
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these usually are the fault of the loud-
speakers. High-frequency beaming or phase
interference between spatially separated
drivers in each speaker will produce poor
imaging and a restricted listening area.

Out-of-phase speakers can cause any of
the aforementioned “poor stereo” svmp-
toms too, so check that possibility if you
haven’t already. Also, try changing the angles
of the speakers relative to your listening
area, toeing them slightly inward or out-
ward (symmetrically) to change the patterns
of interference. You may not achieve per-
fect stereo imaging (it isn’t on all record-
ings anyway), but it should be possible to
get satisfactory results from virtually any
speaker pair. If you don’t know it already,
though, you should understand that it is
impossible to get ideal stereo performance
from a pair of nonidentical speaker systcms.

Incidentally, poor treble dispersion can
be improved at moderate cost by the addi-
tion oF wide-angle “hang-on” tweeters.

Other Speaker Problems. Sometimes an
inherently good speaker system will show a
persistent tendency toward overly taut or
somewhat loose, heavy bass no matter where
you place it in a room. If this isnt a case
of the impossible room, it may he due to
incompatibility hetween the amplifier and
the speakers. Some speakers are designed to
allow for a modicum of bass resonance to
take place, in order to support full low end.
If these speakers are used with amplifiers
having high power capacity and very high
damping factor, the speakers will he over
damped, with resulting thin, drv hass. Con-
versely, an amplifier of inadequate power
and/or too-low damping will allow the Sys-
tem to resonate too much, resulting in poor-
ly controlled bass performance. Equali-
zation can help this situation, but it is best
coped with Dy proper amplifier/speaker
selection.

In Case of Defeat. If you've tried all
these suggestions and you're still unhappy
with the sound of your speakers, vou still
have several alternatives open to vou. You
can hire a good custom-installation special-
ist to come and help out; you can start from
seratch with a completely new system of
components recommended by someone you
know whose judgement in such matters you
trust; or you can admit to yourself that
your taste in sound is either too demanding
or too bizarre to ever he wholly satisfied. ¢
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If You Work In Electronics:
GRANTHAM OFFERS YOU
College-Level Training

and a college degree.

Electronic Circuit Design,
Engineering Analysis (includ-
ing mathematics thru calculus),

Classical and Solid-State SN
Physics, Engineering Design, el
etc., etc., are all part of .l

p

the Grantham home-study de-
gree program in Electronics
Engineering.
(Regardless of what you may
have read in another school's
ad, Grantham does teach
college-level circuit design
by home study.)

By adding college-
level home training
and a college degree
to your experience,
you can move 1up to
greater opportuni-
tiesin electronics.

Grantham offers the .
A.S.E.T. degree by corre-
spondence. After earn-

ing this degree. you may
continue with additional
correspondence plus a one-week
residential seminar and certain transfer credits. to
earn the B.S.E.T. degree. Then. the B.S.E.E. is
available through further residential attendance.

GRANTHAM SCHOOL OF ENGINEERING
1505 N. Western Ave.. Hollywood. CA 90027

@ Tclephone (213)462-1411 @

Established in 1951 — G.I. Bill approved.
Mail the coupon below for free bulletin.
Grantham School of Engineering P£-10-73
1505 N. Western Ave., Hollywood, CA 90027
I have been in electronics for. _. . years. Please

mail me your free bulletin which gives details con-
cerning your electronics degree programs.

Name Age
Address
City State Zip
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News Highlights

Computerized Traffic Control Signs

New York State has announced that it will install a computer-
ized system that would guide and inform motorists along a 30-mile
heavily traveled corridor. This includes the Long Island Expressway
in New York City’s Queens borough and adjoining Nassau and Suffolk
Counties on Long Island. Cost of the system is expected to be $11
million and it will take three years for the electronic sensors and
flashing message boards to be put into place. The boards will indicate
the heaviest traffic areas and will notify motorists to take one of the
half dozen parallel roads. Hopefully traffic will be eased on what has
been called “the world’s longest parking lot.”

SQ Quadraphonic Logic IC Introduced

One of the highlights of the recent Consumers Electronics Show was
the introduction by Columbia Records of the SQ logic integrated cir-
cuit system. The IC’s were developed jointly by CBS Labs and Motor-
ola’s semiconductor division. With discrete "components, SQ logic
equipment requires a complex network of over 400 separate electronic
parts. So great economies are expected to be realized by tuming to
IC’s. The IC’s are available to SQ licensees, which now include almost
80 of the world’s audio equipment brands. A list of SQ disc releases
distributed at the Show indicates over 240 albums are available from
21 record companies. The Sony Corp., too, is said to have intro-
duced SQ IC’s, including a low-cost, full-logic chip, and is also
marketing the chips to hardware licensees.

World’s Smallest Solid-State Lamp

The world’s smallest solid-state lamp produces invisible light and is
dwarfed by the head of a match. Developed by General Electric’s
Miniature Lamp Products Dept., the new lamp is an infrared light-
emitting diode measuring only 140 of an inch in diameter. The lamp’s
small size will make it useful in applications requiring small center-to-
center spacing on printed circuit boards. Such uses include paper-tape
and retail-merchandise price-tag readers, and other photo-detection
systems. The lamp is housed in a %-in. long metal and ceramic
cylinder topped by a dome-like glass lens. It sells for $2.64 in sample
quantities.

Stereophonic Baseball in Jjapan

18

Adding to the excitement of watching baseball games in Japan is a
newly installed stereophonic sound system. The sound-effects andio
system, valued at $23,000, is being used at the Heiwadai Baseball
Stadium at Fukuoka in southern Japan. The system consists of six
power amplifiers with a total power rating of 720 watts, one mixer,
one tape recorder, eighteen outdoor speaker systems, and three para-
bolic-type microphones. The sounds of a grounder, a rumer sliding,
hit and caught balls, and the voice of the umpire are amplified and fed
to the speaiers. The equipment was installed by Pioneer Electronic
Corp., Tokyo.
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RCA Receives Certification on C/MOS

NASA has granted line certification to RCA for the production of
complementary symmetry MOS integrated circuits, called COS/MOS
by the company. The manufacturer’s plant at Findlay, Ohio becomes
the first production facility to receive NASA line certification as well
as previous certification granted by the Defense Electronics Supply
Center.

Post Office Honors Invention of Transistor

Have you seen the new transistor stamp yet? The transistor was
honored recently by the U. S. Postal Service with the issuance of a
commemorative stamp. The one being issued is one of four stamps in
a Progress in Electronics series. The 8-cent transistor stamp depicts an
electronic printed circuit, and the others depict Marconi’s spark coil,
Lee DeForest’s audion tube, and electronic components used in
broadcasting.

Alarm System Prevents TV Set Theft

A tamper-proof burglar alarm system tailored for use in individual
rooms of motels and hotels is available from Forward Detection Sys-
tems, Danvers, Mass. Called “TV Guard,” the new solid-state elc-
tronic system is already preventing thefts of color TV sets which
are easily removed from motel rcoms and readily sold in the streets.
The device detects when any set wired into the system is unplugged.
A light on the control panel located at the registration desk indicates
in which room the unplugging occurred, thus permitting the desk clerk
to take appropriate action promptly.
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The Mark Ten B Capacitive Discharge
Ignition System keeps your carin tune § .
...and everyone knows that a well-tuned EEEE
car gets better mileage, requires less = 3
maintenance, runs longer and better, £ 2
and helps in the quest for E E
cleaner air. 50"
e ..dustaskDetroit  MERERD
and the EPA. S2iss

Address_
City

Dept. PE — P.O. Box 1147 — Grand Junction. Colo. 80501

{303) 242-9000
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Bill Stewart,
B.S.in ClVll

Engineeri

LIJG Stewart, University of Kentucky

He is already qualified to operate and maintain
ore of over 100 Navy Nuclear Propulsion Plants.

In 1973, the Navy will accept about 500
outstanding college graduates like Bill Stewart
for its Nuclear Propulsion Officer Program.
Each one of these young men will have an
incomparable opportunity to become a leader
in the Nuclear Navy.

For its Nuclear Program, the Navy wants

only men who can master advanced technology.

While they do not necessarily have to be
engineers, many of them will be. They must
have a solid foundation in mathematics and

selected in 1969 for the Navyo

- o
"o,

physics. They must demonstrate
superior ability. High standards
limit selection opportunity to only
2 the most qualified candidates.

It you qualify, you will spend
a solid year learning all aspects ot
nuclear propulsion plant theory
and operaticn. All of this training,
will build upon your ability to solve difficult
problems through the appllcatlon of fundamental
engineering prim iples.

While this program is tough, the Navy pays
well for the kind of ability and dedication that is




‘68, is one of only

required. Starting salary in the Nuclear Program
is comparable with salaries given to junior
executives by private companies; and career
advancement is rapid. There are many other
benefits, including, of course, the opportunity to
see much of the world.

If you think you have the abilities and desire
to become a leader in nuclear engineering, call
the Nuclear Desk, toll-tree, 800-841-8000.

A nuclear-trained officer will contact vou and
answer vour questions about the program.

Do something special with your life.

429 officer candidates
Nuclear Propulsion Program.

-
TO: LT)G William Stewart, USN, Building 157, Fourth Floor 2881
Washington Navy Yard, \/\ashmg on, D.C.20374. |

Yes, I'm interested in becoming a Nuclear Propulsion Officer
Candidate. Please send me more information on the Nuclear !
Program as it applies to: :

nuclear-powered submarines. p

] nuclear-powered surface ships. '
If you really don’t want to wait, call us toll-free, 800-841-8000. In
Georgia, call 800-342-5855. Call collect: in Alaska—272-9133, in
Hawaii —533-1871.

Name Age.
Address City

: State. ip *hone.

: College ajor Class of

Be someone special in the Nuclear Navy.



Changes come fast
In electronics.

¥t

t

Take a look at the race in circuit technology. In the-

1960's the tubes at the left made way for the transis-
tors at the right. Today, transistors are surpassed by
the large scale integrated circuit (LSI) at the far right.
This circuit, less than a quarter inch square, replaces
over 6000 transistors!

There’s big money to be made by the men who
stay ahead of this technology race. Put yourself

ahead with NTS Home Training! You get the latest,
most advanced equipment (at no extra cost). More
solid-state units, and more advanced technology.
Plenty of training with integrated circuits, too! As an
NTS graduate, you enter a world of electronics you're
familiar with. You have a thorough working know!-
edge of solid-state circuitry. You're ready to tackle
bigger jobs at higher pay!

NTS COLOR AND B &W
TV SERVICING

Solid-state
315 sq. in.

Heath color TV

Build and keep the largest, most
advanced color TV made! Over-all
solid-state design, ultra-rectangular
screen, matrix picture tube, built-in
self-servicing features, “Instant
On,” A.F.T,, solid-state, 24-channel
detent UHF/VHF power tuning, and
much more! Also build and keep
AM-SW Radio, Solid-State Radio,
FET Volt-Ohmmeter, and Eiectronic
Tube Tester. Learn troublie-shoot-
ing, hi-fi, stereo, multiplex systems,
radio, color and B&W TV servicing.

Learn sophisticated solid-state cir-
cuitry as you build this B& W TV
receiver. Lo-Silho “Superhet”
Radio, FET Volt-Ohmmeter, Solid-
State Radio, Electronic Tube
Checker, and Signal Generator. TV

and all other equipment are yours
to keep. 1

Solid-state
B&WTY,
74 sq. in.
picture
(cabinet
included)

NTS ELECTRONICS
& COMPUTER
TECHNOLOGY

Build and keep this exclusive NTS
Compu-Trainer. It teaches you the

Solid-state
Compu-Trainer
14 integrated
circuits replace
198 transistors!

same principles used in million-
dollar systems. Contains 14 inte-

grated circuits! All Solid-State! You
perform all wiring and patchcord-
ing. No shortcuts. No pre-wired
circuitboards. Your training is com-
plete! Ailso receive an FET Volt-
Ohmmeter and a 5” wide-band
Solid-State Oscilloscope.

NTS ELECTRONICS
COMMUNICATIONS

Gain the prestige and earning pow-
er of owning an F.C.C. First Class
Radio-Telephone License. Two
comprehensive NTS courses cover
the big opportunity field of trans-
mitting and receiving.

You build and keep 14 kits, includ-
ing this amateur phone 6-meter
VHF Transceiver, NTS's exclusive
6-transistor Solid-State Radio, and
a fully transistorized Volt-Ohmme-
ter. Also, learn 2-way radio, Citi-
zens Band microwaves, and radar.

S-watt AM
transmitter/
receiver

-
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NTS Home Trainin
puts you in the lead.

gy
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NTS INDUSTRIAL &

AUTOMATION
ELECTRONICS

decks, stereo multiplex component
systems, and more! Set up a spec-
tacular music system. Learn about

Radio. Prepare yourself for great
opportunities in the Home Enter-
tainment Industry!

Automation is the future of indus-
try and you can play an important
part! Learn industrial controls by
training on the NTS Electro-Lab (a
complete workshop). You also build
and operate this 5” .
Solid-State oscillo- § el
scope. And you per-
form experiments |
that involve regulat-
ing motor speeds,
temperature, pres-
sure, liquid level,
and much more. All
equipment is yours
to keep.

NTS AUDIO ELEC-
TRONICS SERVICING

Learn basic sound theory—how it
works in home radio, car tape

Build and keep this
tamous Heath Stereo
Receiver and Speakers.

CLASSROOM TRAINING
AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California.
NTS occupies a city block with over a
million dollars in technical facilities.
Check box in coupon below.

NATIONAL G SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
Resideni & Home Study Schools
4000 S. Figueroa Street
Los Angeles, California 90037

APPROVED FOR
VETERAN TRAINING
Accredited Member: National Associa-

tion of Trade and Technical Schools;
National Home Study Council.

sound distortion, amplification and
control, loud-speaker baffles, prob-
lems of system installation, etc. In-
cluded is Volt-Ohmmeter, In-Circuit
Transistor Tester, and Solid-State

iftree.

r——————-- "3 -----------------------------I
f "m, MASTER COURSE IN COLOR WXl ARROCE 1
I Big,Colorful NTS g, @ TV SERVICING
§ Guide to new '&--;m e COLOR TV SERVICING (FOR NAME N AGE ]
' opportunities in .:‘a . y ADVANCED TECHNICIANS) i
Electronics. re i MASTER COURSE IN B&W TV
1 iy 5 & RADIO SERVICING ADDRESS _ 1
Yours FREE! h Y MASTER COURSE IN
i "ﬂ% ELECTRONIC COMMUNICATIONS 1
1 PRACTICAL RADIO SERAVICING ciTY i
NATIONAL TECHNICAL SCHOOLS ] FCC LICENSE COURSE
] 4000 S. Figueroa Street MASTER COURSE IN STATE e ]
i Los Angeles, California 90037 B ibi%;ﬂﬂw(l)?:?:;:;ﬁg: l - - ]
1 Please rush me FREE Color NTS Elec-  ELECTRONICS [ Check if interested in Veterans Training ]
tronics Guide & FREE lesson, plus in- COMPUTER ELECTRONICS under new G.!. Bill
| formation on course checked at right. BASIC ELECTRONICS ] Check it irterested ONLY in Clagsroom ]
i No obligation. No salesman will call. AUDIO ELECTRONICS SERVICING Training at Los Angdles §
L---------------------------------------—--J
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Hobby Scene

\
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Need a Null Indicator

Q. I need a good null indicator for my
Wheatstone bridge.

A. Try the circuit shown here. The two in-
puts drive the op amp to either extreme,

with one low-current lamp coming on when
the bridge is on one side of null and the
other when the bridge is on the other side
of the null. Short the two inputs together
to adjust the potentiometer until the lamps
just go out. This adjusts the offset.

Op Amp Problems

Q. Many of your projects use op amps and
often you do not even give the pin numbers.
Where does the average guy, who doesn’t
live in a big city, get these op amps and
why don’t you identify the pins?

A. These are common questions. First, turmn
to the back of this magazine and look at the
various solid-state “surplus” dealers adver-
tised there. You will note that all kinds of
IC’s are available—most at really low prices.
If you do a lot of experimenting, you should
send for their catalogs.

About the pins, many op amps come in
one of three kinds of packages, the familiar
14-pin DIP, an 8-pin DIP, and a round case
having 8 or 10 leads. Because, in most
cases, each pin configuration is different, we
cannot publish the pin connections since we
don’t know what kind your op amp has.

26

Local Audio Interference

Q. What can I do about some local radio
stations that keep coming in on my audio
equipment?

A. What you may be experiencing is recti-
fication in the transistor junction or between
the grid and cathode in tubes. Essentially,
then you have a crystal-set receiver. There
are many approaches to quieting such am-
plifiers, including the use of ferrite beads
(the best way, but such beads are hard to
find) or filters such as the one shown here.
The use of shielded cables will also help.

/

2.2K
INPUT
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I

Simple Scope Probe

Q. Can you describe a simple probe that 1
can use with my scope to enable me to see
the modulation on my CB rig right from the
antenna.

A. The probe below works at frequencies
into the r-f range. Use a short length of
flexible coaxial cable to couple to the scope.
Any high-frequency diode can be used.
Coupling to the probe is made through a
small loop. Mount the complete probe in a
small metal tube.

TO
p—l SCOPE
.O0IpF
OK

VWWWWA

Have a problem or question on circuitry, compo-
nents, parts availability, etc.? Send it to the
Hobby Scene Editor, POPULAR ELECTRONICS Includ-
ing Electronics World, One Park Ave., New York,
NY 10016, Though all letters can’t be answered
individually, those with wide interest will be
published.

POPULAR ELECTRONICS Including Electronics World
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When the ELECTRONICS
VEST POCKET REFERENCE
BOOK was first offered to
L . members of the ELECTRONICS
BOOK SERVICE, they gobbled it up in unprecedented
quantities. No other offering had ever been so well re-
ceived. So great was its acceptance, in fact, that we
became convinced that everyone in the field of elec-
tronics should have a copy of Harry Thomas's handy
compendium of indispensable information—have it
on his desk or bench, or in his pocket, at all times.

So we have made special arrangements with the pub-
lisher to let you have a copy of ELECTRONICS VEST

POCKET REFERENCE BOOK for just 99¢—when you

accept a no-risk, trial membership in the Electronics

Book Service—a unique and practical way to advance

%O%Lcareer .. .add to your income . . . and enjoy your
obby.

In the pages of the ELECTRONICS VEST POCKET
REFERENCE BOOK you'll find tables, lists, formu-
las, laws—all sorts of information and material neces-
sary to anyone, novice or expert, who works with elec-
tronic or electrical equipment, in any branch of its
technology.

Packed full of vital material and indispensable infor-
mation, ELECTRONICS VEST POCKET REFERENCE
BOOK explains and illustrates principles that are ap-
plicable in all branches of electronics. Whatever
you're looking for, you'll quickly find it in this handy
reference tool—simply by reaching into your vest
pocket and flipping a few pages. It's as simple as that.
There's hardly a page in this book that doesn't contain
illustrative material of some kind. You'll find scores of
equations, formulas, charts, graphs, and diagrams—
all of which help to make the printed information
absolutely clear. A separate box in this advertisement
gives you a bare outline of the contents of the ELEC-
TRONICS VEST POCKET REFERENCE BOOK—but only
when you see it for yourself will you realize just how
continually valuable it can be to you.

e v

And it’s yours for only 99¢!

Fill in and return the coupon below—today—and we'll
send the REFERENCE BOOK to you at once. As a
Charter Member of the Electronics Book Service—on
this free trial basis—the 99¢ is your only financial
commitment. You have no further cost or obligation.
You need purchase no other books. However, if you
decide to buy any book you're especially interested in,
you are entitled to the special Member's discount of
no less than 15% off the list price of the book!
Even if you never buy another book, you'll stifl be in-
formed regularly about books that can be yours at
generous savings—books written by some of the most
knowledgeable men in the field, on such phases of
electronics as the following:

Now—the handiest book
on electronics you'll ever own—

The Electronics
Vest Pocket
Reference Book

—yours for only 99c¢!

And you’'ll also receive a FREE, no-risk Membership
in The Electronics Book Service.
(No obligation ever to buy ANY minimum number of books.)

THE ELECTRONICS VEST POCKET REFERENCE BOOK
IS DIVIDED INTO SIX SECTIONS:

). Electronics Laws and Formules: Ohm’s law; Resorance
in AC Circuits; How to Calculate Decibels; Radar Band
Codes and Frequencies; TV Channel Frequencies; others.

Il. Constants, Standards, Conve=sion: International System

of Units (S1); Physical and Electrical Conversion Factors;

Electronic Constants, Multiples, and Sub-Multiples; others.

Symbals, Components, Codes: Electronic Circui* and Com-

ponent Symbols; Summary of Resistor Types; Diode Sym-

bols, Characteristics and Applications; Coaxiol Cable

Types and Sizes; others.

IV. Mathematics, Mechanics, Char*s;: Computer Number Codes;
Number Functions; Powers of Numbers; Four Place log
Tobles; Twist Drill Sizes; others.

V. Circuits, Instruments, Measurements: Common DC Bridaes;
Common AC Bridges; Fuse Data; Basic Rectifier !Siln241)

Transistor Test Circuits; others,

Vi. Microwave Hardware and Micso-electronics: Srrews, Bolts,
Nuts and Washers; Trunsducer Types; Date Display De-
vices; Thermistor Types and Sizes; others.

o AC and DC Circyits and Measurements ® Transistor Cir-
cuit Analysis ® Color TV Servicing e Electric and Electronic
Circuits ® Frequency Modulation Receivers ® Electronic Switch-
ing Circuits ® Electron Devices and Circuits @ Special Pur-
pose Transistors ® Electronic Tests and Measurements ® Solid
State TV Systems
—plus many other guides, including handbooks and
data books, to circuitry, radio, TV and electronic
equipment, and math and physics of electronics, and
all related areas of significance to you.
In an area in which novelty today is old hat tomorrow,
there is no better way to keep on top of the changing
technology—no more rractical way for you to build
an electronics library of permanent value to you—at
your own pace and in line with your own special
interests.

Start saving now!

Just mail the coupon below to get your copy of the
ELECTRONICS VEST POCKET REFERENCE BOOK for
only 99¢—and to receive all the benefits of member-
ship in the Electronics Book Service on a FREE trial
basis. Every month, you will receive an Advance Bul-
letin describing the cusrent selection in detail. With
the Bulletin you will alsa receive a Refusal Card, which
you simply return if you do no! want the current Club
choice. Otherwise, the book will be sent to you about
four weeks later. Don't wait another day for this valu-
able, money-making knowledge. Send the coupon

Electronics Book Service, Dept. 6651-M1(8)

Englewood Cliffs, New Jersey 07632

Please enroll me in Electronics Book Service on a free-trial
basis. | am to receive all annourcements, free of charge,
and will be entitled to full privileges as a Member without
obligation to buy any specific number of ctub selections.
As my first selection under this trial membershio. send me
trée ELECTRONICS VEST PQCKET REFERENCE BOOK for only

Name
Address.

e —————
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Introducing the new
BOSE 901 and 501 Series II
Direct/Reflecting’ Speaker Systems

i e

BOSE I SERIES T |

HOSE SV SERIFS Ir

A New Listening Experience
by HOSE -

For information on new BOSE products and a list of local dealers, write
BOSE Corp., Dept. EP, The Mountain, Framingham, Mass., 01701
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NE of the most valuable pieces of audio

test equipment is the audio sweep gen-
erator. Unfortunately, it is not widely used
bacause heretofore only costly professional
irstruments contained the desirable func-
tions and accuracy: a logarithmic function
which eliminates tedious point-by-point fre-
quency plots, a frequency range extendin§
virtually dat to beyond 20 kHz, calibrate
attenuatoss, and high stability. Now, you
can build the “Super Sweeper” audic sweep
generator and have a laboratory-quality
instrument for about the same vou would
expect ta pay for a common audic signal
generator without the sweep function.

Also, the Super Sweeper sacrifices nothing
as a conventional wide-range audio signal
generator. Its controls can be set to provide
any frequency- and amplitude-adjustable
square, sime, or triangle waveform for signal
(zacing o~ what have you.

The overall block diagram for the Sweep-
er is shown in Fig. 1, with the various
blocks referring to the schematics in Figs.
¢ through 6. Rather than go through z
l2ngthy stage-by-stage discussion of how
the Sweeper works, we will be concentrating
on calibration precedures and how to use the
instrument.

PROVIDES LOG

AND LINEAR SWEEP.
DELIVERS 1 Hz TO

100 kHz SINE, TRIANGLE,
SQUARE WAVEFORMS AT A
BREAKTHROUGH LOW COST

BY GEORGE delLUCENAY LEON,
JON D. PAUL, AND LUIS E. RICO

Construction. For ease of assembly, we
recommend the use of a PC board. Due to
the complexity of the board, the foil pat-
tern is not shown here. A foil pattern and
component layout (includzd in the step-hy-
step instructions) or a completed board are
available from the source in the Parts List.
Mount the following switches and control
potentiometers on the Sweeper's front pan-
el: sweep RaTe (R4), FREQUENCY (R33),
FREQUENCY RANGE (S4), WAVEFORM (§5),
AMPLITUDE (R60), ATTENUATOR (87), SWEEP
MODE (S2), RESET (S8), swp TYPE (S3), and
swEEP RATE (S1). Also lccate on the front
panel the prot lamp and the six binding
posts for the outputs. All other controls are
to be mounted on the PC board.

You can use any typ= of chassis that
suits vour fancy. However, if you're looking
for a professionally pre-drilled and screened
chassis/cabinet, vou can get one from the
same company specified in the Parts List
as the kit supplier.

Calibration. Using a VTVM and an oscil-
loscope perform the calibration of the Su-
per Sweeper as outlined in the Table. The
procedure given will \deld a frequency
calibration aécurate to within 10 percent
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R15—8600-ohm, Y -watt, 5% resistor
PARTS LIST R18,R27,.R31--5000-0hm trimpot

BP1-BP6—Five-way binding post i
C1,C12—1-uF, 50-volt. 10% Mylar capacitor
C2—100-uF, 15-volt, 10% tantalum capacitor
C3,C23,C24—0.01-uF. 50-volt disc capaciior
C4,C14—100-pF, 50-volt disc capacitor
C5,C17,C18—0.001-uF, 50-volt disc capacitor
C6,C11—0.1-pF, 50-volt, 10% Mylar capacitor
C7,8,C19,C20—15-ul. 20-volt tantalum
caparitor
C9—910-pF. 100-volt, 10% mica capacitor
C10—0.01-uF, 50-volt, 10% Mylar capacitor
CI3—10-uF, 25-voli, 10% tantalum capacitor
C15,C16—1000-uF, 25-volt electrolytic
capacilor
C21—150-pF, 50-volt disc capacitor
C€22--3.3-pF, 50-volt, 10% disc capacitor
C25—5-pF, 30-volt, 10% disc capacitor
DIJDZ,DQ-DH—INQM or IN4148 signal
iode
D7,D8—IN4001 50-vol: rectifier diode
FI-—-Y%-A 3-AG juse and holder
IC1,iC3-1C6—741 op amp IC
1C2,1C9—3014 op amp IC
IC7—Function generator IC (Intersil
1CL8038CC)

"1C8—Voltuge regulator IC (Raytheon

RC4194TK)
LEDI—Light emitting diode (Monsanto
MV5023) :
01,010—2N4250 transistor .
02,03.06,07,011—2N3642 transistor :
Q4—2N4955 dual npn transistor (Fairchild)
Q5—MPF-111 n-channel FET (Motorola)
(8,09—2N5210 (ransistor
Q12—2N3645- transistor
R1--2400-0hm, Y% -watt, 5% resistor
R2,R36—1000-0hm trimpot.
R3,R16—5600-0hm, Yi-watt, 5% resistor
R4—500,000-0hm, log taper potentiometer
R5,R53—3900-0hin, Y -watt, 5% resistor
R6,R41—2000-0hm trimpot
R7—1800-0hm, Y -watt, 5% resistor
R8,R17,R26,R29,R52—4700-0hm. Y -watt, 5%
reststor k
R9,R20.R42—4020-0hm, 1% resistor
R10,R25,R32—5010-0hm, 1% resistor
RI11-R13,R61—10,000-0hm, Y4-watt, 5%
resistor - -
R14—3300-0hm, Y,-watt, 5% resistor

R19,R56—22,600-ohm, 1% resistor
R21—100-0hm, 1% resistor
R22,R51-—-82,000-0hm, Y4-watt, 5% resistor
R23—10,000-0hm trimpot
R24—330,000-0hm, Y -watt, 5% resistor
R28,R30,R35,R37