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New, revolutionary way to
choose a speaker system:

listen

UNIVERSITY
COMPANION I
Ultra-Linear

10" woofer,

3" mid-range,
314" tweeter.
24x1314x1115"
D. $79.50

UNIVERSITY SENIOR Il
Ultra-Linear 12" woofer, 314" mid-range, Sphericon
Super-Tweeter; 25x15%4x12%4” D. $99.50

UNIVERSITY MINI-FLEX
614" woofer, 3" mid-range
314" tweeter. 15x9%;
x5%," D. $69.95

UNIVERSITY COMPANIONETTE
Ultra-Linear 8” woofer,

3” mid-range, 314" tweeter.
213/4x111,x85%3" D. $69.95

...and listen and listen. New? Revolutionary? Yes—when you consider how many people buy speakers
based on the recommendation of others. Sound involves subjective criteria. The sound that pleases a friend,
(a hi-fi editor or salesman, for that matter) will not necessarily please you. Therefore . . . hear and compare
many systems. For the largest selection, start with University. Choose the superb University model that best
meets your requirements, then compare it to all other brands of its type. For example—if it's a full-size book-
shelf you want, ask your dealer to demonstrate the Senior |l vs. the AR, KLH, and other bookshelf systems of
similar size. You'll hear the difference. Especially in the mid-range. Especially in the Senior's complete
absence of restraint, that tell-tale drawback of so many other bookshelf systems. Unlike other systems, the
sound of the Senior, the Companion, or of every University system, large or small—is free and open. The
bass is cleanly defined; the mid-range punches through for greater presence; the highs literally have wings.
Want proof? (Of course you do) Visit your dealer . . . and listen. University sounds better. Free 1964 Guide

to Component Stereo! Write: Dept. D-8.

LTV
UNIVERSITY

A DIVISION OF LING-TEMCO-VOUGHT. INC.
9500 West Reno, Oklahoma City, Oklahoma

48
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For Connoisseurs Of Sound

The Concord 884 transistorized stereo tape
recorder is designed for the connoisseur
of sound, the collector with tastes and
demands above the ordinary. No other
recorder, regardless of cost, has all the
Concord 884 professional quality features.

Three separate heads —one record, one
playback and one erase—assure profes-
sional quality reproduction from FM multi-
plexing, stereo records and live perform-
ances. Four completely separate preamps
—two record and two playback —and full
transistorization assure maximum reliabil-
ity. A flip of the AB monitor switch lets you
compare source vs. tape while recording.

A few of the other features are: built-in
sound-on-sound switch for effects such as
electronic echo chamber; stereo head-
phones output; automatic reel-end shutoff;
3 speeds; 2 lighted VU meters. All push-
button operation; 15 watt stereo power
amplifier.and separate 7” full range speak-

_ers complete your884 stereo system. Model

884 under $450.* Other models from $100.%

°Prices slightty higher in Canad

CONCORD ELECTRONICS CORPORATION 809 N. Cahuenga Bivd., Dept. F, Los Angeles 38, Calif./In Canada/Regal Industries Ltd., Montreal-Toronto

®

THE SIGNATURE OF QUALITY m Tape Recorders/Industrial Sound Equipment|Dictation Systems/Communications Devices|Closed Circuit Television
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consider this... with other units

now offering counterweighted tone arms,
oversized turntables, precision motors...

what makes the Garrard R 91 ¥y

You see before you three parts of the
great Type A Automatic Turntable:

The counterweight-adjusted, dy-
namically balanced tone arm
(which tracks the cartridge of your
choice at the lowest pressure speci-
fied by the manufacturer).

The exclusive “sandwich’ turntable
system (a) ribbed rubber mat (b)
heavy, cast, non-ferrous outer turn-
table (¢) sound-deadening foam
cushion (d) inner drive table...the
entire assembly weighted and bal-
anced for rumble-free, fly-wheel
action.

3 The Laboratory Series® humless,

° noiseless, high-torque motor...de-

veloped for the Type A, engineered
and built by Garrard.

However, these are only parts, and rec-
ord playing units by other manufac-
turers offer some features reminiscent
of these.

Then what makes the Garrard so spe-
cial? Simply this...the Garrard is far
more than the sum of its parts.

Creative engineering, rigid quality con-
trol, and 50 years of experience have

joined together to make the Garrard
an enduring source of satisfaction and
pride to a legion of sophisticated ad-
mirers.

You'll find the Garrard a genuine
pleasure to own. Over the years, your
dealer has found it the same pleasure
to recommend. That’s why more people
continue to buy Garrard than any other
high fidelity component. They buy it
for precision, for performance and to
enjoy the convenience of single and
automatic play, both at their fingertips.

But mainly, they buy it because it's a
Garrard, and those who really know
fine equipment have confirmed that a
Garrard is indeed something special.

There is a Garrard Automatic Turntable for
every high fidelity syatem. Type A, $84.50; AT6,
$59.50; Autoslim, $44.50. For literaturc, write
Dept. GK-124Garrard, Port Washington, N.Y,

World’s Finest
CIRCLE NO. 9 ON READER SERVICE CARD
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EDITORIALLY
SPEAKING

by FURMAN HEBB

r l’ wo months ago, in the June issue, I invited readers in seven metro-

politan centers to rate the audio quality of the FM stations in their
arcas. The response from our readers in Boston, Cleveland, Philadelphia,
San Francisco, Los Angeles, Chicago, and New York was indeed gratify-
ing, and the ballots have been counted. Before presenting the list of the
top stations, however, I would like to take just a2 moment to comment
on some criticisms of the poll that have been addressed to me by man-
agers of several FM stations.

First, these station managers were surprised—if not shocked—that we
would call attention to the low standards of fidelity that exist in FM radio
today—Dbecause “'we're all in the same business together.” The implica-
tion being, of course, that if a high-fidelity publication criticizes any as-
pect of high fidelity, it is guilty of fouling its own nest. The answer is
simple—if old-fashioned: we believe that if something in our field is
second-rate, it should be pointed out. No useful purpose is served by
sticking our heads in the sand. Although the truth is not always what
we would like it to be, we think it always leads to the best end—in this
particular case, to better-quality sound on the FM band.

Another criticism of the poll is that its results will be invalid because
each reader’s reception situation and standards of comparison are differ-
ent. To this I reply that reception problems were taken into consideration
when analyzing the votes. If, for example, a station received predomi-
nantly favorable ratings but was rated substandard by a few listeners, it
is fairly obvious that those few are experiencing reception difficulties
that are not the fault of the station. Also, each listener does in fact have
an excellent standard of quality comparison—the sound of present-day
phonograph records as reproduced on component hi-fi systems.

Although space limitations do not permit listing the ratings of all the
stations this month, I would like to publish at this time the call letters
of those eight stations, out of a total of almost one hundred, that re-
ceived our readers’ highest rating. These eight top-ranking stations, rated
as Outstanding in Audio Quality, were: Boston’s WGBH; Chicago’s WFMT;
Los Angeles’ KRHM, KCBH, and KPFK; San Francisco’s KPEN and KSFR;
and New York City’'s wQxr. To these exemplary stations we respectfully
tip our hats. Chicago’s WFMT, incidentally, received the greatest percent-
age of highest-rating votes given any station in the entire survey, so a
very special salute to WFMT. The remainder of the stations will be listed
in this space next month.

Coming in September’s HiF1/STEREO REVIEW—On Sde August 24

CHARLES IVES: AN AMERICAN ORIGINAL
by David Hall

Hi-FI EQUIPMENT—SEPARATING

THE FRILLS FROM THE ESSENTIALS
by Julian D. Hirsch

HIFI/STEREO REVIEW
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“...athreshold beyond which advance
for some time may be so difficult as to ap-
pear impossible. In the light of known tech-
nology, nothing further can be done to
improve this performance without sharply

the sSpea . '  increased costs.”
4
that will us eat our words
That’s what we said in 1961 when we
introduced the Model Ten, our first speaker
under $100.
Now we are preparing for an extended
KLH i diet of our own words. We are introducing a
Model ; new speaker, the KLH Model Seventeen,
: ~  which delivers a quality of performance we
Seventeen ~+ believed unattainable at a price we consid-

ered impossible just three years ago.

You’re going to hear a lot of comment

‘about this astonishing new speaker. And

P you will undoubtedly hear the Model Seven-

i ’:‘,.’ teen for yourself. So all we'll tell you
now is — . ;

It'sa handsome speaker
It costs less than $100. 2

It represents a threshold beyond which
~advance for some time may be so difficult
~as to appear impossible. In the light of

known technology, nothing further can be
- done to improve this performance without
. sharply increased costs.

- It’'sat your KLH dealer’s now.

i

_ Bon appetit.

KLH RESEARCH AND DEVELOFMENT CORPORATION =~
50 CROSS STREET, CAMBRIDGE 8%, MASSACHUSETTS
-
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World’s most compact
‘no-compromise’
home stereo system:

the new Fisher 75
custom module.

Here is the first home stereo installation that
can fit into less than four feet of shelf space—
complete with speakers!—and still satisfy the ears
of the most critical high fidelity enthusiasts.

The Fisher 75 is actually one of the finest stereo
phonograph systems regardless of size. Its
remarkably compact dimensions, however, place
it in a distinctive class by itself.

One reason why the Fisher 75 sounds like a
much bigger and costlier stereo system is its
30-watt (IHF) transistor amplifier. A power
output of 15 watts per channel would be quite
respectable even in a full-size stereo installation,
and the transformerless solid-state circuitry of
the Fisher 75 makes this abundance of power
available at extremely low distortion, with
superior transient response at both high and low
frequencies. The transistorized preamplifier
section features a full complement of audio
controls, input facilities for an external tuner
and tape recorder, plus a front-panel headphone
jack with speaker-silencing switch for private
listening.

The loudspeaker design of the Fisher 75 is
the other secret of its performance. The quantity
and quality of sound from the handsome
pair of %4-cubic-foot enclosures will astound the

OVERSEAS RESIOENTS PLEASE WRITE TO FISHER RADIO INTERNATIONAL, INC,, LOND ISLAND CITY, N. ¥. 11301,

AUGUST 1964

most knowledgeable stereophile. Each channel
incorporates an 8-inch free-piston woofer with
inverted half-roll surround and a 2V4-inch
cone-type tweeter, connected through a genuine
inductive-capacitive crossover network. The
drivers are designed and matched in accordance
with the latest ideas of Fisher loudspeaker
engineers, and the results make you wonder
about established ideas on the subject of size
versus fidelity. Two 10-foot cables are provided
to connect the speakers to the amplifier.

The four-speed automatic record changer
is the world-famous Garrard. It plays both mono
and stereo records either automatically or
manually and shuts itself off after the last record.
The superior Pickering magnetic pickup
cartridge has a diamond stylus for microgroove.
The changer and amplifier are housed in a
beautifully designed walnut base.

Now, if you have your heart set on a real
high-fidelity stereo system, you can stop saying,
“I wish I had room for one.” You will have room
for the Fisher 75.

(To receive valuable Fisher literature without
charge, use coupon on page 11 .)

The Flshe FISHER RADIO CORPORATION

21-40 44TH DRIVE
DIAN RESIDENTS WRITE TO TRI-TEL ASSOCIATES, LTO., WILLOWOALE, ONT,

LONG ISLAND CITY, N. Y. 11101

CIRCLE NO. 23 ON READER SERVICE CARD 7




LETTERS

TO THE EDITOR

RPN T han R e LSS

Amplifier Power

® I want to congratulate you on your
special June amplifier issue—in particu-
lar, for the excellent article by Julian D.
Hirsch on “How Much Amplifier Power
Do You Really Need?” As a high-fidelity
manufacturer, the problem of meaning-
ful amplifier measurements has long con-
cerned us.

Continuous-power measurements are
important in that they offer a consistent
basis for comparing one amplifier to an-
other. Other factors being cqual, an am-
plifier with 0.2 per cent IM distortion at
25 watts continuous power will obviously
sound better than one with 2 per cent IM
distortion at the same power. However,
music is not a series of sine waves. Music
consists of transients of varying types and
power levels.

The Institute of High Fidelity (IHF)
power rating is misleading, as it favors
amplifiers with poorer power supplies,
while in actual practice, the poorer the
power supply the less the transient power
capabilities of an amplifier.

Far more significant is the technique
described by Mr. Hirsch in his article,
that of monitoring the output of an am-
plifier with a calibrated oscilloscope
while it is supplying a music signal to a
loudspeaker. This method is simple, ac-
curate, and meaningful, for it shows how
the amplifier performs what it was de-
signed to do—reproduce music.

In the past—when tube amplifiers
were the only type available—peak-
power measurements were in some disre-
pute due to their use by console manu-
facturers as a means of presenting in-
flated figures. As mentioned by Mr.
Hirsch (as well as by Larry Klein), a ten-
watt average amplifier has twenty-watt
peak capabilitics. Not mentioned, how-
ever, was that while this ratio holds for a
tube amplifier, the ratio for a well-de-
signed transistor amplifier can be consid-
erably higher. As Hans H. Fantel writes
in the same issue, in his article “Stereo
Amplifiers—A Guide for Buyers,” “
the numerical power ratings of transistor
amplifiers cannot be directly compared to
the power ratings of tube amplifiers since
transistors have an advantage in terms of
reserve power.”

In our laboratories we have discovered
that for a properly designed transistor
amplifier, the ratio of peak to average
power can be anywhere from three to one
to ten to one, depending on the loud-
speaker impedance. Our nominal 30-
watt-per-channel Acoustech V integrated

amplifier exceeds 100 watts of peak
power per channel (we actually prefer to
call it transient power, to eliminate con-
fusion with peak power), as can be ob-
served by anyone with a record player, a
speaker, and an accurate oscilloscope.
Under the same conditions, the nominal
40-watt-per-channel Acoustech I will ex-
ceed 200 watts.

We are sure that other manufacturers
of transistor amplifiers have noted the
same phenomenon. If the reader is to ob-
tain meaningful information from pub-
lished specifications, it is essential that in-

stantancous peak-power (or transient-
power) measurements become a part of
all future advertisements, literature, and
reviews.

MoriLey D. KauN, PRESIDENT

Acoustech, Inc.

Cambridge, Mass.

® As a staunch advocate of the serious
hobby of high fidelity, T would like to
thank you for the presentation of two
much-needed articles: Mr. Fantel’s
“Stereo Amplifiers—A Guide For Buy-
ers” and Mr. Hirsch's “How Much Am-
plifier Power Do You Really Need?”
These two articles performed a valuable
service. Mr. Fantel’s article, particularly,
is onc that has been long overdue. Al-
though high-fidelity advertising is gen-
crally very honest, some misleading
claims are made. This was the first article
I have scen that attempted to set guide
lines for the technically unsophisticated
buyer.

I hope there will be a continuation of
similar articles. The tuner and tape-re-
corder fields are muddles of confusion. I
am presently attempting to purchase an
acceptable tuner, and I have been utterly

One.year suhscriptions to HIFI/STEREO REVIFEW may be
H English pounds (2/4/6);: French francs (31); Dutc

franes (3 Danish kroner (43):
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and Oriver, Flying. Modern Bride, Amazing and, Pantastic.

African rands (4.50): Swedish kronor (33): 8
1 also publishes Popular Photogr

purchased in Australian pounds (2/18): Belgian
i h F\nlders (22); Indian

Norweglan kroner (43); Phlllpg ne %e-ou (28): South
or West German marks (25). Ziff-Davis Publish.
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and hopelessly coufused by the specifica-
tions, claims, and counterclaims.
Jou~ L. WRIGHT
Orangevale, Calif.

@® May I compliment Julian Hirsch for
his fine presentation of “How Much Am-
plifier Power Do You Really Need?”
This article was the best possible answer
to a question that has plagued the indus-
try since the inception of high fidelity, In
fact, I found the article so understand-
able and so complete in its coverage that
I would like to order copies for our dis-
tributors and their sales personnel.

Henry GATES

Sales Manager, Stereo Products

Admiral Corporation

Chicago, Ill.

Rating the FM Stations
@® Congratulations for crusading for bet-
ter-quality FM broadcasting. I am refer-
ring, of course, to your idea of rating FM
stations. Maybe your efforts will encour-
age owners and station managers to do
something to correct the intolerable con-
ditions that now exist.
Harris Lawson
San Francisco, Calif.

For an initial report on this matter,
see page 4.

® I think Furman Hebb’s idea of rating
FM stations is excellent, but I can’t
forgive him for neglecting the Baltimore-
Washington area in the poll. I think a
check would prove there are more FM
stations in this arca than in any listed
in his editorial. Shame!

Georce D. Rist

(FORGOTTEN AUDIOPHILE)

Ferndale, Md.

@® I read with interest your editorial on
the poor quality of FM broadcasts.
However, we here in South Dakota have
another problem—there is no reception
at all. I live in a town of about 15,000
population; we receive three TV stations
but have only one local substandard AM
station. The nearest FM station is 150
miles away and cannot be received.

If there is anything your magazine can
do to promote FM stations in this area,
it would be greatly appreciated. Perhaps
a published list of uncovered areas
would encourage out-of-state investors to
install new stations.

GeraLp E. PETERSON
Huron, South Dakota

Correction, Please

® James Goodfriend’s “What They
Thought of Each Other” in the June
issue was one of the most absorbing
articles I've encountered in your publi-
cation. I only regret that the article
could not be expanded to include other
(Continued on page 10)

HIFI/STEREO REVIEW



By now, most of the major high fidelity
manufacturers have tried the all-in-one
stereo receiver idea. Yet the Fisher 500-C
continues to outsell all other receivers (and
tuners and amplifiers) throughout the
world. There must be a reason.

Individuals may come to wrong conclu-
sions about competitive products; but the
public, collectively, never does. It has an
unerring way of selecting the top value.
This is a subtle but inexorable process,
based on the reputation of the maker,
important little differences in performance,
certain exclusive technical features, trou-
ble-free service over the years and a host
of similar considerations. It happens to

OVERSEAS RESIOENTS PLEASE WRITE TO FISMER RADIO INTERNATIONAL, INC., LONG ISLAND CITY, N
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The Fisher 500-C:
world’s biggest seller.

(In the end, the public always knows best.)

Fisher high fidelity components all the time.
Of course, the 500-C is a most impres-
sive instrument even if you know nothing
about its sales record. On one magnificent
chassis, only 17%2” wide by 13%2” deep,
it combines all of the electronics of a pro-
fessional-quality Fisher stereo system—
tuner, amplifier and controls. The FM-
stereo tuner section has a sensitivity of
1.8 microvolts (IHF Standard) and fea-
tures silent, automatic mono-stereo switch-
ing via the famous Fisher STEREO BEACON*,
The power amplifier has a total IHF
Standard music power output of 75 watts.
And the price is still only $389.50. (Wal-
nut cabinet available at $24.95.)*/000

FREE! $2.00 VALUE! Send | THE NEW
for your free copy of The
New Fisher Handbook. This
entirely new, revised and en-
larged edition of the famous
Fisher high fidelity reference
guide is a magnificent 76-
page book. Detailed infor-
mation on all Fisher stereo
components is included in
the new catalogue section.

Use coupon on page 11,

Fisher Radio Corporation
21-40 44th Drive
Long Island City, N. Y. 11101 '

11101, CANADIAN RESIDENTS WRITE TO TRI-TEL ASSOCIATES, LTO., WILLOWOALE, ONT.



“MASS"REVOLUTION
NOW IN PROGRESS

ADC Achieves Lowest Mass
In Cartridge Design With
POINT FOUR*, 660 & 770

(*Elliptical Stylus Now Available}

What are the characteristics of the ideal
stereo phonograph
cartridge? Stylus
mass will have to
come down ... com-
pliance will be con-
comitantly increased
. .. vertical tracking
angle will be stand-
ardized . . . tracking
force will be excep-
tionally low.

WHAT ADC HAS DONE

ADC recognized these ideals some time
ago. We knew that marginal upgrading
of existing designs would not attain these
goals. From this decision came the con-
cept of the INDUCED MAGNET TRANS-
DUCER. In short order we had prototypes
of this new class of magnetic cartridge
that shattered old technical limitations.
What followed were three startlingly new
cartridges that incorporated this prin-
ciple: the ADC POINT FOUR, recom-
mended for manual turntables; the ADC
660 and 770, recommended for automatic
turntables and record changers — NOT
YEARS HENCE, BUT TODAY.

YEARS AHEAD PRINCIPLE, TODAY

“Significantly reduced mass’ was the key
advantage, we said — months before the
spotlight was turned on this factor. The
use of a fixed magnet, separate from the
moving system, inducing its field into
an armature of extremely light weight,
slashed mass to ‘‘half or less than that of
systems previously regarded as low-mass
designs’ we also noted. The tubular, alu-
minum stylus arm or cantilever connected
to the stylus to move this negligible mass
was made even lighter. We were then
able to match this low mass with a sus-
pension of exceptionally high compliance.
Minimum tracking force suggested is %
gram, but we have tracked the POINT
FOUR perfectly at /s gram. “Obtaining
the now established tracking angle of 15°
is no problem” with the pivot point of the
arm brought close to the record surface
by the new physical configuration.

OTHER ADVANTAGES

There are others. We stress a few of
the many because they involve factors
designated for an idealized cartridge of
the future. And we ask you to compare
the ADC cartridges AVAILABLE TODAY
with these eventual goals. We believe
you’'ll agree that these are the most ad-
vanced cartridges available anywhere.
We can only hope that you try them with
equipment that will do them justice.

Price: ADC POINT FOUR ....... $50.00*
ADCBBO ...covvvvannnnnns $46.50
ADC770 ...covvvviinnnnns $29.50

(*Slightly higher with elliptical stylus)

ADC

AUDIO DYNAMICS
CORPORATION

PICKETT DISTRICT ROAD,
NEW MILFORD, CONNECTICUT
CIRCLE NO. 6 ON READER SERVICE CARD
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comments, such as those of Hector Ber-
lioz, who, while fully cognizant of his
own talents, always took time to appraise
the talents of other musicians both to
their advantage and disadvantage. He
was certainly not a fathead, as both De-
bussy and Satie were, however.

I find Peter Warlock’s criticism most
remarkable. How Warlock (1894-1930)
could make such an observation of a
symphony written during a world war he
did not live to witness is beyond me. I
imagine the reference is to Vaughan
Williams’ Third Symphony rather than
to the Fifth Symphony.

ALviN G, EMERy, Jr.
Fairfield, Conn.

Reader Emery is of course correct.

® The Handel quotation in James
Goodfriend’s “What They Thought of
Each Other” reminded me of a recently
published example of indefatigable mu-
sicology: a thirty-two-page conjecture
eutitled Gustavus Waltz: 1Was He Han-
del’s Cook?, by William C. Smith.
Josrua GoopMAN
New York, N. Y.

Clarification
® Joe Goldberg, in his gratifyingly com-
plimentary review of the recent recording
of some of my jazz compositions (“Jazz
et Jazz,” on the Philips label), comments
on “a wordless vocal by an expert (but
anonymous) female singer.” Because I
think the singer's work deserves recogni-
tion, I would like to set the record
straight. She is Christiane Legrand,
sister of bandleader Michel Legrand, and
a member of Les Double-Six vocal
group.

Anprf Hobier

Paris, France

The Beatle Beat

® My father showed me your arcticle
on the Beatles (May, 1964) and you sure
are crackers. They are the greatest, nicest,
funniest group of boys. And their music,
that’s no rock’n’roll, that’s the Beatle
Beat! You don’t like the Beatles because
your gealous of them, because, I mean,
they’re just gear (the greatest) and you
aren’t. Add them to the list—Bach, Bee-
thoven, Brahms, and the Beatles!

ROXANNE AKIN

Wilmington, Delaware
P. S. Crackers means crazy.

Tape Releases

@® Having recently given up on long-
playing records, due to excessively noisy
and faulty surfaces, I have switched to
prerecorded tapes. Now, I find myself
confronted with a new form of frustra-
tion. Most companies do not release their
tapes until long after the record has been
available. Quite often, after waiting a
reasonable period, I have given in and

bought the disc performance, only to
have the tape version appear on the
market some months later.

It would appear that in many instances
the decision to release a tape is based
upon whether or not the original record
becomes a bestseller. As a result, by the
time the tape is released, its sales poten-
tial is already limited. It would seem a
simple matter for the manufacturers to
indicate on their advertisements of new
records that a tape version will eventu-
ally be issued.

Incidentally, one wonders when Co-
lumbia is going to give us some of their
outstanding recordings on tape, instead
of the usual dribble of overtures, marches,
and ballet suites? (Bernstein’s Mahler
Symphonies 3 and 5 and Tourel’s Shé-
hérazade, to name but three). Consid-
ering that a recent survey indicated that
symphonic music and operas outsell pop-
ular music on tape, Columbia’s releases
still scem to lean heavily towards pops.
Angel’s recent recordings of music by
Elgar and Vaughn Williams would also
be appreciated on tape.

G. G. Rocers
St. Laurent, Quebec

A Nobel Prize in Acoustics?

@® Over the past several years I have
been reading with increasing interest the
pro-and-con banter of ideas that has ap-
peared about sound reproduction, partic-
ularly Julian Hirsch’s column during the
last several months. To my mind Mr.
Hirsch has been using the column not
merely to communicate information but
to serve as something of a sounding-board
for ideas to stimulate the dulled imagina-
tion of the acoustic engineer, and to get
the amateur tinkerer interested enough to
come up with an original idea.

The fact is that there is a rather am-
biguous gray area overlapping what can
be considered the domain of the artist or
the engineer, and many a discussion has
developed over how many frequencies
can dance on the dome of a tweeter. The
artist and engineer may do well to bring
themselves into a closer working arrange-
ment, to try to settle the gross and subtle
differences between original and repro-
duced sound. Nor should the audiophile
be left out of it, as he is the one who is
generally caught in the middle and has
the most to gain because it is his ears that
will do the recepting.

It is true that Stradivarius, Guarnerius,
and Amati played it by ear and came up
with winners. But we must have much
more in the development of the art-sci-
ence we know as music and acoustics to
understand the what, why, and wherefore
of this wonderful muse.

Perhaps someday there will be the
equivalent of a Nobel or Fermi award in
the field of acoustics.

F. B. JEUNEMAN
San Jose, Calif.
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or less than *130.

The Fisher XP-1A
free-piston
loudspeaker.

The XP-1A is the latest version of the
original Fisher free-piston model. The
free-piston concept is a Fisher develop-
ment in woofer design, combining the
advantages of a high-compliance cone
surround, a long-throw voice coil and sus-
pension system, and a high-flux-density
magnet structure.

The 12-inch woofer of the XP-1A in-
corporates all of these features in order
to move as a true piston, without doubling
or buckling, over the wide excursions re-
quired to reproducc frequencies down to
30 cps at high volume levels. A voice coil
segment of specified length is always with-
in the magnetic gap, thus maintaining
linear cone motion and preventing over-
shoot. The result is a most impressively
clean bass register, without a trace of
muddiness or boom.

Frequencies between 1800 and 3000

OVERSEAS RESIOENTS PLEASE WRITE TO FISHER RADIO INVERNATIONAL, INC., LONG ISLAND 1 v, N
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There is only one
high- compliance,
long-throw,

yet efficient
three-way speaker system

SIZE: 24~ WIDE, 13-1/4” HIGH, 11.3/4% DEEP.

cps are reproduced by a S-inch sealed-
basket midrange speaker. Interaction be-
tween woofer and midrange unit is pre-
vented by acoustically isolating the two
cones. Above 3000 cps, a 3Y2-inch wide-
dispersion cone tweeter provides excep-
tionally smooth response to the upper
limits of human hearing. The three drivers
are connected through a three-way in-
ductive-capacitive dividing network of the
most advanced design, carefully matched
for the smoothest possible crossover with-
out the slightest coloration. A brilliance
control is also included, for precise adjust-
ment of the speaker characteristics to the
acoustic conditions of the listening room.

The efficiency of the Fisher XP-1A is
sufficiently high for full living-room vol-
ume with a 10-watt amplifier. At the same
time, the speaker will handle up to 60 watts
program material with perfect ease. No

other loudspeaker system gives you this
kind of performance anywhere near the
XP-1A’s price: $129.50 in walnut, mahog-
any or cherry; $124.50 in unstained birch.

FREE: $2.00 VALUE! Send THE NEW

for your free copy of The New

Fisher Handbooéc. T:nis er:iu‘rely FISHER
new, revised and enlarged edi-

tion of the famous Fisher high HANDBOOK
fidelity reference guide is a
magnificent 76-page page book.
Detailed information on all
Fisher components is inciuded.
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SOUND AND THE QUERY

Cartridges, Hot and Cold
In several British high-fidelity
e magazines a point is made of
the temperature at which a phono car-
tridge is tested. Why is this?
Evwarp RoGERS
Millbrae, Calif.

The stylus-suspension system of al-
e most every cartridge incorporates
some damping elements. These damping
substances, which are madec of a soft
plastic or rubber, tend to become stif-
fer as the temperaturc drops. In the
United States, this is of small import,
since the minimum temperature to which
cartridges arc subjected is relatively mod-
erate. However, our British fricnds in
general lack central heating in their
homes, and regard as comfortable a tem-
perature we would find somewhat tao
cool. As a case in point, in a reccnt car-
tridge test report in a British magazine,
the reviewer stated that “The frequency-
response curve given was takcn at a nor-
mal room temperature of 60° F.’

6L6 Tube Replacements

My 40-watts-per-channel stereo
Q. power amplifier uses four 6L6
tubes, two in cach channel. The original
tubes were marked 6L6GC, but when I
went to purchase replacements, the sales-
man wanted to sell me 6L6 tubes with
a metal (rather than glass) shell. He
stated that thesc are superior for hi-fi

use. Is this correct?
HaroLp ANAPOL

New York, N. Y.

A Despite the fact that the metal
e 6L6 tube is almost twice as ex-
pensive as the glass type, it probably
would not stand up under the high volt-
ages used in your 40-watt amplifier. The
RCA tube manual indicates that the
6L6GC tube has a rating almost 50 per
cent higher than the older 6L6 types. This
means that the 6L6GC can safely be
substituted for one of the older 6L6
types (such as the 6L6G or 6L6GB),
but it is unsafe to use one of these older
types to replace the new 6L6GC.

Multiple-speaker Systems

I have scen a number of articles
Q. about the use of ten or more small
low-cost speakers in a single enclosure.
The writers, and some of the readers
who have built them, claim that such
setups provide sound as free of distortion

12

PRACTICAL POINTERS
ON THE INSTALLATION
AND MAINTENANCE OF
HOME MUSIC SYSTEMS

BY LARRY KLEIN

as some of the best commercial speakers.
Have you heard any of these systems, and
what is your opinion of them?
CarsoN B. Weaver
Denver, Colorado

The concept behind these multiple-
A. speaker systems is that if a num-
ber of small speakers sharc the power
delivered by the amplifier, each speaker
handles only a fraction of the total and
hence will not be driven into distortion.
The system’s treble response should be
good because (theoretically) the 5-inch
speakers have no difficulty reproducing

BE_ATTENTION

This cabinet make used 70% of STYRON-666 and 30% of
STYRON=478 menufactured by Dow Chemical Co. US.A.
As & result ot the examination of ASTM-D648 45T,

this cabinet enduringly to 88°C (190°F) hest,

After 30 minutes set on the switch, inside tempersture in the
set is generslly 25°C+ temperature on that day.

Be carefully for emit of the heat, specially to ke care for
undermentioned points.

Keep out of the direct rays o sun.

Not to lay sside 100 near by the wall, bocause will reduce by
half facility of the ventilator on reer side of the cabinet.
Don't 10 approach the electric light and eleciric hester.

Disl panel can essy 10 take away by loosen of plus
the fromt. Consequently, be able w clean insids dust very ess;
An occasion of the panel was dirty, must be wipe with
cloth. In case of hard soil, te be used wet by wri
10 hard snd will not do wipe with Volatile oil, gasolin and
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the highs. On the bass end, all the small
speaker cones pushing together (so the
theory goes) would, in effect, simulate
one very large cone. Several other theo-
retical advantages are also claimed.

But in practise, the theory doesn’t work
so well. First of all, the 5- or 6-inch
speakers that are usually specified are
manufactured for use in table-model
radios, and often have their high-fre-
quency capabilities deliberately sup-
pressed to minimize static and other noise
heard on the AM band. And on the bass
end, the little speakers produce a large
audible peak at their average resonant
frequency (about 100 cps), and nothing
much below. The mid-range response is
not bad, but anyone looking for a mid-
range speaker would be better advised
to consult the catalogs of the major
speaker manufacturers. There he will
find listed some very clean mid-range
cone- and horn-type speakers at reason-
able prices. In short, it is still hard to
make a silk purse out of a sow’s ear—
no matter how many ears are used.

TV Speaker Hum
In an effort to improve the sound
o of my TV set, I connected a small

but good-quality extension speaker sys-
tem to it in place of its built-in 4-inch

speaker. The sound is much improved,
but I’'m bothered by a bad hum that is
not present when I use the set’s built-in
speaker. Did I make an incorrect con-
nection, or what?
Howarp DeCanio
Austin, Texas

The fault lies not in your wiring,

e but in the TV receiver. As an
economy measure, a number of TV set
manufacturers provide only as much
power-supply filtering as will prevent
power-supply hum from being audible
through a 5-inch (or smaller) speaker.
When a better speaker capable of repro-
ducing the hum frequency of 60 or 120
cps is connected, the residual hum be-
comes obtrusive.

A possible solution is to explain the
problem to a local TV serviceman and
have him add additional filter capacity
to the television set’s power-supply cir-
cuits. Make sure that he makes his test
using your extension speaker in order to
properly evaluate the degree of hum
reduction needed.

Phase Shift

I’ve read several discussions about
o the effect of phase shift on am-
plifier sound. However, I don’t under-
stand how this can be important, since
you can radically change the phase rela-
tionships of the sound waves reaching
your ears simply by moving your head.

Can you clarify this for me?
CHARLES PETERs
Glen Oaks, N. Y.

IWhen engineers use the term
o “phase shift,” they are usually re-
ferring to nonlinear phase shift—that is,
the amount of phase shift varies at differ-
ent frequencies. For example, if the
fundamental tone of a musical instru-
ment is 2,000 cps, then its second har-
monic (or overtone) is 4,000 cps, its third
harmonic is 6,000 cps, and so forth. The
waveform of the 2,000-cps tone (which
contains varying amounts of harmonics),
if viewed on an oscilloscope, has a shape
that is determined by the amounts of
the various harmonics and by their phase
relationships to the fundamental. 1V hen
the 2,000-cps tone is reproduced, if either
the percentages of the harmonics or their
phase relationships are changed, the
2,000-cps tone will also be changed.
Engineers are currently in disagreement
as to whether waveshape distortion
caused by nonlinear phase shift in an
amplifier is audible.

Because the number of queries we
receive each month is greater than
we can reply to individually, only
those questions selected for this
column can be answered. Sorry!
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KLH makes speaker systems that sell from $50 to $1140.
Each of these systems delivers the cleanest, best balanced performance
you can buy for the price.

But the one by which we judge every new product we make is
the Model Six.

How does such a modestly priced speaker become the standard
bearer for an entire line?

It isn’t just that the Six is a magnificent speaker. More than
any other speaker we have ever made, the Model Six embodies the
qualities that the name KLH stands for — an engineering approach that
separates the trivial from the important; cuts through the accepted to
find the exceptional — a patient, painstaking effort to give you cleaner,
finer performance at lower cost.

We aim at the Six because it gives you the highest quality of
performance, per dollar, of any speaker we make. Or anybody else makes.

That’s why we call the Model Six:

the lowest priced speaker
you can be satisfied with

for the rest of your life.
I"IM KLH RESEARCH AND DEVELOPMENT CORPORATION

1
i 30 CROSS STREET, CAMBRIDGE 39, MASSACHUSETTS
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Acoustech Solid State

¢ ..better than the best...”
—Hi Fi/Stereo Review

Amazing Amplifier
. . . Now Ultimate
Sound At

Half The Cost

Important news for the discriminating
music lover! The new Acoustech V. Con-
trol Amplifier, for only $299, provides
matchless sound, unbelievably low distor-
tion (less than 0.5% IM at 30 watts RMS),
and almost 125 watts of instantaneous
transient power per channel. Every or-
chestral crescendo easily handled with
even the most inefficient speaker system.
Acoustech’s solid state circuitry makes
this amazing performance possible in an
integrated Control Amplifier, half the
price of nominally equivalent tube units.

“) ACOUSTECH

ACOUSTECH, INC.
Dept. R-8, 139 Main Street, Cambridge. Mass. 02142

FREE

Please send free bookiet “Why Solid State Ampli-
fiers Can Sound Better’ and full information on
Acoustech V to

Address

City Zone State

CIRCLE NO. 45 ON READER SERVICE CARD
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..at the best in new hi-fi components

® Ampex announces the 500 Series of
Mylar-base recording tapes for home
audio recorders. The tape box is color-
coded for each tape thickness—Y2-mil,
1-mil, and 1%%-mil. The tapes are avail-
able in both five- and seven-inch reel
sizes. A special oxide is used on four
tapes to provide maximum recording
quality at speeds of 3% and 174 inches.

circle 177 on reader service card

® Benjamin offers the Truvox PD-
100, a four-track, three-speed stereo re-
corder. The three-head machine has
dual VU meters, direct off-the-tape mon-
itoring, independent reel motors, plus a
Papst capstan-drive motor.

The PD-100 has provisions for accu-
rate editing and cueing. Tape motion
can be stopped or started instantly by
a convenient “Cue” button, and a hinged
head cover (with built-in splicing guide
plate) provides access to the tape for
editing. The machine shuts off imme-
diately when the tape runs out or breaks,
and will operate either vertically or hor-
izontally. There are provisions for sound-
on-sound, echo, and fading and mixing
(by means of separate level controls) of
various inputs. Specifications include a
frequency response of 30 to 20,000 cps
+3 db and a wow and flutter rating of
under 0.1 per cent at 7% ips. Price:
$399.50.

circle 178 on reader service card

@® Eico’s Model 2036 stereo amplifier
has a power rating (both channels com-
bined) of 36 watts IHF and 28 watts
continuous. The IM distortion of each
channel is 2 per cent at 14 watts and
0.7 per cent at 5 watts or below. Har-
monic distortion of each channel is 0.6
per cent at 10 watts, 40 to 10,000 cps.
The IHF power bandwidth at rated
power and at 1 per cent harmonic dis-
tortion is 30 to 20,000 cps. Front-panel
functions include a speaker-selector
switch, independent tone controls for
each channel, and a headphone jack.

The 8- and 16-ohm outputs on each
channel have a switch for selecting either
of two pairs of stereo speakers. Inputs are
provided for magnetic phono, tuner,

tape, and auxiliary. Hum and noise are
—65 db on phono, —80 db on other
inputs. Size is 5% x 1578 x 11%
inches. Kit price: $74.95; factory-wired,
$114.95 (less cabinet).

circle 179 on reader service card

® Electro-Voice’s Sonocaster speaker
system employs an 8-inch coaxial loud-
spcaker specially designed for portable
and outdoor high-fidelity use. Frequency
response is 70 to 13,000 cps, power-han-
dling capacity is 30 watts peak power,

and impedance is 8 ohms. The system’s
molded housing is of crack-proof plastic
material similar to that used in air-travel
luggage. Dimensions are 163 x 17 x 5%
inches; weight is 8 pounds. Price: $36.

circle 180 on reader service card

@ Heathkit offers the AD-72, a port-
able, two-speed, four-track stereo tape-
recorder kit with built-in power ampli-

fiers and detachable wing speakers. Each

wing speaker has a 5-inch woofer and

3-inch cone tweeter. The recorder’s out-
(Continued on page 16)
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SIX HEADS ARE BETTER THAN THREE!

No matter how you look at it, six heads
can outperform three anytime. And only
Concertone’s incomparable 800 has
them. Six heads let you record or play
four-track stereo tapes in both direc-
tions—without reel turnover. And
Reverse-o-matic® gives you continuous
music programming at the push of a
single button. No one in the industry
can give you six heads and Reverse-o-
matic®. No one in Concertone’s Series
800 price range can give you these fea-

AUGUST 1964

tures either. Entirely self-contained.
Twin speakers. Two microphones. Three
motor system. Echo control. Sound on
sound. Center capstan drive. You will
be astounded at what you get with
Concertone’s incomparable 800. And it
costs less than $399. For details and
dealer’s name, write Concertone, P.O.
Box 3227, South El Monte, California.

CONCERTONE [3(&)

CIRCLE NO. 14 ON READER SERVICE CARD

COSMOPOLITAN 400~For people on
the go...a combination tape recorder
with AM radio. Lightweight and com-
pact size make it a versatile companion
for business and pleasure travels. Push
button operation. Five inch reels. All
transistorized.
Big recorder

-

Le

featuresin ;= - -

ten pound "‘*-.:-Q“!
miniature " " -
form. B
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ALTEC

3 SOUND TALK

WHY YOU PAY MORE FOR THE
ENDURING QUALITY OF
ALTEC PLAYBACK COMPONENTS

From time to time, we are asked why Altec
PLAYBACK. Components can’t be made to
sell for less, so that the quality of
PLAYBACK could be enjoyed by more
people. Our reply—one that we give quite
sincerely—is: How can anyone claiming to
offer the quality of PLAYBACK Components
sell for any less when all manufacturers
pay exactly the same for labor and parts
(such as resistors, transistors, capacitors,
transformers, tubes, and so on) assuming
these parts are of identical quality to the
ones we use. Naturally, anyone can sell
for less by using fewer components, and
cheaper components, and less care in man-
ufacture. It is always possible to make a
product much cheaper and a lot worse.
But where is the “bargain?” After all, you
buy components to obtain the finest sound
reproduction available. To settle for less
...to purchase components on the basis of
price alone...means that you have settled
for second best.

HOW TO DETERMINE WHICH
COMPONENTS ARE RIGHT
AT THE PRICE:

The logical answer: Buy the same compo-
nents the professionals buy and use—the
broadcast technicians, the recording artists
and engineers, the musical conductors—the
people whose bread and butter depend on
the selection and use of the finest sound
systems it is possible to obtain. You will
find that Altec PLAYBACK Components are
used as standard studio equipment at ABC,
Capitol Records, Columbia, Sam Gold-
wyn, Glen Glenn, Studio 3, Walton and
many other broadcast/recording studios
of equal technical excellence. These, and
many other big name users, are shown in
our illustrated brochure, “Altec PLAYBACK
Equipment.’ (We would be happy to send
you a copy.) Going back 40 years to
Western Electric Company, Altec engi-
neering has been foremost in the broad-
cast and recording arts and it is this
experience that is available to you through
Altec PLAYBACK Components.

PREMIUM QUALITY COMMANDS
PREMIUM PRICE

Altec PLAYBACK. Components cost more
than ordinary “hi fi” because equipment
that is built to professional standards, for
use by professionals, simply can’t be built
for any less. Your home music center may
well be one of the largest single equipment
investments you will ever make. And, since
you're buying for the years ahead...for
the ultimate in musical enjoyment...in the
expectation of always hearing the best that
music reproduction has to offer...may we
suggest that you emulate the professionals
in selecting your components? Insist on
listening to genuine Altec PLAYBACK Com-
ponents in a direct comparison with any
other units, of any make. Then, see if you
don't agree that “the price for the very
best is always right...”

Altec Lansing Corporation
® aic 19ee Anaheim, California
CIRCLE NO. 4 ON READER SERVICE CARD
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put can be used to drive external
speakers, headphones, or a separate stereo
system. Wow and flutter are 0.2 per cent
at 7% ips and 0.3 per cent at 3% ips.
Over-all response through the AD-72’s
power amplifiers (at 7% ips) is 50 to 15,
000 cps 3 db with less than 2 per cent
harmonic distortion at 2 watts output.
Dimensions, including speaker wings, are
19V x 15 x 1934. Kit price: $198.

circle 181 on reader service card

® Lucor introduces the Model 1200
stereo recorder, a two-speed (7% and
334 ips), four-track stercophonic re-
corder. The two speakers face sound-
reflecting side panels built into the

carrying case. Other features include:
vertical or horizontal operation, two VU
meters, a separate playback-balance me-
ter, end-of-reel shut-off, and hysteresis-
synchronous drive motor. The Model
1200 has a frequency response of 30 to
20,000 cps *2 db, and flutter and wow
of approximately 0.18 per cent at 72
ips. Outputs are available for external
amplifiers and speakers. Price: $269.95.

circle 182 on reader service caro

@ Pilot's new slimline  bookshelf
speaker, the SL-1, is a three-way system
with a crossover network designed for

overlap between the mid-range and
woofer and the mid-range and super-
tweeter. The system incorporates a 10-
inch woofer, two 3V-inch mid-range
speakers, and two 3%,-inch supertweeters.
Over-all frequency response is 50 to 20,-
000 cps. Power rating is 25 watts, and the
crossover frequencies are 2,000 and 4,000
cps. Dimensions are 24 x 17 x 64 inches.
Price: $89.50.

circle 183 on reader service card

@® Roberts' 10',-inch reel adapter for
the Model 455 tape recorder accepts both
NAB and standard reel hubs and doubles

recording and playback time. A speed-
conversion kit to add a 15-ips speed is
also available for the Model 455.

circle 184 on reader service card

® Robins announces the ME-55 mag-
netic bulk tape eraser. The device erases
recorded material from a reel of tape
in seconds without rewinding. Tapes are
erased simply by moving the eraser over

2

each side of the reel. Noise levels of tape
are reduced to below those normally
achieved by erase heads. The unit op-
erates on 110-120 volts a.c., and has a
momentary-contact switch. Size is 4)2
x 23 x 2 inches. Price: $16.66.

circle 185 on reader service card

® Telex's new ST-20 stereo hecadset
has an individual volume control built
into each earpiece, thus simplifying con-
trol of stereo balance and volume. Soft

D)
74

foam cushions of deep-cavity design ex-
clude room noises. Response is 16 to
15,000 cps. Phones will operate from
4-, 8-, or 16-ohm amplifier outputs.
Price: $29.15.

circle 186 on reader service card

@ Vidaire is marketing the British-
made BSR TD-10 three-speed, four-
track stereo tape deck. The two-head
machine has a wow and flutter rating
better than 0.15 per cent at 7%, ips, and
the playback head has a 100-microinch
gap. The deck is meant for custom in-

stallation and is 12%4 inches deep x 8
inches wide. The height above motor
board is 3 inches. Price: $69.50.

circle 187 on reader service card
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Over two years ago, word leaked out (as it will) that
Shure, one of the world’s most respected manufactur-
ers of high fidelity components, had embarked on an
epochal project: the creation of a perfectionist’'s com-
pact stereo system. A high fidelity system that conjoined
optimum sound and minimal size.

A formidable and dedicated group of development and
design engineers was given carte blanche.

Independent high fidelity authorities were flown in for
repeated consultations. Their
recommendations and com-

ments provided a demanding

framework for Shure en-

gineers.

Prototypes were modified and improved . ..
and improved again . . . and again.

The monies and skills appropriated to the
project were sizable — by ANY standards.
Perfectionism is not inexpensive,

creativity is Shure’s M100 Maxi-
mum Performance component high fidelity
system. It is not just good, it is great.

it will re-create your favorite records with a
sound quality that is remarkable in its natural-
ness and exciting in its impact. It is unlike anything
previously available in compact systems—save perhaps
a highly-inspired custom component rig costing two
(or more) times as much. The M100 costs around $400
to $450 depending on cabinetry or case.

Because of the singular standards for sound and for
size that were set for the M100, few components were
judged to be satisfactory for inclusion in the unit. Con-
sequently, the Shure design staff (that developed the
unique Dynetic cartridge which made true high fi-
delity stereo a practical reality) designed many of their
own components. In addition, quality is controlled by
the famous Shure Master Quality Control Program.

ever.
THE M100 SYSTEM
The result of this highly disciplined y

The M100 embodies significant and unique engineer-
ing considerations, such as a solid-state pre-amplifier/
amplifier developed and produced by Shure with more
than ample power to drive its two total-range, ultra-
compact multi speaker systems, also designed by Shure.
And, it features the renowned Shure Bi-Radial Elliptical
Stylus in the famed V-15 Stereo Dynetic 15° tracking
cartridge. Naturally, it cannot scratch records. Dual’s fin-
est precision Model 1009 automatic turntable is standard.
The M100 can be used with
AM, FM, Multiplex tuners, or
be used as a public address
system. Ideally suited for every
home-listening requirement,
the M100 is also recommended for use in
schools, hospitals, and other institutions. It is
Underwriters’ Laboratories, Inc. listed.

Space is not sufficient here to list all the
M100’s pertinent specifications.
They are for a system of this size,
singular. We will be happy to send
complete specifications to techni-
cally oriented music lovers.

LIMITED QUANTITIES

Because of the detailed craftsmanship, large
amount of hand-labor, and rigid quality con-
trol and inspection techniques involved, the
number of M100 systems manufactured will be few.
They will be available only through a select group of the
most experienced high fidelity consultants and dealers.
We cannot promise immediate delivery. For perfection-
ism cannot be mass produced.

THE M100L

PORTATIVE SYSTEM

In two instrument cases. Recom-
mended for serious listening among
music lovers on the go: armed forces
members, boat owners, college stu-
dents, school music directors, or any-
body given to travel. Or summer cot-
tage owners, of course.

THE M100W LIBRARY SYSTEM
Impressive solid walnut cabinetry
designed to complement the decor of
modest or magnificent homes and
apartments.

s — o == VM)

MAXIMUM PERFORMANCE COMPONENT MUSIC RE-CREATION SYSTEM

Shure Brothers, Inc., 222 Hartrey Ave., Evanston, lllinois
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Looks like any other
single lens reflex !
(FROM THE FRONT)

]

Handles like no other

single lens reflex!
(FROM THE BACK)

This is the new electric eye Fujicarex.
Behind its conventional looking front,
is a rather revolutionary back. See
the film advance lever? Right below
are all essential controls...automatic
electric eye exposure control wheel
and the focusing wheel. Your thumb
sets the proper exposure, focuses and
advances the film. Your 9 other fingers
don’t do very much. Don’t grope.
Don’t fumble. Don’t poke the lens.

Our exclusive “Control Cluster”
makes the Fujicarex the fastest
handling reflex. And a lot more
convenient.

Other special features include:
Automatic instant-return mirror.
Automatic instant-reopen diaphragm.
Automatic push-button preview con-
trol. A very bright Fresnel viewing-
focusing screen and range-finder. And
a superb lens (the 50mm Fujinon
£/1.9) for brilliant color and black
and whites. Accessories include wide
angle, telephoto and close-up attach-
ment lenses.

A lot of camera for less than $150,
isn’t it? Let your own thumb demon-
strate the new Fujicarex for you
at your camera store or write for
FREE booklet.

AUTOMATIC ELECTRIC EYE

FUJICAREX

SINGLE LENS REFLEX

FUJI PHOTO OPTICAL PRODUCTS, INC.
111 Fifth Avenue, Dept. A-93,New York 3, N.V.
A subsidiary of Ehrenreich Photo.Optical Industries Inc.

—_— e —— e
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DEFINITIONS-VII

MORE definitions of basic audio concepts, which will continue
in alphabetical order for the next several months.

® Loudness compensation is a feature found in many amplifiers
that compensates for the ear’s loss of sensitivity to bass at low volumes.
Music reproduced more softly than it would be heard in a concert
hall sounds thin. Loudness compensation makes up for this by sup-
plying more bass as the voluine is turned down.

® Mid-range is a rather arbitrary term for the central portion of
the audible range. In current usage, the term refers to frequencies
anywhere from about 500 to 7,000 cps. An amplifier (or speaker)
that emphasizes the tones in the 2,000- to 5,000-cps range makes
the instrument seem closer to the listener, but the falsified tone color
quickly leads to listening fatigue.

® Modulation, in a broad sense, is the process of altering an elec-
trical signal so that it carries some sort of information—music, speech,
dots and dashes, etc. In audio, the intensity of an otherwise steady
electric current is varied in accordance with the sound-wave patterns
of the program. In radio, modulation refers to superimposing an
audio signal on the radio-frequency wave (the so-called “carrier
wave”). At the radio receiver, a circuit known as a detector then
separates the audio signal from the carrier. Once the audio signal is
recovered, it is amplified and fed to the speakers for reproduction of
the original sound-wave pattern.

® Multiplex is a method of broadcasting in which two or more
separate signals are broadcast simultaneously at the same frequency
and from the same FM transmitter. This technique now forms the
basis of stereo broadcasting, as it makes it possible for one station
to send out both the left and the right channel of a stereo program.

® Output power is the amount of energy the amplifier delivers to
the loudspeakers ; it is expressed in watts. One method of stipulating
output power is in watts of continuous power (also called sine-wave
power or rms power), which is the amount of energy the amplifier
can generate continuously. Another measurement standard, called
music power, is less stringent. It makes allowance for an amplifier’s
ability to exceed its continuous power rating for short bursts of mu-
sical sound, such as cymbal crashes. Still used occasionally is the older
term peak power, which is usually the continuous power rating
doubled. In rating stereo amplifiers, the output of both channels is
usually added. For instance, a “30-watt” amplifier is usually an ampli-
fier that delivers 15 watts per channel. A common misconception is
that the power output of an amplifier indicates how loud an amplifier
can play. This is like saying the horsepower of a car determines how
fast it can go.

(To be continued next month)
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AR-3 REPORT FROM LONDON: R.L. West writesinthe
March, 1963 Hi-Fi News, *“This is the first time in his life that the reviewer has
ever heard 20 c/s from a commercial loudspeaker. Feeling is perhaps a better
word. Above 25 ¢/s it [the AR-3] will take enough power to make really im-
pressive organ pedal tone without obvious harmonic generation.

“. . . the most outstanding feature is its lack of bass — on all the occasions when
there shouldn’t be any! The reviewer sees why they have been raved about in
their homeland.”

LIVE vs. RECORDED ORGAN CONCERT: When the

Audio League made a direct comparison between the live and the reproduced
sound of an Aeolian-Skinner pipe organ using AR woofers, David Hebb re-
ported in the Saturday Review, “Competent listeners, with trained professional
ears, were fooled into thinking that the live portions were recorded, and vice
versa . . . The extreme low notes were felt, rather than heard, without any ‘loud-
speaker’sound . ..”

DIZZY GILLESPIE ON THE AR-2a: Charles Graham
reports in the January, 1963 Jazz, “Dizzy chose Acoustic Research AR-2a
loudspeakers . . . on the evidence of the bass fiddle beat of his own recordings.
In addition he said it was important to him to get extremely clean middle- and
high-frequency sounds.”

AR-3 speakers are $203 to $225, depending on finish. The AR-2a, a lower-cost
version of the same acoustic suspension design, is $109 to $128. The 5-year AR
speaker guarantee covers parts, labor, and reimbursement of any freight charges
to the factory.

A catalog and list of AR dealers in your area will be sent on request.

ACOUSTIC RESEARCH, INC.,, 24 Thoradike Street, Cambridge, Massachusetts 02141
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“What the experts
say about..

C. G. McProud, Editor, AUDIO, April, 1962—"* . . . solid, non-boomy bass, smooth
midrange with good presence and clean highs.’

Hirsch Houck Labs., ELECTRONICS WORLD, June, 1962—'* . . . response
+5 db. from 27 cps to beyond 15,000 cps . . . sounds as good as it measures
... unlike most, the woofer did not ‘let go’ or lose coupling to the room at any
frequency down to 20 cps . . . high frequency sound almost indistinguishable
from that of good electrostatic . . . good dispersion . . . no peaks."

Equipment Reviewers, HIGH FIDELITY MAGAZINE, January, 1963—" . .. the
Ravinia confirmed its claim to response and then some. Basswas free of boom
... midrange and highs were honest and clean . . . did not impart any particular
coloration or tonal emphasis to any group of instruments or voice. Apparent
sound source larger than cabinet size, yet system could be enjoyed fairly
close up."

Larry Zide, THE AMERICAN RECORD GUIDE, February, 1964—* ... Sherwood’s
Berkshire thrusts the orchestra into the room with you . . . it's a front-row center
seat. Voice projection is very good . . . lifelike. Transients are very good . . .
everything is heard."

Stereo Receivers . Tuners « Amplifiers

“TANGLEWOOD” 4-way System: two 10” WOOFERS (17% and 18% cps,,
staggered resonances), 8” MIDWOOFER, 8" MIDRANGE, two 3%" TWEET-
ERS. Size: 31%” x 24" x 13” dp. Response: 29 to 17,500 cps. = 2db.
Power: 75 watts program. Crossover: 200, 600, 3500 cps. 12db/oct.
Price: $219.50.

“RAVINIA” 3-way System: 12” WOOFER, 8” MIDRANGE, 3%"” TWEETER.
Size: 26Y4” x 15” x 13%"” dp. Response: 48 to 17,500 cps. = 2db.
:?:;rszoso watts program. Crossover: 600, 3500 cps. 12db/oct. Price:

“BERKSHIRE” 3-way System: 10” WOOFER, 8” MIDRANGE, 3%2" TWEETER.
Size: 24” x 13" x 9%2” dp. Response: 53 to 17,500 cps. = 2db. Power:
50 watts program. Crossover: 600, 3500 cps. 12db/oct. Price: $99.50.

“NEWPORT"” 2-way System: 10” WOOFER, 4” MIDTWEETER. Size: 24” x
13” x 9%” dp. Response: 53 to 17,000 cps. + 2 db. Power: 45 watts
program. Crossover: 1800 cps. 12db/oct. Price: $84.50,

FOR NEW CATALOG, write Dept. R-8
Sherwood Electronic Laboratories, Inc.
4300 North California Avenue
Chicago, Illinois 60618

m =

HIGH FIDELITY

Stereo Indicator Lights

AT,

Speaker Systems . Contemporary Cabinetry
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TECHNICAL
TALK 7
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® AMPLIFIER TESTING: In the February 1964
“Technical Talk” I discussed the Institute of High
Fidelity (IHF) standards for making tuner measure-
ments. The Institute also has another standard, IHF-
A-200, dated September 1959 and titled Standard
Methods of Measurement for Amplifiers.

The IHF amplifier standard is, by and large. well
thought out and quite comprehensive. It is unlikely
that any industry-wide measurement standard will
ever satisfy all parties concerned, but most manu-
facturers do adhere to portions of this one, and I
follow it wherever it is in accordance with my personal
testing philosophy and my test facilitiess—which is most
of the time.

According to IHF-A-200, the power-line voltage fed
to the amplifier under test should be exactly 117 volts
nns. A deviation of only one or two volts can sig-
nificantly modify the power-output capabilities of an
amplifier, so I monitor line voltage with a laboratory
voltmeter accurate to 0.75 per cent. Some amplifier
manufacturers use 120 volts or even 125 volts as a
basis for rating their products. When testing an am-
plifier rated under such conditions, I test it at 117 volts
so that it can be comparcd to other makes, and then
I check it at its rated line voltage to confirn the manu-
facturer’s claims.

The IHF standard also requires that an amplifier
be operated for at least onc hour, at one-third of rated
output, before measurements are made. This is because
the transformer windings have more electrical resist-
ance when they reach full operating temperature, and
this may result in a loss of maximum power output by
as much as 10 per cent (as compared to the maximum
output when the amplifier is relatively cold). I suspect
that manufacturers sometimes rate their amplifiers
“cold,” but T always allow an amplifier to reach its
full operating temperature before making any power
measurements.

The load resistor that replaces the loudspeaker dur-
ing measurements must not only be an essentially pure
resistance (that is, it should have no inductance), but

by JULIAN D. HIRSCH

it must be able to dissipate the full output power of
the amplifier while maintaining its rated resistance
within =1 per cent. This calls for special cooling pre-
cautions, because as the resistance element absorbs the
amplifier's power output, it gets hotter and tends to
change value.

Another procedure I follow, although it is not a
part of the IHF standard (which pre-dates wide use of
stereo) is to drive both channels of an amplifier si-
multaneously. This is a severe test, but one I feel is
more realistic (after all, the channels will be operated
simultaneously in actual use) than either single-chan-
nel or music-power tests,

CONTINUOUS-POWER output is measured as a func-
tion of frequency, from 20 to 20,000 cps, at a specific
percentage of harmonic distortion. I use 2 per cent
distortion as a criterion, increasing the drive to the
amplifier at each test frequency until the output dis-
tortion measures 2 per cent, and recording the power
output. The IHF standard requires that power be
measured with an accuracy of +0.5 db, or 10 per cent.
This requires careful calibration of test equipment,
since an amplifier's power output is notoriously diffi-
cult to measure accurately.

The music-power-output test requires that at full
power output all significant amplifier power-supply
voltages be maintained at their no-signal level. In
practice, this means that the normal amplifier power
supply must be temporarily replaced with a laboratory-
type regulated supply, or that such special techniques
as tone-burst power tests must be used. In the first
case, there is an increased possibility of damaging the
output tubes or transistors, while the second method
requires some fairly elaborate test instruments. But
quite apart from measurement problems, I have never
been convinced that the music-power rating does more
than provide a higher power-output figure for ampli-
fiers of unexceptional performance, while it has almost
no effect on the rating of a really good amplifier. Hence
I do not make this test. (Continued overleaf)

Thorens TD-224 Record Player

REVIEWED THIS MONTH

o Cipher 800 Tape Recorder

AUGUST 1964

23



Aniplifier sensitivity is defined by the input volt-
age required to develop the unit’s rated voltage or
power output. I deviate from the IHF standard slightly
in this case, and prefer to rate the amplifier in ters
of the input necded to develop a standard (rather
than maximum) output, which I have arbitrarily se-
lected to be 1 volt (from preamplifiers) or 10 watts.
This gives an indication of the input voltage required
for a given listening volume. rather than for a max-
iinum level that differs from one amplifier to another
and may never be reached in normal use.

The IHF standard requires that harmonic-distortion
measurements be made only at a single frequency
(1,000 cps) at rated output, half output, and one-
hundredth of rated output. However, I make this
measurcment at a number of power levels and plot
the results graphically. In addition, I measure the inter-
modulation distortion over the same power range.
Any appreciable difference between the harmonic- and
IM-distortion curves is usually an indication of limited
low-frequency power-handling capacity.

The IHF standard specifies that hum and noise be
measured at maximum amplifier gain, with inputs

open-circuited and short-circuited. These measure-
ments are then repeated at gain settings of —20 and
—40 db. Instead of the latter measurcments, I set
the ainplifier control so that a 1-volt, 1,000-cps signal
into a high-level input (or 10 millivolts into a phono
input, or 3 millivolts into a tape-head input) will
drive the amplifier to 10 watts output (or 1-volt out-
put in the case of a preamplifier). All hum-and-noise
figures are then expressed as so many decibels below
the 1-volt or 10-watt standard output.

There are certain other measurements not covered
by THF-A-200 that I make as a matter of routine.
These include checking the tracking of the two sections
of a dual gain control, the balance-control range, cross-
talk from one input to another, stereo crosstalk, stabil-
ity under capacitive loads, square-wave response,
loudness-compensation characteristics, and power-line
leakage current. The latter condition sometimes ex-
ists to such an extent that an unplcasant shock can
be received when touching any part of the music sys-
tem while also touching a radiator or standing on a
concrete basement floor. For some reason, this check
is usually ignored in evaluations of hi-fi equipment.

THORENS
TD-224
RECORD
PLAYER

® Tue NeEw Thorens TD-224 is termed, with com-
mendable accuracy and restraint, a “turntable and
record changer.” It is basically a fine four-speed turn-
table, similar to the popular TD-124, with the
BTD-12S tone arm mounted on its rigid cast motor-
board. Attached to one side of the unit is a somewhat
strange-looking structure with upper and lower plat-
forms, for holding stacks of played and unplayed
records.

A stack of up to eight records of any size (but of
the same speed) is placed on a spindle on the upper
platform. Pressing the control level to sTART initiates
a most intriguing sequence of events. As the turntable
starts, an overhead arm is raised several inches, swings
over the record stack, comes down onto the uppermost
record, and picks it up by the center hole with a pair
of expanding fingers. It carries the record over the
turntable and lowers it to a point a fraction of an inch
above the rubber mat. The tone arm comes in, a feeler
contacts the edge of the record, and then backs off
slightly to let the record drop the brief distance to
the turntable. The tone arm comes back, lowers gently
into the lead-in groove, and the record is played.

When the pickup reaches the spiral groove at the
end of the record, or when the REJECT lever is oper-
ated, the tone arm returns to its rest. The overhcad
arm then grasps the record by its center hole, lifts it,
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and gently deposits it on a rubber mat on the lower
shelf below the unplayed records. It then swings out
and up to the upper shelf to repcat the process. After
the last record has been played, the arm goes through
a complete cycle, including carrying a nonexistent
record to the turntable. When the tone arm finds no
record on the upper shelf. the player shuts off. This
series of actions takes less time to happen (about 22
seconds) than to describe.

The TD-224 operated flawlessly with all types of
records, from 45-rpm popular discs to ancient 78,
with never a skip or malfunction. The unit has several
niceties not often found on record players. either
manual or automatic. These include a felt pad on the
overhead arm, which does a good job of cleaning
records while playing them, a spirit level on the motor-
board, a =3 per cent speed adjustment on all speeds.
and a built-in illuminated stroboscope similar to that
on the TD-124 turntable. The machine can be played
manually by moving the control lever to the indicated
position, which completely disconnects the changing
mechanism.

The rumble of the TD-224 was in line with the
other Thorens turntables, measuring an excellent —41
db in the lateral plane and —36 db for combined
vertical and lateral rumble. The speeds were, of course.
exact. The wow varied from 0.03 per cent at 78 rpm
to 0.05 per cent at 45 and 33} rpm and 0.06 per
cent at 1624 rpm—all fine specifications. Flutter was
actually unmeasurably low, being below the residual
reading (0.015 per cent) of my flutter meter and
test record.

The arm, which has a calibrated stylus-force ad-

(Continued on page 26)
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Which Stereo Receiver Is Your Best Value?

BRAND IHFM POWER TUNER CIRCUIT PRICE

A 70 Watts AM-FM Transistor $369.95
FM Stereo

8 80 Watts FM Stereo Tubes $318.50

c Not available AM-FM Tubes $154.90
(32 watts continuous power) FM Stereo

D 70 Watts FM Stereo Tubes $429.90

E 66 Watts AM-FM Transistor $195.00
FM Stereo

F 60 Watts FM Stereo Tubes $354.45

] 60 Watts AM-FM $273.90

FM Stereo Tubes

H 100 Watts AM-FM Transistor $579.90
FM Stereo

[} 36 Watts FM Stereo Tubes $174.90

If You Choose E, Go Direct to the Coupon
& Collect $89 to $385 Savings!

B OEELAT 3K PE T

Why is the exciting new Heathkit All-
Transistor Stereo Receiver your best value?
A glance at the above chart will tell you.
Compare E's performance features and
price against the others.

With the Heathkit AR-i3 Stcrco Receiver,
you enjoy cool, fast, ‘‘hum-free opera-
tion; long, trouble-free life; and the quick,
clean, unmodified response of “‘transistor
sound™” . . , characteristics unobtainable
in vacuum tube types. Enjoy sensitive,
wide-band AM, FM and FM STEREO
tuning for distortion-free reception to
please the most discriminating ear. Enjoy
66 watts of pure, uncompromising music
power, 40 watts of continuous sine-wave
power . . . plenty to drive even the most
inefficient speaker system! Enjoy tradi-
tional Heathkit savings . . . $174 and $385
over the other two transistorized models!

Let’s examine the Heathkit AR-13 more
closely. Inside its luxurious walnut cabinet,
there are two 20-watt power amplifiers . . .
two separate preamplifiers . . . plus wide-
band AM, FM, and FM STEREO. You
have all the electronics necessary for a
complete stereo system . . . just add two
speakers!

In addition to the AR-13's advanced 43
transistor, 18 diode circuitry, there are
advanced features such as automatic switch-
ing to stereo; automatic stereo indicator
light; filtered tape recorder outputs for
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direct “'beat-free’ recording; dual-tandem
controls for simultaneous adjustment of
volume, bass, and treble of both channels;
three stereo inputs; and a separate control
for balancing both channels. The AM
tuner features a high-gain RIF stage and
high-Q rod antenna, the FM tuner has a
built-in line cord antenna—plus external
antenna connectors.

Other quality features include a local-
distance switch to prevent overloading in
strong signal areas; a squelch control;
AFC for drift-free reception; flywheel
tuning; tuning meter; and lighted AM and
FM slide-rule dials. For added convenience
the secondary controls are concealed under
the hinged lower front gold aluminum
panel to prcvent accidental system setting
changes. And the preassembled, prealigned
FM “front-end™ and 3-stage AM-FM L.F.
strip aid construction which requires about
35 hours (not recommended for beginners).

Now you know why for advanced design
& performance, superb quality, and a
truly easy-to-afford price, your best value
in stereo receivers is the Heathkit AR-13.
Order yours now!

Kit AR-13,3010bs................8195.00

SPECIFICATIONS-AMPLIFIER: Power output per
channel (Heath Rating): 20 watts /8 ohm load. (IHFM Music
Power Output): 33 watts /8 ohm load. Power response: + 1 db
from 15 cps to 30 ke @ rated output. Harmonic distortion:
(at rated output) Less than 1% @ 20 cps; less than 0.3% @ 1
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ke less than 190 @ 20 ke, Intermodulation distortion: (at
rated output) Less than 1%, 60 & 6,000 cps signal mixed 4:1,
Hum & noise: Mag. phono, 50 db below rated output; Aux,
inputs, 65 db below rated output. Channel separation: 40 db,
input sensitivity: Mag. phono, 6 MV. Outputs: 4, 8, & 16
ohm and Iow moedante tape recorder outputs. Controls: 5-
Mode; Dual Tandem Volume:
Bass & Treble Conlrols Balance Control; Phase Switch; Input
Level Controls: Push.-Pull ON JOFF Swnch FM Tuning
range: 88 mc to 108 mc. IF § :10.7 mc.
response:+3 db, 20 to 15.000 cps. Clp'ulQ va"o 10 db
Antenna: 300 ohm balanced (internal for local reception),
Oulﬂlng sensitivity: 3 uv for 30 db o! quieting. Image

i 30 db. IF rejecti 70 db. Harmonic distortion:
L\,s.lhan 1%. STEREO MULTIPLEX: Channe! separation:
(SCA Filter Oft) 30 db, 50to 2,000 cps. 19 KC & 38 KC suppres-
sion: 45 db down. SCA rejection: 35 db down from rated
output. AM: Tuning range: 535 to 1620 kc. IF frequency: 455
kc. Sensitivity: 30 uv @ 600 kc; 9 uv @ 1000 k. Image re-
jection: 40 db. IF rejection: 55 db @ 1000 cps. Harmonic
distortion: Less than 2% with 1000 uv input, 400 cps with
30% modulation. Hum and noise: 40 db. Overall dimen-
sions: 17° L x 53" H x 143,° D.

FREE CATALOG
Send for your Free copy to-
1 day! Fully describes over 250
exciting Heathkits at savings
of 50% or more! Choose from
£ the world's largest selection
of quality instruments in easy-
to- assemble kit form!

s:: HEATIICIT

HEATH COMPANY 40-8-1
Benton Harbor, Mich. 49023

0 Enclosed is $195.00 plus freight. Please
send Model AR-13 Stereo Receiver.
[ Please send Free 1964 Heathkit Catalog.

Nam
Address
City, State. Zip

W51 |
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justment from 1 to 8 grams, was equally well designed
and constructed. When balanced according to instruc-
tions, the tracking force was 0.5 gram less than in-
dicated, but once set for correct reading at any one
force, it was accurate at all other calibrated points.
The cartridge is adjustable within the shell for mini-
mum tracking error. The measured tracking-angle
error of the BTD-12S arm was exceptionally low—
0 degrees up to 2 4-inch radius and under 0.5 degree
per inch at larger radii. The entire mechanism worked
perfectly at a |-gram tracking force, although Thorens
recommends a minimum of 2 grams.

The Thorens TD-224 is an ingenious and superbly
exccuted answer to the needs of those persons who do
not wish to sacrifice any of the benefits of the finest
turntables and tone arms, yet would like the con-
venience of automatic record-plaving. Of course, this
has its price, both in space and cost. The TD-224, on
its walnut base, measures 27 x 14%2 x 44 inches, and
costs $250 (less base). This obviously won’t be every-
one’s cup of tea, but I would wager that anyone
fortunate enough to own a TD-224 will not hide it in
a cabinet. I can’t think of a more intriguing, yet
practical, conversation piece for the music room.

For more intormation, circle 188 on reader service card

CIPHER 800
TAPE RECORDER
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® Tue Cipher 800 is a semiprofessional portable tape
recorder that is equally well-suited to home use. It
has a three-motor, two-speed transport, operating at
7V or 3% ips. The capstan is driven by a hysteresis-
synchronous motor whose speed is changed electrically
by pole-switching. In addition, each rcel has its own
hystercsis-synchronous motor. The plug-in head assein-
bly has three scparate four-track erase, record, and
playback heads. (A two-track head assembly is also
available.) There are separate recording and playback
amplifiers, and cathode-follower outputs for driving
external power amplifiers. There are no internal power
amplifiers or monitor speakers.

The tape transport is solenoid-operated, with a
group of positive-action push buttons controlling fast-
forward, rewind, play, and stop. A red RECorp button
must be pressed simultaneously with the pLAY button
to make a recording. A tension-operated switch shuts
the mechanism off automatically at the end of a reel
or if the tape breaks.

Separate high-level and microphone-input gain con-
trols make it possible to mix program sources. Con-
centric playback-level controls and a recording-mode
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selector (stereo, left channel, right channel) complete
the control lincup. Twin VU meters read recording or
playback levels, depending on the sctting of the mon-
itor switch, which also feeds either the input or the
off-the-tape output signals to the cathode-follower out-
puts. Twin microphone and headphone jacks are on
the front panel.

I found the Cipher 800 to be impressively smooth,
positive, and quiet in its mechanical action. It has the
quality feel and look that is usually associated with
professional tape machines. The comprchensive in-
struction book suggests slowing the machine from FAsT
FORWARD by going into REwWIND inunediately before
stopping it, so that there will be less wear on the
brake bands. I also found this procedure to be useful
as a precaution against tape overrun, although this
happened only rarely.

The Cipher 800 met or exceeded all its essential
specifications. Its 7%%-ips playback response, with the
Ampex 31321-04 tape, was exceptionally flat, within
#+0.5 db from 50 to 10,000 cps and down 3.5 db at 15,-
000 cps. The record-playback response was similar, ex-
cept that it fell off somewhat below 70 cps. At 3% ips
the high-frequency response was down 3 db at 7,000
cps. Signal-to-noise ratio was 46 db at 7% ips and
44 db at 334 ips. Wow and flutter were very low—
0.02 per cent and 0.05 per cent. Speeds, as checked
by stroboscopic measurement, were exact. The rewind
and fast-forward speeds were extremely fast, handling
1,200 feet of tape in 39 seconds. The machine can
be operated either horizontally or vertically.

The Cipher 800 is one of the few tape recorders
I have tested that meet my personal criterion for a
truly high-fidelity machine. Recordings made from
discs (with the finest playback equipment I could
muster) or off the air could not be distinguished frqm
the original program in an A-B comparison. Even at
334 ips, the only degradation was a slight loss of
extreme highs, noticeable only in direct comparison
with the original.

The Cipher 800 is quite large and heavy, measuring
192 x 16%, x 9 inches and weighing 55 pounds. It
has a carrying handle, and is well balanced for port-
able use. With a little ingenuity, the cover clasps could
probably be concealed in a fixed installation.

The Cipher 800 is manufactured in Japan by the
Denon division of Nippon Columbia Co., Ltd., and
is imported by Inter-Mark Corporation. It sells for
$499.95, and I would rate it as one of the top tape
recorders in its price class.

For more information, circie 189 on reader service card
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moving up?

ready for the best? See Heathkit'!

Stereo /Hi-Fidelity is better than ever! More
powerful amplifiers . . . increased frequency
ranges . . . more sensitive tuners . . . new all-
transistor components! These are just a few
of the many new advances. Is your present
set of speakers fully capable of efficiently re-
producing this “‘improved sound” perform-
ance? Chances are, they’re not! With Heath-
kit’s complete line, you choose from a wide
selection of speakers and spcaker systems
which are specially designed to handle the
advanced characteristics of modern stereo
equipment.

Whatever your speaker needs . . . from a
TV or radio speaker replacement to a pro-
fessionally engineercd speaker for your par-
ticular music system . . . there’s a Heathkit
model to fill it! And at a price that’s easy to
afford! There are 8 models of scparate
speakers in 8 & 12* sizes, priced from $4.95
to $49.95! If you prefer speaker systems, the
Heathkit line includes **acoustic suspension,”
**high efficiency,” and “miniatures*—9 mod-
els in all, complete with factory assembled &
finished cabinets and components—opriced
from $10.95 to $239.95! You simply install
the speakers in their cabinets.

Compare the features, specifications, and

rices of these ‘‘top-of-the-line” models.

ou’ll agree . .. Heathkit is your best speaker
buy!
8" 2-Way Coaxial Hi-Fi Speaker—Fea-
tures true coaxial performance with separate
cone woofer and tweeter plus built-in capac-
itive crossover network and high frequency
level control. Has sturdy die-cast frame,
polarized speaker terminals for proper phas-
ing, and handsome 2-tone c¢innamon and
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light tan color styling. Compact . . . only
3%" deep. Not a kit. Includes cabinet
recommendations.

Model AS-133,61bs................ 514.95
SPECIFICATIONS ~Size: 2", Impedance: 8§ ohms, Power
rating: 12 walls, Frequency respon 50-14,000 cps. Cone
tesonance: 70 cpc. Magnet weights: 10 0z., 0.68 0z, Voice
coil sizes: 1° and 9/16°,

Low-Cost Acoustic Suspension Speaker
System—Features 10" woofer, two 314"
cone-type tweeters. Takes only 10 watts to
drive! Use horizontally or vertically. In-
cludes high frequency level control & cross-
over network. Assembled cabinet unfinished
or in walnut.

Kit AS-10U, unfinished, 39 Ibs........$59.95
Kit AS-10W, walnunt, 39 1bs. . . .. .. 564.95
SPECIFICATIONS ~Frequency response: 30 to 15000

cps. Power rating: 40 watls, Impedance: 16 ohms, Cabinet
type: Infinite balfle, scaled. Dimensions: 13}4° H x 24° W
x 11)4° D, Magnet wts.: 10" wooter, 1 Ib. Syntox 6 Ceramic;
two 34" cone units, 1.47 oz, Alnico 5 magnets. Crossover
network: L-C network, 2250 cps. Driving power: As low as
10 watts,

*‘Legato Compact” . .. For Those Who
Demand The Finest!—Fcatures two (27
Altec Lansing **high compliance’ low-
frequency speakers that cover the 30-800 cps
range: a specially designed Altec Lansing
exponential horn and high frequency driver
combination recrcates frequencies from 800
to 22,000 cps. Factory assembled 800 cps
cross-over nctwork. Everything is ready to
install in handsome factory-assembled &
finished walnut cabinet.

Kit AS-21W, walnut, 136 Ibs........ $239.95
Kit AS-31, all components except cabinet,
SXIHX5 6600 0000000000000000000 ...5184.95

CIRCLE NO. 27 ON READER SERVICE CARD

SPECIFICATIDNS—Frequency response: 30-22.000 cps,
Power rating: 30 watls program material. Nominal impe-
dance: 16 ohms, Cabinet type: Moditied intinite baifle, Die
mensions: 32° L. x 19" D. x 32}%° H. Magnet wis.: Low.
irequency drivers: 14 1bs, each, High-frequency driver; .53 Ibs.
C k: 800 cps c t K highirequency shelv-
ing type. Driving power: as low as 3 watts.

i
FREE CATALOG :

~=——————=-x Send for your Free copy
today! Fully describes |
over 250 exciting Heath- :
kits at savings of 50% or
more! Choose from the |
world’s largest selection :
of quality instruments in |
easy-to-assemble kitform! :

HEATH COMPANY Dept. 40-8-2
Benton Harbor, Michigan 49023

{0 Enclosed is §
model(s).

V
¢ |
| |
t |
| |
| 1
| |
: . plus freight, Please send =
| i
: 0 Please send Free 1964 Hoathkit Catalog. ;
| |
: 1

|
i |
: |

|
| [}
| i
|

Address_________ —

City— State Zip.
Prices & soecilications subject lo change without notice,




Jensen's newly designed ultra-thin PF/2 loudspeaker system now makes possible
big sound at peak efficiency in a slim enclosure. Heretofore, most panel-type
speaker systems suffered from a disease diagnosed as ‘‘lack of efficiency."” The new
PF/2, however, at average power settings, is efficient enough to successfully demon-
strate its power in A-B comparisons against even the ‘'big box’’ systems.

Heart of the PF/2 system is an important advance in woofer design . .. the new
POLYFORM ™. woofer. Its unique *“W’' shaped piston and exclusive Jensen FLEX-
AIR® long-travel annulus provide a lower resonant frequency and substantially
higher efficiency rating than other shallow woofers. A rigid, functionally styled
die-cast housing assures permanent alignment of all critical parts in the new
POLYFORM ™~ woofer.

The PF/2 system in Oiled Wainut enclosure is surprisingly Jow cost for so much in efficient
performance.

See it at the May Parts Show in Jensen Rooms 539A/542A.

JENSEN MANUFACTURING COMPANY /OIVISION OF THE MUTER COMPANY /6601 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS
Canada: Radio Speakers of Canada, Ltd., Toronto « Argentina: Ucoa Radio, S.A., Buenos Aires « Mexico: Fapartel, S. A, Naucalpan, Mex.
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by Martin Bookspan

THE BASIC REPERTOIRE

ltem Sixty-three

Lupe Serrano in the American Ballet Theatre’s production of Les Sylphides.

in early-nineteenth-century Europe was accom-

plished in diverse ways—revolution, of course,
being the prime mechanism. But there were other, more
subtle, influences as well—the waltz, for example. The
waltz, it now seems fairly certain, first made its appear-
ance in the last third of the eighteenth century. It was
probably German in origin. A Bavarian traveler toward
the end of the eighteenth century wrote: “The people
here are excessively fond of the pleasure of dancing;
they need only hear the music of a waltz to begin to
caper, no matter where they are. The public dance
floors are visited by all classes; these are the places where
ancestors and rank seem to be forgotten and aristocratic
pride laid aside. Here we see artisans, artists, merchants,
councilors, barons, counts and excellencies dancing to-
gether with waitresses, women of the middle class and
ladies. Every stranger who stays here for a while is in-
fected with this dance malady.”

The waltz malady, moreover, proved to be contagious,
for it soon spread across all of Europe, reaching Paris
during the Napoleonic wars. At about the same time,
the British Isles became afflicted with the disease, and
Byron, with considerable venom, wrote of “this German
article of importation to whom bow Irish Jig and ancient
Rigadoon, Scotch reels and country dances.” After earn-
ing for itself a reputation as “licentious,” “‘obscene,” and

THE democratization of the existing social order
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“suggestive,” the waltz finally secured complete accept-
ance and respectability in the England of 1816, when
it was included in a ball given by the Prince Regent.

Fourteen years later, in 1830, a twenty-year-old pi-
anist and composer named Fryderyk Franciszek Chopin
left his native Poland, never to return. (It was not until
later, in Paris, that he became Frédéric Frangois Chopin. )
In Vienna he found the populace spinning furiously in
three-quarter time. “Among the numerous pleasures of
Vienna,” he wrote home, “the hotel evenings are famous.
During supper Strauss or Lanner play waltzes. . . . After
every waltz they get huge applause; and if they play a
Quodlibet, or jumble of opera, song and dance, the
hearers are so overjoyed that they don’t know what to
do with themselves.” In another Chopin letter of the
period an unmistakable note of derision creeps in: “Here,
waltzes are called works! And Strauss and Lanner, who
play them for dancing, are called Kapellmeister! This
does not mean that everyone thinks like that; indeed,
nearly everybody laughs about it; but only waltzes get
printed.”

Despite these harsh words, Chopin had already fallen
victim to the waltz. His waltzes in E-flat (Opus 18)
and A Minor (Opus 34, No. 2) date from his days in
Vienna. Stylistically, however, they are far removed from
the Viennese waltzes he heard all about him. They are
more personal, more introspective—especially the thor-
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Dinu Lipatti®s playing of the fourteen Chopin waltzes for Columbia is illuminated with a rare perception and
personal identification. communicated with almost hypnotic intensity. Guiomar Novaés is remarkable in the
same works for sheer imaginative insight, and Artur Rubinstein’s readings have great technical brilliance.

oughly Slavic A Minor waltz, which is sometimes called
the Valse mélancolique.

But it was not until he settled in Paris in 1831 that
Chopin began to compose the urbane, elegant waltzes
that so mirror the kind of life he loved. Luxury, refine-
ment, sophistication were the essence of life in Paris;
he was invariably dressed in one of his ten dark-blue
tailcoats, with a wide necktie and a diamond stickpin,
white gloves, and a flowing cloak. He would give con-
certs in salons for the titled nobility and the aristocracy,
and for these occasions he wrote more waltzes.

During Chopin’s lifetime a total of eight of his waltzes
saw publication, including the two from the Vienna pe-
riod. At least seven more were published after his death,
but several of these date from his student years, and
he may have wanted them to be destroyed.

The waltz in A-flat (Opus 34, No. 1) is the very
spirit of grace and elegance, and is said to have been
Paderewski’s favorite among all the Chopin waltzes. The
A-flat waltz of Opus 42 is a brilliant virtuoso vehicle,
and the three of Opus 64 are charming and chic: the
D-flat Major waltz of Opus 64 is the familiar “Minute”
Waltz, and the C-sharp Minor waltz from the same set
is dedicated to one of Chopin’s wealthy Parisian patron-
esses, the Baroness de Rothschild.

Two of the posthumous waltzes—the G-flat Major
(Opus 70, No. 1) and the A-flat Major (Opus 69, No.
1) —are associated with Chopin’s romantic life. The one
in G-flat Major, composed in 1829 before he left Poland,
was written for the great love of his youth, Konstancia
Gladkowska (who is supposed also to have been the
inspiration for the slow movement of the F Minor Con-
certo); and the one in A-flat was a parting gift for
Maria Wodzinska at Dresden in 1835.

T{AT there should be about a dozen different record-
ings of the complete Chopin waltzes in the current catalog
is not surprising. While an integral concert of the Chopin
Nocturnes, for example, or of the Etudes, would be un-
thinkable as an evening's program, the mood and atmos-
phere of the waltzes is so varied that they lend themselves
readily to complete performance. One who regularly
played them in this fashion was the Romanian pianist
Dinu Lipatti, who died in December, 1950, at the age
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of thirty-three. Two Lipatti recordings of the waltzes are
available—one a studio recording dating from the late
1940’s (Columbia ML 4522), the other taken from
Lipatti’s last public appearance in September, 1950 at
the Besangon Festival. The playing in both cases is illu-
minated with a rare quality of personal identification
and perception. Lipatti obviously loved this music, and
he communicated his feeling with almost hypnotic in-
tensity. A tragic element in the Besangon Festival per-
formance (Angel 3556B) is the absence of the Valse
brillante in A-flat (Opus 34, No. 1): racked with the
pain of his terminal illness, Lipatti no longer had the
strength to play it. The Columbia disc presents the more
fully realized performances, but the Angel one (part of
a two-disc set containing the entire program of Lipatti's
final concert) is more exciting.

Among the other performers of the waltzes on records
are such Chopin specialists as Alexander Brailowsky
(Columbia MS 6228, ML 5628), Alfred Cortot (Angel
COLH 32), Witold Malcuzynski (Angel S 35726),
Guiomar Novaés (Vox 8170), and Artur Rubinstein
(RCA Victor LM 1892). The Brailowsky and Malcu-
zynski performances are the most recent ones; both are
blessed with excellent recorded sound, but neither pianist,
in my opinion, is the man for the waltzes. The problem,
in both cases, is one of rhythm. Brailowsky is self-con-
sciously stiff and labored in his approach, while Malcu-
zynski is excessively free and unfocused. The Cortot
performances now sound arbitrary and mannered, yet at
one time they did exert a powerful appeal.

The Novaés and -Rubinstein recordings are undoubt-
edly the pick of the remaining choices. For sheer imagina-
tive insight, Novaés is virtually in a class by herself in
this repertoire, and the aging Vox sound is still service-
able. Rubinstein’s version is a somewhat uneven account
of the fourteen picces, with a rather perfunctory per-
formance likely to follow one of flashing brilliance. Per-
haps a new Rubinstein recording of the complete set
would set matters right. In the meantime, the Lipatti
performances are preferred, with the Novaés and Rubin-
stein recordings being challenging alternatives.

REPRINTS of a review of the complete “Basic Repertoire” are
available without charge. Circle number 176 on reader service card.
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Typical Wharfedale Speaker System...

Compenent ratios: the au-
ral parameters and phase
relationships of the speak-
ers; their precise physical
locations, and methods of
mounting are scicntifically
matched to the shape and
cubic _content of each cabi-
net. For example, here you
see the two-speaker-
arrangement of the W60
speaker system. consisting
of a 122 inch low-fre-
quency driver and a $ inch
high frequency cone type
driver, In the W60 system
specifically, this spcaker
combination, in its sophisti-
cated tuned port cabinet,
produces a distinctively
natural, smooth sound.

Ali of the speakers incor-
porate certain recent ad-
vancements. Because of
this, it has been possible
to achieve the clcan. yet
impressive sound which
emanates from thesc com-
pact cabinets. For ex-
ample. the cone material
is_special . . . compounded
of long fibred wool (tra-
ditional to the North of

a close look side the classic W60
reveals the factors that make for great performance

(For purposes of explanation, a model with a transparent cabinet but containing the actual speakers and
other components of an Achromatic system has been constructed and photographed from three angles.j

The high frequency speak-
er is installed in a felt-
sealed isolating compart-
ment, which prevents
mechanical crossover and
interference between this
and the other speaker(s).
Even the access holes for
wires are airtight, plugged
with a densc sealing com-
round. Each speaker, there-
ore, operates to its best
advantage in its own envi-
ronment. A low mass
aluminum voice coil is used
here to give maximum high
frequency response. Tuned
ultrasonic tinning makes it
possible to guarantee the
coils for the entire life of
the speaker!

A full LC network crosses
over at the exact frequen-
cies required for smooth,
non-strident response from
all the specukers. preserv-
ing the natural damping.
Telcphone grade electro-
lytic capacitors are used to
assurc Jong, trouble-free
life. The coils are wound
within our own plant to
guumn(cc close tolerances.
n the compact W40, W60,
and W70, a precision-
wound 1. pad gives 0-100%
treble attenuation, and ad-
justs the highs to room
acoustics (inthe W90
6-speaker model,each
range of spcakers may be
balanced and adjusted).
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The operating function of
the enclosure is to presarve
the integrity of the speak-
ers’ performance through
certain _constructional fea-
tures. Chief characteristic
of the Achromatic con-
struction is the sand-filled
technique, which consists
of packing white sand be-
tween layers of resinous-
bound dense cabinet
material, faced in turn, by
pure wood vencers. This
construction, used on cer-
tain prescribed baffle arcas,
creates an inert mass, in-
capable of resonating, no
matter how deep or strong
the bass backwave pro-
jected against it.

The chassis (baskets)
of all speakers in the
Achromatic systems
are exceptionally
heavy, and manufac-
tured by casting. Pur-
pose is Lo preserve
‘absolute rigidity, main-
taining the critical re-
lationship betwcen the
moving voice coil and
the fixed magnet. Ordi-

impressive.

magnets

The magnets are truly
Because of
the advanced materials
(Alcomax and Feroba)
and the special design of
the magnetic structure,
each provides higher to-
tal flux in the gap field
than has been truc of
in any prior
speakers. Tolerances are
maintained permanently

some have a special
polystyrene diaphragm to
eliminate any possibility
of internal resonance.
All have completely
sealcd magnet gaps

This exclusive technique,
developed by G. A. Briggs,
has proven so effective in
preventing bass distortion
that alt Achromatic sys-
tems incorporate it despite
the relative expense. In
addition to the sand-filled
pancls, absorbent lining is
used on some surfaces to
eliminate undesirable re-
flections, and “hangover”™.
Optimum, rather than
maximum, absorption is
considered important.

Additional features have
been engineered into
certain of the speakers
to prescrve the clean

sound of the Achromat- Ierd
ic systems. For example, L& ]

England home of these
spcakers) and soft pulp!

Major purpose of this formulation
is to provide natural, enduring
resilience, The cone surround is
an exclusive rolled-rim design, the
latest and most effective form of
the traditional Wharfedale soft
suspension. One advantage is that
this makes the cone capable of the
long linear excursions required
for true bass cnergy.

nary stamped baskets
often lose their rigidity
when the speaker is mounted
tightly against the unavoidably
incxact wooden front baffle, Cast
Wharfedale baskets hold their
shape and are strong enough to
permit the openings which are
necessiry to maintain correct air
loading. essential for the full re-
sponse of the speaker.

by filling spaces in the

agnetic bly with T b
These magnets enablc Wharfedale
systems to achicve maximum effi-
ciency at low power, and to con-
trol high wattage amplifiers with
equal ease.

1rh
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which keep out foreign
matter,

Above and beyond physical con-
siderations, the concept behind
the Achromatic speaker systems
reflects extensive musical training
and respect for musical values.
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For illustrated literature, write Dept. WK-124. Division of British Industries Corp., Port Washington, N.Y.



3
-

look what's happened to the 4 4

B
V15

bl
-

g\’
gy

Whether you own a record changer, automatic turntable, or a professional type manual
turntable Pickering has engineered the RIGHT V-15 pickup for you. If it's RECORD
CHANGER application, where high output and heavier tracking forces are required try
the Most of you, no doubt are tracking lighter on the late model AUTO-
MATIC TURNTABLES and will use the Or if a professional type MANUAL
TURNTABLE is your choice you'll need the even more compliant [KREF _AM-1 | And if
it's unexcelled tracking ability you're seeking, you will demand the ELLIPTICAL STYLUS
PICKUP All four of these pickups are radically different from any other
cartridge. You can see the difference. You can hear the difference. Pick up a V-15. Note
its light weight—only 5 grams. Perfect for low mass tone arm systems. Now, see how
Pickering's exclusive "“Floating Stylus” and patented replaceable V-Guard assembly pro-
tects your record and diamond as it plays.

*Trade Mark of Pickering and Co., Inc. P. k u
FOR THOSE WHO CAN [HEAR | THE DIFFERENCE PICKERING & CO., INC. PLAINVIEW, N.Y. Iu erl " g

THE WORLD’S LARGEST AND MOST EXPERIENCED MANUFACTURER OF MAGNETIC PICKUPS
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ILLUSTRATIONS BY ROBERT KORN

THE

OF LOUDSPEAKER DESIGN

ment, human vocal cords, or the fog horn of the

Queen Mary, is made up of vibrations or pulsations
in the air. The sounds that you hear, whether noise or
music, are aural evidence that something has set the air to
vibrating. The range of vibrations to which the human ear
can respond is usually given as 20 to 20,000 cycles per
second. Music contains frequencies that actually exceed
this audible range. The low bass pedal of a large
organ, for instance, can produce a low, throbbing pulsa-
tion of about 16 cps—which is so low in frequency
that one feels rather than hears it. The piccolo, on the
other hand, produces tones ranging from 5,000 to

SOUND, whether originating from a musical instru-
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AR
by Abraham . Cohen

20,000 cps. It is a considerable challenge to the loud-
speaker in your audio system to reproduce all these
sounds, whether (depending on your taste) from organ,
piccolo, or bagpipe.

A loudspeaker is, in effect, just the opposite of a
microphone. The microphone translates (in technical
language, it acts as a transducer) sound waves into elec-
trical signals that correspond to the sound waves that
strike it. The loudspeaker, on the other hand, changes
electrical signals from the amplifier back into audible
facsimiles of the original sound waves. If both the micro-
phone and the loudspeaker (and all the processes and

(Continued overleaf)
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SPEAKER DESIGN

components that lie between them) were perfect, the
reproduced sound would be an exact replica of the
original. We know, however, that loudspeakers, like all
the other elements in the reproducing chain, fall some-
what short of perfection. It is instructive 4o examine
the reasons for this lack of perfection, and what speaker
designers are doing about it.

One of the most common loudspeaker faults is the
emphasis or de-emphasis of one group of frequencies
over another group. For example, if one loudspeaker
sounds bright and crisp while another sounds dull and
muddy, then the latter loudspeaker is failing to reproduce
the high frequencies properly. A tinny-sounding, over-
sibilant speaker, on the other hand, is obviously dis-
criminating against the low frequencies.

It is extremely difficult to design a single general-
purpose loudspeaker that reproduces all tones, from high-
est to lowest, with equal emphasis. It is as if one were
to ask a designer of musical instruments to produce a
stringed instrument that would not only produce the
lowest tones of the bass viol, but the middle tones of
the cello and the high tones of the violin as well. To

Fig. 1. Frequency range of a typical single-cone loudspeaker
as compared to a system using a separate woofer and tweeter.
a great degree, the loudspeaker designer is faced with
the same problem; therefore, in order to cover a wide
range of tones, he has found it desirable to use two
or more different types of reproducers. When two speak-
ers are used, we have what is referred to as a two-way
loudspeaker system, comprising a ‘“woofer,” specially
designed to reproduce the low notes, and a “tweeter,”
specially designed for the highs. A three-way system
employs an additional mid-range speaker to reproduce
the range of frequencies extending from about 800 to
5,000 cps.

The principal advantage of such a division of labor
is that it is possible to design each part of the system
to perform at its best in the range in which it is to be used.
Referring to Figure 1, it can be seen that a typical single-
cone speaker tends to fall in response not only at the
high-frequency end, but at the low-frequency end also.
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In a two-way speaker system in which the low frequencies
are fed to a woofer and the high frequencies to a tweeter,
these faults are corrected.

In the never-ending battle against frequency-range
distortion, two- and three-way systems are important
weapons in the audio designer’s arsenal. But they are
also effective in another problem area: the proper dis-
persion of sound. Figure 2(a) shows how a single-cone
speaker tends to radiate high-frequency sounds in a sharp
beam. With such a speaker, in fact, the highest treble
tones may not be heard unless the listener is directly
in front of the speaker. This tendency to “beam’ high-
frequency sound can be easily checked by using a fre-
quency test record, such as the HiF1/STEREO REVIEW
Model 211. While listening to test frequencies in the
5,000- to 10,000-cps range, walk across the room in
front of the speaker from one side to the other. With
most speakers you will notice that the high-frequency
tones are loudest when you are directly in front of the
loudspeaker, and that they diminish in strength as you
walk to one side or the other. If a test record is not
available, the treble-beaming effect, or dispersion dis-
tortion, can also be checked with music that includes
such high-frequency sounds as triangles and cymbals.

Dispersion distortion not only makes it difficult to
distribute high frequencies evenly throughout a room,
but may also result in poor stereo performance. Speakers
with good high-frequency dispersion tremendously en-
large the area of the listening room in which good stereo
can be heard. Dispersion distortion can be remedied by
the same means as those used to overcome the limited-
frequency-response characteristic of a single-cone speaker
—by using a specialized speaker. In this case, a broad-dis-
persion tweeter will provide the sound-dispersion pat-
tern shown in Figure 2(b).

Both types of distortion discussed above are acts of
omission on the part of the loudspeaker: in one, it fails
to reproduce certain frequency ranges with the same
intensity they possessed in the original program, and
in the other it fails to radiate the higher frequencies
equally into all parts of the room. A loudspeaker may
be guilty of acts of commission as well. It may add
certain qualities to the reproduced sound that were not
present in the original. One of the most common forms

Fig. 2. A single-cone speaker (a) tends to beam higher fre-
quencies; a woofer-tweeter combination (b) improves dispersion.
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Fig. 3. Graph at left (a) shows harmonics of flute; graph at
right (b) shows harmonics of riolin—both playing the same note.

of this type of extracurricular activity is called harmonic
distortion. Actually, the term is somewhat misleading,
for it does not mean that the speaker is distorting musical
harmonics that it should be reproducing faithfully. Har-
monic distortion refers instcad to the loudspeaker’'s gen-
eration of spurious harmonics or tones that were not
present in the original program.

In order to clarify this difference, there are shown
in Figure 3 the tonal structures of the same note as played
by a flute (a) and by a violin (b). The note is made
up of a fundamental tone and a series of harmonics
of this fundamental. Musicians sometimes refer to these
harmonics as partials or overtones, and it is these har-
monics that determine the specific character, or timbre,
of the sound. If they were missing, all that would be
left would be a pure sine wave, and there would be no
difference between the sounds of any two musical in-
struments. Conversely, if a given loudspeaker introduces
spurious overtones, the character of the reproduced sound
could be so changed that it would be difficult to identify
the instrument that originally produced the tone. In Fig-
ure 4(a and b) are shown two simplified examples of
how harmonics influence the waveform (and hence the
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Fig. 4. The effect on wuvejorm of severe second-harmonic distor.
tion (a); effect of third-harmonic distortion is shown at (b).

sound) of a particular fundamental frequency. Figure
4(a) shows the addition of a second harmonic to the
fundamental and 4(b) the addition of a third harmonic,

Just what is there about a loudspeaker, or the manner
in which it is operated, that can cause it to produce
harmonic distortion? Harmonic distortion is produced
when the loudspeaker’s voice coil and cone do not re-
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spond linearly (evenly) to the electrical drive signal.
As an example, suppose that the speaker cone normally
moves in and out U/ inch when a 4-volt audio signal is
applied. If it then moves 1/ inch for an 8-volt signal and
3/, inch for a 12-volt signal, the speaker has "linear”
cone excursion. However, if there is no one-to-one cor-
respondence between signal strength and cone excursion,
the speaker’s response is said to be nanlinear—and the
result is distorted sound. For example, if, with a 12-volt
signal, the cone were to move only 34 inch instead of
3/ inch, the response curve would appear as it does in
Figure 5(a)—"flat-topped.” If we now apply, in reversc.
our previous analysis of the effect of harmonic content
upon waveshape, we can see that this distortion of the
reproduced wave will result in the production of a num-
ber of harmonics—or harmonic distortion—see Figure
5(b). In extreme cases, the sound is not only unrecog-
nizable musically, but actually borders on noisec.

As you might guess, most harmonic distortion occurs
when the speaker must reproduce a high-power, low-bass
signal, since it is then that the conc of the loudspeaker
will be called upon to move the greatest distance. Ob-
viously, there are physical limits to a cone's forward
and backward movements. At a certain point in its ex-
cursion, it will be restrained from further movement by
the limits of the “compliance’ of the elastic elements
by which it is suspended. “High-compliance™ is a term
used to characterize a type of loudspcaker whose cone
suspension can be stretched considerably before it begins
to reach its elastic limits—or its limits of wniform stretch.
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Fig. 5. Restriction of cone excursion causes flut-topping of
waveform (a); wareshape is related to harmonic content at (b).

Accordingly, the better low-frequency speakers are built
for high compliance in order to avoid harmonic dis-
tortion during large cone excursions.

Another source of harmonic distortion is nonlinearity
in the speaker’s drive system. The force that actually
moves the speaker cone results from the interaction be-
tween the varying electromagnetic field built up around
the speaker’s voice coil (by the signal current) and the
fixed magnetic field (from the magnet) that surrounds
the voice coil—see the box on page 36). If, in traveling
back and forth, the voice coil should move so far that
the number of turns of wire within the magnetic gap
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of the speaker is reduced, there will be less interaction
between the fields of the two magnets. This loss effec-
tively results in less motion of the voice coil and its
attached speaker cone (for a given signal) during cre-
scendo peaks in the music. As before, the loudspeaker’s
inability to follow the signal voltage results in flat-
topping, which, in turn, causes harmonic distortion. Flat-
topping caused by magnetic nonlinearity can be mini-
mized through the use of a “long-throw™ voice coil—one
that extends beyond the magnetic gap on both sides and
thereby maintains the same number of voice-coil wire
turns in the gap at all times despite long excursions.
With the combination of a high-compliance cone sus-
pension and a long-throw voice coil, low-frequency har-

monic distortion can be reduced to inaudible levels.

The same types of nonlinear cone movement that cause
harmonic distortion also breed an even more pernicious
aural irritant known as intermodulation (or IM) dis-
tortion. The waveforms in Figure 6 illustrate how such
distortion is produced. Imagine a single-cone loudspeaker
that is being fed two distortionless sine waves, one at
60 cps, the other at 5,000 cps. Then, at the same time
the speaker cone is moving back and forth at the com-
paratively slow 60-cps rate, it is also vibrating near its
apex at the 5,000-cps rate. If the low-frequency move-
ment is completely linear—without any flat-topping—
then the speaker’s output will appear as it does in Figure
6(a) and the shape of the individual high-frequency
pulses will be unchanged. However, suppose that the
60-cps movements are not perfectly linear. In this case,
the high-frequency waves will also be distorted when

Tm: assemBLy marked “A” below provides the
loudspeaker’s fixed magnetic field. This assembly
is made up of (1) a permanent magnet, (2) a top

CROSS-SECTION OF A LOUDSPEAKER

iron plate, (3) an iron pole piece, and (4) a bottom
iron plate. These components form a magnetic circuit
that creates a heavy concentration of magnetic energy
(flux) in the air gap (5). The strength of this flux is
unvarying and is determined by the weight and grade
of the magnet, the quality of the iron making up the
circuit, and the dimensions of the air gap.

The signal current coming from the amplifier flows
through the voice coil (6), which is positioned within
the air gap of assembly “A.” The signal current flowing
through the voice coil causes a varying magnetic field
to be formed about it, a field that changes in both
strength and polarity as the audio signal changes.
Interaction between the fixed magnetic field in the air
gap and the varying magnetic field around the voice
coil produces a repulsion-and-attraction effect that
causes the voice-coil assembly to move to and fro in the
gap with each change in signal current and polarity.
The voice-coil assembly is kept centered in the gap by
the flexible “spider” (8). The cone (7) is secured to,
and is moved by, the voice coil, and is affixed to the
outer edge of the speaker frame, or “‘basket” (9) by a
compliant “surround” (10), which supports and cen-
ters the cone with the help of the spider.

The movement of the cone, which is the result of the
voice coil’s response to signal current, creates com-
pressions and rarefactions of the air, and these arc heard
as sound. Low-frequency performance is determined for
the most part by the mass of the cone and the com-
pliance of the cone surround. In single-cone loudspeak-
ers, high-frequency improvement may be secured by
hardening the apex of the cone (11) with lacquer or
resin, by mechanically unhinging (“decoupling”) it
from the main body (12), or by adding a “whizzer”
cone (13) that both radiates and disperses the higher
frequencies.
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Fig. 6. (a) High and low frequencies combine to produce com-
posite output signal; (b) low-frequency signal causes nonlinear
cone excursion; (c) resulting change in high-frequency signal.

the cone is full out or full in, as in 6(b). The high-fre-
quency wave is shown in Figure 6(c).

Another sensitive area in which we may expect dis-
tortion is in the reproduction of transients. What is a
transient? In audio usage, a transient is a signal that
appears suddenly and disappears just as quickly. Among
the many musical sounds that fall in this category are the
impact of the mallet upon the tightly stretched drumhead
of the tympanum, the pluck of the guitar or harp string,
the tinkle of the triangle, and the clack of the castanets.
The suddenness with which the sound reaches its peak
is called its attack time. The rate at which it fades away
is its decay time; both are illustrated in Figure 7(a).
The loudspeaker must be able to respond almost instanta-
neously in order to reproduce the quick attack of a
transient sound, and it should also be able to come to
a stop just as quickly when the transient is past.

If a loudspeaker is unable to follow the attack of a
transient, it will blur the initial staccato crispness of
such instruments as the harp, the guitar, and snare drums.
In addition, if the speaker has a long decay period (often
called hangover), if it continues to vibrate after the
note being played should have stopped, notes played in
rapid succession will overlap and become blurred. If you
have a piano, you can easily demonstrate this effect. First,
run your thumb down the keyboard without depressing
the loud pedal. Then repeat the run with the pedal de-
pressed. The first run will produce short sharp notes,
each separated distinctly from the other. The second run,
with the damping removed, will permit the notes to over-
lap, and will produce an indistinct tonal picture. In the
first run, the damping felts remain on the struck strings
and quickly suppress the strings’ natural tendency to-
ward prolonged vibration. In the second run the dampers
are removed, and the strings continue to vibrate long
after they are struck. Satisfactory transient response by
a loudspeaker is also a question of proper damping. Poor
(insufficient) damping will usually permit the loud-
speaker to overshoot the mark on its sharp initial forward
motion—see Figure 7(b)—and then leave it jiggling
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indecisively before coming back under coatrol of the drive
signal from the amplifier.

Transient distortion can be minimized by adequate
damping of both the loudspeaker mechanism and the en-
closure in which it is mounted. A strong magnetic field
surrounding the voice coil (usually achieved by the use
of a heavy and expensive magnet) will quickly bring
the vibrating diaphragm to a stop after the signal ter-
minates. Additional damping can be attained by adjust-
ing the acoustical characteristics of the enclosure to the
particular speaker being used.

Whatever means of damping the designer uses, his
goal is to provide the loudspeaker with just enough re-
straint that it can respond to a suddenly applied signal
without overshoot and stop vibrating immediately when
the signal ceases. Such a speaker can be said to be
“critically damped,” and transient distortion from it will
be minimal.
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Fig. 7. (a) Normal reproduction of transients; (b) poor repro-
duction due to inadequate damping, resulting in tonal blurring.

Considering the many types of distortion that loud-
speakers are heir to, it is remarkable that a conical piece
of paper with a few turns of aluminum or copper wire
fastened to it, surrounded by a magnetic field and mounted
in a wooden box, can reproduce the subtle nuances of
the human voice, the blast of air pressure from a trumpet,
and the vibrating strings of a violin. It is a tribute to the
skill of loudspeaker designers that so many speakers can
reproduce these sounds—and many more—with such
fidelity to the original,

Abraham B. Cohen is one of the world’s leading designers of
loudspeakers. His articles on sound reproduction have appeared
in many publications. and his book on Hi-Fi Loudspeakers and
Enclosures, published by John F. Rider. is becoming a classic.
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SA GOOD BIG SPEAKER BETTER

HEN the goal is to reproduce music with maxi-

‘/ s/ mum exactness, a good big speaker is better than
a good little speaker. The reasons for this are

based on: (1) the electromechanical problems and lim-
itations involved in converting an electronic signal into
acoustic sound, (2) the same laws of physics that have
dictated the sizes of bass musical instruments over the
centuries, which exercise a similar influence over loud-
speaker-enclosure size. and (3) qualified A-B tests be-
tween live and reproduced

at the cost of extreme overdamping, which causes the
response of the system to fall off below 200 cycles.
Thus, a large enclosure gives the big speaker two distinct
advantages for low-frequency reproduction.

Bookshelf speakers are invariably low-ethciency sys-
tems. Such systems, compared to typical high-efhciency
big speakers, require around ten times more ampliﬁer
power to achieve the same sound output. This means a
much more powerful and costly amplifier is required.
Thus, for an average oper-

sound using full-size sym.
phony orchestras.

First, let's review the en-
gineering problems a de-
signer must cope with in
trying to produce a speaker
that can reproduce an exact
duplicate of an original
sound over the sonic spec-
trum sensed by the human
ear. Foremost is the problem
of reproducing the sound of

YES

by Alexis Badmaieff

Alexis Badmaieff is the
chief engineer of Altec
Lansing’s Acoustics-
Transducers Division

ating power, an efficient
speaker will be capable of
producing around ten times
greater relative dynamic
range ( higher levels) than a
low-efhiciency unit. Superior
low-frequency reproduction
and high dynamic levels pro-
vide an important part of the
thrill that only an efhcient
big speaker can deliver.
The big speaker has an-

low bass musical instruments
—such as the tuba, the double bass viol, and the pipe
organ, whose tones are so important to musical enjoyment.

The ability of a low-frequency speaker to reproduce
low bass is limited by its resonant frequency, below which
its response falls off at 12 decibels per octave. Both large
and small speakers can be made to have very low free-air
resonances of 20 to 25 cycles. However, when such a low-
resonant-frequency speaker operates in a small book-
shelf-size enclosure, the stiffness of the air behind the
speaker cone causes its resonance to rise as much as a
whole octave or more, perhaps up to 40 or 50 cycles,
below which its capability to reproduce bass drops off
rapidly.

This is not the case when such a speaker is installed
in a large enclosure, of five cubic feet volume or more,
and particularly when the enclosure is properly ported to
improve the coupling to the air at lowest frequencies.
In this instance the resonant frequency of the low-fre-
quency speaker remains the same as in free air—20 to 25
cycles—and it can reproduce low bass efficiently down to
this point.

The effective volume of a small enclosure can be in-
creased by 40 per cent by packing it with fiber glass.
However, this increase in cffective volume is accomplished
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other advantage, in that its
enclosure can house a high-efficiency compression driver
on a high-frequency horn large enough to provide a low
crossover of 500 to 800 cycles. This in turn brings three
system design advantages: (a) the entire audio spectrum
can be covered with a simple two-way system, (b) its
single crossover can be located low in the spectrum,
where the wavelengths ar