


Never before

has there been a
receiver like the 387.
Power and purpose are implicit
in its every distinctive line . . .
from its bold new high-visibility dial face to
the sweep of its comprehensive control panel.
And just wait until you experience the 387’s effortless
performance! A new kind of receiver power is yours to ccmmand —
instantaneous, undistorted, unmatched for flexibility and responsiveness.

Inside, the 387 justifies its advanced exterior. Here are tomorrow’s electronics . . .
Integrated Circuits, Field Effect Transistors, solderless connections, and electronic safeguard d
systems to keep the 387’s 270 Watts of power totally usable under all conditions.

Decades of manufacturing experience and engineering skill have gone into the 387. But to really
appreciate how its designers have totally rejected the ordinary, you must see it and hear it.

SCOTT 387 AM/FM STEREO RECEIVER

FM STEREO PERFECTUNE
Fm AM

PHONO EXTRA

- - ek

Computer-activated “Perfectune”  New Modutron Circuit Board Ex- Ultra-reliable Integrated Cir- New solderless connection tech-

light: Perfectune computer de-  change Policy: Takes over after your cuits: Seven IC’s are included in  niques: Tension-wrapped termi-
cides when you're tuned for the warranty expires; insures quick, inex-  the 387 . . . totalling 91 transis- nal connections plus plug-in cir-
best reception and lowest distor- pensive replacement of any plug-in  tors, 28 diodes, and 109 resistors.  cuit modules result in the kind of
tion, then snaps on the Perfectune  printed circuit board for as long as reliability associated with aero-
light. you own your Scott unit. space applications.

387 SPECIFICATIONS

AMPLIFIER SECTION: Total power (*+1 dB) 270 Watts @
4 Ohms; IHF music power, 220 Watts @ 4 Ohms; 140 Watts
@ 8 Ohms; Continuous output, with one channel driven,
100/100 Watts @ 4 Ohms; 63/63 Watts @ 8 Ohms; Continu-
ous output, with both channels driven, 85/85 Watts @ 4
Ohms; 55/55 Watts @ 8 Ohms; Harmonic distortion, 0.5% at
rated output; IHF power bandwidth, 10 Hz — 38 kHz; Hum
and noise, phone, —70 dB. TUNER SECTION: (FM); Usable uu S ‘ ' O' I ! I o
sensitivity (IHF), 1.9 uV; Stereo separation, 40 dB; Capture

ratio, 2.5 dB; Signal/Noise ratio, 65 dB; Cross modulation
rejection, 80 dB; Selectivity, 42 dB. TUNER SECTION:
(AM); Sensitivity (IHF), 4 uV @ 600 kHz; Selectivity (IHF),

For detailed specifications, write:
H. H. Scott, Inc., Dept. 01003

32 dB 111 Powdermill Road, Maynard, Mass. 01754
Price: Less than $450. Export: Scott International, Maynard, Mass. 01754
Prices and specifications subject to change without notice. © 1970, H. H. Scott, Inc.
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no brushes
no commutator
: no belt i
no idler reduction mechanisms

no motor hum
no WOwW-

no flutter

no rumble
no tone arm
no cartridge

'The Panasonic
Ultra H1-F1de11tv Turntable.

Yes.
& anasonic Ultra Hi-Fidelity Turntable, Model S with wo
| | RMS. Rumble less than —60dB. Sp
il i ion at 33%3 rpm. Multi-pole

P-10 less n 0.0
s X3Vs rpm. Fine Spe
uskles Driv= System
Electronic Control. Turntable 12" Aluminum Diecast. Turntable about $350. Base about $40.
, 8009 3. We for t

PANAS(]NI(:®

Check No. 1 on Reader Service Card ] ust sli ghtly ahead of our time.



SHARPE
announces
another first

BDEL 770

STEREOPHONES
the ultimate in listening
pleasure . ..now

guaranteed for life
Superior craftsmanship and highest
standards of quality controi. These
ingredients, builtintoevery SHARPE
model 770 Stereophone are now
backed by a lifetime guarantee . . . for
a lifetime of listening pleasure.
SCINTREX will repair or replace
any SHARPE mode! 770 Stereo-
phone which develops a malfunction
due to defective workmanship or
materials, or from normal wear and
usage . . . during the life of the
original owner.
SHARPE MODEL 770
STEREOPHONES

designed for those who appre-
ciate the finest in sound.
* outperform the most advanced
speaker systems in undistorted repro-
duction of the entire sound spectrum.
e drivers are calibrated and matched
for identical audio characteristics
assure uniform reproduction in both
channels.
» actual frequency response tracing
accompanies each unit.
¢ individually fused channels with
independent volume control
« attractive styling in contemporary
walnut grain and 24K gold . . . an
outstanding addition to the most
sophisticated sound system.
Hear for yourself the dramatic dif
ference SMARPE brings to listening
enjoyment. Visit your authorized
SHARPE dealerforademonstration
and all the facts on this unique lifetime
guarantee. Use the reader service card
for the name of your nearest dealer and
a free full-color brochure.
Say SHARPE for the sound of
satisfaction

SHARPE

AUDIO DIVISION
SCINTREX INC.

390 Creekside Drive, Amherst Industrial Park
Tonawanda, N.Y 14150

Export Agents
ELPA MARKETING INDUSTRIES INC.

New Hyde Park, N Y 11040
ALSO AVAILABLE IN CANADA
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At our Swindon works,

for every man who assembles

Garrard of Englandis theworld’s
largest producer of component auto-
matic turntables.

And our SL95B is generally con-
ceded to be the most advanced auto-
matic you can buy, at any price.

Yet we confess to some star-
tlingly old-fashioned ideas.

Instead of rewarding the speedy,
for example, we encourage the per-
snickety.

In final assembly, each manwho
installs a part tests that finished as-
sembly. The unit doesn’t leave his sta-
tion until he’s satisfied it's right.

For a faulty unit to be passed
down the line, a man must make the
same mistake twice. An occurence we
find exceedingly rare.

If something isn't up to stan-
dard, he adjusts it on the spot—or sets
it aside to be made right.

Hardly the sort of thing produc-
tion records are made of.

A modest record

But as Brian Mortimer, Director
of Quality Assurance, has said, “We
absolutely refuse to let units per hour
become an obsession. It is simply a
useful statistic.

“Each final assembly line for
our 95B consists of nineteen men and
women,

“In top form, they turn out
twenty units an hour. A rather mod-
est record in these days of mecha-
nized production lines.

“But if we were to speed it

Check No. 3 on Reader Service Card

we have one

who tests.

up, we'd pay for it in quality. And, in
my book, that's a bad bargain.”

Of roots and heritage

We admit, however, to enjoying
a special circumstance. Garrard re-
cently marked its fiftieth year, all of
them in the town of Swindon, England.

In a time of people without roots
and products without a heritage, many
Garrard employees are second and
third generation.

Brian Mortimer's father, E. W,
hand-built the first Garrard.

And in all, 256 of our employees
have been with us over 25 years.

A happy circumstance, indeed.

To buy or not to buy

In an age of compromise, we in-
dulge still another old-fashioned notion,

Of the 202 parts in a Garrard
automatic turntable, we make all but
a piddling few.

We do it for just onereason. We
can be more finicky that way.

For instance, in the manufac-
ture of our Synchro-Lab motor we ad-
here to incredibly fine tolerances.

Bearings must meet a standard
of plus or minus one ten-thousandth
of an inch. Motor pulleys, likewise.

To limit friction (and rumble)
to the irreducible minimum we super
iinish each rotor shaft to one micro-
inch.

And the finished rotor assem-
bly is automatically balanced to within
.0008 in.-0z. of the absolute.

Not parity, but superiority

Thirty-odd years ago, H. V. Slade
(then Garrard of England’s uncompro-
mising Managing Director) set policy
which endures to this day.

“We will sell a Garrard in the
U.S. only when it is more advanced
than any machine available there.”

Spurred by this commitment,
Garrard engineers have produced every
major advance in automatic turntables,

Today's SL95B remains the
world’'s premiere automatic turntable.

Its revolutionary two-stage syn-
chronous motor produces unvarying
speed, and does it with an ultra-light
turntable.

Its new counterweight adjust-
ment screw lets you balance the tone
arm to a hundredth of a gram.

And its patented anti-skating
control is permanently accurate.

The six Garrard component
models range from the 40B at
$44.50 to the SL95B (shown) at
$129.50.

Your dealer can help you se-
lect the right one for your system.

QW

British Industries Co.



Coming
In
April

What Matters in Amplifiers—
Specifications and how to
read them.

How to Build a Delay Line—
Duane Cooper describes a
method of making delay lines
suitable for simulated four-
channel stereo.

Equipment Reviews Include:
Pioneer TX-900 AM/FM tuner
KLH Model 41 Dolbyized tape
recorder

PLUS
Record and Tape Reviews
and all the regular features

About the Cover: Here we have a
picture of a most interesting loud-
speaker, Model 1851. Designed in
1949, or thereabouts, by Hugh Brittain
of the British GE company, it was one
of the first fuli-range speakers to use
a metal cone and voice coil. The
center “bung” was replaced later by
a HF pressure unit to increase the
trequency range above 11 kHz. The
surround was very flexible and free
air resonance was about 20 Hz. An
enclosure known as the Polyphonic
used two of these 1851's in a unique
push-pull arrangement.

Audioclinic

Refrigerator Interference

Q. Irecently bought a small refrigerator
which produces so much interference
that 1 cannot listen 10 my music sysiem.
The refrigerator starts every ten minules
and runs for two minutes. When it sturts.
I hear a noise. This noise isn’t 100 bad.
however. When t1he refrigerator stops.
the noise is as loud as a circus whip.

I am living in an old house on the third
floor without a ground wire. All outlets on
the second and third floors ure on the
same circuil.

Do you have a solution to this problem?
—John Hadzevich, Toronto, Canada.

A. Unless you can get at the contacts
of the thermostat of your refrigerator
there is probably not much you can do
to solve this problem.

As you know. the operation ol a
refnigerator 1s controlled by contacts
which are operated by a thermostat.
Gas pressure acting on a diaphragm
causes the switch to complete or dis-
connect a circuit. depending on the
temperature of the box. Perhaps the
gas pressure in your particular thermo-
stat 1s not sufficient to cause the con
tacts to open quickly. It this is the casc
your thermostat contacts will soon be
permanently welded closed. | reahize
that your refrigerator is new. but you
still might have a thermostat problem.

Assuming that the thermostat s 1n
good condition. you may be able o0
shunt the contacts with a series com-
bmation of a resistor and capacuor.
The capacitor will probably have to
have « value of 0.05 pk. The resistor
would have to have a value ot no less
than 100 ohms. The voltage rating of
the capacitor should be 600 volts. The
resistor can be a hualf-watt unit. You
will have to experiment with the value
of this capacitor unul you arrive at a
capacitance  value- which  suppresses
the noise. Apparently when your con-
tacts open, they arc. The purpose of
this nctwork is to absorb a portion of
this arc voltage

You might try grounding your re-
frigerator to your outlet box. This
somcetimies helps to a degree.

Because so many circuits are ted
from one line, it might be that the
stopping of the relnigerator results in
a dramatic rise in power line voltage.
The suddenness with which this rise
takes place could cause the transient
clicks you are hearing.

Perhaps you should tell the dealer
from whom you bought the refrigerator
about the trouble that you are having,
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or you might write directly to the manu-
tacturer of the unit.

I have not had a great deal of success
in solving problems of this sort. It might
be that another reader will have some
observations which will be helptul. I will
welcome the chance to hear trom such
a person and will print the material if
It proves relevant.

Amplifier “Pops”

Q. When my amplifier is turned off.
with or without an input source feeding
ir, my speakers produce a loud “pop.” Is
the “pop’ considered normal with solid
state equipment? If not, what is a solution”?

John Hunley, Woodside. N.Y.

A. From time to ume | run mto an
amphtier which exhibits 4 “pop when
it is turned oft. This has o do with the
sudden interruption ot the ac. I think
that this transient enters the amplitier
as a pulse and becomes audible. T do
not believe this 1s a4 matter of whether
the amphitier 1s sohd state or not. I have
secn buth tube and sohid state gear
exhibit this “pop.”

_— e = = — =
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Fig. 1—Click filter circuit. The resistor
may have to be increased to 100 ohms.

You might try bypassing the switch
with a scries combination of a 0.02 - mb
capacitor and a 200-ohm resistor. When
the switch opens. this combinaton will
act as a slight butter to reduce the sharp-
ness of the transient. und, we hope.
will chminate the “pop™ for the most
part. (Sce big 1)

Letter on Thumping

From tume to tume | recenve items
which mught prove interesting to my
readers. The followmg 15 a case
]mml

Quite u few issues ago. a reader ushed
you o question ahoul a heavy  thump
when switching on powwjul (ransistor
amplifiers.
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I have found a method of appreciably
reducing it. I have been using 1his system
now for da number of weeks without
noticing anv audible drop in power out-
put. Here i1 is, for the benefii of other
sufferers like myself:

Buy a so-called “rube saver” (300-
watt 1vpe Is adequate) and plug it be-
tween the power line and the linecord
of the power amplifier. The tube saver
consists  of «  temperatire-dependent
resistor with a negative (emperdiure
coefficient (carbon. erc.). When i1 is
used, there is an appreciable drop in
line voliage ar the amplifier. The voltuge
builds up gradually (few seconds) io a
value abour two volrs lover than without
the resistor. This gradual rise of ihe
applied line voliage allows the electrolyiic
blocking and filter capacitors 1o charge
slowly. The desired effect of a less violent
“thump™ iy thus achieved ar a cost of only
about $2.50.

I hope that other solid stare amplifier
users will find this suggestion helpful.
Alex Azelickis. Morton Grove. [llinois.

Treble Cleanness and Volume

Q. On the amplifiers 10 which I have
listened there seems 1o be a “kick-in”
poini on the volume control. where the
treble becomes clearer und not so subdued.
Ir does not matrer what other components
were used. It happens all the time. |
usually have the volume pust the “kick-
in” poinr to truly allow me to enjoy the
misic.

Why do amplifiers do this? Sgt. Dennis
Z. Muller, APO. Sun Francisco. Cali-
fornia.

A. In most ampliliers the treble does
not increase with respect to overall
sound as the volume is raised. However.
subjectively, the human car perceives
more treble and more bass. too. with
respect to the middle frequencies. as
the volume of sound is increascd. Above
a certain point the car does not observe
a further buildup of treble. This situation
is a phenomenon of human hearing. It
i1s not a problem associated with
amplifiers. Therefore, if vou wish to
hear more treble, but not at so high a
volume. advance the treble control to
suit your needs. I notice that many of
us tend to leave the tonc controls on
“flat.” However. they were designed into
the equipment to be used for just such
situations as yours.

If you have a problem or question on
audio, write to Mr. Joseph Giovanelli
at AUDIO, 134 North Thirteenth Street,
Philadelphia, Pa. 19107. All letters are
answered. Please enclose a stamped
selt-addressed envelope.
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When was the last time , .
you saw a round piano!

Or a round violin or guitar? und comes out, it comes out
You haven't. Because thes3 instruments  Wtha bending motion. The way it was orig-
have acoustical sounding boards with irregu- inally produced.

lar shapes. They produce sound with  With Yamaha, you don't have to get bent
a bending motion. Natural sound. out of shape to get the most natural sound.

And that's why our Yamaha Natural Sound It comes to you naturaily. Write for com-
Speaker isn't round. It's irregular in shape plete technical information. The Yamaha
like the sounding board of a grand piano.  Natural Sound Speaker.

YAMAHA®

YAMAHA INTERNATIONAL GORPORATION AUDIO PRODUCTS DIVISION. 7733 TELEGRAPH ROAD, MONTEBELLO. CALIF. 80640

Check No. 5 on Reader Service Card

Sony condenser mikes
are better for everyone!

Especially those whose extraordinary
musical ability make accurate
reproduction vitally important. .

Sony's ECM-22P condenser
microphone costs $99.50
and is better than any

I competitive $175 dynamic
microphone. Find it hard to
believe? Visit your Sony/
Superscope dealer for
details —or write:

Mr. Carl Mason,

Sony/ Superscope,

8150 Vineland Ave.,

Sun Valley, Calif.

91352.

[son, [BEEg

@© 1971 Superscope. Inc.
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What's New in Audio

Sony AM/FM stereo receiver/cassette recorder

Booklets and Catalogs

Sony Corp. of America has issued the
second volume of “Sony Videocorder,”
a broad compilation of case histories in
video tape recording. The 52-page book-
let presents 23 recent applications of
VTR equipment.

Check No. 98 on Reader Service Card

Howard H. Sams & Co., Inc. has re-
leased a new edition of Norman H.
Crowhurst’'s“ABC’s of Tape Recording,”
which offers practical, up-to-date in-
formation choosing and using tape re-
corders, judging recording quality, and
recorder maintenance.

Check No. 99 on Reader Service Card

S & C turntable pads

This set of three specially formulated
pads is placed on the turntable to assure
constant vertical tracking angle. Each
record placed on the turntable com-
presses the pads the thickness of the
record, placing the top record at the
optimum height for a 15 degree vertical
tracking angle. Other advantages in-
clude isolation from turntable noise and
use of cueing control on stacked records.
Price: $2.00.
Check No. 101 on Reader Service Card

Bogen RM300 P.A. receiver

This 30-watt receiver is designed to
provide high fidelity FM and AM recep-
tion for background music systems. [n-
puts from external sound sources in-
clude record player, tape deck, micro-
phone, and intercommunication paging
phones. An auxiliary input will accept
either a tape recorder with built-in
preamp or the sound section of a TV
receiver. Price: $374.90.

Check No. 102 on Reader Service Card

SAE Mark Three power amplifier

This basic power amplitier has impres-
sive specifications: Power output is
120 watts rms per channel @ 8 ohms
from 20 Hz to 20kHz, rms harmonic
distortion is guaranteed less than 0.1%
at 120 watts rms; IM distortion is guar-
anteed less than 0.1% at 120 watts sine
wave power; response is + 0.1 dB from
20 Hz to 20 kHz, and the S/N level is
said to be better than 100 dB below 120
watts rms. Price: $700.

Check No. 103 on Reader Service Card

Sony AM/FM stereo receiver
cassette recorder

The Models CF-620, CF-610, and CF-
500 each contain a high performance
cassette recorder, AM/FM stereo radio,
control center. and a pair of extended-
range speaker systems. Features include
a tape select switch for equalizing bias
to standard tupe or to chromium dioxide
tape. straight-line volume and tone
controls, FET circuitry in the tuner,
magnetic phono. auxiliary, and micro-
phone inputs, telescopic FM antenna,
automatic recording level control, tape
counter, and monitor jack. The speakers
and control center latch together to
form a single attache case-sized package.
Prices: CF-620, with walnut cabinetry,
$29995; CF-610, with high impact
plastic cabinetry, $289.95, and CF-
500, with fewer features, $219.95.
Check No. 104 on Reader Service Card

Scott 433 tuner prototype

Four methods of FM station selection
are incorporated into this tuner proto-
type: programmed cards, automatic
slation scanning, automatic stereo sta-
tion scanning, and manual channel
selection. Features include digital fre-
quency readout. scanning steps based
on a quartz crystal base, phase-locked
loop, multipath and signal strength
meters, channel scan speed control,
and a four-channel multiplex output
jack on the rear panel.
Check No. 105 on Reader Service Card

Soundcraftsmen 20-12 equalizer

This audio frequency equalizer is used
to equalize the sound pressure level
across the audible spectrum, taking into
account qualities of the listening room,
records, broadcast stations, tapes, etc.

=t Ty |
~ . y .,g-? ilw%’;’;

ot 20y,

It provides 10 controls for each of two
channels, with each control spanning a
single octave and having a 24 dB range.
A separate frequency spectrum level
control provides up to 24 dB boost or
18 dB cut in-each channel. A special
equalization test record is supplied
with each unit. along with charts to
mark settings. Price: $299.50.
Check No. 106 on Reader Service Card
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Model 4344 is the latest pacesetter from JVC.
With more features, more versatility than any
other compact in its field. You can enjoy either
its superb FM stereo/AM receiver. Or your fa-
vorite albums on its 4-speed changer. Or 4-track
cassettes on its built-in player. Or you can re-
cord your own stereo cassettes direct from the
radio, or use its microphones (included) to re-
cord from any outside source. And you get all
these great components in a beautiful wooden
cabinet that can sit on a book-shelf.
But don't let its size fool you — JVC’s 4344 is § =
a real heavyweight, With 45 watts music power, r
1
|

2-way speaker switching and matching air sus-
pension speakers, illuminated function indica- ¢
tors, handsome blackout dial, separate bass and
treble controls, FM-AFC switch. Even two VU }
meters to simplify recording, and more. il

See the Model 4344 at your nearest JVC deal-
er today. Or write us direct for his address and
color brochure.

JVBCatching On Fast

JVC America, Inc., 50-35. 56th Road, Maspeth, New York, N.Y. 11378
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Tape Guide

HERMAN BURSTEIN

Monitor Level Drop

Q. When I record monophonic FM
on both tracks of my rape machine at the
same time, or when I take a mono source
and split it so as to send the same signal
to Channel A and Channel B, upon bal-
ancing the input by meters with the moni-
tor switch in the source position and rhen
switching to tape monitor, I find the over-
all level dropped considerably and Chan-
nel A 2-3 dB below Channel B. When I
use the output control 1o obtain the same
listening level in the 1upe monitor and
source monitor position, a comparison
indicates an obvious deficiency of bass in
the tape monitor position. I have nade
the above checks with several different
brands and 1ypes of tape. and all gave
compuarable resulis. Please advise how
1o solve the problem. —John D. Moss,
Harselle. Alabama.

A. A difference of 2-3 dB in level
between channcls is not “considerable”
but just about on the edge of signifi-
cance so far as the human ear is con-
cerned. This difference could be due to
a difference in calibration of the meters,
to a difference in amplification by elec-
tronic stages, to a difference in efficiency
of the two sections of the record head,
to a difference in output of the two
sections of the plavback head, and per-
haps to other factors. One would have
to make a careful check, with suitable
test equipment (signal generator and
VTVM) to discover where the differ-
ence originates and what to do about
it. What to do about it depends in part
upon the adjustment facilities avail-
able inside your tape machine. Some
machines contain fairly elaborate in-
ternal controls in order to permit balanc-
ing channels in recording and playback.

The above answer also applies to
your problems of a drop in level when
switching to tape monitor (tape play-
back). Some machines contain internal
controls for balancing input and out-
put levels.

In the absence of suitable internal
controls to achieve balance between
channels and between input and out-
put, you have to rely upon your external
controls (for recording and playback)
to achieve such balance.

The bass deficiency when listening
to tape playback may be due to faulty
playback equalization. Playback equal-
ization can be checked with a test tape
and a VITVM connected to the output
of your tape machine. Proper equaliza-
tion will result in flat playback response.

8

Red vs. Black Oxide

Q. I have often wondered why all pre-
recorded rape is of the red oxide variety.
This dirties up equipment much faster
than black oxide tape. I assume that the
reason why bluck oxide tape dirties up
equipment less is rhat the oxide is much
harder. If the oxide is harder, then the
commercial studios probably stay away
from it because it wears out heads and
paris fuster. Any commenis vou have on
the subject will be appreciated. —M. Glen
Blair, Idaho Falls, [daho.

A. T am not familiar enough with the
physical properties of black oxide tape
to comment on it as a cause ol wear of
heads and other tape machine parts. If
vou are correct that it causes more wear
than red oxide, this would be a good
reason for staying away from it, because
high quality tape hecads are very ex-
pensive items,

Furthermore. my understanding is
that the two oxides have quite different
magnetic  properties, involving Ire-
quency response. bias requirements,
noise. signal level. drive requirements,
etc.; and that it has generally been found
that red oxide is superior for most audio
use.

Whistling Recorder

Q. I am writing to you about the prob-
lem of recording from FM siereo. I get
a barely audible whistle a 7Y ips, but at
3% ips the whisile is very audible. Since
my tape machine makes very listenable
tapes at 3% ips, I of course wish to use
this speed. I know from repairing several
friends’ machines that machines with 100
kHz bias have litile or no troubles with
“birdies.” However, my recorder uses
80 kH: bias. I assume that the extra
ireble boost ar 3% ips compared with
treble boost at 7% ips boosis the 19 or
38 kH:z present in the tuner outpur and
therefore accentuares the whistle ar the
lower speed. (This whistle results from
mixing of the recorder’s bias frequency
and the tuner’s 19 or 38 kHz output—
HB.) I am satisfied that the tuner is OK
as I have tried two other tuners with the
same result. Can you advise me regarding
a filter to be used ahead of the high-level
inputs of my tape recorder’—Clarence
Geidenberger, Jr., Newark, Ohio.

A.You might contact your local audio
store or some of the audio mail order
houses to inquire what they have in the
way of a multiplex filter. If you wish to
construct your own filter, you can try a

simple circuit consisting of a capacitor
and inductor in series, tuned to 19 kHz,
and placed across the input jack of your
tape recorder. (Of course, one such filter
for each input.) This is the method used
in some tape machines. Tandberg, for
example, in its Model 64 uses a 2200 pfd
capacitor in series with what is ap-
parently a 34 mhy inductor. You can
perhaps obtain a TV width coil tunable
in the range of 10 to 20 mhy. If so, and
assuming you adjust the coil to about
5 mhy, you would use a capacitor of
about 5400 pfd. If you use an inductor
of about 10 mhy, the capacitor would be
about 7,000 pfd. In short, the product
of inductance in mhy times capacitance
in pfd would be about 70,000 if you are
tuning to 19 kHz.

Large-Reel Adaptor

Q. I have a Revox tape deck and have
some questions regarding the use of 102"
reels on this machine. 1 have noticed
that many of the 10%” plastic reels used
on this machine are warped, someiimes
severely so. Is this a conunon problem,
and if so would you recommend the use
of these reels? I would prefer 1o use the
large-hub metal reels, bur many people
have told me that no satisfactory adaptor
exisis which would permit the use of
these reels on my Revox. Apparenily
many of these adaptors simply do not
perform well. and numerous problems are
encountered when they are used. Is this
really the case? If not, which adaptors
do funciion properly. and where can
these be obtained? What would you rec-
ommend as the best overall method of
using 10%” reels on this machine?—
Stephen L. Siegel, Chicago, lllinois.

A. I think that your question on how
to handle the problem you describe
should really be addressed to the manu-
facturer of your tape machine. [ agree
that use of a metal reel is preferable,
but do not have the background of
experience which would indicate the
proper adaptor to use with the Revox
(if there 1s such an adaptor). Why not
write to Revox?

Equalization

Q. My question concerns equalization
when playing records through the amp
in my tape recorder. The only equaliza-
tion in my recorder amp is for the two
speeds 3% and 7Y% ips. I play records

(Continued on page 28 )
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There have been almost
50 recordings of the famous
Tchaikovsky overture.

From acoustic versions
to 10-inch 78’s to long-play
versions.

Now Columbia Records
announces an exciting new
version that Tchaikovsky
himself would have
appreciated.

It features Eugene
Ormandy conducting the
Philadelphia Orchestra. The
choral magnificence of the
375 voices of the Mormon
Tabernacle Choir. The Vallev
Forge Military Academy Band

THE FABULOUS PHILADELPHIA SOUND SERIES [
TCHAIKOVSKY OVERTJRE
SERENADE FOR STRINGS
EUGENE OBRMANDY
PHILADELPHIA ORCHESTRA

MORMON TABERNACLE CHOIR

VALLEY FORGE MILITARY

ACADEMY BAND

CANNONS AND RUSSIAN CHURCH BEL_S

o

Check No. 7 on Reader Service Card

(an 1812 tradition). Russian
church bells. The authentic
cannecns from 20th Century
Fox (famous for its wars).
Producer Thomas Frost and
the brilliant staff of Columbia
engineers (famous for the
Fabulous Philadelphia Sound
Series).

Listen to the new 1812
Overture. It’s the freshest
sound in 159 years.

THEI971

ON.COLUMBIA RECORDS'® AND _APES.



BEHIND THE SCENES BERT WHYTE

VEN THE most casual observer of
E the audio scene is aware of the

intense activity in the field. The
various aspects of four-channel stereo,
developments in the cassette format,
Dolby noise reduction . . . all these are
healthy indices of the dynamic growth
and rapidly expanding technology of
audio. Having delivered this nice fat
platitude, one is bound to say that there
are people who view some of these
developments with something less than
enthusiasm. For example, there are
some hard-nosed audio retailers who
feel that all the hoopla about four-
channel stereo is premature and un-
warranted and can only have an adverse
effect on their two-channel stereo busi-
ness. Okay . . . that’s understandable

. no one wants to get stuck with ob-
solete inventorv. [ personally don’t
think this is going to be a major prob-
lem. With cool-headed buying and the
application of imaginative merchandis-
ing. these dealers can cope with the
advent of four-channel sterco, just as
we dealt with the transition from mono-
phonic sound to stereo. I can tell you
this fellas. you had better review your
situation and adjust your attitude. for
there is every indication that four-chan-
nel stereo could be a viable market
entity as early as the fall of this year.
The massive RCA advertising campaign
for Quad Eight stereo will have terrific
impact and it would be unwise not to be
prepared for the overall boost this will
give to four-channel stereo. You would
be surprised at how many record com-
panies, besides RCA, are busily pre-
paring Quad Eight cartridges! Which
brings up another point. . . .

I have seen the release lists for the
Quad Eight cartridges from a number of
record companies, and I have talked to
their engineers. There is little doubt
that the type of four-channel stereo
sound that will predominate will be
of the total surround ping-ping/pong-
pong variety, with equal amplitude on
all four channels. While this should
apply mainly to pop music, unfortu-
nately there seems to be some talk that
classical music will be similarly pro-
cessed. It would appear that there will
be relatively few of the classical works
recorded with ambient information on
the rear channels. Of course, it must be
admitted that there are very few classical
recordings which have been recorded in
the four-channel stereo mode. And as I
have pointed out a number of times,
there are some fairly divergent views on
how to record classical four-channel

10

stereo. So [ am afraid we will be sub-
jected to some pretty “hoky,” phony
four-channel stereo classical record-
ings, in much the way the same thing
happened in the early days of two-chan-
nel stereo. It is a relatively easy thing
to “mix down” an 8- or 16-channel pop
recording to the equal amplitude four-
channel stereo format. As I have noted
in these pages previously, in the strictest
sense, neither two- nor four-channel
stereo pop recordings are sterco in the
classic definition. They are really a
number of monophonic tracks with re-
verberation added for “liveness” and
oriented left/right, or as is the case
with four channel. pan-potted as well.
Fm I"‘ R~ :

|

:é Eargle

It is quite another matter to take a two-
or three-channel stereo classical re-
cording and convert it to four-channel
stereo, especially if what is wanted is
equal-amplitude, “total  surround”
sound. Some ghastly things have been
proposed, such as taking the middle
channel and splitting 1t to left and right
rear! Since with the usual recording set-
up in a concert hall the center channel
of a three-channel stereo recording
is mainly woodwinds, with perhaps
some strings . . . that is what you would
be hearing behind you! Bizarre is hardly
the word. The big problem for anyone
trying this kind of manipulation with
a classical stereo recording is that he
is dealing with a rrue stereo recording.
Thus the orchestra totally interacts with
the acoustic environment of the hall
producing both direct sound and multi-
ple reflections, which are picked up by
the microphones as functions of “time

of arrival” and ditferences in intensity
and phase. In a properly made three-
channel recording for example, while
we get directional information which
tells us that the first violins are on the
lett and cellos on the right, there is a
certain amount of overlap in the polar
patterns of the microphones (they are
deliberately positioned to take advantage
of the overlap) so there is no gross isola-
tion between the channels. The ideal of
course, is to obtain a panoramic “wall
of sound,” with sufficient directional
cues for locatization of a discrete instru-
ment or groups of instruments. This lack
of pronounced isolation would make
very difficult the pop-oriented mix-
down of a classical stereo recording.

As most everyone knows, the human
eye can be fooled with a variety of
optical trickery. So too can the ear be
fooled, with psychoacoustic factors
prominent in this respect. Now in any
four-channelstereorecording, the princi-
pal information is on the front left and
right channels, and it is a very large
proportion . . . probably on the order
of 90 percent or even more. Now sup-
pose we could take a two-channel pref-
erably a three-channel classical stereo
recording and somehow process it so
that we could get a four-channel re-
cording with ambient information on
the rear channels, which would sound
to our ears as if the recording was
made in the four-channel stereo mode
originally! Well friends, such a process
exists! John Eargle, Chief Engineer of
Mercury Records presented a paper and
gave a demonstration at the last AES
Convention in New York of his system
of processing two- and three-channel
classical stereo recordings into four-
channel stereo recordings. As you might
expect, it is a fairly complicated process,
and next month I will report on it in
detail. It is important to remember that
in his process Mr. Eargle is concerned
only with the creation of reverberant
information to simulate the ambiance
of the concert hall. The resultant pro-
cessed tape is in the four channels in-
line format, and is played through four
amplifiers and loudspeakers. In other
words, it is treated like a true four-
channel stereo classical recording. As
is pretty well known, ’'m an audio purist.
[ can assure you that Mr. Eargle is
equally uncompromising in his audio
endeavours. So when [ heard about
this process and who had worked it out
I was a bit shocked . . . and reluctantly
... skeptical. As far as I was concerned,

(Continued on page 12 )
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THE SANSUI (§-1
QUADPHONIG SYNTHESIZER
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SANSUI QS-I

4-CHANNEL SOUND FROM ANY 2-CHANNEL SOURCE

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

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

recovering them. These subtle shifts and modulations, if re-introduced, Z'Chfﬂf_— ESQZ;LOM
breathtakingly recreate the total of the original sound as it existed in the R| matrix
recording or broadcast studio. Phase modulation

circuit

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

This type of phase modulation of the indirect components, applied to the additional
speakers, adds another important element. It sets up a complex phase interference fringe in the
listening room that duplicates the multiple indirect-wave effects of the original field. The result is
parallel to what would be obtaind by using an infinite number of microphones in the studio (Ml through
Mn in the accompanying illustration) and reproducing them through a corresponding number
of channels and speakers.

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

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

of the true tests of the Quadphonic system.

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

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

» AL
- ", 5P24 S|
An SP
Patents Pending

e T SANSUI ELECTRONICS CORP.

Woodside, New York * Gardena, California

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

Check No. 15 on Reader Service Card



Wollensak can say it.

The new Wollensak 4750 sterco cas-
sette deck brings true hi-fidelity to
cassette listening.

Here’s why: It has one of the lowest
wow and flutter characteristics of any
deck available. The precise heavy-
duty tape transport mechanism is
considered by independent audio
experts to be the finest in the industry.
A mechanism that includes the only
full-size flywheel and capstan avail-
able to assure constant tape speeds
and eliminate sound distortion.

Record-playback frequency re-
sponse is truly exceptional: 60 —
15,000 Hz = 3 db. Fast-forward and
rewind speeds are about twice as fast
as any other.

A massive, counter-balanced bi-
peripheral drive means years of
dependability. Interlocked controls

SPECIFICATIONS: FREQUENCY RESPONSE: 60—

15,000 Hz = 3 db @ 17 ips. WOW AND FLUTTER:

0. 25% RMS. SIGNAL TO NOISE RATIO: Greater than

46 db. FIXED PRE-AMP OUTPUT: 1.0 V. per channel.
CONTROLLED PRE-AMP: 0-5 volts per channcl
PRE-AMP INPUT: 50mV to 2 volts. MICROPH
INPUT: .ImV to 3mV, low impedance.

allow you to go from one function to
another without first going through a
stop or neutral mode. The Wollensak
4750 features end-of-tape sensing
which stops the cassette, disengages
the mechanism and prevents unneces-
sary wear. The Wollensak “‘Cassette
Guardian” automatically rejects a
stalled cassette in play or record posi-
tion. The 4750 complemenis your
present component system by provid-
ing cassette advantages. American
designed, engineered and built. Styled
in a hand-rubbed walnut base with
Plexiglass® smoked dust cover.

All of these features add up to the
truest stereo sound with reel-to-reel
quality from a stereo cassette deck.
Become a behever. Hear and compare
the new Wollensak 4750 deck at your
nearby dealer.

Wollensak 3M

3M CENTER. ST. PAUL, MN 55101

Check No. 12 on Reader Service Card

Behind the Scenes
(Continued from page 10 )

any deviation from honest-to-God four-
channel stereo recording was anathema.
Mr. Eargle kindly supplied me with one
of his processed tapes . . . and the results
were astonishing. The system not only
works, but works so well that the ear
immediately accepts what it hears as
indistinguishable from a true four-
channel recording. The hard part is
that you know you’re being tricked, but
the ears refuse to acknowledge this and
insist you are hearing four-channel
stereo. A truly remarkable technique
that opens up all sorts of possibilities
with the thousands of recordings in
the classical catalogs. More next month.

Dolbyized Cassettes

You will recall that last month I re-
ported on the first Dolbyized cassettes
from Ampex and from Decca of London
and that I had two cassettes from Vox,
which [ would tatk about this month.
Vox cassette 678030 has a group of
songs with orchestral accompaniment,
by Satie, Milhaud. Stravinsky. and
Ravel. Vox cassette 678029 has two
rare piano concertos, one by Moscheles
and the other the 4th piano concerto of
Anton Rubinstein. Musically they are
both excellent, with Darius Milhaud
himself conducting on his work. From
the technical standpoint, these cassettes
are somewhat different from the Ampex
and Decca, in that they were recorded on
C-90 tape. C-90 has a thinner base and
a somewhat thinner oxide than the C-
60 type. and this turns out to have cer-
tain advantages over C-60. A recent
communique from Dolby points out
that C-60 provides good output at medi-
um frequencies, but marginal high-
level output at high frequencies. By
using the thinner oxide C-90 a 1 dB
reduction in medium frequency output
results, but this is little sacrifice for
the great improvement (typically 7
dB at 10kHz) obtained in the maximum
output at high frequencies. This en-
ables full frequency response to be
maintained even in the loudest of pas-
sages. Another advantage of the C-90 is
that the tape has greater mechanical
compliance, affordmg better head wrap
and tape head contact, resulting in

decreased dropouts, d.c. noise, and
modulation noise. Listening to the
cassette, it was apparent that there

was a significant improvement in high
frequency response, evident in a smooth-
ness not noted in the C-60 cassettes.
There was also noticeably better
transient response and the pianos bene-
fitted therefrom, sounding bright, crisp

(Continued on page 79 )
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Robin Cable at Trident Studios
23 Jolb~A301 units,
incading 16 on two 16-track recorders

Mike Cleydon at I.B.C. Recending Studios
fully Doley equippéd 16-:rack nstallation

Frank Owen at Island Studios
30 Dolbe A301 units,
ircuding 24 on three 16-track recorders

"

tog righ :
Cne of me Dolby installaticns at Clympic Studios
Loadonss first multitrack s udio tc use

nose rezuction througheout,

. DOLBY AND
MULTI TRACK

IN LONDON

With the increasirg sophistication of
pop and rock recording, quality conscious
London studios are finding the
DOLBY SYSTEM essential in
preventing the noise problems which
are otherwise inherent in multi track
recording. In'London’s rapidly
expanding network of 16-track
studios, 19 of the 20 recorders
currently in use are fully equipped
with Dolby noise reduction unit

DOLBY LABORATORIES INC

333 Avenue of the Americas New York NY 10014
telephone (212) 243-2525 cables Dolylabs New York

UK and in“ernatonal :

346 Clapham Road London SW# England
telephone 01-720 1111 telex 919109 cables Dolbylabs London

O[oo.ey sysTem




Editor’s Review

HE FIRST dynamic speaker was probably in-
Tvented by Siemans in 1881 but electronic power
amplifiers did not appear on the scene for many
years—but believe it or not, loudspeakers were used
in the early nineteen-hundreds at a number of
sports stadiums and exhibitions. And with very
high power outputs, too. How? Byusing compressed
air. Originally proposed by Edison, the first “air-
speaker” patent was taken out by one Horace Short
who demonstrated his “loudhailer” from the top of
Eiffel Tower, in Paris. Later, in 1904, Parsons (the
inventor of the steam turbine) evolved a more so-
phisticated device called the Auxerophone which
used a 30-ft. horn. The British HMV company used
both the Parsons and Short patents in smaller, more
domesticated models that enjoyed limited sales un-
til about [914. These instruments employed an air
valve developed by Dennison of the Victor Talking
Machine Company and volume was sufficient for
quite large halls and theatres. Parsons joined forces
with Short and they evolved a compressed air amp-
lifier for cellos and double-basses which was so
successful that Sir Henry Wood used them with the
Queens Hall orchestra in 1906. (The Musicians
Union was notr impressed!)

A few years later, another air-system was being
extensively used in sports stadiums and other places
needing high power. This was Gaydon’s Stentor-
phone which had a rotary compressor similar to the
present-day Wankel engine. It generated 10 Ibs. per
square inch with peak outputs up to 50. Owners of
a Bexhill, London, skating rink were so enamoured
with their Stentorphone that they allowed non-
skaters to come in and listen at a small charge. Nat-
urally, with the advent of electronic amplifiers all
these exotic devices disappeared, but, who knows?
Perhaps there is an optimist somewhere who is
busily working on a new air-speaker that will Bring
True Hi-F1 to the home, etc., ctc.

Quadraphonics

Two record companies, Ovation and Enoch
Light Project 111, have announced that they will
market four-channel records, and there is more
news from Electro-Voice about the Feldman-Fixler
systems. This company reports that encoders are
now available for broadcast stations. Orders have
been received from WNEW New York, WKNR
Detroit, WJIB Boston, KSAN San Francisco, and
last but not least WMMR in Philadelphia.

* * *
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Philadelphia was also in the news recently when
the Girard Bank announced that they have com-
missioned Samual Barber to write a Choral Sym-
phony which will be premiered by Eugene Or-
mandy and the Philadelphia Symphony Orchestra
in September. As far as | know, this is the first time
a bank has sponsored a musical work of this nature
but many people will echo the sentiments of Gir-
ard’s Chairman Stephen Gardner who said “Good
citizenship calls for such involvement.”

Humor in Advertising

This is really an example of humor-in-translation
and the tortured English describes one of the small
electrostatic speakers mentioned on page 30 “. . .
the static high-tone speakers known so far features
the flat diaphragm, therefore the reflection takes
place in coptous bundles. This new speaker has no
baffle plates, by-pass lines, metal tubes or similar
auxiliary means which would after all bring fading
symptoms, knots, and irregular reflections in their
wake due to their different running times.” Sounds
more like the L.I. Railroad. . . .

* * *

Two of the writers in this issue are somewhat
critical of the Doppler distortion theory. The other
side of the argument is in our August issue (The
Mud Factor by Paul Klipsch). This is a subject of
some importance and other opinions will be pub-
lished in future issues. One of the contributors is
a well-known Dutch expert, Henry Van Hessen
whose article is very amusing. The Dutch have no
sense of humor? Don’t believe it. Another writer is
David Griesinger who has been busy taking meas-
urements for the past few months.

* * *

As many readers have noted, many RCA records
issued during the past year have been exception-
ally thin and some cynics have accused RCA of
“cheeseparing” in an effort to make more profits.
This is not the case at all and the whys and where-
fores of the thin disc—called Dynaflex—was the
subject of a paper presented by Warren Isom at the
last AES convention. Briefly, the change was made
to reduce warping and the incidence of blisters (the
thinner disc cools more quickly and the use of less
compound facilitates the escape of process gasses)
as well as the reduction in surface noise due to the
more uniform molding. So, we have now set the

record straight. . . . G W.T.
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PICKERING

USIC POWE
Cartridge.

What good is a cartridge that

The

tracks at 3/4 of a gram but delivers
less than 3/4 of the music?

Great. For tracking—but not for listening. To provide great
sound, a cartridge should be able to deliver 100% music
power, especially at higher freguencies. Like Pickering XV-15
cartridges do. Because our XV-15's give you 100% music
power, you enjoy complete instrumental definition in those
critical ranges as well as throughout the entire audio spectrum.

And Pickering XV-15 cartridges give you two other extra
features. The exclusive DustaMatic brush that cleans record
grooves. Pius a Dynamic Coupling Factor (DCF) rating system
that helps you select the right XV-15 model for your record
player.

Improve your high fidelity music system with a Pickering
XV-15 cartridge—priced from $29.95 to $65.00. Write for free
catalog and DCF rating chart to Pickering & Co., 101 Sunnyside
Bivd., Plainview, New York 11803.

“The 100% Music Power Cartridge for those who can the difference.”




The Why and How of

Victor Brociner*

Horn Loudspeakers

Horn loudspeakers are used whenever high efficiency is required and when special control is desired over directional character-
istics. In a well-designed horn speaker, distortion is lower than in a direct radiator, at least towards the low-frequency limit of its
range. Bass horns are capable of producing high sound pressure levels with a small cone excursion; because of this, both non-
linear and Doppler distortions are lower than in direct-radiator woofers. Direct-radiator speakers become more directional as the
frequency increases. Horns can be designed to provide good directional patterns up to the highest frequencies.

The theory of horn speakers to be found in textbooks is
highly mathematical, difficult to understand, and very
abstract. It does not provide a good intuitive understanding
of horn speaker operation. Popular books, on the other hand,
tend to present ostensibly simple explanations that are really
not much more comprehensive. What is mean by saying that
a horn is an impedance transformer? How does a horn “load”
a driver unit? When a speaker is loaded by a horn, doesn’t
the increased load reduce the diaphragm excursion? If so, why
does the acoustic output increase? This article is an attempt
to explain horn speaker operation in terms that provide both
an intuitive and a quantitative understanding, without using
advanced mathematics. It will be assumed that the reader
has some acquaintance with electrical analog circuits for
mechanical and acoustical systems, and with concepts such as
radiation impedance, motional impedance, mechanical com-
pliance, and the like. It is freely confessed that, in the course
of the development, some shameless simplifications will be
made. The following is certainly not represented to be a design
manual.

Direct radiator speakers have low efficiency because there
is a bad mismatch between the impedance of the mechanical
power source and the air into which it radiates sound, except
at resonance, where electrical mismatching reduces the output.
Fig. 1 is an analog circuit for a direct-radiator speaker in its
middle frequency range in which losses are neglected. In this
circuit, the acoustic output is the power produced in the radia-
tion resistance Rua by the velocity v:

Pr = V2Rua (1
Over the flat section of the frequency response curve shown in
Fig. 2, the motion of the cone per unit of applied force is de-
termined almost entirely by the mass of the moving system:

F
V= (2)
27 fm

where v = cone velocity in meters per second
force applied by the voice coil, in Newtons
frequency, in Hertz
mass of the moving system (coil and cone)

in kilograms
Equation (2) shows that cone velocity is inversely proportional
to frequency. Figure 2 depicts this variation. The dashed curve
shows how v2 varies with frequency. The radiation resistance,
Rus, is a function of the square of the frequency, as shown by
the dot-dash line. Now, referring to equation (1), the acoustic
power output is derived as follows:

F
f
m

Vx—
f

1
f2

but RMAG f2
LI

50 Pa= VZRya 0!-; + 2= constant (3)
f

This is seen in the power-frequency response curve of Fig. 2.
Suppose the voice coil mass plus cone and air load mass equals
.03 kg. At 400 Hertz, where the frequency response is flat, the

reactance of the mass is
Xm =27 fm = 6.28 X 400 X .03 = 75 mechanical mks ohms
This is the effective impedance of the generator. The load,

Rws = 1.57w2as po/c*
where w = 27 f
a = radius of piston in meters
o = air density in kg/m3
¢ = velocity of sound in m/sec.

Simplifying: Rwa = 0132 d*f? .
where d =  piston diameter in  meters ()
for a 10-inch cone, d = .24 meter approximately
At f = 400 Hertz
Rwa = 0132 X (.25)% x 400?

= 8.25 mechanical mks ohms
So a 75-ohm generator feeds an 8.25-ohm load. This indicates
the degree of mismatch in a typical case of a direct radiator
speaker.

Matching can be improved by reducing the generator im-
pedance or increasing the load impedance. The reactive gen-
erator impedance can be cancelled out by resonating its mass
with a compliance. This is what happens at the resonance fre-
quency of a direct radiator. At and near this frequency, the
impedance match is good, and the mechano-acoustic efficiency
is high. However, the low mechanical impedance that occurs
at resonance is reflected into the electrical circuit as a high
impedance, as a result of which the speaker cannot absorb
much electrical power from the amplifier, that is, if the
speaker is well damped. If not, there is bump in the response
curve at resonance. This is not the kind of efficiency we want.

The reactive generator impedance can also be reduced by
reducing the mass, m. This is done in tweeters by using small,
aluminum voice coils and very light cones. In wide-range
speakers or woofers, there is a limitation to mass reduction
because the cone must be sufficiently strong so as not to buckle
or break up into modes. Another problem is that reducing the
mass raises the frequency of resonance, below which the fre-
quency response falls rapidly. It also reduces the Q of the
moving system, since

27 f
Q-= = (6)

Rm

where Rm is the damping resistance. An over-damped speaker
has a frequency response that falls off as the frequency de-

*Vice President Englneering, H. H. Scott, Inc.
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*Leo L. Beranek - Acoustics 1954 P. 124 Table 5.1
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creases. All of these factors are undesirable consequences of
excessive lowering of mass.

This leaves the factor Rus—the radiation resistance. Since
Rua increases proportionally to the area of the speaker, itis a
simple matter to make it larger. But increasing the size of
the cone raises its mass: rather rapidly. in fact, because the
thickness has to be increased as well to maintain adequate
stiffness. This works to counteract the increased efficiency
obtained by the larger cone. Also, as examination of the fre-
quency response curve of Fig. 2 discloses. the point at which
the high-frequency response falls off is lower the greater the
cone diameter. For a theoretically perfect piston, the drop in
response begins at f = 8600/d where d is the piston diameter
in inches. Thus, a 10-inch piston begins to drop 1n response at
860 Hertz, a 15-inch diameter results in a S73-Hertz transition
point, and so on ----- downwards.

Increasing Radiation Resistance

If we could somehow manage to persuade a cone to produce
plane waves. the radiation resistance would be 407 mechanical
mks ohms per square meter of radiating area. A 10-inch cone,
with an area of .05 square meter, would then work into 407 X
.05 or 24 ohms which is certainly more favorable than the 8.25
ohms calculated in the example given above. We know that
sound that is not too high in frequency is propagated as a
plane wave along an infinitely long pipe. We could presum-
ably get better efficiency by coupling the speaker to such a
pipe. However, we might not care to wait around until the
sound emerged from the pipe! What about a very long, but
not infinite. pipe? The load on the speaker would be favorable,
but now, at the mouth of the pipe we face much the same
situation as we had with the speaker radiating directly.

The only way around this problem is somehow to attain a
larger area at the point of transfer of sound from the pipe to
the surrounding air. Fig. 3 shows a way of doing this. The
expanding passage employed is called 2 horn.

To determine exactly how a horn works even with simplify-
ing assumptions, requires abstruse mathematical treatment.
However, there is a simplified approach which, although any-
thing but rigorous, can convey a rather good idea of what goes
on in a horn. Let us consider the propagation of a plane sound
wave through a small pipe that feeds a larger one as shown in
Fig. 4. Assume that both pipes are infinite in length. The
acoustic resistance of the small pipe is 407 Si mechanical
mks ohms, S, being its cross-sectional area in square meters.
The large pipe has an acoustic resistance of 407S> The resist-
ances are not matched at the junction, so some reflection
takes place, and not all of the power is transmitted from one
pipe to the other.

The ratio of power transmitted is
4arg
2
e 7
S
where r., = —-2-

It is interesting to note that S2/Si can be appreciably larger
than 1.0 without a great deal of power loss. For example, a
1.5 to 1.0 ratio results in 96% transmission of the incident
power. This suggests that it might be feasible to transfer power
without excessive losses to a larger area by means of succes-
sive small steps of expansion,* as in Fig. 5. Calculations on
increasing numbers of steps of expansion for a given ratio of
S2 to Si reveals a definite trend that can be seen in the follow-
ing:

MC+MMA

F - Bl RMA

Fig. 1—Mechanical analog circuit of direct radiator loud-
speaker with a constant current drive. Frictional losses are
assumed as zero. F = force exerted by voice coil in Newtons;
| = length of voice coil conductor in meters; i = current in
voice coil in amperes; m¢ = mass of voice coil and cone in
kilograms; mma = equivalent mass of air load in kilograms, and
Rma = radiation resistance in mks mechanica! ohms.

1 b mol
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FREQUENCY -Hz
Fig. 2—Calculated performance of piston as direct radiator.

Fig. 3—Horn flare.

*It is not correct to couple steps together like this because there Is an impedance
mismatch, but in this case the end justities the means.
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Ratio of areas Number of Ip Total
per step Steps per step Ip
2.00 1 .89 .89
1.41 2 97 .94
1.26 3 99 97
1.19 4 992 98
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Fig. 4—Acoustic power transmission through stepped pipe.
S1, S2 = cross-sectional areas; P1, P2 = power transmitted,
and re = P2/P1.

O
S

Fig. 5—Limit of successively larger numbers of steps of ex-
pansion of a pipe for identical initial and final diameters.

| CYLINDRICAL

I-PARABOLIC
2-CONICAL

3-EXPONENTIAL
4-HYPERBOLIC

0.5

ACQUSTICAL
IMPEDANCE : pc

100 1000 10K
FREQUENCY IN HERTZ

Fig. 6—~Expansion rates of various types of horns. S = area at
distance X from throat; St = throat area. Parabolic: S= Sy
(1 + X/Xo); Conical: S= St(1 + X/Xo)2; Exponential: S = Stemx;
Bessel: S = S7 (X + Xo)m; Catenoidai: S = St (emx + e -mx);
Hyperbolic: S = St(cos HX/Xo + Tsin X/Xo)2 Tislessthan 1.

In all four cases, the ratio of output urea to input area is
2.00 and it is evident that increasing the number of steps raises
the efficiency of transmission. The trend appears to indicate
that the limit of a continuous curve is 100% transmission. Now,
if the far end of the pipe can be made large enough so that it
produces plane waves, just as plane waves would be radiated
by a large piston, the finite pipe behaves like an infinite pipe.
There is no problem at the far end, power is transmitted 100%
along the pipe (cxcept for frictional losses) and the desired
increased load is obtained on the diaphragm of the driving
speaker. The device we have “invented” is a horn; the end
near the speaker is called the throar and the far end the nouth.

18

Horns: Infinite and Finite

The shape of a horn is expressed by a mathematical formula
indicating the ratio of the horn cross-sectional area at a given
distance, x, from the horn throat, to the area of the horn
mouth. The most widely used horn is is exponential:

8
5 (8)
where S2 = mouth area

S1 = throat area

m = flare constant

x = distance from throat
In this type of horn, each increment of distance results in a
constant ratio of areas:
If S: = Sie™

then, for an increase of  x in distance

Sy = S1em(x+Ax) = 5y (eMx- emAx)

= S1emx . emAx

S,/871 = eMBx s a constant

This is the type of horn we developed as a limit of the stepped
pipe as the number of steps per unit distance increased in-
definitely. Other useful horn shapes are Bessel, catenoidal,
conical, hyperbolic, and parabolic. These are all shown in
Fig. 6. The conical horn is the oldest form of artifical horn,
seen in megaphones. The oldest natural form is approximately
paraboloidal, consisting of a pair of cupped hands held before
the mouth. Paraboloidal horns are used, in segments of dif-
ferent flare rates, to approximate horns of other expansion
laws, in low-frequency horns. Many folded bass horns, which
are usually made of wood, use a succession of short sections
with a pair of parallel sides, the other pair expanding linearly.
The area of such a horn section follows a parabolic law of
expansion.

The hyperbolic and Bessel horns are families of horns, the
exact curve depending on the values of certain parameters. The
hyperbolic horn becomes exponential when T = 1, and
catenoidal when T = 0. The Bessel horn becomes conical
when m = 1.

Fig. 7, shows a comparison between the radiation resist-
ance of a loudspeaker radiating directly into the air and the
same unit working into an exponential horn. There is a large
increase in radiation resistance at frequencies below the knee
of the curve for the direct radiator, and none at all for high
frequencies. The lack of improvement at the top end is not
surprising when one realizes that a direct radiator produces
virtually plane waves at high frequencies. These can be
visualized as emerging as a beam from the speaker without
being affected by the horn walls.

All of the curves go to very low values of radiation resist-
ance as the frequency is decreased below a certain point. In
an exponential horn, for example, the radiation resistance
becomes zero when:

fc = mc/am 9
where fc = cut-off frequency

¢ = speed of sound

m = flaring constant.

The radiation resistance does not actually go down to zero,
but retains a small finite value, not given by the usual horn
formula because of the simplifying assumptions adopted in
its derivation. At /2 fc, Rusa is 1}/ 2 of its ultimate value. A
horn driven by a piston whose velocity is independent of fre-
quency has a sound pressure level that is down 3 dB at this
frequency.

A convenient, if approximate concept, is that below the
cut-off frequency the air in the horn does not propagate as a
travelling wave but simply oscillates in the horn so that the

(Continued on page 22 )
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Lift this page and dropit...
you’ll see how gently the Miracord S0H
treats your records.

A gentletouch of the push-
buttons brings forth a
gentle reaction from the
Miracord 50H. Thedynam-
ically balanced arm re-
sponds gently with its fric-
tionless bearing system,
faithfully and flawlessly
tracking the intricate rec-
ord grooves. Gentleness,

\IN
O
]
]

ELAT

bute of the 50H, a clue to its superior
performance is found in its features.
Stylus overhang adjustment is essen-
tial for optimum tracking. Another auto-
matic turntable does feature this adjust-

ment, butit's internal and difficult to set.
The Miracord 50H offers external over- 4
hang adjustment with built-in gauge

however, iIs just one attri- &

no shifting, no guesswork, ro templates.
Other turntables offer a kind of synch-
ronous motor. The 50H uses a Papst
hysteresis synchronous motor with
outer rotor for unvarying speed accu-
racy regardless of
the voltage fluctua-
tion or loads. The
Papst motor is usual-
ly founc in profes-
i sional studios.
Consider cueing: in one leading auto-
matic turntable, cueing does not oper-
ate in the automatic mode. In automatic,
cueing is the ideal way to irterrupt play
for a moment when there is a stack of
records on the spindie. TFe 50H pro-
vides silicone-damped cueing _
in both automatic and
manual modes.

Check No. 19 on Reader Service Card

i Another important

feature is the 50H
turntable.ltisaheavy,
one-piece, non-fer-
rous metal casting,
| lathe-turned to pre-
cise dimensions and
then individually dy-
namlcally balanced. This contributes to
the smooth, steady motion of the turn-
table, free of rumble, wow and flutter.

Nothing we can say short of experi-
encing it yourself can better describe
the gentle way in which the Miracord
responds and preserves the bestin your
records. Find out for yourself. Miracord
50H, $175 less cartridge and base.
Miracord feathertouch automatic turn-

tables start at less than $100. Benjamin

Electronic Sound Corporation,
». Farmingdale, N.Y. 11735/a

. div. of ISC/available
5 in Canada.



NEW,
TRANSPARENT
AND BEAUTIFUL.

ADC's brand new 450A is a "high
transparency’’ speaker system for the
perfectionist who wants to own the best
bookshelf system money can buy.

This two-way system avoids the use of
complex crossover networks and the
resultant phase distortion. By enabling
the majority of the audio spectrum to be
radiated by the high frequency unit, we
achieve essentially a “‘single point
source”. The low frequency driver is
then left to do the demanding but un-
complicated job of reproducing the low
and basically non-directional portion of
the audio spectrum.

The result is an extremely transparent
true-to-life bookshelf speaker system
you must hear to appreciate.

ADC 450A SPECIFiCATIONS

Type . . . Full-sized bookshelf.
Cabinet . .. Oiled Walnut.
Dimensions . .. 25" Hx 14" W

x 12%" D.

Weight . . . 50 Ibs. each.

Frequency Response . .. 25 Hz to 30
kHz + 3 dB (measured in average
listening room).

Speakers (2) ... 3" “point source”
wide range tweeter and 12" high
compliance woofer.

Nominal Impedance . . . 6 ohms {for
optimum performance from
transistorized amplifiers).

Power Required . .. 10 watts RMS
minimum.

Price ... $165 (suggested resale).

| AUDIO
Y DYNAMICS

| 4\ CORPORATION

s
NEW MILFORD. CONNECTICUT 06776

AUDIO FOR
AUDIOPHILES

Check No. 20 on Reader Service Card

Dear Editor,

7

Dear Sir:

Just thought I'd drop a line to see if
you were still in business, or if you had
merely given it to me.

I had just finished reading the Novem-
ber issue. and | was beginning to worry.
I already had the January issues of my
other magazines (that’s January, 1971,
of course), but still there was no
December issue of Audio. I know what
kidders you fellows are, and | was seri-
ously considering waiting until Christ-
mas to see if you were having Santa
come down my chimney to deliver it in
person. But my chimney leads to the
furnace, so that would not have done
me much good, a charred Audio and a
roasted Santa. Perhaps, if you haven't
gone out of business, you could mail it
to me. | have enclosed a mailing label.
As you can see, it did not come oft the
cover in perfect condition. so 1 have
reproduced it for you. Come to think of
it, that may have had something to do
with your magazine’s demise; you may
have been spending too much money
for glue.

Mrs. Edward Keppner
Quincy, 1L

Dear Mrs. Keppner:

Many thanks for your letter about the
missing issue. which was passed to me
casting a grey shadow over the entire
day. The December issue was sent to
you but either the pack mules got sick
and did not reach Quincy, Ill. or the
magazine was put down the wrong
chimney. Oritmighthave been destroyed
by agents of those other magazines as
part of a well-thought-out and highly
calculated plot to keep Quincy, Il
uninformed and knowing nothing of
what is going on Behind the Scenes. . . .

However. another copy was sent 1o
you on January 9th and you should
have received the January issue too. If
not, perhaps you would let me know?
Before vou write. please make certain
you are still living on Eleventh St.

Finally, [ am glad to say we are very
much alive and that the chances of our
survival for the rest of your subscrip-
tion period appear excellent—Ed.

/25, Have vou ever thought about
moving to Philadelphia?

20

Farnon Society

Dear Sir:

“Two Cigarettes in the Dark,” an LP
by Robert Farnon’s orchestra, has been
re-released in England as Eclipse ECS
2053, along with many other fine older
London records which have been de-
leted since the 1950s. In the course of
my three-year search for the original
release (London LL 1052), which 1
finally did find a copy of, I discovered
the Robert Farnon Appreciation Society
in England, which is an active group of
about 100 members all over the world.
We trade information on recordings of
all artists in the light orchestral, easy
listening. and mood music fields.

I mention “Two Cigarettes in the
Dark™ because it would be a shame if
other collectors are as desperate to find
a copy as | was and aren’t aware of the
English re-release. Any readers who
are interested in the Robert Farnon
Appreciation Society may write to me.

Steve Keller

1045 Oakland Road N.E.
Cedar Rapids, Iowa
52402

Three-Channel System

Dear Sir:

1 am presently using a system, which
may be too obvious since 1 haven’t seen
it suggested. Going Dynaco one better,
I drive two speakers from the hot out-
puts of my amplifiers. So far, it doesn’t
appear to affect performance. This
gives what 1 call three-channel, four-
speaker stereo when used with two
normally wired front speakers, I be-
lieve that four-channel stereo is probably
very little better. Naturally, as with the
Dynaco system, it would help if the
records were made with the use of this
output in mind. As a starting point for
those wishing to experiment, I am en-
closing my present speaker arrangement.

E. Strawn
Kokomo, Inc.
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It's not an easy decision to make. There's such a
wealth of precision built into every Dual that even the
testing laboratories can measur= only small differences
in performance among the Dual 1215 ot $99 50, the
1209 at $129.50 and 1219 at $175.00.

This raises an interesting question for you to
consider: What are the important differences ta you
among these three Duals?

Let's consider them in furn.

Even our lowest priced turntable, the 1215, boasts
teatures any turntable should have (and few do).

lis lowmass counterbalanced tonearm accepts the
most sensitive cartridge available today and tracks
flawlessly as low as 34 gram.

Tracking force and anti-skating settings are
ingeniously synchronized, so one sefting does for both.
The cue control is silicone-dampad, and eases the tone-
arm onto the record more gently than a surgecn’s hand.

The hi-torque motor brings the heavy 3% pound
platter to full speed in less than ahalf turn, and
maintains that speed;within 0.1% even if line voltage
varies widely.

Anditeven has a control to let you match
record pitch with less fortunate instruments such as
out-cf-tune pianos.

Even a professional doesn’t need more.

But you may want mors. In which case the 1209
offers some refinements thar are both esthetically
pleasing and cdd something to performance.

For example: its torearm tracks at as low as ahalf
gram. I's anti-skating system is calibrated separately
for elliotical and conical styli. lts counterbalance
features a 0.01 gram click-stop. And its motor is
hi-torque and synchronous.

Now what could the 1219 add to this?

The only true gimbal suspension ever available on
an automatic arm. Four identical suspension points, one
ring pivoting inside another:

And the Mode Selector, which shifts the entire
tonearm base - down 1or single play, up for multiple
play — sothat the stylus will track af precisely the
correct angle (15°) whether playing onerecord or a
stack. The tonearm is 834" long, and the 12 inch
dynamically balanced platter weights 7 pounds.

So the question really isn't which Dual is good
enough, but how much mere than”good” your
turntable has 1o be. If our literature doesn’t help,
perhaps a visit to your decler will.

United Audio Products, Inc., 120 Sc. Columbus Ave.,
Mt Vernon, New York 10553. m

Now that you know you want a Dual,
the next question is which one?

1219 — 517500

— * Check Nc. 23 on Reader Service Card
1205 — $122.50



(Continued from page 18 )
pressures in all planes at right angles to the horn axis are in
phase. Under these conditions the air acts like a moving mass.

As a matter of fact, the air in the horn does not move
exactly in phase with the driving pressure even in its working
range; in other words, the acoustic impedance looking into the
horn throat is not a pure resistance. The formula for the throat
reactance is:

,Oc2m

Xma = —— (10)
MA ST47Tf

in which, be it noted, the frequency term is in the denomin-
ator. The reactance is positive, which leads one to conceive of
it as a mass reactance, but it decreases as the frequency in-
creases, as does a capacitance. Actually, the reactance is that
of a negative capacitance. It acts to decrease the velocity for a
given applied force, reducing acoustic output.

There is another limitation at low-frequencies as well,
which is not shown by the curves of radiation resistance (Fig.
6) because these are based on horns of infinite length. It may
be recalled that in developing the horn via the stepped pipe,
it was stated that the mouth size had to be great enough for the
assumption that it radiated plane waves.

Adequate “mouth loading” is generally considered to be
provided when the circumference of the horn is equal to a
wavelength, or md = A . This is somewhat easier to deal with
in terms of frequency: f =c/A where ¢ is the speed of sound.
The resuiting expression is:

Cc
d = ——
mf
For d in inches, d = 4300/f. This is exactly one ocatve below
the frequency at which the radiation resistance curve of a
direct radiator has its knee. (See Fig. 2)

The formula provides some discouraging information. For
example, a horn that performs well down to 43 Hertz has to be
over 8 feet in diameter! Fortunately one can live with con-
siderably less than perfect mouth loading. Also, the use of
room walls and floor as reflectors increases the effective area.
Bass horns designed to fit into the corner of a room work very
well with equivalent mouth diameters not much greater than
2 feet.

If we now consider the frequency response of the simple
horn speaker in the midfrequency range we find that we do
not obtain a flat frequency response.

At 400 Hertz we found the mass reactance to be 75 mks
mechanical ohms; by means of the horn the radiation resist-
ance load was increased to 24 ohms, but this still leaves the
mass largely in control of the veolcity (See Fig. 1). Mean-
while, the radiation resistance has become independen: of the
frequency (See Fig. 7). Since the velocity v still decreases
with increasing frequency and Ruma remains constant, the
formula P« = v 2 Rua tells us that the response falls toward the
high-frequency end. If Rw is frequency-independent, v must
be constant as well. This condition can be approached if Rua
is much greater than the mass reactance.

Rua can be increased still more if the speaker is coupled to
the horn by means of a stepped-down pipe as in Fig. 8. Now
the speaker looks into a mechanical resistance

Rg = — pc (11

where Sp = the diaphragm area

and S+ = the throat area

If Su/St = 4; Rs= 4 X 24 X 96 mks mechanical ohms
which approaches the condition we want of resistance-de-
termined cone velocity. With true resistance control, the
response is flat in the mid-frequency region. The variation
with frequency of the response - determining parameters as

22

well as the response curve itself, are shown in Fig. 9a, and the
analog circuit in 9b.

As the frequency increases, the mass reactance begins to
predominate in determining the velocity, which decreases.
The power output drops at a rate of 6 dB per octave. Eventu-
ally, the compliance of the front air chamber Cc begins to
act like a shunt across the radiation resistance Rwa, and
response falls rapidly. If the low-pass filter formed by ms and C
is proportioned so that itis suitably mis-matched. the response
in the region immediately below A can be elevated us shown
by the dot-dash line with response falling above this point
at a rate of 12 dB per octave. See Fig. 9c. At low frequencies
the response fulls because X, as has been pointed out, is a
negative capacitance, whose reactance increases, decreasing
the diaphragm velocity. However, if the speaker resonance is
placed near the horn cut-off frequency. the speaker compli-
ance can be made to cancel out the negative compliance of
the horn, removing this restriction and increasing the bass
response. In high-compliance woofers, the required lower
value of compliance can be obtained by enclosing the rear of
the speaker in a very tight box.

Efficiency
We have found that adding a horn to speaker unit improves
the impedance matching and increases the power output for
a given driving force of the voice coil. What about the etfi-
ciency? Let us simplify the problem by considering the fre-
quency range over which the cone motion is resistance-con-
trolled. and neglect losses due to friction. The eftficiency under
these idealized conditions is called the initial etficiency.
The force exerted by the voice coil:
F = Bh (12)
where F is in Newtons
B = magnetic flux density in Webers/square meter.
I = length of voice coil conductor in meters
The cone velocity
V = F/Rua QK
where v 1s in meters/second
Rus = radiation resistance in mks mechanical ohms.
Substituting from (12) to (13),

Bl i
V 5 ——
fma
Using the formula for acoustic power
2 B2 [72 i
PA = V°Bma = acoustic watts (14)
Rma

The input power consists of the electrical power dissipated in
the voice coil, plus that corresponding to the acoustic power.

B202
Rma

PE = 2R, +

., RcRwa+ 8212 (15)
=2

Rva
Efficiency

o 520 2+ fmugn (16)

For a 12-inch speaker with B’I> = 64 and R« = 6 ohms. and
Ria = 96 ohms as in the horn previously analyzed:

64
= ———— = 10%
64 + 6 x 96

This is not a startlingly high efficiency, but it is a great deal
better than the typical 1% or lower efficiency of a tvpical high-
compliance woofer.

How can efficiency be increased? Equation (16) tells us:

n:
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Fig. 7—Radiation resistance of exponential horn versus
piston in infinite baffle.

Increase the flux density B, the length of voice coil conductor,
reduce the voice coil resistance Rc, or reduce the radiation
resistance Rua. The first three items are somewhat inter-
dependent. If | is increased, Re is increased, opposing the
increased efficiency, unless the wire diameter is increased. If
this is done, the air gap must be made greater to accommodate
the thicker voice coil, reducing B. Also, the maoving mass in-
creases, and its greater reactance opposes the condition of
resistance control at a lower frequency, reducing the high-
frequency response. It can be seen that a great deal of juggling
must be done to obtain the desired performance.

Now for the last factor: Rua. To increase efficiency, this
must be decreased. But the whole point of horn loading was to
increase Rma. There seems to be a contradiction here. It is
the result of the simplifying assumptions. For the direct
radiator, we assumed mass control. For this condition, Rma
should be as great as possible. The horn efficiency equation
was based on resistance control. Here, Rxa should be as small
as possible. But if Ru. is made small compared to the mass
reactance, the condition of resistance control no longer ap-
plies. One would expect an optimum point somewhere in be-
tween.

If an intermediate condition is assumed between mass con-
trol and resistance control, both elements must be taken into
account in the expression for the velocity which now becomes

_ F BU i
v = -
— = _— (17)

—_—
2 \/——_—
Vv BmaZ+ Xy? RmaZ + Xy2

20922

—- 2 =
and  Pp =V Rpyp = (18)
R 2 2
MA< + XM
Now the input power is the sum of the output power and the
power dissipated in the voice coil
B2 1 2Ry
Pg = PR + ———————— (19)
2 2
BRma“ *+ Xy
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Fig. 8—Showing horn with chamber.
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Fig. 9A—Horn characteristics.

Fig. 9B—Horn loudspeaker anaiog.
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Fig. 9C—Frequency response of horn speaker.

292
B<l<R
PA MA
and n =-—-=

Pe ReXy?+ Rya? + B2 2Ry,

B2(?
n = {20}
Re (Xp2+ Rpa?)
32 QZ +
Rma

In this expression, 7 is maximum when

2
Xpm* + Bya?

Rma
1s a minimum as Ru. varies.
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Fig. 10—Analog circuit of horn loudspeaker operated from
constant-voltage source. The horn throat reactance is
assumed to be cancelled out by the speaker compliance.

This occurs when Rua = XM. Then the maximum possible
value of efficiency.

B2 (2
TMAX = —
202
B[4 + 2R Xy
where Xy = 27 fm (21)

Since XM varies with frequency we can select f to produce a
maximum anywhere we please as long as XM = Ru. at some
point on the flat part of the curve of Rua vs. f.

Assume that this point is 50 Hz. Then for a .03 Kg moving
system XM = 27 X 50 X .03 = 9.9 mks mechanical ohms. If
this is matched by making Rua = 9.9 ohms also, then for the
speaker previously considered as a direct radiator:

64
ne ——————— = 41%
64+ 2x 6x 9.9
For the same system at 500 Hz, XM = 27 X 500 x .03 =
99 mks mechanical ohms. However, Rua is fixed at 9.9 ohms.
Now

64
n= = 1.1%

6(992 + 9.92)
4 4 ———
9.9

The high efficiency at 50 Hz has been obtained at the expense
of a response that drops rapidly as frequency increases. This
is an 1llustration of the concept of gain-bandwidth product. As
the required bandwidth increases the efficiency goes down.

There is still another method of obtaining high efficiency
that can be derived from equation (21). This is to reduce XM
by decreasing the moving mass. One way to accomplish this
is to use a smaller cone. This is feasible because high values
of Rua can be obtained by means of the horn rather than
through the use of a large radiating area.

Constant-Voltage Operation

In all the previous calculations it was assumed that the loud-
speaker was operated from a constant-current source. This
assumption brings about a considerable simplification in the
formulas and provides a valid expression for efficiency. How-
ever, it does not provide a correct expression for the frequency
response of the loudspeaker as actually used: From an essen-
tially constant-voltage source. The reason is that the electric
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impedance varies with frequency. Because of this, the input
power also varies with frequency.

The mechanical analog circuit of the loudspeaker must be
modified from that of Fig. 1, when a constant-voltage
amplifier is used. The revised circuit is shown in Fig. 10.

M is the mass of the moving system and R the radiation
resistance in mechanical units as before. The series resistance
represents the effect of the voice coil resistance. Its value is
derived as follows: Think of a loudspeaker whose voice coil
motion is blocked by some means. If v = 0, there must be an
open circult in the loop shown in the figure. This corresponds
to the manner in which we would measure the open-circuit
voltage in an electric circuit. On the electrical side, there is
no counter-e.m.f. gencrated since there is no motion of the
voice coil. The only current-determining element in the circuit
is Re, the voice coil resistance. So 1 = E/Rewhere E is the
amplifier output voltage. Substituting in the expression for

F = BIE
Re

F = Bli

Now consider what happens if the loudspeaker is operated
into a vacuum and there is no friction. Nothing opposes the
motion of the cone. This corresponds to a short-circuit across
A-B. In the mechanical circuit v=F BIE

Rew Re Riw

The velocity must be just enough to generate a counter-emf
that equals the amplifier voltage. Then Blu = E and substitut-
ing from the previous expression

B2(2E
BfV=——— =E

Rc RME
The last two terms result in

g2 (2

Rme = 7
F‘C
From Fig. 10, velocity
F
v = (22)

52¢2 * 2 2
RC (RMA+ R ) + W M

c
Substituting F = B{ E/R,

BlE

/ g2p2 2 5 5
Re v (Rya+ =1+ w?m

c

We can now find a means of calculating the frequency response
of the loudspeaker. The relative response is plotted as sound
pressure vs. frequency. Since sound pressure is proportional to
the square root of the power, it is convenient to think in terms

of the ratio
</ !/ E
Pa

which corresponds to sound
pressure per volt applied to the loudspeaker terminals. From
the relation
Pa =V’Ru we can write

PR
v PA _ v \/ RMA
ED E

Substituting the equation (22)
Bl Vv Rya

vV Pa
—_ (23)

202 2
E B 242
Re Rma * R, )+ WM
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Since wmincreases with frequency, the response begins to
drop above the frequency wherewMbecomes comparable in
magnitude to 82 2

(Rma + )

c

Using the constants for the horn speaker whose efficiency
was previously derived for 50 Hz and 500 Hz.

8 v 99

- 15

At 50 Hz. / g2 ?
6 (9.92+6—) + (6.28 x 50x .03) 2
- 042
_P_A_ _ 8+ 9.9
At 500 Hz. / g2 2
& 6V (9.92+ 5) + (628x500x .03) 2
= 030

This is a drop in response of 2.5 dB. The previous calcula-
tion for constant current operation showed a drop of over 16
dB. Substantially better frequency response can be obtained
with a constant-voltage source because the electric impedance
of the speaker decreases at high frequencies and permits
more current to flow.

Midrange and High-Frequency Horn Speakers

To this point we have considered only the case where a horn
is added to a direct-radiator loudspeaker. Where both extreme
low-frequency range and power capability are not needed,

horn loudspeakers can be made more efficient by using small,
light, rigid diaphragms. Small diaphragms reduce the value
of Rwa, increasing the efficiency; the moving mass is also
lowered, extending the high-frequency response. The smaller
driver unit is capable of handling large amounts of power with-
out excessive diaphragm excursion because of the greater
load into which it works. The expression for the power out-
put of a loudspeaker indicates that, for a given amount of
acoustic power at a given frequency, the required rms velocity
is inversely proportional to the square root of the mechanical
radiation resistance imposed by the acoustic load. The re-
quired excursion is proportional to the velocity. A 10-inch
come as a direct radiator, with an area of .05 m2, works into

8.25 ohms at 50 Hertz. Horn-loaded to 96 ohms, its excursion
for a given acoustic output would be

/ 8.25

96
or about 0.3 times as great as before. Alternatively, the cone

size could be reduced and the radiation load maintained by
decreasing the area of the horn throat, which would result in
a longer horn.

The excursion varies inversely as the square of the fre-
quency; consequently this requirement becomes rather un-
important except in the bass range. If a direct radiator re-
quires a 3/8-inch peak excursion at 50 Hz, this would be de-
creased to perhaps 1/8-inch by horn loading. At 500 Hz the
excursion would be only 0.0013”. Since it is easy to obtain
appreciably greater excursions than this in small-diaphragm
drivers, mid-range speakers for horn loading can be made
quite small. A 3-inch diameter diaphragm is typical in such
an application. Diaphragms of this type are frequently dome-
shaped and made of aluminum alloy or formed plastic. Con-
sequently they are extremely light. Tweeters use even smaller
diaphragms and lighter voice coils. K

(To be continued)

It's time we
started going
around together.

There are basically two types of magnetic recording tapes —
Soundcraft and all the others.

If that would seem to put Soundcraft in a quality class by
itself, it's because the shoe fits and we're wearing it.

We think we've earned that class distinction by making more
varieties of the very best mag tapes available. There are regu-
lar and long playing Soundcraft tapes, on cassettes or five
and seven inch reels, and on acetate or polyester bases. Ace-
tate for a fully professional tape at a slightly lower cost. Poly-
ester for its unmatched durability that lets your tapes last a
lifetime — and then some.

Then we get to our pride and joy. Soundcraft Golden Tone.

Here's the tape that's unquestionably the world's best, with
a sound reproduction to make even the most discerning re-

cordist sit up and take notice. Exclusive magnetic properties
provide 25% more output in the high frequencies and a
signal-to-noise ratio at feast 7 dB better than any other tape
available. The result: a dynamic range to match the output of
any recorder made.

That's Soundcraft magnetic recording tapes. To make your
day sound a whole lot brighter. o0

At leading stores everywhere.

BjE SOUNDCRAFP

the sound to go with
CBS RECORDS Q

a division of Columbia Broadcasting System, Inc.,
Great Pasture Road, Danbury, Conn, 06810
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Why most hi-i
speaker manufacturers
demonstrate with
the Grown

=L T

\ ‘FéggilTv\f W Its no secret to hi-fi show goers
VER/ for that Crown DC300’s are at work in
almost every independent speaker
manufacturer’s exhibit. And, if you
could visit their factory design labs
and test chambers, you would see
DC300's in nearly every plant too.
We don't have to tell you why.
Speaker manufacturers are inter-
ested in hearing their speakers, not
the amplifier. And the Crown DC300
is the only amp in the world which
can deliver a signal so pure that
distortion is practically unmeas-
urable, at any listening level. Plus
adequate power to reproduce all of
the critical transient signals with-
out overload. Does that tell you
something about how your system
could sound with a DC300?

300 watts/channel RMS into 4 Q

IM distortion under 0.05%, 1/10
watt to 300 watts

S/N 100db below 150 watts RMS
into 802

3.year warranty on parts and labor

damping factor greater than 200

Send for lab test reports from Audio,

Stereophile and Hi-Fidelity.
BOX 1000, DEPT.A- 3, ELKHART, INDIANA 46514
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THIS ONE
HAS A GREAT
TRACK

RECORD.

With so many cartridges on the market,
it's easy to get confused. Unless you
choose one with an outstanding track
record. Like the ADC 10/E Mark 1l
Widely acclaimed as the “Critic’s Choice”,
it is crafted by hand using our exclusive
induced magnet design.

The 10/ E Mark |l recreates sound
faithfully. And tracks perfectly at the
lowest possible pressures for optimum
fidelity and long record life. It is as
durable as any cartridge made regardless
of price, and can be used with virtually
any model changer or tonearm.

So end “cartridge confusion” forever by
insisting on the ADC 10/ E Mark II. For
$59.50, you won't find a sounder value.

ADC 10E—MK 11 SPECIFICATIONS

Output: 4 mV at 5.5 cms/sec.
recorded velocity.

Tracking Force: Y2 to 1Y% grams.
Frequency Response: 10 Hz to 20
kHz = 2 dB.

Channel Separation: 30 dB from 50
Hz to 12 kHz.

Compliance: 35 x 1070 cms/dyne.
Vertical Tracking Angfle: 15°.

Rec. Load Impedance: 47,000 ochms
nominal.

Price: $59.50 Suggested Resafe.
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Tape Guide
(Continued from page 8 )

through my recorder amp by plugging the
turntable ouiputs into the microphone
jacks of the unit. How can I get phono
equalization withour buying a separate
amp? Or wouldn’t equalization make a
greal deal of difference?-Neil Passage,
March AFB.

A. When played with a magnetic
cartridge, a phonograph record requires
a substantial amount of bass boost and
a considerable amount of treble cut in
playback in order to provide flat
response. To give you an idea of how
much equalization is needed—and there-
fore how important it is—the RIAA
standard in this country requires bass
boost, relative to 1,000 Hz, reaching
about 17 dB at 50 Hz; and treble cut of
about 14 dB at 10,000 Hz.

It would be possible to introduce such
equalization into the microphone sec-
tion of your recorder. But this would be
a task for someone with the necessary
technical competence; and it would
mean giving up the use of microphone
with your recorder, unless you went
through the additional complexity of
a switch to defeat the phono equaliza-
tion. A simpler course would be to pur-
chase one of the relatively inexpensive
phono preamps that are available. Con-
nect the output of your turntable to
such a preamp, and connect the preamp
to the high-level input of your tape
machine.

Magnetization

Q. Ever since I gor my first 1ape re-
corder in 1954. 1 have had a fear of u
magnetized head ruining my itapes. I’s
gotien so that I'm almost afraid 10 play
my good tapes for fear of erasing the
high frequencies. adding 1o background
noise, etc. I was once under the impres-
sion thai a strong signal would magnetize
the heuds. I now wonder if the signal from
the bias isn’t so sirong that some dcci-
denral over-recording wouldn’t make any
difference. When ithey say “high fre-
quencies are affected.” how high? Does
the head become magnetized from just
plaving? Most important: Are the warn-
ings appropriute to someone who plays
his recorder mavbe 20 hours a month
and records mavbe 3 hours, and uses
the demagnetizer regularly, or are they
meant for someone who lets the machine
go for years withour artention? I fecl
Jfoolish wanting to demagnetize the
heads every time I 1turn the recorder on.
On the other hand, I worry that my “un-
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scratchable” tapes will be ruined by “a
worn needle,” as it were.—Laird Brown,
Dayton, Ohio.

A. The usual rule is to demagnetize
the heads after every 8 hours of use.
Don’t worry about the bias signal. It is
the audio signal—asymmetrical-which
tends to magnetize the heads. The
stronger the audio signal, the greater
the tendency. Magnetized heads do
have an increasing erasure effect as
frequency rises. Abrupt changes of cur-
rent through the heads tend to magnetize
them. Some tapes machines have built-
in provision for self-demagnetization of
the heads.

Cupped Tape

From time to time readers have in-
quired what they might do about cupped
tape. Following are some comments
by another reader who has found a
solution.

“I use I mil polyester tape exclusively.

I once received an order of this tape which
was cupped until it couldn’t be recorded
properly with a single-motor recorder of
mine. I decided to experiment with two
rolls of this cupped tape.
“I tension wound the two rolls in fast
forward on a powerful 3-motor recorder
by holding a gloved finger on the edge of
the plav-out reel 10 create extra tension.
1 did this with the thought thar perhaps
by leaving the tape in this tight-wound
condition for a period of time, the un-
cupped side would be forced 10 stretch,
and this streiching would eliminate the
cups. The tape was left in the tight-wound
condition for a vear. To my surprise this
worked better than | expecred. When I
examined the iape, I found that the cups
had been completely eliminared. Yer to
be determined is how long of a waiting
period is really needed.

“This idea is presented with some
warnings. It shouldn’t be tried with un-
derpowered single and 3-motor recorders,
because motors and rotating parts could
be damaged. It should be avoided if a
recorder is driven with a synchronous
single motor. Even with powerful 3-motor
recorders, care should be used in not
slowing the motors too much, as they
operate at full voliage in the fast wind
modes and could burn our.”—-M. Glen
Blair, Idaho Falls, Idaho.

If you have a problem or question on
tape recording, write to Mr. Herman
Burstein at AUDIO, 134 North Thir-
teenth Street, Philadelphia, Pa. 19107.
All letters are answered. Please en-
close a stamped, self-addressed
envelope.
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RECORD

PAUSE PLAY

‘Wait till you get your pause on a TEAC A-1230

You’'ll be making the cleanest tapes on the new
TEAC A-1230. Thanks to TEAC’s unique
symmetrical control system with Edi-Q. This
advanced system allows you to edit while
recording — instantaneously. In a flash, before
that unwanted FM commercial is upon you,
flick — and you’re in PAUSE mode. Your tape
stops silently, instantaneously. Record amps are
fully fired and at standby for the first note

of your recording restart. End of commercial
and you toggle deftly back to “PLAY.” You are
off to a clean new recording start.

But Edi-Q is only one of a whole host of
professional features on the A-1230. It also
incorporates the same kind of advanced design
and new-features engineering philosophy that
established TEAC’s famous Model A-1200 as
the best value in various consumer tests.

There’s a record bias switch for both high-
output, low-noise tape and standard tape alike.
So you get the fullest dynamic range with
any type of tape. It also ensures the TEAC
A-1230’s high-performance characteristics.

So much for new refinements. Remember
those other advanced A-1230 features:
three-motor solenoid operation, three heads;
tape/source monitoring, mic and line mixing,
independent record mode switches for Y-track

Check No. 29 on Reader Service Card

TEAC.

TEAC Corporation of America 2000 Colorado Avenug Santa Manica, California 90404

stereo/mono operation, independent stereo
headphone monitor, tape tension and spring-
loaded automatic shutoff arms.

And the price, tco, will give you pause;
it’s sensible.




LOUDSPEAKER
DESIGN

Hofmann's Iron Law -

a curiously useful way of looking

at the low freguency performance

of loudspeakers...

HENRY KLOSS+

HERE HAS always been a certain

I willingness to suspend both dis-

belief and rationality in the dis-
cussion of loudspeakers, and for the
most part it doesn’t really harm any-
thing. People tend to wind up buying
their speaker systems on fairly reason-
able, pragmatic grounds, and aren’t
likely to be disturbed b{l the adman/
salesman/theoretician who holds that
it takes a round speaker to yield “round
sound” or a speaker system the size and
shape of a bass viol to reproduce the
sound of one. We do, of course, see some
nicely rounded and bass-viol-sized
speakers in stores as a result. but the
relatively few people who buy them
probably have their reasons and can’t be
considered the worse for it.

Still, there are times when a loud-
speaker designer has pangs and longs
to sneak a bit more enlightment into
the discussion—even if it makes clear,
as the following may, that just about
anyone might design a good-to-wonder-
ful low-frequency loudspeaker system
by following rules that are both few
and simple.

So, then, a catharsis for a speaker
designer. And an attempt at some new
and hopefully useful ways of looking at
the low-frequency performance of the
kind of speaker system that has such
wide acceptance as a high-performance
device. That, of course, is the sealed-
box, acoustic-suspension system now
made (in various adjectival forms) by
just about every speaker manufacturer.
We won’t argue the possibility of a
better design somewhere in some better
world. but simply proceed with the
knowledge of the present design’s
sublime usefulness in this one.

*Advent, Inc.
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One of the delightful things about
the sealed-box, acoustic-suspension,
single-degree-of-freedom speaker is that
i'sa quite simple system, with an attend-
ant lack of eccentricity. The parameters
that decide its behavior are there all the
time, and you can vary them for dif-
ferent objectives—as we will be dis-
cussing—with known results. You don’t
wind up with cgregious behavior in
some performance area as a result of
some apparently harmless change, and
vou don’t then have to waste time look-
ing for some “patch” that may itself
have some strange effect.

Which means, of course, that low-fre-
quency performance can’t be deter-
mined by the sheer weight of money or
the designer’s ingenuity, since the rules
stay the same whatever the designer’s
resources. But while this may disturb
those designers who like to think they
can buy their way out of a design limita-
tion, or those who think that a particular
kind of voice coil or cone material or
construction has a certain mystique, it’s
very nice for all the rest of us. And it
does leave the designer free to make
some choices, hopefully enlightened,
of what to emphasize and what not to
empbhasize, since total subjective effect
or suitability isn’t as nicely predictable
as are curves and such.

So, while the behavior at low fre-
quencies of a certain sort of speaker
isn’t the most metaphorically exciting
subject for an article, it does give us
a chance for a close look at some reason-
ably interesting things that can be stated
both simply and rigorously. Nothing
new, really, except perhaps a new win-
dow on reality.

What I propose to do is being with a
speaker design of known excellence and

discuss its basic and completely de-
pendable interrelationships: What hap-
pens to performance from various phys-
ical changes, what physical changes are
needed for a specific performance ob-
jective. The assumptions (forgetting
about the vital question of your interest
in all this) are:

* That we are talking about the sealed
or effectively sealed speaker system.
(Some latter-day ported systems are
essentially sealed boxes that follow
the rules we will be discussing.)

+ That the speaker derives all damp-
ing from its voice coil moving in the
field of its magnetic structure and is
used with an amplifier of modern high-
damping-factor (4 or above) design.

+ That the amplifier is not tailored in
frequency response to a particular
speaker.

+ That we aren’t making any judgment
on how much sound must be produced,
but working within known and accepted
parameters for average to demanding
home use.

+ That we aren’t after the discovery
or definition of one “ideal” loudspeaker,
but discussing possibly useful variations
within an area of known goodness (or,
if you prefer, excellence).

The discussion which follows will be
different from the usual presentations
in an important way. We shall deal only
with those parameters whose manipula-
tions are at the discretion of a designer.
By eschewing the inclusion in our state-
ments of such quantities as the density
of air, the velocity of sound, the value
of 2m, and other constants that are
constant for all speakers in this group,
we are forbidden to make statements of
equality in connecting physical para-
meters with performance characteristics.

AUDIO « MARCH 1971



We can, and shall, make perfectly rig-
orous statements of proportionality
which will permit us to precisely predict
the performance of any new speakeras a
function of the chauge in parameters of
a prototype speaker.

If we are told, and we should certainly
readily believe, that the weight of a pile
of jelly beans is proportional to the num-
ber of jelly beans, we should be quite
confident that if we multiply the num-
ber of jelly beans by 1.2, the total weight
will increase by 1.2. Note that we did
not have to know how much a jelly bean
weighed. If our job is 1o manipulate the
number of jelly beans and then keep
track of total weight, we shouldn’t con-
cern outselves with those things (con-
stants, i.e., weight of individual jelly
beans) over which we have no control.
If we are really dedicated to our job of
getting at the essential truth, we can
even readily accept the fact that these
jelly beans are in a fixed size container
whose weight does not appreciably dis-
turb the relationship between number
and weight of jelly beans over the range
in which we are interested (see assump-
ticns above). The whole presentation is
directed toward an attempt to make a
powerful final statement that connects
together those several characteristics
which directly affect the value of a loud-
speaker to a user.

A good place to begin is the area of
greatest comfort to any speaker designer:
The frequency range from 800 Hz down
to the point below 150 Hz where varia-
tions in low frequency curves may begin
1o be visibly and audibly significant.
What is of such comfort about the 150-
800 Hz range. as has been stated else-
where many times, is that it’s “flat” by
nature (. Over that frequency range,
the speaker’s velocity and hence output
is controlled by the mass of its moving
system. Assuming good design as we are
throughout, in this case of the cone,
there is ideal piston operation. Cone
velocity goes up as frequency goes down,
doubling for each halving of frequency
(a fact with which Mr. Klipsch appar-
ently likes to frighten small children) to
coincide nicely with the realities of de-
creasing radiation resistance. Output
can be calculated precisely at any point
in the range as the square of cone veloc-
ity times the square of the area tmes
some constants. No trickery is needed to
make it come true nor are any special
cone materials (a wide variety of
thoroughly conventional materials and
compositions will do nicely).

But things change as the bass resonant
frequency of the system is approached.
In a proper closed-box system, output
beings to drop at a point somewhere
above resonance (we’ll be more specific
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in a moment), drops more at resonance,
and begins to roll off fairly sharply
(12 dB/octave) somewhere below that as
stiffness reactance halves the cone veloc-
ity for each lower octave. If benign
nature seemed to rule in the 150-800 Hz
range, the designer takes responsibility
now for everything, including (a) the
shape of the roll-off, resonance curve,
(b) where it begins laterally on the fre-
quency scale, and (c) where the curve
and the resonably straight line between
150 and 800 Hz show up on the vertical
scale of absolute power output.

He is responsible, all right, but the
rules are the rules.

The shape of the frequency response
curve of every speaker of the type we are
discussing will inevitably correspond to
one of the family of these familiar uni-
versal resonance curves. We can con-
struct a graph with explicit labels for
x and y axes which completely describes
the speaker’s performance quantita-
tively if we know three performance
characteristics:

A. Efficiency, or the amount of output
in the “flat” region for a given
power input,

B. Resonant frequency, or the actual
frequency at point labeled Fr on
curve, and

C. Which shape of curve.

Now, there are four, and only four
physical parameters that in turn set
those three performance characteristics:

I. A = area of cone,

2. M = mass of moving system,
(cone and voice coil largely),

3. Motor = “strength” of the magnet-
voice coil motor (o, and

4. V = volume of air enclosed in
sealed box.

Let us relate physical parameters to

performance characteristics:

A. Efficiency = A2/M> X Motor;

B. Resonant frequency, which we shall
call:

Fe = \/ stiffness/mass

Stiffness here is assumed to be
solely due to cone area pressing
against a small enclosed volume of
air and as such is approximately
equal to A2/V so that

Foo= JATIVM

C. Shape of curve is actually deter-
mined by the “Q” of system at
resonant frequency. The relating of
QrFr to the physical parameters is
a somewhat messy expression, in-
volves all four of those parameters
and does not readily permit a feel
for the physical situation. We would
like now to introduce a different
term which relates to shape of curve
that makes it much easier to figure
out the new performance of a
speaker when any one physical
parameter is changed. Use of this
new term will then lead us to a way
to make a powerful and simple
statement. We shall also relate this
new term to QFr us we must be
able to. They are both, after all,
equally legitimate ways to describe
the shape of curve.
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Fig. 1—Frequency response versus Q.
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Short Digression

Imagine a loudspeaker with no stift-
ness at all, that is a resonant frequency
at 0 Hz.

Now, let us examine the output as
we move down in frequency. We know
there is a region of constant output
and might expect this to continue to
indefinitely low frequencies; we shall
certainly never get to the 12 dB octave
slope caused by stiffness reactance.
Since this loudspeaker must have a
motor (some volume of conductor in a
magnetic field, here assumed to be fed
from a low impedance), there must be
some damping force, which, no matter
how small, will at some low frequency
equal the continually decreasing mass
reactance and cause the output 1o de-
crease by 3 dB. We shall find it conven-
ient to express the very important re-
lationship between mass reactance
(tendency for velocity to increase with
lower frequency) and the resistive damp-
ing force (tendency for velocity to re-
main constant) as the frequency at which
the two become equal. This we shall call
the damping frequency. A stronger
motor, i.e., more damping, will cause
this frequency to be higher; a heavier
moving system, more mass reactanct,
will cause this frequency to be lower.

We can see that this quantity is in no
way dependent on area of cone or
volume of enclosure, but is just a way of
describing the relative influence on the
velocity of the cone at any frequency of
the mass of the moving system and of
strength of the motor, and one can
readily see that damping frequency
which we shall call Fo approximately
equals motor divided by mass.

To gain familiarity with damping
frequency, FD, imagine a speaker with
Fp at 240 cps and resonant frequency,
FRr, at 60 cps. If we examine the shape
of the frequency response curve going
down in frequency from the flat region,
we are told that already at 240 cps the
damping force is significant compared
to the mass reactance in determing cone
velocity, and the output is thus below
the flat region and shall be even lower
by the time we move down to 60 cps.
Now take a speaker with Fp IS5 cps
and Fr 60 cps. As we move down in fre-
quency from the flat region, we see that
when we get to the resonant frequency,
the “damping force” is still not a strong
contributor to determining cone velocity
and, since mass reactance at this fre-
quency (by definition) is cancelled by
stiffness reactance, velocity, and hence
response, is allowed to rise appreciably.
One more example: A speaker with
Fp = 60 cps, FR = 60 cps. Remember-
ing our definition of damping frequency,
this speaker would have been down in
response by 3 dB if there were no stiff-
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ness at all, i.e., resonant frequency = 0.
Because resonant frequency is 60 cps,
the mass reactance, which is equal 1o
“damping force,” is cancelled by stiff-
ness reactance and the response is
allowed to double, i.e., rise 3B to the
level of ‘the “flat” region. From this
fact you can readily pick out the appro-
priate curve, namely QFr = 1. (See Fig.
) In fact, the curve fitting the other
two speakers examined can be readily
found by making use of the relationship
between QFr and Fp that

QFr= FRr/FD.

This is just a consequence of the way we
have defined Fp. Our first speaker is
thus seen to have the curve correspond-
ing to QFr = .25 and speaker number
2 has QFr = 4. One might complain
that at the beginning we should have
just said that Fb =Fr/QFr but that
would have denied us the chance to get
some physical “feel” for Fp and to see
why logically it is approximately equal
to motor divided by mass.

So our digression has given us a way
to express performance characteristic
Cin a slightly indirect way by specifying
Fp.

To then find shape of curve we note
ratio of resonant frequency to damping
frequency which gives us QFr to enable
us to assign the proper curve. So for C
we then write damping frequency ap-
proximately equals motor divided by
mass.

This relating of physical parameters
to performance characteristics makes it
quite easy to readily identify all changes
in performance when any one of the
four physical parameters are varied.
One can quickly go through the four

examples: 1. Increase area: increase
efficiency, increase Fr. 2. Increase
volume: decrease FRr. 3. Increase

mass: decrease Fr, decrease efficiency,
decrease damping frequency (QFx goes
up). 4. Increase motor: increase effi-
ciency, increase damping frequency
(QFr goes down).

This is quite handy for a speaker de-
signer but the interrelationship of a
different set of characteristics has much
broader importance. The loudspeaker
buyer-listener is not, or should not be
concerned with mass of system, area of
cone. or strength of motor. None of
these individually are separately dis-
cernible to a buyer-listener as being
proper or improper. [ believe we can
identify three outstanding characteristics
that truly determine the value of a
speaker to wuser (remembering that we
are here concerned solely with low
frequency performance). This value,
after all, at least here, is the most proper
concern. Our intended service here is
to show how these value characteristics

are rigorously tied together in a very
simple way.

The value characteristics are:

I. Volume of enclosure. The smaller
the better. This strongly affects the
utility of the speaker with respect
to allowing optimum placement
and even more strongly affects
price.

2

. Efficiency. The higher the better.
Total loudness for given electrical
power.

3. Low frequency response performance,

which we have shown to be defined
by:
3a. resonant frequency. The lower
the better.
3b. damping frequency. The lower
the better.
(Assuming we are discussing a
properly designed high perform-
ance speaker in which the motor,
for sake of reasonable efficiency,
has been increased beyond the
point that frequency response alone
would like, i.e., the speaker is over-
damped.)

It turns out that these four quantities
are closely interdependent. The exact
statement of this interdependence turns
out to be very pleasing for its simplicity,
which is the reward that should be ex-
pected for the effort to acquire this new
conceptual tool of damping frequency.

Let us again express each of these
“user value characteristics” in terms of
their dependence on physical para-
meters:

1. Volume = volume
2. Efficiency = A?/M? x Motor

3a.F, =AMV

3b.Fy= Motor/M

Now just a few lines of old math
eighth grade algebra. From 3a, squaring
each side we have:

FZ =AMV
or
A? = F MV

Let us restate efficiency, substituting
for A» as:

Efficiency = F > MV Motor/M?
=F/}V Motor/M

But we recognize:

Motor/M as F |

So we finally get:

Efficiency = F2? FaVv

[f one wants to consider only a given
shape of curve, that is a given QFg, we
can then express Fp as some factor of
Fr and further simplify our law to:

Efficiency = F?V
(Continued on page 56)
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To call it“an

amplifier”

would be like
calling a Porsche
“Basic transportation.

There is unusual satisfaction that comes from
fulfiling a prosaic task in a far from prosaic
manner.

Hence this amplifying system: the Sony TA-
2000 professional preamplifier and the Sony TA-
3200F power amplifier, Together, they perform
all an amplifier's standard tasks in a satisfyingly
impeccable manner; but their 67 levers, switches,
meters, knobs and jacks allow you to perform
some interesting functions that are anything but
standard.

Dual-purpose meters.

The two VU meters on the preamplifier front
panel, for example, are no more necessary than
a tachometer on an automobile. But they do
serve the dual purpose of simplifying record-
level control when the TA-2000 is used as a.
dubbing center, and of allowing you to test your
system’s frequency response and channel separ-
ation (as well as those of your phono cartridge)
and to adjust the azimuth of your tape heads.

A broadcast/recording monitor console in
miniature.

The TA-2000 resembles professional sound
consoles in more than its VU meters. In addition
to the 20 jacks and seven input level controls
provided on its rear panel for permanent con-
nections to the rest of your hi-fi system, the TA-
2000 boasts a professional patch board in minia-
ture on its front.

Thus, you can feed the inputs from micro-
phones, electric guitars, pcrtable recorders or
other signal sources into your system without
moving the preamplifier or disturbing your nor-
mal system connections in the least. And a front-
panel Line Out jack feeds signals for dubbing or
other purposes into an external amp or tape
recorder, with full control of tone and level from
the front-panel controls and VU meters.

The tone correction and filtering facilities are
also reminiscent of professional practice, allow-
ing a total of 488 precisely repeatable response
settings, including one in which all tone controls
and filters are removed completely from the
circuit.

The amplifier—no mere “black box"”

A power amplifier can be considered simply as
a "black box" with input and output connections,
a power cord, and an on/off switch; and such an
amplifier can perform as well (or poorly) as the
next one. But in designing the TA-3200F Sony
took pains to match the amplifier's facilities to
the preamplifier's.

selector switch, and a power limiter (in case your

present speaker should lack the power handling

capacity of the next one you intend to buy).
Circuitry unusual, performance more so

The single-ended, push-pull output circuitry of
the TA-3200F amplifier is supplied with both
positive and negative voltages (not just positive
and “ground’) from dual balanced power
supplies. This system allows the amplifier to be
coupled directly to the speakers with no inter-
vening coupling capacitors to cause phase
shift or low-end roli-off (A switch on the rear
panel does let you limit the bass response below
30Hz if you should want to, otherwise, it extends
all the way down to 10Hz.)

The individual stages within the amplifier are
also directly coupled with a transformerless
complementary-symmetry driver stage, and
Darlington type capacitortess coupling between
the voltage amplifier stages.

As a result, in part, of this unigue approach,
the TA-3200F produces 200 watts of continuous
(RMS) power at 8 ohms, across the entire fre-
guency range from 20 to 20,000 Hz; IHF Dy-
namic Power is rated at 320 watts into 8 ohms
(and fully 500 watts into a 4-ohm load).

But more important by far is the guality of the
sound: intermodulation and harmonic distortion
levels are held to a mere 0.1% at full rated output,
and 0.03% at the more likely listening level of
one-half watt. The signal-to-noise ratio is an in-
credible 110dB. And the full damping factor of
170 is maintained down to the lowest, most
critical frequencies (another advantage of the
capacitorless output circuit).

The companion TA-2000 preamplifier also
boasts vanishingly low distortion and a wide
signal-to-noise ratio, but this is less unusual in a
preamplifier of the TA-2000's quality (and price).
What is unusual is the performance of the phono
and tape head preamplifier circuits; for though
they have sufficient sensitivity (0.06mV) for the
lowest-output cartridges (even without accessory
transformers), these preamplifier circuits are vir-
tually immune to overload — even with input sig-
nals 80 times greater than normal.

Their sole vice: they are hardly inexpensive

Of course, at a price of $329.50 for the TA-2000
preamplifier,and $349.50 for the TA-3200F power
amp, this sytem cannot be considered other than
aluxury, but then, it was intended to be. For there
are those to whom fulfillment of prosaic tasks is
unfilling. And among them

are not only many of our

Thus to complement the TA-
2000's two pairs of stereo
outputs, the TA-3200F has two
stereo pairs of inputs, selected
by a switch on the front panel.
Other front panel controls in-
clude independentinput level con-
trols for both channels, a speaker

Check No. 33 on Reader Service Card

Porsche is a trademark of Dr.-ing.h.c.F.Porsche KG
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customers, butalso many
of our engineers. Sony
Corporation of America,
47-47 Van Dam St.
Long Island City,
New York 11101.
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Buyvers Guide to

Loud:

The following are not all the speakers of the manufactuers listed: some were

kers

ADC 303AX

eliminated for lack of space, others because information was not supplied.
Advent
/ WOOFER / MID-RANGE / TWEETER/ [/ / /
N -
T 3 §
/ / / / -] IS s &
53 / & s/ & =
3 S/ $ .
& / §./%5/ 5/ 5 i
5 88/ g g F
MANUFACTURER & . /< & s/ & 5§
= k. & - -~ -
/5 £/« N /3§ )3 sF) s 5 K
5§/ §/ 5 '/ S &/ § $ /¢ o g s =
1 N g/ § 8 g g 5 ; S s /& S [y e & . SPECIAL FEATURES
§ §/ 5 g/ 8§) &£/8§ &/¢& /& & s/ & &%/ & s © A
;" 5' k; & S L - 51 ~ & / < L % /L & / 5/ < / = yi S / = / <
] BB 11 | ! I 1
ACOUSTIC AR-3a 12 | 43 | Acous. | 1% | Dome % ‘ Dome 25 A ‘ 575 ’ 4 ]25 x 1% | Wal. Chry. | Cloth, | 53 | 250.00 | *Complete frequency response and distortion
RESEARCH 5,000 x 14 teak, mah, | Beige data available from AR on request.
| birch, unf. | **Depends on various factors; available on
| | N | ] l | request.
AR5 [10 |55 [Acous. | 1 [Dome | % | Dome o[ % | 625 (8 |24x13; |Wal Chry. | Cloth ' 175.00 |
5,000 | X 11 teak, mah, | Beige
. B W S| I . 1‘ _l_ . + ~ b”C,h',unf; o B S R
AR-2a% 10 {55 |Acous. | 3% | Cone % | Dome 20 - | 2000 |8 [24x13; |Wat. Chry. | Cloth 362 | 128.00 ]
‘ | 7,000 x 11 teak, mah, | Beige .
| | ) | birch, unf, B - - _d
AR |10 |56 | Acous. T % [coe |- ] 0| L0 |8 (2 Toilwal. | Burlap 33| 102.00
| | x 13% and 6 Beige |
| | others - - - - i
’_AR-M 8 |65 | Acous. - |23 | Cone 15| = |L200 |8 |19x10 |Walual. | Cloth, 182 | 57.00 ‘
o B I S " S B A
AR- 8 |56 | Acous. l-sz#Cone 20| = |150 [8 |19%x12 |Wal unf. | Cloth IR ‘72.00 unf.
| | | | x7 | | Beige j
ADC soa 12| | | ', [Dome |20-20K |15 | 60 | ' [ Wal. | Black 165.00 | Two way sys. with 12" rubber suround
‘ |
|2 | +3 | woofer.
303AX 10 | ]Acous. 1z | Dome | 37-20K |15 50 | B |23 x 13 | Wal Black 37 | 110.00 | 2-way spkr; 10" woofer; and wide dispersion
[ +3 X 1% super tweeter removable frame.
= - | B — il - ] il = = S Lo M4
210 8 Acous. | Dome | 40-20K Tls T 50 20x 11 Wal. Btack 30 T 75.00 | 2-way spkr; Hi comp 8" woofer and Hi
| ! | x 10 N B - | accuracy wide disp. tweeter.
404 6 T Acous. 1's | Dome | 45-20K |15 50 8 |10, x77, | Wal. | Wimte 11 55.00 | 2-way speaker; bookshelf sys., 6" woofer
| | | -3 ‘ | ] | x 8 | | and Hi accuracy wide disp. tweeter.
ADVENT 10 [43 | Acous. ‘ % | Dome | 30-20K | 20 | 100 11,000 I's "zsx;xw? [Dilwal. | Cloth [ 44 [ 116.00 | Available in wal. finish vinyl-clad. cab.
[ S j E I R e T et | | B ]
8 |45 | Acous. % 35-20K | 15 60 1,500 |4 |20x 115 | Wal. Cloth 30 80.00
| +4 | | | [x9a | vinyl | Light | |
AR-cousTIC | PC12 |12 [40 Pct [5%7 | Cone [Dome [a015K [20 | 3 | 400 [ 4 |15%x135 | Wal. | Brown [ 51 [239.00 [ *12-inch woofer is pneunatically coupled to af
| | ] ) BELS N | 5,000 x 27 ) | 12 x 17 Bass diaphiagm. R
PC-8 8 |51 | PCx I 4 | Cone 40-15K ‘ 0] 20 500 | 4 | 11x9 Wal. f Brown 20 | 119.00 | *8-inch woofer is pneumatically coupled to an
| | 50| x 19 | l ‘ 11x 9 bass diaphragm.
ALLIED 285 |15 - | Reflex Compr. [Dome [20-aud. |10 | 50 1000 |8 |20%x14 | Wal. [ cioth 1720 T149.95 | VHF tweeter; 2 level contrs.; tuned ducted
| Hormn 8,000 | x 304 { Dlive port; with floor base. |
L I I A - L S — | POESE
2370 12 | - |Acous. | - | Compr. ‘ Compr. | 20-aud. W 15 35 1,000 (8 [25x13 Wal. Cloth 50 —1—129.95 2 level contrs.; Kit - $99.95.
I | - | Hom [ |Hom 1 15000 | x4 - ‘_ | Brown B - 4
2300C 12# - | Acous. Compr, Compr. § 20-aud. | 15 30 1,000 |8 [25x13; | Wal Cloth |49 99.95 | 2 level contrs.; Kit - $74.95.
|| Horn Horn 10K J{x 14 " Beige
30308 12 Reflex [ Horn 3z | Cone | 35-17K | 10 [ 30 400 ‘T} 24x9 Wal. Cane | 28 64.95 | Fiberglass insulated; Kit - $44.95
. | | | | 5,000 X 144 |
ALTEC 2873A 15 140 | Inf. 1 Compr. | 20-20K 90 Tot. 500 | 8 | 29%x 38 | Oil Wal. Mid. scpt. 162 | 750.00 | Elec. x-over Bi-amp. built in RMS 90 w.
LANSING Barcelona Baffle Driver 60 Bass | x 24 pat. brn. |
Biamp pkt, | | | S A S (1 - I _ — e 8
| BIA |15 |45 |nt. ‘ T Compr. | 2520k | [90Tot. | 800 {8 |2%%x 27 | OilWal. | Mid.scpl. | 142 | 650.00 | Bi-amp. built in 90 watls RMS.
Granada Baffle Driver 60 Bass | x 24 pat. brn.
| Biamp Spkr. - B l__ | _|WHF ) 1 | il | - .
848A 1% : Bass | Compr. | 35-20K 50* 800 |16 |27%x27% : Wal. Mid. Spantsh | 105 | 339.00 | High efficiency '‘The Voice of the
Flamenco ! Reflex Driver x 1% | pat. i Theater"’ component.
893A 10 { tnt. l 3 | Cone | 50-18K ’ 15 | 45% 12,500 |8 |12%x22 |Wwal Brown 22 85.50 | Snap-on grille, 3-way high freq. control.
Corona Baffle iy - | JJ‘ 9l; J |
bt —— - - +— — - —- — F *r -— ]
890C 10 | 45 { Phase | 2) | Homn 60-20K 5 2,000 | 8 |25%x 14} | Wal. Brown 3B | 179.00
v I 6 | +5 x 144 [ [
! L L | | { ! 1 .




Altec Barcelona

Dynaco A-25

MANUFACTURER

SPECIAL FEATURES

/ / / [ =%/
I ! ] [ ]
AMPEX 715 (2)6 | 68 | Air - 3 Wide | 50- 640, | 14008 | 19x 13 Wal. Dark 45 1 139.95 | *Typical response. Mutually coupled woofers.
Susp. I Dis- | 26,000 Hz 80** x 9l ‘ brown pr. | Cup-chamber tweeter.
persion | +3 **Rec. max. ampl. pwr/chan.
Air ‘ | }
| damped _;_ L L 1 |
+ =t=——" — | — T T T T
516 6x9 | - | Dist. - - 130- 2|12 - |8 |9x 144 Wal. Dark 22 | 69.95 | High efficiency design.
Cone J»Port. 15,000 Hz | 30+ | x 7% ‘ brown | [ | **Rec. max ampl. pwr/chan.
Do | | 8 s | o -
414 4, { 140 | Air - - 9)- 5120 - |8|6x6x6 Wal. Dark 6| 59.95 | *Response with 10-1b boost at 90 Hz. Special
‘ Susp. 15,000 Hz 40** brown | pr. high comp. annulus.
| +5 | | | | “*Rec. max. ampl. pwr/chan.
AUDIONIC Ten |10 |48 Acous. [+ Tome [k Twofoo | wsofefaxis [wal | clom ‘ 38 72.95 | Histenp, d-layer, 2 v.c. in woofer.
| £ B N N S VR Whte | 19957 *East price.
Ten 10 48 | Acous. |4 Cone | — 33- 20K \ - 150, | - - | 40| 92.95 \ As above, plus dome tweeter.
Type A l l | 10K ‘ J . ’ 99.95* *East price.
AZTEC Gaugain 111 12 [25 [ Contr. |39 [Hom [ 28] Hom [ 220K (10720 [aw00 [8]20x27%, [wal. | Decor | 65 | 249.95
I [ | Duet . 13 || 0000 xs% | wood grille I |
Petite 8 50 | Acous. 32 { Cone { 50-15K 15 130 ‘ 2,000 18 [20x 10 Wa-.—l White tweed 30 | 69.95
1000 == +3 | | | | [x9% | 4; !
BOGEN Lsx [+ |- [Pt - I Thooask Ts T | le 175 [wal. | dlack 6| 60.00 | Soid only as a pair.
| =R K | pr. -
LSIA |5 | aous. |~ |- 2 |cone [k [i0]30 | som|sisxen | wal | Black [ o] a5 ]
*5 J x 7 |
LS20 8 Acous. - - 13 Cone | 50-20K 10 ‘40 1,100 87 19x9 Wal. Cloth grn.- ‘ 18 | 59.95
5 + Ix10 blue tweed
LS30 10 Acous. |5 Cone |3 | Cone | 40-20K | 1050 | 6008 |22x11 Wal. Cloth grn.- | 32| 99.95 ‘
5 | 5,000 | ‘x 14 ‘ | blue tweed | |
BOSE 901 Nine full-range 4% in. Drivers 25 | 270 ‘a |20°,, x 127, | Wal. | White, dk. brn. | 33 |476.00 | Direct reflecting (& ok, brn. grille or wal.
| | | l i X 12% _‘lal. facings | pr. * | facings opt. Bl. or Wht. ped. opt. *Incls. Act. Rqzt.
T 501 Integrated woofer — 2-tweeter combination, balanced for 20 {50 I (14, x 18%2 | Wal. dk. brn. 35 1124.80 [ Direct reflectlng@
direct and reflected sound. | | | | | x2 | | | each |
BOZAK B410  [4r12 |40\ if. |26 |cone|(812] Cone [zszok 15 [1s0 | so0[saex19  [wal. | silk 1225 1897.60 | Line array.
Concert GrandJ I i 2,500 x 52 | l
- 4 — L - s L - — 1 — —
B-4000A (2)-12 |40 ' Inf. 6 ICcne (812 Cane 35-20K 10 10? 400 | 8 ‘ 27x 16 Wal. Stk ‘ 165 l625460 Line array.
| | 2500 x4 1 _ {
B-4005 (2)-12 |40 I Inf. Cone | (812 | Cone | 35-20K ‘ 10 | 100 ‘ 400 ‘ 8 39 x 20% Wal. Stlk LIGO §35.00 Y Line array.
B | | | ] 12500 [x30 | |
D 1 _— T T S T
B-300324 {12 |40 | It 5 (Oone [2)2) Oone | 020K 6 ls0 | so0ls zax20 Wal. W‘ Cloth | 120 [272.50 | Dual cone.
Mediterramean | f i | ‘ +2,500 x 28 | | + |
B-301 12 |40 Inf. 4 Cone | 2 Cone 40-20K 4 ‘40 1,200 | 8 | 1412 x 11%; | wal. Bra. Cloth 40 | 157.50 | Single
Tempo | ' 30! e ‘
| L s | I
CLARK ous-12t [12 158 [ Acovs. |42 [cone f(2)3] dome [30-20K 15 Tioo | 300 T8 [z x 12 J Oilwal.|Cloth | 40 | 9000 | Fpos. billance cont; fin. ¢ sides.
5 4000 |x24 Brown {
- —- 1 — 1 1 T Fa i LR g I
CMS-83 8 70 ‘ Acous. | - 3 Dome | 35-20K ‘ 8135 2,000 | 8 [1002x9 | Wal. ‘ Cloth ‘ 20 | 40.000{ Fin. 4 sides; changeable grille.
3 | | | [x19 | Brown |
DYNACO ass [0 [s8 [Fuction [- | - [1, |seft |er20k 15[ | 15008 |20x10 | Oil Wal.| Linen. 20 | 79.95 | Also avail. in teak o rosewood at
| | Loaded | Dome |5 . !x 1, h \ nat. beige ‘ | | 589.95.
As0 [0 |52 [ Friction | - 1 | seft [4020k T15 50 | 1,000 (8 [28x10 | 0it wal.| Linen 40 [179.95 | Detachable grille cloth.
| | Loaded Dome ] +§ |- ek | [x 2k nat. beige J |
Eico HFS-6 [ |50 | - [ - 3 [coe [a018K 3 (20 [ 4,000 ‘8 2% 13 [mah. | Cloth, Tan I 17| 49.95
1
[ B [ | | [*8 | | I |




EMI 92

Empire 6000

Fairfax FX-100

7//
// /

e
MANUFACTURER § )
o 5
= s 1 & a SPECIAL FEATURES
o g s N
i) 5/ 38 /g,
;&) 5 JFE)
{ / / v S
ELECTRO- Aries 6 ] ‘ 400 | 8 | 27% x 16% | see note | Various ‘ 60 i 275.00 | Daluxe furn. cab. avail. in cont./pecan,
VOICE 1,500 | | x22% — | | trad./chesry and Spanish Oak.
E-V Four-A | 12 4ﬂ Acous. ’ Cone | 27 | Cone | 30-20K | 10 L 400% 8] 25x13; | Wl Cloth, 45 | 199.95 | Ultralinear 12-inch foam susp. woo'er.
1,500 x 14 { dk. bra.
- - — - g — - - 4 — - - - —  —
E-V Nine 10 |50 ‘ Acous. | 5 | Cone | 3, | Cone | 30-20K | 10 400T 8| 2% x 12 | Wal Cloth, 30 | 144.001 Smooth 5-inch mid-range fills out treble
| [ BRI ES D &k. bra. | jange. ]
E-VFive-C | 10 |50 | Acous. ' 2, | Cone | 30-20K 10 | 35| 1,000 I 8| 21%x10°, | Wal. ‘ Cloth, 22 99.95 | Four-layer voice col for efficiency at low
| | | x 12 | | dk. b, L | freas. S 1
E-V Seven-B 8 |75 +Acous. - 3 | Cone 40-20K Jr10 | 35| 1500 |8|19x9 Wal. Cloth, ‘ 19 | 66.50 & Symmetrical tone damping.
0 | dk. brn.
I — A A A S — Ll ] e -
E-V Eleven 6 110 | Reflex - = - 80-15K ‘ 5115 - 8| 15% x 67 | Wal. Cloth, ‘ 9 | 37.00 | Low cost dual-radiator system.
J | x 8lg J dk. brn. |
ELITE Magnun-K [ 12 40 [ Acous. | 4 | Cone Cone | 30-20K | g | 25| 1500 8 | 15x 114 | Wal.  Cloth,charc | 47 | 189.00 | Viny! cone susp. Twsster control and nid-
L 3 I L | R L ‘ jL ‘7+6;,000, xa \ & white | angecomol.
Mezzo-Ii 12|48 | Acous. | Cone | 40-20k | 6 | 15 ’ 2,000 { 8[19%x9 Wal. Cloth, charc. | 20 | 139.00 r»VinyI cone susp. Tweeter control.
| i e L s & white ]
Maxim « 160 | Acous. | - | 3, | Cone | 4520k | 8 | 12 2000 | 8 | S%x 74 | Wal. ‘ Cloth, 8 ‘ 59.95 | Vinyl cone susp. Extremely compact.
| | | +5 ‘ ‘ x 101 | bra., white |
Em 300 15|53 [ Acous. [(@5 [ Cone | 2| Comr. [ 10-30K | 35 [100 [ 1,000 8 26x19  Wal. Brown 90 [ 350.00
| - | Type 7,000 | 4 x 274 | B - -
(Benjamin) 205 14x |55 | Acous. |(2)5 | Cone | - Compr. | 25-20K |20 | 90 | 1,500 | 8 | 14}ax 13% | Wal. Brown 52 [225.00
L I A i I Type | | S0 | k2 . I ]
105 141, ‘ 62 | Acous. 5 | Cone 3%, | Cone 35-20K |15 | 80 | 1,000 | 8 | 13 x 124 | Wal. | Brown ‘ 50 | 169.50 |
R 1 | % ) L | awo| Ik, | I
62 10x |91 | Acous. = 3 Cone 60-20K | 10 | 35 | 5000| 8 i 11% x 10 | Wal. Black 28 | 79.95
6° 20% |
B L. W ] - i | , =, - I I = =
I 92 13% | 83 | Acous. k¥ Cone 50-20K |10 | 60 | 4500 8 1 11 x 10% | Wal Cloth, 36hh09.95 Co-ax with alumin center.
X8 | | | | ! | x 23 Black
EMPIRE 9000 M 15 |20 [ Inf. | Cone i ‘ Dome | 20-20K |10 {100 450 | 8| 22x 29 Satin Wal. | None \ 120 | 29.95 3-way sys.- w.a. lens, marble top.
- ) B Toame [ 0 [ 75&004 - ] | - P
7000 M 12 | 25 | Reflex 4 | Cone 1 Dome | 25-20K |10 | S0 | 450 | 8 [ 19 x 26'; | Satin Wal. \ None 209.95 | As above.
- . N | -~ [ S0 | o | —
6000 M 10 |30 | Reflex 5 } Cone 3 1 Cone 30-20K |10 | 75 450 L 8| 18x 247, TSatin Wal. | None 60 1109.95 ‘ Marble top. Modei 6000 with walnut top,
| . | W/lens | | 2500 | | | $99.95.
EPI EPI 150 8 |35 Acous. 1 Cone 35-18K | 17 [ 40 [ 1,800 ‘ 8 11x15 Wal. ‘ Dk. brn. | % 129.00 | Unigue cabinet design.
] || } i I i BEEY: f B R -
EPI 100 8 |43 | Acous. | 1 T Cone | 40-18K |17 | 40| 1,800 | 8 | 11x9 | Wal. Brown 22 | 89.00 | Uniform dispersion +5 dB. 40-13 kHz.
Standard T I L | £3 x| | i )
50 ()6 | Acous. | 2 Cone | 50-18K | 14 - [13x10 | Wl Cloth ] 55.00 | Long voice coils.
| | | +3 .‘ x8 | | Dark |
FAIRFAX FE-8 28 | i Acous. | (218 | Cone [(2-3 | Cone | 20-22K | 15 1100 | 750'\ 8] 20x12 | OilWal. | Black 80 | 249.50 | l-in particie board cab.
R R N T B T RN R R N I Y | |
FL34 |8 | - | Lap. | 3 |Cone | 3% [ Dome | 22222k [10 | 60| 2000 8! 14x12 | 0il al. ) Black 65 | 129.50 | As above.
Folder | S om0 | - eos \
H |
| N orn J i | = At e S - S — B 1
FX-1000 8 Bass 3 Cone | 30-20K |10 | 30 | 5500 8 | 12x77, [ 0l Wal. Black 2 79.50
|| etex j | 30 || | en . ‘ ;




The driving amplification of to-
day's electronic instruments of-
fers a new challenge to the
capacity of speaker systems.
Can they take it? The new
Achromatic W25 can.
However, absorbing this
power and giving it all back as
distortion-free, faithtully repro-
duced sound is another matter!
The new W25 employs a hefty
8” woofer with oversized, spe-
cially constructed four layer-
wound voice coil assembly for
maximum heat dissipation, plus
a heavy duty magnet assembly
with deep axial length for su-
perior transient response. The
tweeter coil is aluminum for iow
mass, and the cone is ultra-cur-
vilinear for exceptional polar

distribution. A professional LCR
crossover network minimizes
commonplace electrical and
acoustical distortions, and the
“unitized” construction of the
sturdy cabinet avoids buzzes
and resonances.

The W25, priced at $58.75 list,
is guality throughout. It is one of
six Wharfedale speaker systems
engineered to satisfy every bud-
get, space and performance
regiirement. For complete cata-
log, write Wharfedale Division,
British Industries Co., Dept. HS-
50, Westbury, New York 11590.

Wharedale

ACHROMATIC SPEAKER SYSTEMS
Check No. 37 on Reader Service Card

Pour on the power...

The new W25 pours it all backw

i
-
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FISHER XP-16 (212 ' 53 | Acous. 8 | Cone 1 Dome 28-24K | 20 60 250 8 27 x 31 ‘ Wal. Cloth, Bm. [105 |299.95 | Furniture styles in 3 finishes,
1 Horn 2,500 x 199, LPecan incl. cherry.
XP-9C 15 |55 | Acous. {2)5 | Cone |(2)1% | Dome 82K (20 | % 500 8 16% x 27 Wal. Cloth, Brn. | 55 [199.95 | 4-way with dome super tweeter.
1,200 x 13
| | 5,000 i
Ws-80 8 |60 | Omni. S [Cone | 3 | Hom 35-20K | 10 f 20 400 8 | 18x18% Wal. Cloth, Bra. | 24 | 99.95 | Model WS-70 with 6" woofer
| | 1,500 x 11 | 3" tweeter $79.95.
XP-55B 8 |60 [ Acous. - 3 Cone 37-20K rl[] 15 1,500 8 20x10x 7% | Wal. Cloth, Brn, | 18 | 49.95 I Model KP-44B with 6" woofer.
N ) | _+ B %h | o0 B Finish . | $44.95.
XP-7B 12 |58 | Acous. 5% | Cone {(2)3 | Cone 30-20K 110 0 350 8 14 x 24% Wal. Cloth, 8rn. | 40 | 149.9%
800 X117,
L L | | 3,500
FRAZIER MK: VI 12 | Tuned 8| - )3 | Cone 2517K | & 25 800 25%x 165, | Oil Wal. | Cloth 90 | 295.00
Fl2:8H o Jbom Jr 330 x28 Bowngold | |
S 1per [» 10 - Exp. - | - I Hom 70176 |05 30 800 8 | 2x15% | Util None 65 | 250.00
Dixielander | Horn | +5 x 26% Slate
F707-1037 | | R | - S
MK, V 12 : ] Tuned (24 | Cone | - Horn 019K | 2 25 800 g | 14x12 Oil Wal. | Lined 50 |189.95 | Also available in black utility model.
F12:2:5T | L +5 | 3,30 | x5 | | Off-Whlte_4 |
MK. 1V 10 Tuned j - Horn 30-18K ‘ 2 25 2,000 8 14x 12 Oil Wal. | Lined 41 | 99.95
FlOH_ - I I R __L*S | | xZ4_ N Off-White
Capsule 10 Tuned - (2)3 | Cone 30-15K | 1 25 | 1,500 8 16x 16 Black None 35 | 75.00
| | +5 | | x 19
GOTHAM oy 10 i 20 - 4 [Cone | - Horn 40-16K | 500 [-4700 [ 9x9x12 | Wal. or Metal 44 [ 550.00 | Low-level input; contains 2 30-W ampls.
(K&H) | | +2 | | 8,000 Gray | silver i elect. X-over, separate level contrs.
GROWMES |  GS-310 0 [~ Thcous. [ 6 [Cone [ 3% | Cone |2520K |20 | 50 | 60| & | %%x23 | Wal. Brn. 30 [ 119.85
|| | | ] | 3,500 | x 10% |
HARMAN- HK 50 8 |35 | Acous. -] = ] 2 [ cone [3520k |20 | 45 |150 ] 8 | tlase Wal. Dk. Bin. 22 | 99.95 | Omnidirectional 360° dispersion.
KARDON | | +4 I x 18
HK 40 10 ‘ 32 | Acous. |- 3 Cone 30-206 | 20 45 1|_2,000 8§ | 13%x10% | Wal. White 35 | 89.95 | Omnidirectional 360° dispersion.
I e il Al S0 i
HK 20 8 |40 ' Acous. = - 3 Cone 38-20K | 12 20 2,500 8 11% x 8% Wal. Brown 20 | 55.00
| +4 | i x 170, |
— T oo T —T———~— +— — [ —————t— — | .
HK 12 6 |43 | Acous. - - - - 40-18K ! 5 10 - 8 | 9% dia. Wal. Black 2| 35.00 | 360" dispersion.
l | +4 x 13%
S T T T T o T T T 1 T E T e =
Citation (3)-6 | 30 | Double 3 ’Dome (2)-2 | Dome 30-226 | 20 60 2K 4 - Wal. Light Tan 75 | 295.00 { Omnidirectional type
Chamber +2 | reflectors.
| | Bass Ref. | | |
HARTLEY | Concertmaster 2% ’ 13 | Semi-Inf. 10 | Poly 7 | 5%cone | 16-25K | 20 50 300 16 !39x29 Wal. Cloth, 150 | 730.00 | Mag. susp.; cones of identical material, x-over
V & Vi(3spkr.) ! Cone | 2" dome [£3 3,000 J x 18 brn. & gold 760.00 | 12 dB/oct. cast alum. fr.
Holton Jr. 10 |28 !Inf. - - 3 Cone & Dome | 35-20K | 15 30 2,500 8 [ 30x15 Wal. Cloth, 45 | 195.00 [ CO-AXIAL speaker w/pat. moisture proof
4 x 13 brn. & gold | polymer cones; mag. susp.; dual cones and
_ __)» I D R R R R 1 v.c.'s.
Zodiac |l 8 |3 |Ini - = ’— 4 Cone 40-18K | 20 30 2,000 5 18x 114 Teakor | Slotted 16 | 99.95
| +3 x 8% Rosewood | Wood
HEATH AS-38 12 | - | Tube - - 2 Piston 45-20K | 7 40 2,500 8 | B x 1% Wal. Cloth I3 154.95 | Kit.
Ported type program x 14 Brown
| dir. rad. - Ll
AS-10W 10 Acous. - Two | Cone 30-15K | 10| 40 2,250 16 2x 11 ] Wal. Cloth 28 | 64.95 | Kit.
I I N 28 S 1 RS ’1% | fCae 4 o
AS-16 8 | - | Acous. - 3% | Cone 45-20K | 25 50 1,500 8 | 19x8k [ wal. Cane 15 | 54.95 | Kit.
+5 x 10 Vinyl
2 T T - o T
AS-37A 8 Ducted - - Horn 50-12K | 5 2% 1,600 8 | 23x 114 Wal Cloth 22| 4195 | Kit.
I I N 12 SO N x 1k Polyester | Brown
AS-102 12 | - | Inf. 6 f Cone |(2)2%| Cone 40-20€ | 20 50 800 8 2% x 197, | Pecan Cloth 92 | 259.95 | Kit.
2,500 X 29% Gold-Blk
i 1
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Kenwood KL 5060
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IMF TLS 9x12 |15 ’ trans, 5 Cone | 2% Comp dr, | 20-35K ‘ 30 | 30 350 (8 |20x17 gray, cloth ‘ 140 660.00 I For monitoring matched, phased pairs.
line (trans. | % Dome +3 3,500 x 43 rosewood | blk.
line) 12K
Studio 8 | 24 | trans. |4 Cone |2 Dome 25-20K | 20 | 60 375 | 8 |35%x15 | Teakor | Cloth 70 300.00
line +2 3,500 x 14 Walnut bik.
{ 13,000 |
INFINITY | Servo-Statik |18 | * - ESL | *= ESL 10-30K | 40 40K | *xn rosewood | blk. g7 11995.00 *Feedback contr. com. bass woofer;
| +3 * orwal. | **two ESL screens for treble;
‘ worx “*~into 110-w ampl., furnished.
| | | ****hi f. screens: 28 x 37 x 6k
Infinity 12 trans. 4y Cone ESL 30-35K | 20 375 |4 |18x12 | [ 2m9.00 | ESL tweeter.
2000 line -4 2200 | |x2% . [
JANSZEN Z-960 13 [ 42 | 1nf. 3 Electrostatic Elements 30-30K | 20 {100 800 |8 |26%x27% | Oil Wal. | Cioth 67 | 299.95 High-frequency switch.
Baffle | | | 2,000 x 14% Beige |
Z-600 1 46 | Inf, 7 Electrostatic Elements 30-30K | 20 |100 800 | 8 |26%x20 | OilWal. | Cloth 65 \ 235.00
i Baffle 2,000 | x13 Beige |
JENSEN 700-XLW | 12 120 | Acous. |- Hom | - Horn 20-25K | 10 | 40 600 | 8 |25%x12 | Wal. Cloth, | 60 | 275.00 4-way system, hor. or vert. opt. floor stand
| Loaded 4000 | | 16% Brown F lexai ™ woofer.
Dome 10,000 | ) |
TF-3C 10 25 | Acous. |3% | Cone | - Dome 25-206 |10 | 25 | 2,000 1 8 |23%x11%,| Dura-syn. | Cloth, a0 | 12800 Superflex® enclosure. Sonodome® tweeter.
10,000 x13% wal. ven. | Brown Flexai® woofer,
TF-25 10 25 | Acous. | - - 2x6 | Hom 25-19K |10 | 25 | 2,000 |8 |22%x 8%, | Dura-syn.| Cloth, 27 89.50 | 2-way air suspension, Flexaii® woofer, hom-
x 14 wal, ven. | Brown | loaded tweeter.
X-45 8 35 | Acous. | - - 2x6 | Hom 30-18K {10 | 25 | 2,000 | 8 |19%x3 Wal. | Cioth, 4% 69.50 | Flexait® woofes, horn-loaded tweeter.
x 10% | Brown |
JBL Aguarius 3 | 14 Radial 5 | Radial Comp. cr. 60 300 |8 (18x20 wal.or | moided | 117 657.00 | Peripheral radial siot plus multi-lobed high
Horn Horn 1,500 x 50 white polymer | frequency horn.
| Driver Driver |
Aquarius 2 | 12 Radial |(2)-5 | Radial | 13 | Direct rad 50 300 |8 [18x16 wal, or | Cloth, 95 387.00 | Diffuse — source system projects sound from
Hom Horn 3,000 x 32 white charcoal peripheral radial slot.
Driver Driver | |
Aquarius 4 | 8 | 60 | Radial | - - 2 Cone 25 | 2,000 |8 1010 wal, or | Cloth, 53 168.00 | Unique pedestal shape houses twin radial
Horn x 10 white Brown [ diffraction slots.
Driver | |
L-100 12 75 | Reflex |5 2 Cone 45- 15 [ 60 | 2500 |8 (24x14 | wal. blue, 51 ‘ 264.00 | |dentical performance to 4310 std-monitor.
16.5K 6,50 | x13 orange of
| +5 | brn.
e 5340 12 45 ‘ Acous, | 6% Cone | 3% Cone 20-30K | 20 | 50 | 1,500 | 8 ‘ 16 x15 wal. Cloth, | 4 | 259,95 | Level contr's behind. grilie.
i 2 Hora +2 N 7K, 10K | x28 gray | i
5303 (4)-5 |35 | Acous. 92 20-20K | 20 | 40 | 5,000 ['s 13% dia. Metal | 26.4 | 199.95 | omni-dir. ball system 4 woofers, 4 hom
| +3 sphere btack ) tweeters.
5304 i2 45 | Acous. | 6% | Cone | 3% Cone 30-23K | 15 | 40 | 1,500 | 8 [15x13 wal, Cloth, 35 149.95 | Multi-channel input terms for use with multi-
b Horn +5 7K, 10K | x 243 - Brown - | ampl. sys.
5310 6% Air 2 Cone | 2 Hom 40-206 | 8 | 30| 7,000 |8 [11x]7 wal. Cloth, \ 12 69.95 | Free-edge woofer,
I Susp. 5 10,000 X7y | blk. |
KARLSON X-15 15 40 | Spec. - - 2% | Spec. 20-18K | 2 |100 | 2,000 |16 |20 x 14 wal. [ Cloth, ' 299.00 | Sep. switch for organ of instrument use.
Karlson =4 x 28 blk. | Utility and portable models avail.
KENWODD KL-5060 | 12 45 | Ducted | 6% | Cone |2 Horn 30-22K | 10 | 40 600 |8 |15x11% | wal Metal 44 139.95 | 3-way, 4-spkr. system 2 level controls.
Reflex 5,000 x 25% dk. brn.
S-606 8 55 | Acous. |- - 3 Cone 50206 | 6 | 20 | 2,500 |8 [1l1x10 wal. Cloth, 30 119.95 | *pair, 2-way.
i | x 21 brn.-blck. pr.
! 1 - | -
KL-2050 | 6% | - | Acous. |- - B | Cone 50-206 | - | 20 | 2,000 | 8 |10x8 wal, Cloth, 23 79.95
| x 16Y, bra, pr.
| | ]
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KLH 12 Cone - 30 (- 600 | 8 224 x 15 | Oil wal. [ Boucle | 114 | 275.00 | 4 3-pos level contrs; can be used remotely;
2500 x 29 | off white changeable grille cloth.
5 12 |44 Acous. | (2)3 | Cone | 1% Cone - 25 |- 600 | 8 26 x 11 Oil wal. Cloth, 54 189.95 | 2 3-pos level contrs; fin on 4 sides;
| 2500 x 13% It. bra. changeable grille cloth,
33 10 (56 CAC* | - - th Dir. rad. 15 |- 1500 | 8 23, x10%,| Oil wal, Cloth, B 99.95 | *Contr. acous. compliance 3-pos h.f. level
X 124 {t. brn. contr; fin 4 sides; changeable grilie.
Y] 10 (60 [Acous.| - | - |1 |Come |- 12/~ | 1500 | 8 [23%x9 | Oilwal. | Cloth, | 27 | 74.95 | 3-pos tweeter level contr; i 4 sides.
| X 1% off white changeable grille.
3 8 [58 [Acws.|- |- [2 | Cone = 12{- | 1800 [ 8 [19,x7, |Oilwal, | Brown | 16 | 93.00 | Available only in double pack.
| x 107, ea. pr.
KLIPSCH Klipschorn | 15 -~ Hom 2 Hom | 1 Horn 32-17.5K [ 30 1 100| 400 | 16 |52x31 Wal. Mah. | Several | 180 | 571.00
K-347 +3 | 6,000 x 28 others 1,020.00
LaScala |15 - Horn 2 Horn | 1 Horn 45-17.5K | 30 : 100 400 | 16 |34x24 Fir. None 120 | 550,00 | Home version, K-457, $815.
K-447 +3 | | 8,00 x 24
Cornwall [ 15 - Ducted | 2 Hom | 1 Horn 2175k | 30 | 60 600 | 16 |36x24 Wal, Mah. | Several | 105 | 469.00
l port 4 6,000 x 15 others 342.00
Klipsch's | 12 - Total | 2 Hom |1 Horn 45-17.5K (25 | 50| 700 | 16 |21x15 Wal. Mah, | Several | 55 | 258.00
Heresy | encl. =4 6,000 x13 others 209.00
LAFAYETTE Criterion | 12 25 Acous, | 6% Cone | 2(3) | paper 18-25K 10175 800 | 8 |[18x12 Qiled Cloth, 66 159,95 | Mid and high freq, level controls; 5 yr.
80 cone -5 4,500 38 Walnut dk. b, warranty.
2(1%) | Alum. 10,000
cone
5x8B 12 Acous. | 6% | Cone | 3(1) | paper 18-25 |10 | 38| 800 | 8 |237,x14, | Qiled Cloth, 46 | 129.95 | As above.
cone =5 4,500 x 115, Wainut dk, brn.
15(1) | Alum, ‘ 10,000
| cone - | |
Criterion | 12 - ported | 5 Cone | 2(3) | Paper 20-20K 10| 50| 800 8 | 24x12 Qil Wal, Cloth, 42 83.95 | Mid and high freq. level controls; 5 yr.
Vi 2(1%) 5,000 x 14%; ck, brn. warranty.
12,000
LEAK Mark 111 ] 13 19 Acous. | - - |5 Alum, 30-20K | o] 70] 900 | 8o | 2%x15 Wal, or Cloth 50 | 199.00 | Piston action sandwich cone in both woofer
| sandwich | +5 l 15 | x 12 teak Tan and tweeter.
LOUDSPEAKER | Eziekel I | (2)8 [ Hom | - - 12 Homn 73K | 2( 8| 15| 4 [27x18 | wal, Cloth | 57 | 279.95 | Homn loaded system passive electronic
DESIGN +4 800 ‘ x22 blk. network.
| | | 5,000 | 1 L* | N
Eziekel | | 10 Hom -1 - Hor 45-17K 500 175 8 |26x11 Wal, Cloth | 2 159.95 | As above.
+4 1,000 x 16 blk, |
LWE i-A 15 \ Non | Seated | 6 Cone | 2x5 | Hom 22-20K | 25 | 50| 2,000 4 | 25x17 Wal. Cloth l 6! 270.00 | Elec. susp. feedback; unf. kit. $225.00.
Res | 9 5,000 x 12 brn, o
[ (115| Non | Sealed | (26| Cone | 2x5 | Hom | 2020k | 40 | 100] 1,000 | &8 |a4x2s | Wal. Cloth | 141 | 490,00 | Uni. kit $350.00. Elec. susp. feedback.
Res +5 5,000 ‘ x 16 brn.
vi 8 Non }_Sealed 6 1 3k Cone | £9~13K 20 1 25| 1,500 8 19 x10 Wal. Cloth 23 82.50 | Elec. susp. feedback; unf. kit $66.00.
Res Dome J 5 | x§ | L Bimn. |
VIl |10 | Mon | Sealed B | Cone | 257K | 20| 0] 2000 | 4 [22hx15 | wal. Cloth | 35 | 130,00 | Elec. susp. feedback; unf. kit 5105.00.
Res | 5 { | x 9% b,
MARANTZ mperiatt [ 12 | - | mf. [ @4 cone [ @2 | cone 2020k | - | 400 700 | 8 [22x15 | Laca.Wal| Cloth | 60 | 299.00
| baffle | | | 6000 | * 2 L fbme ] i
Imperial 11 | 12 - i Inf. 2 Dome | | Dome 30-20K —~ | 100 1,500 8 1 134 x12 Lacq, Wal. | Cloth, 42 [ 199.00
| ba[tle B ] 6,000 X 23 brn,» 1
Imperial V | 8 - I Acous. | 3% | Cone 50-15K 2000 | 8 | 2Bx12 Cloth 134 79.00
| 3 | x 9 b,
MARTEL vsi20 | 12 Acous.| 5 | Cone [ 3 Cone [ 3520K |25 [100[ 1,400 [ 8 [15x113% | Wal. 50 | 169.00
1 I R TN I
vsiooo |10 | cone | Acous.| 5 | cone [ (21 | Hom 4020k |25 [100[ 800 | & |13x1ll | Wal. 7| 8395
l 3,000 8
1

.
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The AR-6.

A new speaker system from Acoustic Research.

“Out-performed a number of considerably larger and far more expensive
systems we have tested in the same way . .. We don’t know of many
speakers with as good a balance in overall response, and nothing in its
size or price class has as good a bass end.” . ..

Hirsch-Houck Laboratories . . . Stereo Review
Suggested retail price: $81, oiled walnut; $72 unfinished pine. 5% higher in West and Deep South.

Acoustic Research, Inc.
24 Thorndike St., Cambridge, Mass. 02141, Dept. AU-3

Please send a free copy of your illustrated catalog as weli as
technical specifications on the new AR-6 1o:

Acoustic Rgsearch

Name
Address

Check No. 41 on Reader Service Card



Clark Kent.

The JBL 4310 is especially designed for
mastering, control room installations, mix-
down facilities, portable playback systems.
It's full of good things like:

Wide range response. Full 90° dispersion
for vertical or horizontal placement. Power

handling capability, 50 watts program material.

Front panel controls for separate adjustment
of presence and brilliance.

12-inch long-excursion low frequency
loudspeaker, massive mid-frequency direct
radiator, separate ultra-high frequency
transducer.

Only available through Professional Audio
Contractors.

€ National Periodical Publications

Beneath this mild mannered charcoal
gray exterior, is the finest compact
studio monitor money can buy.

It should be. The JBL 4310 was
developed with the enthusiastic
assistance of leading recording
engineers. (And they’re the only ones
who can buy it.)

Now, guess what else the
professionals have been doing with the
4310’s for the last two years. You're
right. They’ve been taking them home,
using them as bookshelf speakers.

That’s why we decided to get even.



Supershelf.

It's the new JBL Century L100. It
would be the finest professional
compact studio monitor money could
buy except it's not sold to studios.

(If that sounds like the JBL 4310,
there’s a reason. They’re twins.)

JBL started with a definition of sound.

It's the sound the artist creates, the
sound the microphone hears, the sound
the recording engineer captures.

Then they added oiled walnut and a
new dimensional grille that’s more
acoustically transparent than cloth but
has a texture, a shape and

colors like Ultra Blue or Russet Brown
or Burnt Orange.

Oh, yes. The JBL Century L100 is the
only speaker you can buy with individual
controls under the grille so that you can
match the sound to the room—just the
right presence, just the right brilliance.

And then they
checked the rule book.

There's absolutely
no law against
professional sound
looking beautiful.

James B. Lansing Sound, Inc., 3249 Casitas Avenue, Los Angeles 90039. A division of Jervis Corporation
Check No. 42 on Reader Service Card
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MAXIMUS Maximus | 8 [ 55| Air [ - | 3% Cone 35-18K 1 *Use with any com. amp. designed for
33 Susp. +5 music at home,
All controls are up front for easy
access behind cloth or panet.
Maximus | 12 | 45 | Air 6 Cone | 3% Cone 30-20K 15| * ]2,000 8| 14x12 Wal, Cloth |39 99.50 | Same as above.
55 Susp. +5 5,000 x 24 brn,
Maximus | 4 |70 | Air - - |3 Cone 45-20K 25 * 1,900 8 | T%x5% Wal. Cloth |12 64.50 | Same as above,
1 Susp. +5 x 100 brn.
NIKKO $5-83 8 |75 | Acous. | - - |3 Cone 30-20K 10 |25 | 4,000 '8 9x 14% Oil Wal. | Cloth, |10 89.95 | High-compliance woofer.
x9 | Black |
$S-85 8 |35 | Reflex |5 Cone | 3 Cone 40-21K 10 | 25 | 1,000 8 | 14% x 184 Oil wal, | Cloth, |[15% | 149.95 | High-compliance woofer.
| 4,000 x9 brn, pr.
OHM B 12 |47 | Acous. | 5% | Cone |1 | Dome 38-19K 2 310 8| 26x15 Wal, Cloth, |55 | 175.00
=4 3,400 X 10% b, |
C 10 |52 | Acous. | 5% | Cone |3 Cone 40-18K 25 [ 325 25x14 Wal, Cloth, 148 | 100.00 JI
5 | 4,000 x 10 bra. |
NORELCO 710 10 |95 | Acous. [ 3% | Cone | 1% Cone 32-19,500 | 20 , 35 | 5,000 8| 14x11 Wal. Cloth, [22.5 | 129.95 |
. ns0 | |xz2 | | Black | |
700 8 (90 | Acous, | - - 3 Cone 40-18,000 | 10 | 15 | 5,000 8| 11x9 Wal, Cloth, _1_13.5 69.95
| x 18 Black |
PANASONIC 3B-750 [ 12 |50 | Acous. [(4)6 | Cone | (2)4 | Dural 25-20K 10 | 85 ] 600 8 19 x1l, Wai, Wood 55 | 219.95 | Detachable floor base.
Domes _’ | 5,000 | x 271/2\ ! grilie
SB-400 |10 |65 | Acous. Hon Horn 35-20K 10| 50 T 650 8| 12% x 113 Wal, Cloth, |29 129.95 ’ 8-cell mod. homn
| 6,000 x 231, brn, _J_S-cell HF horn.
SB22 | 8 |75 | Acous. T 13 Tcoe 38-19K |10 [ 302500 [8[10%x9, | wal. | Cloth |18 | 69.95 | Wide dispersion twester,
| | J ; X 201 Black
PIONEER CS-630X |15 [ Acous. T(2)5 | Cone (2) 2% | Cone 20-20K 10| 80 ‘ 770 8 18, x13%, | Wal Wood |63 | 259.00 | Level contrs. for mid-range & tweeter.
Hom 3.3, 12K | x 28, Lattice
11 _ b e L] = B -
CS-A-700 | 12 Acous. | 4% Cone Multi-Cell | 35-20K 10| 60 500 8| 12%x15 Wal, Wood 37 | 179.00 I Bi- or tri-amp inputs.
| LHom | 4,500 LX 2% Lattice
CS-A-500 | 10 ["Acous. |44 | Cone [ 3 [cone [ 40-20% 10| 50| 800 8 | 13 x 12, Wal, Wood |32 —'—149.00 As above.
6000 | | x22y | Lattice || J
CS-66 10 Acous. _T&;‘ Cone | 3 Cone 35206 | 10| 40 8 | 12 x 1, | Wal, Wood 29 | 109.00 | Level contr. for tweeter.
] ! 2 Lattice
QUAD [ 45-18K 30| 60 [ [ 34% x 31 Wal. Anod al, 260,00 | Full-range doublet; eiectro-static; dis-
| | x 10% bronze persion 70 deg. hor, 15 deg. vert.
RECTILINEAR 0] 12 140 | Ducted |5 Cone | (2) 2% | Cone 22-18.5€ | 20 | 100 | 500 8| 18x12 Wal. Cloth, [70 | 279.00 [ Low-mass drivers.
Port ()2 | Cone 4 | 8K, 11K x 35 brn. |
" - 1 - 1 1 T S | N N
Xa 10 {60 | Acous, |5 Cone | 24 Cone 40-18.5K | 30 | 180 | 100 41 25x14 Wal. Cloth, 55 199,00 | No time-delay distortion,
4 | 8,000 x 10% _ﬁbm._» IR 1
X! 10 |45 | Ducted | 5 Cone | 3 Cone 39-17K 0] 85 350 8| 25x14 Wal. Cloth, |40 | 139.00 | High efficiency phase-linear X-over.
Port 4 | 7,500 x10% | b, | A
Mini lll | 8 |50 f Acous. | 5 Cene | 2 Cone 50-18.5K | 20 | 70 | 400 4] 19x12 Wal, Cloth, |25 99.50 | Low-mass driver, e/c. bass resp.
+4 8,000 | | x9% | | bm 1
XI 10 |55 | Ducted = 3 Cone 35-17K 10| 70 | 1,800 8| 23x12 Wal. Cloth, |28 69.50 | Flat resp; high efficiency.
Port +4 x 10% brn,




You'll like the way
they sound because they sound

When you come ~icht down to it, you -

Juy 2 sc-eaker system because you
like “he war it scunds. And if ycu're
like Tost p=ople you want to hear
music taef souncs like the original
performa~ce. The “ull natural sound.
Uncolorez. Unadul:erated. You don't
want the bass to blest you out of ycur
armchair >- highs that sound like
chalx scu=2aling cn & ktlackboard.
You wen- groper ktalance and &
distin=t separation of lows, midrange
and hichz And thet's precisely wnet

~ ycu get with 2ioneer’s speaker

systems.

Employing F oneer’s nawly
ceveloped Frze Beating zone, both
tye CS-A500 and TS-A7J) recreate
rwusic that sounds as clear and
natural as the momens: it was born.
To keep it that way Pioneer has
added a refiremert. An easy-to-uze
level control on both models enak.es
vou to adjust the one of the midcle
and high frequencies to match the
acoustics of any room.

Specifically desigred with cw
crossover frequercy poinis, both
systems o’fer d stortion-fr2e sound
and superb direclivity.

The CS-A50) and CS-A700,
aqoused in hand rubbed walnut

ARDENA. CALIF.90z47 - CAMALA: S. H. PARKER CO., OM

thewayitis.

cabinets, incorporale Pioneer's latest
speaker cesigrs. They are the
culminatior cf th-ee decedes of
‘rend-sett r¢ andic research to
achieve reclism ir sound. Hear them
-oday at ycur Pioneer deeler.

U. S. @ onexr BElectronics Corp..
178 Comnerce 33, Carlszadt,
N.J. 07072

) PIONEER
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Sherwood
Berkshire 1l

Schober LSS-10A

Sansui SP-1001

Sony $S-9500

~ &/ / / / /
] WOOFER 7 MID-RANGE [ TWEETER / z / / F /
il - K/, / /
& : / ¥ /e &) 5/ / /
/\“ /i 3 &/ 2 g/ o / /
[ / [ [ds/s)é) &) £/ ’
MANUFACTURER /& > / / &~ /v/ & / s/ & Iy
. s/ 8 . 3 ; [ 8/ & g/S S F /
s /3 ~ & & & /o § </ ST / k3 5 /& SPECIAL FEATURES
vy /) 8/ & Ny & )& F §8 se) F) &5 /3
& F/5) §1F) « JEF) e /F /5/F 5/8 $5/ 5/ 25 /§5/ s
g s/g) s)&) & )8/ [5 [&)é) s/& &) £) & [F)&
1 l’
SANSUI $P-2002 12 Duct. | 6% Cone (2)1 | Dome | 35-20K 50 | 600 |8 |15x12% | Wal, Fret-work I 46 | 179.95 | Sep.terms for elect, X-over; mid & h.f.
Port 5 Cone 5,000 x 254 contrs; acetate damping material,
SP-1001 10 Duct. | 6% Cone | 1 Dome | 35-20K 40| 6008 |14x12 Wal. Fret-work | 38'2 | 139,95 | Sep. terms for elect. X-oper; mid & h.f.
Port, 5,000 x 24% contrs: acetate damping material,
SP-50 8 Duct. 2 Horn | 50-20K 25 17,000 | B |12%x 19%. | Wal, Fret-work 19% | 79.95 | Acetate damping material,
Port, x %%
SP-30 (Y] Duct. 2 Sq. 50-20K 20 (7,000 | 8 | 10%x 7%, .‘ Wal. Fret-work | 10 | 119.95 | Acetate damping material,
Port. Hom | x 16% Pair
SCHOBER LSS-100 two 30 | Reflex | 8 Cone 2 homn 30-18K T 100 150 [ 8 |32x16 Wal. Tan 150 | 499.50 | Highest efficiency, extremely low distortion,
12's 1 horn l 1,000 x 54 Cane kit high power handing auditorium system.
| | | [3500) | |
Lss10a |12 Wi Reflex |8 | Cone Optional [ 30-3K | 2 | 0| 250 (8 [26x16 [wal. | Tam 60 | 180.00 | Optional tweeter to 18 kHz. High efficiency.
| ] 1 homn | 3,500 x 34 Cane kit | extremely low distortion.
SCOTT Q-100 28 |70 ] Acous, | - - )3 |Cone | 38206 |10 | 80 2,000 /8 | 14% x 14% | Wal. Cloth, 37 | 130,00 | Quadrant 360° full range.
| | x22 Dark Brown (Controlled Impedance)
Q-101 (2)10 | 60 | Acous. | (4) 4% | Cone ()3 | Cone | 35-20K i 10 | 100 | 800 |8 |179,x 173, | Wal. Cloth, 45 | 220,00 IrQuadrant 360° fu!l range.
+_ 4,000 x 22 Dark Brown l | (Controlled Impedance)
$20 [10" |60 Acous. | - - |37 [cone [4020k [ 7| 50 1,200 |8 [20x 1% | Antg. | Cloth 21 [ 10000 | Traditional scrollwork grile.
| x 11 Pecan Red | (Controlled impedance).
$-15 10" [ 60 | Acous. | 444" | Cone 3" [Cone | 35-20K | 10 | 50 | 750 | B | 23%2x 11% | Wal. | Cloth 2% | 119.95 (Controlled impedance).
| [3800 | |[x9 | Dark Brown | .
s |6 Acaus. = = |3 cone [soak | 7] 28 | 8 16x10 [Cont. | Cloth [ 500
’ | | X 67 Wal. Tan |
SHERWOOD Ravinia 1l | 15 21 | Air 5 Cone 3 |Cone | 2422 |10 | 70 | 600 8 |25x17 0il Wal, | Cloth 50 | 169.95 | Removable grille clutch,
i susp. | ) :‘3,900 x 11% | Brown
Berkshire HI | 12 19 | Air 5 Cone 3 [Cone | 28-22K i 151 60 | 600 (8 |24x14 0il Wal. i Cloth 40 129,95 | Removable grille clutch,
Susp. 5,000 x9 Brown
. L
SONY §§-3100 12 |25 | Reflex | 6% [ Cone 2 Hom | 30-20K | - | 30 | 400 | 8 [15%x 117, | Wal. Cloth, 55 | 229.50 | Sep. sw. for multi-channei use.
| 5,000 x 26% Black L |
$5-2800 10 30 | Reflex | 6% Cone 2 Hom [40-20K | - | 20 | 600 |8 |13%x9, |Wal. Cloth, 35 124,50
6,000 | |x23 Black |
$S9500 [ (6)4 | Acous. 50-18K | 10 | 50 6 [23%x16 | Wat 30 149.50‘ Omni-directional.
| | x 144
SOUND- Lancer 12 | = | Bass - Diffuser | - Flared lB-ZZKT 10 | 60 (1,000 (8 |27x16 Oil Wal, | Cloth, 57 | 249,50 | Aerodynamic bass energized, 12"
CRAFTSMEN SC-6 energ. Horn 3,000 x 14y, Dark Red | passive radiator, cont. var. h.f. contr.
Consumer
| | Changeable
Lancer 112 |- | Reflex | ~ |Diffuser | - |[Flared | 26226 [ 10 | 60 [ 1,000 |8 |28 x 15% [ il Wat. | Cloth, 45 {19950 | Cont. var. .. contr,
$C-3x || res. Hoin 3,000 | [x12% Dark Red
loaded | Consumer
| | Changeable
Lancer 12 ] - | Reftex | - Diff - | Flared | 28-20K | 5 | 40 | 1,000 I8 234 x 15% | Ol Wal. | Cloth, 38 (149,50 | Cont, var, h.f. contr,
565 - 3500 | [x12 Beige
Lancer 12 [- Reflex | - - 2x6 |Cone |[30-20K | 5| 35 [3,000 [8 |25x14% |Oil Wal | Cloth, 34 99,50 | Ducted port.
9535-2 [ x 11% Beige
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- to the finest
| in speaker systems

You can’t expect the same full-bodied sound from

a string quartet as from a symphony orchestra,

nor the same performance from a small speaker system
as from a large one.

If space or budget dictate a compact speaker,
choose the Bozak B-300 Concerto IV. It's by far. the
finest in its class. And what’s more, you can

expand its range and power, step-by-step, into a
magnificent Concert Grand in the same way as an
orchestra expands — by adding similar instruments,
not replacing them with larger ones.

We call it Systematic Growth.

As your hurger for perfection grows and your budget
expands . . . as your B-300 builds into a full

B-410 Concert Grand, the finest of all speaker
systems ... you preserve your original investment
and, at each stage, enjoy The Very Best in Sound
possible at the price.

DARIEN, CONNECTICUT, 06820, USA  OVERSEAS EXPORT: Elpa Marketing Industries, Inc., New Hyde Park, NY, 11041, USA

Check No. 47 on Reader Service Card
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Utah HS

University Presidio

Orbitus

/ WOOFER /MID RANGE /TWEETER/ & / (5,5
2 PN 5’ <
N
& ¥ s/ E§ /
N F s/ & < ,
MANUFACTURER &g S AT &
£ 52 )5/ 4§ £
</ @ & ™ =3 g g F
/58 [« < N «*"‘/i’ £ /s
Y. @ s I & & g-/ s /& N = SPECIAL FEATURES
g /& § 3 $ Y 5 ¢/ & 5 )s) 2 )¢
S /58 5/ 8§/ 8/ 8/ F /E s/ §/F 5=/3
¥ 5/ & & 5 IS A 5 </ & & /& & / §
f i ’ f
TANNOY Windsor | 15 | Cut | Rear - | - 2 | Exp. 35-20K | 15 {50 | 1,000 |8 |23'4x 17 l 0il | Dec. Crvd. | 120 | 477.00 | Dyn. & fig-bal contr. non-decorator
G.R.F. Off | Horn Hom | +4 x 42 Wal. | Wood; wht. | mode! G.R.F., $420.00.
35 | Loaded | }* Cloth
B | P | e —
Obitus| [12[40 | Reflex | - | - |22 | Exp. | 3520k | 20|30 | 1,000 | 8 OF | Cec. | 50| 245.00 | 30 omni-ir. sound source (complete integre-
Horn Wal | Grille ‘ tion over aduio spectrum) dyn & freq-bal contrl.
Mallorcan [ 12 [68 | Reflex | - T2 (e [450K (20 (30 | 1000 | 8 | 235x 14%, | Oil | Dec. Crvd. | 45 | 219.00
| Horn | £5 x 11'; Wal. ‘ Wood; Wht. |
| | | | | ! Cloth
TEAG ts3s0 [z ] - Tt 4 Tcone [2 [Hon | 352K | - [40] 700 |8 |t6x25 | - | - 41 |
| ’ baffle ] 5,000 | x 1 |
TELEX 4400 8 | | Acous. | - - 32 | Cone | 20-20K 30 [ 2500 |8 |16x 14 | Wal. | Cloth, 22 | 149.95 | Two speaker cabinets with built-in 60W
( | +2 x5 Brown | pr. +stereo power amp; phone jack.
+ — = S e —— —— -— —
ES-70 = = - 6 Cone - 40-15K l 12 8 | 1lax 11y | Wal. C!oth 10 | 69.95 | Built-in stereo pwr. amp: tone and vol. contrs.:
| { I x5 ea. Black | pr. | phone jack: pilot It., low-and hi-Zinputs ea.
TRusONIC | TIZFR |12 [~ | - : = - E “ =T T-Tuxn 0il ' 177.00 | Incls. 12-inc coaxial. Avail, with 12-in,
JF X238 Wl | extended-range spkr, 135.00. B
T-312 12 | - | Dual 5 Cone |3 | Hom | 20-25K 12 000 8 |24x 12 0it | Cloth, 49 |1 129.95 | Super toriod tweeter.
Port +5 15000 | | x 154 Wal. | Brown | |
UNIVERSITY | Presidio |12 | - | Acous. = ** | Dome | 25-40K | 5| 40 | 1.000 |8 24 x 15 Wal.| Cloth [ 70 [ 189.95 | *Diffusicone (R
3,000 x 23 Lt. Brn. | **Sphericon. 12-in. passive radiator.
Laredo |12 | ~ | Acous. |8 2-way | ** | Dome | 30-30K | 5|40 600 ! 15% x 12°,, | Wal. | Cloth 474 [ 129.95 | Brill. & presence contrs; Mustang.
Cone 1,500 x 24 Brown components; removable grille.
3,000 **Sphericon.
ProjectM [ 11 | - | Acous. | - - 2%, | *Cone | 30-20K 5160|1000 8 [12%x117, |Wal | Cloth 30 | 109.95 | *Silver-plated al. v.c; high-comp!,
x 23 Beige low res. woofer low dxstortlon
UtraD |10 | - | Acous. | 4 Cone | 3% 1| Cone | 30-20K 3132 (10008 |117,x9% Wal. | Cloth 24| 89.95 | Brill.. contrs.
| | 5,000 x 23 Beige
UTAH AS-6 12125 | Acous. | 4x10 [Hom [ 1% |Hom | 35-20k |20 30 2,200 |8 [ 25x 14 0il | Cloth | 49 | 120.00 | Credenza; mid. & h.f. contrs,
5,000 x 131 Gold | )
HS 12 +45 Reflex | 2x6 [Hon | 3% | Cone | 30-18.5K | 10 { 20 | 3,500 | 8 | 15x 25% 0il | Cloth |46 | 9450 | Molded wal. Trin.
5,000 x 14 Wal. | Gold
. T p-hi__ 4 B I S N B o <N BN E e S Ml N B Sl -1
AS-1 10 [ 25 | Acous. . 32 | Cone | 32-18%K | 10 { 20 | 3,500 | 8 | 24x 12 0il | Cloth 41 | 79.95 |h.f. cont.
-L | X 12 WaI. Gold |
AS12 |8 Acous. 37 | Cone | 40-18K 10 l 13 | 4,500 I 8 [18x8 | Wal.| Cloth 22 | 49.9 |Bass unithas 1% v. cont.
x 11 Gold
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4-Dimensional Stereo

SCA-80 ($169.95 kit, $249.95 assembled)

The Dynaco SCA-80 is a high quality two-channel The Dynaco four-dimensional system fully utilizes
stereo control amplifier incorporating patented cir- material already on stereo recordings. It faithfully
cuitry* so you can enjoy the Dynaco system of four  reproduces in your own listening room the acousti-
dimensional stereo (front and back as well as the cal environment in which the recording was made.
usual left and right) by adding just two mcre loud- Dynaco four-dimensional sound can be played

speakers . . . just two more speakers.

In addition to recordings made spe-
cifically for the Dynaco system, many
of your existing stereo recordings (disc
and tape) already include the phase
relationships required for four dimen-
sional playback. You can use present
stereo phonograph cartridges or tape
recorders without any modifications.
Four dimensional programs are now
being received by existing FM stereo
tuners.

*U. S. patent #3,417,203

back through the SCA-80 (or the PAT-4
or PAS-3x preamplifier and any stereo
power amplifier) with a total of four
loudspeakers, connected as Dynaco
specifies. This configuration is com-
pletely compatible with playback of all
stereophonic and monophonic record-
ings, and enhances virtually all stereo-
phonic material.

Write for full details on how you can
connect four speakers to enjoy Dynaco
four-dimensional stereo.

Dynaco A-25 speakers ($79.95 each—assembled only)

olynaco inc.

3060 JEFFERSON ST., PHILA., PA. 19121
IN EUROPE WRITE: DYNACO A/S, HUMLUM, STRUER, DENMARK
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VM LS-85

3M-Wollensak A-2000

MANUFACTURER
SPECIAL FEATURES
I [ ]
VM LS-85 8 ‘ 3% | Cone 35-20K | 10 | 40 | 2,000 } 8 26 x 26 Pecan Pecan ’ 65 | 210,00
+5 | x 209, Ant. Gold
T (8 | | % | coe | |20k 10740 [ 2,000 18 [ 19 x18% | Pecain Eim | Cane T 41 195,00 -
| l +5 J x20 [ Inlay i ‘
Ls-38 |5 [spiral l 615K | 4| 10 18x12 |OilWal. |Cloth | 18] 95.00
Reflex i +5 J | X2 | Black \
SR M T — 1 1 - — - . I J‘ - S— S—
93 10 58 |Acous. | 4% | Cone | 1 | Dome | 37-22K | 10 | 40 | 1,000 | 8 T 23 x 114 | Oil Wal. Cloth | 38 | 129.95 '
| ! | 5 | 5,000 [ x13% | Black [ |
["wnarFeoaLe | W0D |12 [ 40 |Acous. [5 | Cone |3 | Dome [ 20 to [10 50 | 125 [48 [ 234 x13% | wal. [ Cloth, 100 ‘340.0076-speaker, 4-way system; sand-filled;
12 45 | 5 3 | Dome | inaud. [ 1,000 | x30 B, pattern Div. bass. range.
| || 4,000 | | |
DR S S R S = 1 . 1 S ——— R il S —
W80 12 40 |Acous. {5 |Cone |3 |Dome | 20to |15 | 60 | 800 | 4-8 | 17%x 17  Wal. All wood 85 | 289.95 | Reflective SyS.; var. acoustic dev.; use
Variflex | 1 | Dome | inaud. | 2,500 | x29 ‘ Front | use singly or as console.
| l | | 6,000 [ |
| — — - — g - —'— _ = — -— — o ———— i}
| Wiop | 12 ‘ 42 |Acous, |8 | Cone |3 ‘ Dome | 25-20K | 10 | 40 175 |48 | 22x 135, | Wal. mth, 73 | 21100 | Use hi or lo-boy; 4-way sys.; sand filled.
Mark 11 5 | Cone |3 [ ] 1250 || x 24 ‘ ]Brn., Gold | ‘
|
B S T I S N A T B
WeoD (12 | 45 \Acous. 5 | Cone | 3 | Dome | 30-20K | 840 1,000 |48 | 14%4x13 |Wal Cloth 56 | 153,00 \3<way sys., sand-filled; removeable grille,
Mark If || |3500 | | x2 | | Blk./Bm. | |
waod | 10 50 [Acous. |5 | Cone |3 ‘ Dome | 35-20K | 8 |35 | 1,250 | 4-8 | 12%2x 10, | Wal. | Cloth 37 | 1125 | Indiv. mid and treble conts; phase-comp.
| ! | | 3,500 x 23 Mix | | tweeter-diffuser contr,
WD |8 |54 |Acoss. |- T ~ |~ Dome [40- 10135 2,000 | 48] 10x9% |Wal. | Cloth | 22 | 6995 | Var. tweeter contr.; Replaceable grille.
[ Mark I y } o fmsw | L | Mix L . B
w200 8 62 |Acous. | - |~ |3 Dome | 4518k |10 |35 1600 |48 | 9%xsy | Wal Cloth | 14| 5295 | Var, tweeter contr.; Replaceable grille.
i l ] | x W Brn./Gold | 1
3M/WOLLENSAK | A-2000 | 8 58 |Acous. - i - |1 | Dome | 40-18K |20 I 1500 |5 | 23x 10Y, | Wal. Cloth | 35 | 159,95 | 2 controls to voice the woofer in addition
| —1 B 4_ | | x 133, i Each | to the tweeter control; low/IM distortion.
A-1000 4 100 |Acous. | - - |- - FBO-IZK 10 174 - | 8 8x5 Wal. | Cloth | 4% ] 49,95
! | N [ x13 | |Black . Pair S
A-1050 4 100 |Acous. | - = = - | 8042K (10 | 14 - |8 7% Cube Wal. [ Cloth 47 | 79.95
| on5High Black | Pair
| I [ | Pedestal | |
YAMAHA NS-30 | 25 Open (Open |12 | Cone | 2 | Hom i 5130 200 i 8 | 40% x 29' | Qil Wal. | Cloth [ 77 1 ‘Natural sound’ piano shaped woofer.
X35 back | | || e | | x12% Beige I B
NS-20 |20 Open | 8 | Cone |2 |Hom 20 | 8000 |8 |34x24 |oilWal. | Cloth 51 [ “Natural sound’ piano shaped woofer.
x 27 | back - 1 x 12 Beige _l_ N - -
NS-15 |15 | ]Open 15 8 | 23%x16% ! 0il Wal, Cloth | 2 | ‘Natural sound' piano shaped woofer,
x 20 l |back ‘ x7 Brown 1
| | J | | |
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Out of the Research that Produced the 901

BOSE brings you the Second
DIRECT/REFLECTING Speaker System

The BOSE 901

DIRECT/REFLECTING Speaker System

THE 12 YEARS OF RESEARCH

Copies of the Audio Engineering Society paper
‘ON THE DESIGN MEASUREMENT AND EVAL-
UATION OF LOUDSPEAKERS’, by Dr. A. G.
Bose, are available from BOSE Corp. for fifty
cents.

THE RAVE REVIEWS

The 901 is the most highly reviewed speaker on
the market. Circle No. 31 0on your reader service
card for complete reprints of the nine reviews
and a list of BOSE dealers in your area.

THE SOUND OF THE 901

Ask your franchised BOSE dealer for an A-B
comparison with any other speakers he carries,
regardless of their size or price.

The BOSE 501

DIRECT/REFLECTING® Speaker System

1 THE DESIGN GOAL

Our objective was to produce a speaker in the
$125 price range that would audibly outperform
all speakers costing less than the 901.

2 THE DESIGN APPROACH

We preserved as many of the features of the 901
as possible to produce a speaker that sells for
$124.80.

*Circle No.32 for information on the design of
the BOSE 501.

3 THE PERFORMANCE

You are the judge. If we have succeeded in our
design goals, the result will be obvious to you
when you A-B the 501 with any speaker selling
for less than the 901.

“You can hear the difference now.”

MOSE

*Covered by patent rights
issued or applied for

Natick, Massachusetts 01760

Circle # 31 for information on the BOSE 901
Circle # 32 for information on the BOSE 501



George W. Tillett

HE PRINCIPLES of electrostatics as
Tupplied to transducers have been
known for many years and a complete
clectrostatic telephone system was actu-
ally demonstrated by one Dolbear at
the Paris Electrical Exhibition as long
ago as 1881! Electrostatic loudspeakers
did not make their appearance untl
about 1925 and most of the develop-
ment work for the next fifteen years or
so was done in Germany by such pio-
neer as Ernst Klar and Hans Voght
but American physicists like McLachlan,
Kellogg and Hanna were also active
in this ficld. In its simplest form an
electrostatic speaker consists of a con-
ductive-coated film diaphragm and a
metal plate as shown in Figure 1. If a
signal is applied between the two, the
diaphragm will vibrate accordingly.
However, it will always move rowards
the plate as the voltage can only cause
an attraction. Consequently, severe dis-
tortion will be produced and if a sine
wave is applicd the speaker will function
as a kind of rectifier i.e. both positive
and negative pulses will cause the dia-
phragm to move towards the plate. If a
d.c. bias voltage is applied then the
diaphragm will be partially compressed
and a signal voltage can then cause it
to move bhoth ways about its biased
position. The space between the dia-
phragm and plate must be very. very
small and it an attempt is made to in-
crease the distance so the spcaker can
can work at lower frequencies then the
cfficiency falls drastically. Moreover,
the distortion will increase due to the
force varying with the diaphragm
position. Thus. simple ‘single-end” elect-
rostatic speakers can only be used for
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high frequencies. A tvpical treble unit-
popular in Europe in the late 30's and
just after the War would mcasure about
3 inches square and the film diaphragm
would actually rest on the metal plate.
In operation. such speakers would be
connected directly to the anode ot the
output tube of the receiver. thus using
a d.c. bias of some 200 volts.

Some of the more expensive units
used two plates in a push-pull arrange-
ment as shown in Fig. 2. Applied force
15 less dependent on diaphragm position
and  distortion  will be much lower.
Obviously. the plates must be perforated
to pass the sound. Full-range clectro-
static speakers follow the same prin-
ciples but therc are certain prohlems.
To get down to the very low frequencies
the gap between the diaphragm and
plates must be large enough to allow the
diaphragm to move. As mentioned
above. this seriously reduces the effi-
ciency. To some cxtent this can be
made up by increasing the bias voltage
but we eventually recach a limit deter-
mined by a corona or voltage break-
down. The practical maximum voltage is
usually calculated by making the break-
down point equal to the bias voltage
plus half the signal voltage. Even so,
the diaphragm area has to be quite
large to radiate enough power at low
frequencies with reasonable cfficiency.
Another problem that worried early
designers was the distortion produced
by the variation of the diaphragm
charge. (See Fig. 3). If a strong signal
pulls the film to one side then the capac-
itances of the two halves will become
unequal and the total capacity will be
increased beyond the normal Cl plus

C2 figure because the net increase is
greater than the decrease. This means
that the corresponding charge will be
higher and the diaphragm displacement
will be greater than required. In other
words, it would produce a kind of ampli-
tude distortion progressively worse at
low frequencies. Fortunately. the cure
is tairly simple and it merely entails
supplying the charge in the diaphragm
via a high resistance. [f the time-constant
introduced is appreciable compared
with the lowest frequency to be repro-
duced then there can be no significant
current tflow to or from the diaphragm
and the charge is consrant. Well almost.
because there is yet another snag. Figure
4 shows a diaphragm pulled over to
one side by the signal with one part
nearer the plate PL. It is impossible
1o maintain 100 per cent accurate spac-
ing and so the charge tends to migrate
10 a point nearest a plate. What happens
then? The voltage would fall elsewhere
and so the effect is cumulative and could
eventually lead to ionization and actual
voltage breakdown-quite apart from
causing distortion (. Again the cure
1s relatively simple and the answer is
to make the diaphragm itself a high
resistance so the charge cannot move
about. Colloidal graphite or vacuum
formed gold are two materials used and
Gpical resistance is between 50 and
100 megohms per inch.

How about dispersion? A push-pull
speaker will have a figure-of-eight.or
doublet configuration although experi-
mental models have been made with the
rear radiation suppresed—or partially
so. If the width of a flat sound source
is equivalent to more than one wave-
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Fig. 1—Showing simple ESL arrange-
ment.

length of the lowest radiated frequency,
dispersion will be poor with lobes and
beaming. One solution is to curve the
radiating surface by using several dia-
phragms spaced in the form of an arc.
Another method is to use narrow strips
connected as shown in Fig. 5. All the
signal is fed to the center pair and re-
sistors progressively reduce the levels
ateachside . A separate bass diaphragm
would have to be employed and in the
Quad model this is in two sections placed
each side of the central treble unit. The
step-up transformer is specially designed
to also act as a cross-over by the in-
genious method of using the leakage
inductance in conjunction with the
capacity of the actual bass unit. Roll-
off is about 12 dB per octave.

It has been said that the diaphragm of
an ESL does not ‘break-up’ as it is
driven as an entity. This is not true be-
cause the mechanical impedance is not
constant due to the edge clamping
where it is partly stiffness controlled.
It can be shown that nodes and anti-
nodes do exist-just as in cone speakers
(2,

The inherent distortion of an ESL
is very low and Professor Hunt quotes
figures of less than 0.5 per cent second
harmonic under worst conditions of un-
balance . Transient response is also
extremely good as the moving mass is
small. On the other hand, overall effi-
ciency of models at present available
is still on the low side-probably not a
serious disadvantage-and extreme low
frequencies cannot compare with good
dynamic systems having 15 or 18-inch
dynamic woofers. Because of the doublet
configuration, minimum power IS

AUDIO » MARCH 1971
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Fig. 2—Push-pull construction. PP are

perforated metal plates
curved) D is the diaphragm.

(sometimes

radiated at right angles to the axis and
so fewer modes of room resonance are
excited. In theory, maximum bass
radiation will occur when the speaker
is placed in the center of a room—in
other words the diaphragm impedance
is matched better by the lower radiation
impedance but in practise the best posi-
tion is usually two or three feet from a
wall. Finally, early ESL’s were con-
siderably superior to contemporary
dynamic types in respect to coloration.
No enclosure—so no box coloration. . . .
However, new techniques, better cone
materials and enclosure designs have
improved conventional systems enor-
mously during the past few years and
there are now several dynamic speakers
that can stand comparison with the
best ESL units. Pros and cons were
neatly summed up by Peter Walker,
inventor of the Quad speaker some years
ago “The horse and the motor car are
both effective forms of transport, but
the car is not very good at jumping a
five-barred gate, nor is it seen at its
best in a ploughed field.” .3

1. “Full-range electrostatic speakers™. Wireless
World. May. June and August. 1955. An alternative
design was proposed by H.J. Leak and A.B. Sarkar.
This was a reversal of the type shown and the plate
is in the middle with adiaphragm each side.

2. Another possibility is the use of diaphragms
having a graded resistance. Some models use
separate LF and HF transformers which gives
some flexibility.

3. “Loudspeakers” by Gilbert Briggs. Cahners
Publishing. Boston Mass. See also “Loudspeakers”
by E. Jordan, Focul Press, New York.

4. “Electroacoustics’’ by Professor F. Hunt. Harvard
University Press.
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Fig. 4—Showing diaphragm displace-
ment.
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Fig. 5—Method of signal grading or
distribution.
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DOPPLER DISTORTION
AGAIN?

Roy F. Allison*

he recent resurgence of discussions

on Doppler distortion. or loud-
speaker FM distortion, is cause for some
surprise. One would think that by now
most sensible people would realize that
It 1S an imaginary menace in multi-
wav speaker systems, in much the same
way that Tired Blood is a discase in-
vented by the sellers of patent medicines.
Jordan (1 has remarked that Doppler
distortion “along with the Loch Ness
monster. flying saucers and the Yeti,
has provided a small band of devotees
with an interest in life whilst the vast
majority of people have been unaware
of it. . .atter devoting a quarter of a
century to the design and development
of loudspeakers I have yet to encounter
any significant distortion due to Doppler
effect.”

For some perspective on the matter
we should, first, consider real-life acous-
tc power requirements. According to
Olson o, a reverberant field of 100 dB
SPL will be generated by 0.5 acoustic
watt in a room of about 3.300 cubic feet.
That is a large living room by any stan-
ards; typical dimensions for such a
room might be 14 by 30 ft. or 16 by
26 ft, with normal ceiling height
® Acoustic Research Inc.

To generate peaks of 100 dB SPL,
then, each speaker system in a sterco
pair must produce peaks ot 0.25 acous-
tic watt (we should be able to assume
that very low-frequency signals will be
in phase). And allowing a peak-to-
average ratio of only 10 dB, the average
acoustic power output from cach
speaker system will be .025 watt. These
power levels will produce very high
sound amplitudes—as high as listeners
experience at a good concert-hall seat
with a large orchestra playing full blast.
Levels much higher than this are likely
to cause hearing impairment. Who needs
an acoustic watt to live with at home?

Second. let us take a realistic look at
the acoustic outputs obrainahle at very
low frequencies. It is the nature of
closed-box speaker mechanisms of any
size that. for flat electrical inputs. the
amplitude of cone motion does not in-
crease below the svstem resonance fre-
quency. It remains relatively constant.
Thisis an advantage over vented systems
in that the speaker will not damage 1t-
seli by exceeding the permissible excur-

sion of the suspension. [t also means. of

course. that the output (responsc) drops
of1 below the resonance frequency-—-not
as rapidly s it does in vented systems

FM Distortion for 12’* Woofer (10’ cone)
Acoustic Output at Low Frequency
0.25 Watt Peaks .025 Watt Average

Frequencies FM Dist. Cone Movement FM Dist. Cone Movement

30 (40) & 300 (2.7%) 0.57" (40 Hz) 1.5% 0.32” (30 Hz)

30 (40) & 500 (4.5%) 0.57"" (40 Hz) 2.5% 0.32" (30 Hz)
B 30 (40) & 1,000 (9.1%) 0.57" (40 Hz) 51% 0.32" (30 Hz)

50 & 500 2.9% 0.37" 0.92% 012"

50 & 1,000 5.8% 0.37" 1.8% 0.12"
' 100 & 1,000 1.5% 095" 0.46% .030"
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or horns. but rapidlv enough. But the
main point is this: it is meaningless to
consider the speaker’s performance for
I acoustic watt output. or cven for
0.25 acoustic watt output, at 30 Hz. A
speaker simply will not produce that
much usable output at that frequency:
it will be overdriven. Consequently
bass boost (10 compensate ftor the tall-
oft'below resonance) is nota permissible
procedure to maintain such a high out-
put level down to 30 Hz.

The most potent tow-frequency
speaker svstem I know of is an acoustic
suspension direct radiator. It has a svs-
tem resonance frequency of 44 Hz and
a Q of L. Tt will produce a relatively
clean 0.25 acoustic watt at 40 Hz. but
at 30 Hz 1t requires 100 watts input o
produce Ya watt output, the cone move-
ment exceeds one inch, and the THD is
about 30%. For purposes of calculating
worst-case  FM  distoruon, theretore.
the maximum amplitude of low-fre-
quency cone motion is hmited by prac-
tical considerations to that for 0.25
acoustic watt at 40 Hz. For most speaker
svstems 1t s far less.

With these sobering facts in mind.
let us use Greiner's w tabular format
for a 10" diaphragm and recast FM
distortion for realizable cases. The
tormula used o is:

2900 f, \/ P,
D - —_—
#2 o2
where f2 = modulated (high) frequency,
in Hertz;

Pi = acoustical power output at i . in
watts:

fi = modulation (low) frequency. in
Hertz: and '

d=cone diameter, in inches.

The advantage of this formula 1s that
itavords the need to caleulate separately
the amplitude of cone motion. For
informational purposes. however. the
peak-to-peak cone excursion for cach
case 1s included in the table

(Continued on page .56 )
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