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Omnidirectional Radiation/George Sioles 

Quadraphony Requires Directional Sound/ Ben Bauer 

Spherical Soun iation/ Winslow Burbo 

"Omnidirectionality is Not a substitute for 
other high fidelity specifications; it cannot 
compensate for poor frequency response or 
high distortion." 

it 
. an unduly high percentage of reflected 

sound would never be a problem in a normal 
^. t listening room." 
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n, e the supporters of omni-directional speakers have admitted that 
2 generally lose a lot of directional information and suffer from rather 

_erne distortions of lateral perspective, then I will admit that they 
may indeed prefer this sort of sound and that they have every right to." 

"Quadraphony also benefits from properly 
positioned semi -directional and directional 
sound sources." 

"The response characteristics produced by a 
dipole loudspeaker is apt to be less affected by 
room acoustics than that produced by a omni- 
directional system." 

"Omni -directional loudspeakers produce a 
relatively limited area of quadraphonic per- 
ception." 

"The response from an omnidirectional loud- 
speaker is rather unpredictable near reflecting 
walls or corners." 



phase distortion, plus substantially better 
stability with four double tuned phase 
linear ceramic filters and four monolithic 
IC's in the IF section. 
6 -stage limiters 
The IF section includes 6 -stage limiter 
circuits. Used in conjunction with 
differential amplifiers in monolithic IC's, 
noise interference is completely elimin - 
ated with a signal to noise ratio of 75dB. 

Exclusive Phase Lock Loop (PLL) IC 
circuitry in the TX -9100 multiplex section 
Developed and used for the first time by 
Pioneer, the Phase Lock Loop (PLL) 
circuit is actually an electronic 
servomechanism. It maintains continuous 
and precise phasing between the pilot 
signal and the subcarrier, supplying 
optimum channel separation. Completely 
drift free, no alignment is ever required. 

The PLL cannot be affected by 
humidity or temperature since there are no 
coils or capacitors to be detuned. This 
provides complete stability and reliability. 
New pulse noise suppressor in the TX -9100 
operates with computer control 
This circuit operates automatically when 
it is switched on. It effectively blocks 
radiated noise from airplane and auto 
ignition systems, neon and traffic lights, 
etc. It does not interfere with frequency 
response and stereo separation. Whether 
the signal is weak or strong, this automatic 
'brain' decides when the PNS gate circuit 
is to operate. 
Unique muting control 
A 2 -position variable muting control uses 
electronic switching as well as reed relay 
switching. This eliminates interstation 
noise and the popping noise of 
tuning and detuning. 

Complete command with a wide variety 
of controls 
Whether it's for AM, FM or headset output 
levels, Pioneer provides greater operating 
precision with three independently 
operated output level controls. A headset 
may be used without a following power 
amplifier. Precision tuning is achieved 
with the aid of signal strength and tuning 
meters. 

AM section highlights IC's 
The entire AM section, following the front 
end, is a unitized IC. A monolithic IC 
replaces 84 individual components plus a 
ceramic filter. By using a differential amp 
circuit and a balanced mixing circuit, 
there are better spurious characteristics 
and special AGC amplification. 
Great specs for great performance 

TX -9100 TX -8100 TX -7100 
FM Sensitivity (IHF) 1.5uV 1.8uV 1.9uv 
Selectivity 90dB 80dB 60dB 
Capture Ratio 1dB 1dB 1dB 
S/N Ratio 75dB 70dB 70dB 
Image Rejection 110dB 100dB 85dB 
Stereo Separation 40dB 40dB 40dB 
Distortion (THD) 

Mono 0.2% 0.2% 0.2% 
Stereo 0.3% 0.4% 0.4% 

Spurious Response 110dB 100dB 100dB 

The Amplifiers: SA -9100, 
SA -8100, SA -7100 
Two separate power supplies utilize 
30,000 uF total capacitance 
You read it right. The power supply in 
the SA -9100 uses a total capacitance of 
30,000 uF. 15,000 uF each for the balanced 
positive and negative power supplies. This 
completely eclipses anything now 
available In integrated amplifiers. This 
super high capacitance results in an 
absolutely pure DC voltage supply. There's 
constant DC voltage regulation regardless 

Two 15,000uF power supplies 
eclipse anything now available 

in integrated amplifiers. 
of line voltage changes and signal input. 
Even at extremely low frequencies there's 
stable power output, excellent transient 
response and minimum distortion - only 
0.1% at any frequency between 
20-20,000Hz for 60 watts output per 
channel. 

These positive and negative power 
supplies provide absolute stability in all 
stages, even in the equalizer amp and 
proceeding to the control and power 
amps. Therefore, the signal lines become 
zero potential to completely eliminate the 
usual (and annoying) click noise of 
operating controls and switches. 

Stability is increased even further by 
the differential amplifier used in the first 
stages of the equalizer and control 
amplifiers (also the power amp.) 100% DC 
negative feedback supplies excellent 
stability and transient response; it also 
eliminates distortion. To further increase 

Interior view. SA -9100 



The time hás come to 
completely re-evaluate 
the standard you now 
use to judge high 
fidelity performance. 
With this new line of tuners and amplifiers, 
Pioneer presents many ingenious 
'nnovations in circuitry tnat are being used 
fcr the first time. However, this 
exclusiveness is only secondary. While 
each new circuit can be considered 
revolutionary by itself, what is even more 
important is that their combined 
capabilities achieve precision and 
performance heretofore unattainable. 

The Tuners: TX -9100, 
TX -8100, TX -7100 
F VI front end - an enc it eering triumph 
The height of sophisti ration, the TX --3100's 
s-abilized, drift -free front end replaces 
F'inted circuit boards with completely 
metallized construction, The same used in 
high precision communications equipment. 

Employing three dual gate MOS FET's 
and a buffer circuit in the local oscillator, 

there's exceptiorally high gain with 
extremely low ro se. Two t med RF stages 
with a 5 -gang variable tuni ig capacitor 
cor tribute to the hichest selectivity (90dB) 
anc astonist ing =M sensitivity (1.5uV). 
The exclusive US3 cf a heaiy gauge die 
cast alumirum housing assures uncanny 
staoility. 
IF section - the epitome of 
advanced research 
In tie pursu -.of excellence, significant new 
IF section tephn logy was developed. The 
result is opt mun selectivity with minimum 

TX -51C3 interior view. 
Chrome plated shielded front end 

housing and multiplex section. 
Exclusive heavy gauge die cast aluminum 

housing assures uncanny stability. 



Announcing a major breakthrough 
that will have universal impact 

on all future high fidelity 
components and their 

performance. 
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stabilization, special electronic regulator 
circuits are used. Transient response is 
also improved with a superb damping 
factor of 70. 

The unique equalizer amplifier 
To make certain that extraneous signals 
do not interfere with the input signal, the 
equalizer amp is totally enclosed and 
sealed to shield it against leakage. 

There's also extra assurance of 
precision with special low noise metal 
film resistors and styrol capacitors. Both 
are manufactured under continuous 
computer control to highest laboratory 
test equipment tolerances: -.±1% for 
resistors; ±2% for capacitors. Until now 
such precision has been unheard of in 
hi-fi equipment. Deviation from the ideal 
RIAA curve is only ±0.2dB. 

Since a direct -coupled SEPP 
complementary circuit is used in the 
equalizer amplifier, virtually any dynamic 
phono cartridge can be accommodated 
without overloading or distortion. For 
example, with 2.5 mV sensitivity, the 
overload at 1 KHz is an unbelievable 
250mV, and 1200mV at 10KHz! 

Twin stepped tone controls. 
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The control amplifier: Twin stepped tone 
controls custom tailor your listening. 
Now you can make the most critical bass 
and treble adjustments with supreme ease. 
In fact, there are 5,929 tonal combinations 
to suit your listening room acoustics and 
to compare or compensate for component 
frequency response. 

On the SA -9100 and SA -8100 four 
tone controls (two for bass, two for treble) 
make 2dB (2.5dB with SA -8100) step 
adjustments for the entire audio spectrum. 
Working together with the tone controls is 
a buffer amplifier with 100% negative DC 
feedback. The main bass control governs 
± 10 dB at 100 Hz; the sub -bass, ± 6dB at 
50 Hz. The main treble control governs 
±10 dB at 10KHz and the sub -treble, 
± 6dB at 20 KHz. This, plus the tone 
defeat control (described in the next 
paragraph) makes the SA -9100 the most 
exciting -to -use amplifier that has ever 
powered any hi-fi system. 

New tone defeat switch 
Because of the extremely wide variety 
(5,929) of frequency adjustments made 
possible by the twin tone controls, the 
tone defeat switch adds extra flexibility. 
Adjusting the tone controls to your 
satisfaction, you can flip the tone defeat 
switch. Bass and treble responses 
instantly become flat. When it is switched 
off you return to the original tone control 
settings. 

The power amplifier 
To sustain the ultra sophistication of the 
equalizer and control amp sections, the 
power amp has a direct -coupled pure 
complementary SEPP circuit, double 
differential amplifiers and two constant 
current loads. The combined effect is the 
achievement of wide power frequency 
range and excellent transient response. 
100% negative DC feedback is 
supplemented by 66dB dynamic negative 
feedback for minimum distortion and 
absolute stability. The pre and power 
amps can be used independently with a 
separation switch. 
Exclusive direct -coupling in all stages 
Until now direct -coupling has been used 
only with the power amplifier. Pioneer 
takes it a dramatic step further in the 
SA -9100 and SA -8100. Direct -coupling in 
all stages from the equalizer amp to the 
control amp to the power amp. More 
effective? Absolutely. It achieves the 
finest transient response, wider dynamic 
range, THD and IM distortion of only 
0.04% (1 watt). It's an incredible 
achievement. 

Level set, volume 
and loudness 
contour controls 
adjust to listening 
preference 
Three controls 
working together 
adjust to any degree 
of loudness. The 
level set control is 
the primary volume 
control. Its maximum 
loudness setting 
is OdB. 

Successive settings 
of -15dB and -30dB 
result in lower gain. 
Once the desired 
volume is obtained, 
the volume control 
is used for fine 
adjustments within 
the given 

range. While the loudness contour boosts 
bass and treble, it may also be used 
with the level set control. The 
more advanced the position 
of the level set control, the 
lower the effective range of 
the loudness contour. 
The original and positive 
speaker protector circuit 
Since the signal is fed 
directly to the speakers 
because of direct -coupling, an automatic 
electronic trigger relay system is 
incorporated into the power amplifier. 
This protects the speakers against 
damage from DC leakage which can also 
cause distortion. It also prevents short 
circuits in the power transistors. 
Maximum convenience for program 
source selection 
While there is a multiple function rotary 
switch for microphone, phono 2 and two 
auxiliaries, Pioneer has included an 

Convenient program source 
selection switch & control lever. 

CO PIONEER' 
when you want something better 

additional convenience. A separate flip 
type lever control for instant switching 
between the more widely used tuner and 
phono 1 and any other single program 
source. Incidentally, both switches are 
shielded to protect the input against 
undesirable extraneous signal pickups. 

Two-way tape duplicating and monitoring 
There are two separate flip type switches 
on the front panel of the SA -9100 for 
tape -to-tape duplicating and monitoring. 
Two tape decks can be connected for 
recording, playback and duplicating in 
either direction, with simultaneous 
monitoring. 

Level controls for phono 2, aux 2 

In order to match the level of various 
inputs, individual level controls are 
provided for phono 2 and aux 2. 

Speaker B control 
This special control helps in the use of two 
pairs of speaker systems of different 
efficiencies. There is no sacrifice of 
damping or distortion when switching from 
orle pair to the other. 

Impedance selector (or phono 2 

An easy -to -use switch allows you to 
employ any phono cartridge input 
(25K, 50K, 100K ohms). 

Two -position high & low filters 
The low filter switch on the SA -9100 and 
SA -8100 has subsonic (below 8Hz) and 
30Hz positions. The high filter switch has 
12KHz and 8KHz positions. 

Maximum versatility in program sources 
SA -9100 SA -8100 SA -7100 

Inputs 
Tape monitor-S/N 2-90dB 2-90dB 2-90dB 
Phono-S/N 2-80dB 2-80dB 2-80dB 
Auxiliary-S/N 2-90dB 2-90dB 2-90dB 
Microphone-S/N 2-70dB 2-70dB 1-70dB 
Tuner-S/N 1-90dB 1-90dB 1-90dB 

Outputs 
Speakers 3 2 2 

Headsets 1 1 1 

Tape Rec. 2 2 2 

Consistent power for every requirement 
RMS power RMS @ 8 ohms RMS @ 4 ohms 
both channels both channels single channel 
driven driven @ 1KHz driven @ 1KHz 
20-20KHz 

SA -9100 60+60 watts 65+65 watts 100+100 watts 
SA -8100 40+40 watts 44+44 watts 60+60 watts 
SA -7100 20+20 watts 22+22 watts 36+36 watts 

This new lineup of Pioneer tuners and 
amplifiers is unquestionably the most 
advanced available today. Yet despite 
this overwhelming sophistication, they're 
sensibly priced. 

See your Pioneer dealer. He'll show 
you how this series of fine instruments 
can outperform any units in their price 
range. All prices include walnut cabinets. 
SA -9100-$399.95; SA -8100-$299.95; 
SA -7100-$199.95. 
TX -9100--$299.95; TX -8100-$229.95; 
TX -7100-$179.95. 
While not discussed here, Pioneer is also 
introducing the SA -5200 stereo amplifier 
and the TX -6200 stereo tuner for high 
quality hi-fi on a low budget. Only $119.95 
each, with walnut cabinet. 

U.S. Pioneer Electronics Corp., 
178 Commerce Rd., Carlstadt, New 
Jersey 07072 

West: 13300 S. Estrella, Los Angeles 
90248 / Midwest: 1500 Greenleaf, Elk 
Grove Village, III. 60007 / Canada: S. H. 
Parker Co., Ont. 



Number 93 in a series of discussions 
by Electro -Voice engineers 

FRED NICHOLS 
Manager, 
Consumer Products 

Creating truly fundamental bass with 
an acoustic suspension speaker system 
is often an exercise in frustration. It re- 
quires substantial power, plus a speaker 
that can move extreme distances without 
distortion. And as the woofer cone area 
is reduced the problem becomes more 
and more acute. 

Luckily the typical distribution of energy 
in the lowest octaves for most music is 
usually modest, so that speakers are 
called upon to produce deep bass much 
less often than commonly supposed, even 
when reproducing organ and orchestral 
music. Nevertheless, the capability to 
accurately reproduce the lowest octaves 
is one greatly sought after and highly 
prized. 

A re-examination of audio basics, 
primarily inspired by research by A. N. 
Thiele, has led E -V to develop new 
speakers based not on the ubiquitous 
sealed box concept, but rather on a 
sophisticated analysis of the vented en- 
closure. The first new system using this 
basic approach is the Interface: A. Unlike 
small sealed systems, the woofer ex- 
cursion for this system actually diminishes 
as the system approaches resonance, 
thus permitting an extension of low 
frequency response without major 
penalties in efficiency or increased size. 

To achieve the low frequency limit of 
32 Hz (3 dB down point) from this 6th 
Order Butterworth -tuned system, re- 
search results suggested the use of an 
8 -inch woofer, matched to the enclosure 
volume with the equivalent of a 10 -inch 
diameter, 20 -foot long vent. But examina- 
tion of the system reveals neither vent nor 
duct! Instead a vent -substitute is em- 
ployed. This takes the form of a 12 -inch 
cone assembly that is controlled in mass 
and compliance to be the mechanical 
analogue of the desired acoustic vent 
system. It has no voice coil or magnet but 
moves solely in response to the motion 
of the 8 -inch woofer. It is fascinating to 
watch the 12 -inch vent -substitute moving 
vigorously at 32 Hz in response to the 
woofer whose motion is barely detectable! 

In combination with an active equalizer 
that adds a modest 6 dB boost at 35 Hz, 
Interface: A extends low frequency 
response well below that of a sealed sys- 
tem of equivalent size and efficiency, yet 
without increasing woofer excursion. 

The same principles of vented system 
design have also been applied by Ray 
Newman, E -V Senior Product Engineer, in 
creating the new Sentry III monitor sys- 
tem. In this instance, high efficiency for 
studio use was a major design goal, and 
it is achieved with a larger enclosure, a 
15 -inch woofer and a "real" vent. The 
result is a system capable of low fre- 
quency performance uncommon in past 
high level monitor systems. 

For reprints of other discussions in this series, 
or technical data on any E -V product, write: 

ELECTRO -VOICE, INC., Dept. 333A 
602 Cecil St., Buchanan, Michigan 49107 

gie Cey[r1CZ 
a GULTON subsidrery 

MARCH 1973 Successor (o RADIO Est. 1917 

Io 
Vol. 57, No. 3 

FEATURE ARTICLES 
16 Spherical Sound Radiation 
21 Omnidirectional Radiation 
22 Quadraphony Requires Directional Sound 
32 In All Directions 
36 Summing It Up 
38 Canby ETC 
44 Language of Hi Fi, Part IX 
52 Loudspeaker Damping 
56 Entering the Recording Field 

Winslow Burhoe 
George Sioles 

Ben Bauer 
John Crabbe 
G. W. Tillett 

Edward Tatnall Canby 
Martin Clifford 

Nelson Pass 
Joseph Giovanelli 

EQUIPMENT PROFILES 
60 JVC Cassette Deck 
62 TEAC Recorder 
63 Fisher Sound Panel 
74 Magnavox Receiver 

CD -1667 
3340 
PL6 
8898 

RECORD AND TAPE REVIEWS 
80 
88 
90 

Classical Record Reviews 
Off the Record 
Jazz & Blues 

Edward Tatnall Canby 
Sherwood L. Weingarten 
Martha Sanders Gilmore 

AUDIO IN GENERAL 

4 Coming in April 14 Editor's Review 
4 Tape Guide Herman Burstein 18 Revolutionary Speaker 
6 Audioclinic Joseph Giovanelli 68 Advertising Index 
8 What's New in Audio 73 Dealer Listings 

10 Behind the Scenes Bert Whyte 93 Classified Advertising 

EDITOR George W. Tillett 
ASSOCIATE EDITOR Edward Tatnall Canby 
ASSISTANT EDITOR Peggy Bicknell 
DESIGN David Adams 

ADVERTISING PRODUCTION Sharon Mancini 

PUBLISHER Jay L. Butler 
MARKETING DIRECTOR Sanford L. Cahn 

COVER DESIGN John Kwasizur 
SUBSCRIPTION MANAGER Jean Davis 

CONTRIBUTING EDITORS: Herman Burstein, Martin Clifford, Leonard Feldman, 
Richard Freed, Joseph Giovanelli, C. G. McProud, Harry E. Maynard, Alexander 
Rosner, Sherwood L. Weingarten, Bert Whyte 

AUDIO (title registered U.S. Pat. Off.) is published monthly by North American Publishing Co.. Irvin J. Borowsky, 
President: Frank Nemeyer. Jay L. Butler and Roger Damio, Vice Presidents: R. Kenneth Baxter. Vice President/Production: 
Nate Rosenblatt, Promotion Director: Mary Claffey. Circulation Director. 
RATES-U.S. Possessions, Canada. and Mexico, $6.00 for one year: $10.00 for two years; all other countries. $9.00 per year. 

Printed in U.S.A. at Columbus. Ohio. All rights reserved. Entire contents copyrighted 1973 by North American Publishing 
Co. Second class postage paid at Philadelphia, Pa. and additional mailing office. Back issues. $2.00 each. 
REGIONAL SALES OFFICES: Jay L. Butler, Publisher. and Sanford L. Cahn, Marketing Director, 41 East 42nd St., New 

York, N.Y. 10017, telephone (212) 687-8924. 
Jay Martin, 15010 Ventura Blvd., Sherman Oaks, Calif. 91403. telephone (213) 981-7852. 

REPRESENTATIVES, United Kingdom: The American Magazine Group, 9 Warwick St., London. W I. England. 
Continental Europe: John Ashcraft, 12 Bear St., Leicester Square. London W.C. 2. telephone 930-0525. For Benelux and 

Germany. W.J.M. Saunders, Mgr.. Herengracht 365. Amsterdam, Holland- telephone 24.09.08. 
Japan: Japan PRINTING News Co.. Ltd., No. 13. 2 Chome Ginza Higasi, Chuo-ku, Tokyo. telephone 541-5795. 

AUDIO Editorial and Publishing Offices, 134 N. 13th St., Philadelphia, Penna. 19107 
Postmaster: Send Form 3579 to the above address 

Check No. 1 on Reader Service Card 



IMPROVE 
YOUR HEARING 

FOR $200. 
Sometimes high fidelity people lose 

sight of what it's all about: Sound. 
The ultimate test of any piece of 

high fidelity equipment is what you 
hear. 

That's why, of all the statements 
made by equipment reviewers about 
our Garrard Zero 100, the most 
significant were these: 

"Using identical virgin records, 
and virgin styli in identical good 
cartridges, the Zero 100 on occasion 
sounded markedly ̀ crisper' than 
other turntables." Rolling Stone. 

"A listening test proves to bring 
new life to many records, noticeably 
reducing distortion on the inner 
grooves." Radio Electronics. 

Stylu 

Pickup head pivots 
Articulating 

P.U.arm 
in this direction as arm arm 

pivot-- 
tracks rosa records. pivot-filed hs!d 

Pickup arm Articulating arm 

"From about 7 in. diameter to 
runout, the Zero 100 delivers 
considerably less distortion and 
greater definition than with the 
same pickup mounted in a standard 
arm. The improvement in sound 
quality is notably impressive:' 

Elementary Electronics. 
"The articulated arm of the Zero 

100 produced less distortion, and 
therefore greater definition, on 
high-level, musically complex 
passages, from the inner grooves:' 

Hi-Fi Stereo Buyers' Guide. 
That's what reviewers actually 

heard when they tested the first 
automatic turntable with Zero 
Tracking Error. This is, to our 
knowledge, the first time a 
turntable has been given credit for 
making records sound better. 

True langent tracking geometry. 
The Zero 100 tone arm. 

Cartridges and other components, 
yes. But never a turntable - until the 
Zero 100. 

By this time you probably know 
how we achieve Zero Tracking Error. 
The principle of the articulating arm, 
continually adjusting the angle of 
the cartridge so it is always at a 90° 
tangent to the grooves, is a simple 
one. But the ingenious engineering 
and the development of the precision 
pivots to make the principle work, 
took several years. 

But enough from us. Let's go back 
to what the reviewers say about the 
Zero 100. 

"It probably is the best arm yet 

offered as an integral part of an 
automatic player." High Fidelity. 

"All of these features combined 
into one automatic turntable make 
news, even though some are found on 
other units. Only in the Zero 100 are 
they all put together." Audio. 

When Audio talks about "all of 
these features" they're referring to 
such things as our magnetic 
anti -skating, variable speed control, 
illuminated strobe, viscous -damped 
cueing, 15° vertical tracking 
adjustment, patented Garrard 
Synchro-Lab synchronous motor and 
our exclusive two -point record 
support in automatic play. 

But all of this gets back to our 
original point. It is the sound that 
makes the difference. After all, a 
$200 record player should give you a 
really meaningful difference. And 
the high fidelity experts agree that 
people who own a Zero 100 will hear 
better than people who don't. 

If you'd like to read the reviews in 
full detail, we'll send them to you 
along with a complete brochure on 
the Zero 100 and the Garrard line. 
Write to:British Industries Company, 
Dept. K12, Westbury, N.Y. 11590. 

GARRARD 
ZERO lOO 

The only automatic turntable with 
Zero Tracking Error. 
Mfg. by Plessey Ltd. Dist. by British Industries Company 
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Focus on open -reel tape 
recorders 

Buyers Guide-a directory 
of 1 973 two -channel stereo 
and quadraphonic open -reel 
recorders 

The Language of High Fi- 
delity, Part 10 of Martin 
Clifford's Guide for Begin- 
ners 

Equipment Reviews in- 
clude: 

Design Acoustics D-1 2 loud- 
speaker 

Lafayette 4000 quadra- 
phonic receiver 

Infinity 1001 loudspeaker 

About the cover: This is 
an attempt to highlight the 
different opinions on loud- 
speaker dispersion. Read all 
the articles and then buy 
the kind of loudspeaker 
you like best. Remember, 
we don't a// like the front 
seat at a concert. 

Recording Stereo 
Q. I recently bought a stereo tape 

deck and am very happy with it, except 
for the fact that I haven't figured out 
how to make stereo sound on sound 
recordings. The manual tells how to 
make mono sound on sound recordings, 
but not stereo ones. Can you make any 
suggestions for stereo sound on sound?- 
Michael R. Martin, APO, New York, 
N.Y. 

A. To achieve stereo sound on sound, 
you would require an extra playback 
head mounted before the erase head. 
And you would need the capability for 
monitoring the signal produced by 
this head (Signal 1) and at the same 
time feeding Signal 1 along with 
Signal 2 to your record head (through 
your present mixing facilities). Alter- 
natively, you could use a four -track 
(quadraphonic) set of heads, along 
with suitable switching, so that you 
simultaneously go from Track 1 to 
Track 2, and from Track 3 to Track 
4; and then simultaneously from Track 
2 to Track 1, and from Track 4 to 
Track 3; etc. 

Mr. Martin further writes to present 
a solution to a problem encountered 
with plastic dust covers for turntables: 
"I have some information that may be 
of help to other owners of Dual and 
similar turntables with a plastic dust 
cover and a light -tracking cartridge. 
My Dual is equipped with a Shure 
M -91E that I operate at one -gram 
tracking pressure. I have found that on 
cold days when the humidity is low 
the plastic dust cover develops a static 
charge strong enough to lift the tone 
arm from the rest in off position or 
from the record during play. The prob- 
lem is made worse if the dust cover is 
wiped with a dry cloth. The situation 
is easily remedied by taping a four 
or five inch strip of aluminum foil 
one-half inch wide to the dust cover 
so that as long as the cover is in place 
the foil contacts the metal of the 
turntable base. This prevents the tone 
arm from rising." 
Transformerless TV Hook -Up 

Q. I want to take the TV sound from 
the set's volume control. This, of course, 
means connecting the TV chassis to the 
receiver chassis and to the tape recorder 
chassis. The TV is transformerless. It 
receives its power through a polarized 
AC plug. thus grounding the TV chassis. 
If the polarity of the TV plug is not 
defeated, and if the AC wall receptacle 

wiring and polarity are compatible with 
that of the TV plug, would it be safe to 
make the sound connection described 
above?-J.H. Ruder, Oklahoma City, 
Oklahoma 

A. If all your premises are met, it 
seems safe to connect your TV sound 
to your audio system in the manner 
your propose. But please do not accept 
my guarantee for safety. On general 
principles, I just don't like the idea of 
connecting a transformerless component 
to an audio system. 

2- or 4 -Channel Recorder 
Q. I am considering the purchase of 

a Tandberg 14 mono tape recorder. My 
problem is in deciding whether to get 
this model in two- or four -track form. I 
have had experience with four -track 
mono recording, and the garbled rumble 
produced by bass notes on an adjacent 
track during silent passages is a plague. 
Tandberg specifies -60 db or more 
crosstalk. Would this be audible? Would 
I have this problem with a two -track 
machine? I understand that a two -track 
machine would put more signal on the 
tape, improving the signal to noise 
ratio about 2 db. Would this affect 
distortion?-Stephen L. Kasioras, Alls- 
ton, Mass. 

A. Crosstalk of -60 db would be 
inaudible in as much as other noise 
would be at most about -55 db below 
the maximum signal level. With good 
tape machines I have not run into the 
problem of "garbled rumble" that you 
describe. 

Inasmuch as there is wider spacing 
between tracks in the case of a half- 
track machine than in the case of a 
quarter -track one, the former would be 
more free of crosstalk. Also, as you 
recognize, S/N would be higher for 
the half-track machine (about 3 or 4 
db higher) inasmuch as this permits 
putting more signal on the tape. S/N 
is based on a given distortion level, so 
there would be no change in distortion. 
Another advantage of a half-track 
machine is that the wider track permits 
better averaging out of tape defects, 
such as those causing dropouts. On 
the other hand, the half-track recorder 
has the disadvantage that azimuth 
alignment is more critical. For a given 
degree of azimuth misalignment, treble 
loss is greater for a half-track unit 
than for a quarter -track one. 

(Continued on page 79) 
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The JVC State -of -the -Art Stereo Cassette Deck with ANRS * 

Automatic Noise Reduction 
System (ANRS) Switch ...with 

pilot indicator 

Slide Level Controls ...for each 
channel provides calibrated 

adjustments for accurate levels 
in recording 

JVC MODEL 
CD -1668 

Headphone and Microphone 
Jacks...with headphones level 

control switch 

Functional Control Panel ... pushbutton 
for ease of operation 

WHAT YOU SEE ... 
2 Studio -Type Vu Meters...accurate 
enough to beused for studio recordings 

Peak Level Indicator... signals when 
distortion reaches critical levels Tape Selector Switch ...with 

pilot indicator. Gives you a choice 
of using chrome or normal tapes 
(freq. res.: 30-19,000 Hz with 
chrome tape) 

I--- Dual Aux Inputs and Line 
Outputs... plus duplicate 
DIN connector allows 
hook-up of 2 sound 
sources 

3 -Digit Memory Counter... 
automatically stops the 
tape at a predetermined 
point when rewinding 

Eject Button... ejects anytime 
even when tape is in motion 

WHAT YOU DON'T SEE . 
Automatic Eject System With Photo- 

electric Cell... a photoelectric cell 
senses the end of the tape and auto- 

matically stops the tape and pops it up. 
It also eliminates any stretch inherent 

with tape tension type stop systems 
Another JVC unique feature! 

New Dual Drive Mechanism ...capstan 
and reels are driven separately to 

optimize speed performance, maintain 
accuracy and reduce wow and flutter 

*ANRS (Automatic Noise Reduction System)... is the ultimate answer 
to crisp, clean reproduction from a cassette, improving S/N ratio 
from 50dB to 60dB at 10K Hz for dramatic noise reduction. ANRS 

assures perfect playback of Dolbyized cassettes 

JVC 
H.-F 

Hysteresis Synchronous AC Motor... 
insures accurate rotation, reducing wow 

and flutter to 0.13% RMS 

Super Cronios/Ferrite Heads ...for 
extended life (10 times greater than 
permalloy) and optimum fidelity for 

recording/playback-another JVC 

t unique feature! Freq. response: 
30-19,000 Hz with chrome tape, 
30-13,000 Hz with normal tape 

For A Free Test Report Write: JVC AMERICA, INC., Advertising Dept. A, 50-35 56th Road, Maspeth, New York 11378 



Audioclinic 
Are Signals Too Strong? 

Q. Can an FM signal be strong enough 
to cause distortion? 

I have a Finco turnstile antenna on the 
terrace of my apartment. I get perfectly 
good reception of FM stations transmitting 
from New Jersey, Connecticut, Pennsyl- 
vania and surrounding regions. I get 
distortion and static only from those FM 
stations which transmit from the Empire 
State Building. 

Can it be possible that the FM signals 
from the Empire State Building are so 
strong in my area (I live about eight 
miles from the building) that this causes 
the trouble? Is there anything I can do to 
reduce the distortion?-Salvatore A. 
Mele, Brooklyn, N.Y. 

A. If an FM signal is too strong, this 
fact is USUALLY not manifested by 
distortion. (I have seen that happen, but 
so seldom that I have to think in other 
terms, as will be shown.) What usually 
happens is that the strong signal appears 
at more than one place on the dial or is 
heard as background to other, weaker 
stations. 

I do not think, therefore, that your 
problem with FM stations broadcasting 
from the Empire State Building has 
anything to do with their signals being 
too strong. I think that you are either 
well shielded from such stations by 
other buildings or else you are getting 
multipath distortion. The fact that you 
hear "static" in addition to the distor- 
tion would lead me to believe that you 
may be a victim of both situations. 

Your FM antenna is not suited to the 
elimination of these problems since it 
is omnidirectional. Therefore, it will 
pickup reflected signals as well as direct 
ones, with resulting distortion. 

What is required is a directional and 
rotable antenna. If it is impractical to 
rotate the antenna, simply point it at 
the Empire State Building. If distortion 
is still present, reorient the antenna so 
that it is pointed in the direction of the 
reflected signals. It sometimes happens 
these reflected signals are stronger than 
the direct signals and produce signifi- 
cantly better audio quality than when 
the antenna is oriented to favor the 
direct signal. Because of the directional 
characteristics of the antenna, some of 
the weaker signals to which you have 
listened in the past may no longer be 
usable. This is because the antenna is 

not aimed at them. At such times as you 
wish to hear these stations, the antenna 
should be aimed toward them. They 
will once again be usable. In fact, they 
will be considerably stronger than they 
were at the time they were received by 
your turnstile antenna., 

If your receiver has a signal strength 

Joseph Giovanelli 

meter, and if this meter is at nearly full 
scale-or perhaps pinning-you well 
may be the victim of severe overload. 
The directional antenna will add to this 
situation, but will reduce multipath 
distortion effects. Place an attenuator 
between the FM set and the lead-in 
cable; this should provide less signal 
and reduce or eliminate the overload. 

FM Reception Problem 
Q. Last year I bought a Kenwood 

TK -140 receiver. I had been using a 
little wire antenna that came with it 
until last week when I put up an out- 
side antenna. Everything works fine 
except one thing. With the outside an- 
tenna I get a very annoying `frying" 
sound. Further, when listening to one 
particular station I get a `motorboating." 
When I disconnect the antenna, the noise 
stops. Therefore, the problem is not the 
receiver. What is my problem? What can 
I do about it?-Lloyd Luper, Inglewood, 
Calif. 

A. I am not sure I know what is taking 
place in your receiver to bring about 
the "frying" and "motorboating." My 
best guess is that the increased signal 
strength provided by your new antenna 
is causing overload problems in your 
receiver. 

The sole purpose your antenna serves 
is to increase signal strength; it does not 
produce noise of its own (at least not of 
the kind you have described; antenna 
noise could only be a factor with the 
most advanced possible circuitry when 
receiving very weak signals.) The only 
conclusion I can come to is that the 
receiver is to blame-in some way lack- 
ing the ability to handle strong signals. 

This condition should not exist. The 
receiver should be checked. 

"Motorboating" is generally associ- 
ated with power or r.f. by-pass capacitor 
problems. It may be that yours is a 
marginal case, manifesting itself only 
under strong signal conditions. 

"Frying" is often an indication of 
some stage breaking into oscillation- 
another indication of defective by- 
passing. 

If you have background in servicing 
electronic equipment, I suggest that 
you shunt various r.f. and i.f. decoupling 
capacitors with new ones known to be 
good. Shunt them one at a time while 
the set is in operation WITH THE OUT- 
SIDE ANTENNA CONNECTED. 
(Keep the leads as short as possible so 
the inductance in the leads won't mini- 
mize the by-passing action of the ca- 
pacitor. This is most likely to be a factor 
when an r.f. stage is involved.) One 
capacitor probably will be found which 
will eliminate the "frying." 

Intermittent FM Antenna Problem 
Q. I am experiencing an intermittent 

problem in my FM antenna system. I 
am using a Finco FM -4G antenna, 
mounted on a rotator and supported on 
a 40 ft. telescoping pole. I use two an- 
tenna -mounted boosters; one is a Jer- 
rold Powermate transistor booster of 
fairly recent manufacture which is de- 
signed for TV and/or FM use. The 
other is an older model Blonder -Tongue 
tube -type unit for FM only. The prob- 
lem I have manifests itself when the 
wind blows. It is an intermittent pop- 
ping sound in the speakers. A t the same 
time the signal -strength meter jumps. 
Incidentally, the receiver is a brand- 
new Marantz Model 22. 

I first changed the lead-in, thinking 
this was the obvious answer to the prob- 
lem. No change. I then substituted the 
older booster for the transistor one. Still 
the same problem. I have double checked 
all connections. I am certain there are 
no loose ones. I am now completely 
puzzled. I do not know what to try next. 
-John F. Wieland, Liberal, Kansas 

A. Because your problem with FM 
reception occurs only when the wind 
blows, the receiver cannot be the cause 
of the trouble. The receiver, after all, 
is not subject to wind. You are on the 
right track, therefore, when you think 
in terms of the antenna system. 

You said that you changed the lead- 
in. Have you changed the cables which 
inter -connect the antenna mounters 
and the antenna? The cables must have 
slack in order for the rotator to turn. 
This slack loop may blow in the wind. 
If the conductors break under the in- 
sulation, you will not see the break. 
Nevertheless, the cables will become 
intermittent as the contact is made and 
broken with the cable's motion. The 
antenna itself can cause trouble. Check 
all rivets to see that they are tight. 
Loose rivets mean loose elements, 
which will result in poor contacts as 
the antenna is blown in the wind. It 
may well be that you have made the 
connections secure at the antenna ter- 
minals as far as the cables are con- 
cerned. Have you checked to see that 
the screws are snugged up against the 
driven elements? If the lock nuts for 
these screws are loose, this looseness 
will cause intermittent operation of the 
antenna. 

I suggest that the mast be grounded. 
If this has already been done, check 
that the ground is intact, with no 
broken insulation and no wires broken 
under the insulation. 

Check that the guy lines are tight 
and thus unlikely to make intermittent 
contacts with surrounding objects. /E 



Say farewell to the grand old DC300, and welcome to 
THE PROBLEM SOLVER, the amp that is going to make 
your job easier and your customers happier. The original 
model DC300 was a great amp - the first super -power 
low distortion amp in the world, when Crown introduced 
it five years ago. Meanwhile, top sound systems design- 
ers have used it successfully in hundreds of demanding 
situations, and made some excellent recommendations 
for improvements. The response of the Crown design 
team was not an updated DC300, but a totally new and 
different amplifier, the DC300A. It is the only high 
power low distortion amp specifically designed for com- 
mercial sound applications. (CAUTION: There are some 
large consumer -type amps attempting to sell in the com- 
mercial sound field without providing adequate continuous 
power for all load impedances.) 

Power You Can Count On 
One of the DC300A's most outstanding features is 

that it has double the number of output transistors. 
This means effectively twice the muscle of the old 
DC300 - at the same price. Each channel has eight 150 - 
watt devices for 1200 watts of power dissipation per 
channel. The DC300A is rated at 150 watts per channel 
continuous into 8 ohms with both channels driven, 300 
w/ch into 4 ohms or 500 w/ch into 2.5 ohms. 

Two Amplifiers in One 
As a dual -channel amplifier with separate level con- 

trols and circuitry for each channel, the DC300A is 
almost two amplifiers in one. This gives you additional 
flexibility in controlling your speaker load, as when driv- 
ing separate front and back speaker systems in a large 
auditorium, or when bi-amping a system. For 600 watts 
continuous output at 8 ohms, the DC300A converts to a 

mono amp with two plug-in parts. This makes it possible 
to drive a 70 -volt line directly without a matching 
transformer. 

Superior Output Protection 
The DC300A output protection circuitry is a rad- 

ically new design which completely eliminates DC fuses 
and mode switches and further reduces service problems 
to the negligible level. It is superior in every way to the 
old VI -limiting circuit pioneered by Crown and now 
used by most other high power amplifiers, since it intro- 
duces no flyback pulses, spikes or thumps into the 
output signal, whether operating as a single -or dual - 

channel amp. 

THE 

PROBLEM 
SOLVER 

Gone too is the need to baby the amp by carefully 
juggling load configurations. The Problem Solver can 
drive any speaker load - resistive or even totally 
reactive - with no protection spikes! Parallel speakers 
with no deterioration of sound quality, since changing 
the load impedance only affects the maximum power 
available, not the ability of the amp to keep on producing 
clean sound. 

Lowest Distortion and Noise 
Also new is the DC300A's IC front end, which sets 

new world's records for low distortion and noise. At 
the 8 -ohm rated output, IM and harmonic distortion is 

less than 0.05% full spectrum; hum and noise is 110db 
below. Servicing - if ever necessary - is a snap, since 
removing the front panel accesses the entire circuitry. 

Although it is a completely redesigned model, the 
DC300A has inherited some characteristics from its 
predecessor: 
PRICE - $685, the same as the 1968 introductory price, 
incredibly. As two amps in one, it will probably give 
you or your customers a welcome cost -break when you 
design your next multiple -amp system. 
WARRANTY - three years, covering all costs of parts, 
labor and round-trip shipping. 
COOLING - excellent heat dissipation provided by 
massive cooling fins and the entire chassis itself. 
DEPENDABILITY - stringent pre- and post -inspection 
and testing proves every electronic component, every 
circuit module and every finished unit, to bring you one 
step closer to install -and -forget field dependability. 
PEOPLE - the same innovative design team and care- 
ful craftsmen who made the DC300 such a sound success. 
And the same knowledgeable customer -service men 
ready to discuss your special application and send you 
detailed technical data. Phone 219 + 294-5571 or write 
Crown International, Box 1000, Elkhart, Indiana 46514. 

crown 
MADE ONLY IN AMERICA 

Check No. 4 on Reader Service Card 
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IT'S LIKE 
`NOTHING' 
ELSE FOR 

LENCO 

50 PROFESSIONAL 
L75 TURNTABLE 
INCLUDES BASE. 
AND DUST COVER 
When the Swiss make a watch, they make 
awatch. And when they make a turntable, 
they make stereo history! 

The Swiss -built Lenco Professional 
L75 Turntable brings you closer to 
"NOTHING" than any other comparable 
turntable. ("NOTHING", of course, is the 
elimination of everything that interferes 
with the perfect reproduction of stereo 
sound.) Moreover, the L75 is loaded with 
features an audiphile could learn to love: 
1 Low mass cartridge head, 
2 Precisely balanced tonearm, 
3 Infinitely variable speed control, 
4 Viscous -damped cueing. 
Write for the full, exciting specs to: 
LENCO Division, Benjamin Electronic 
Sound Corp., Farmingdale, N.Y. 11735. 
A division of Instrument Systems Corp. 
Available in Canada. 

LENCO 
DIVISION OF 

¡BENJAMIN 
puts more engineering in... 
so you get more music out. 

Check No. 5 on Reader Service Card 

WHAT'S 
NEW 
IN AUIIIi 

4 -Way Speaker System 
Audioanalyst introduce Model 

A-200, a four-way speaker system using 
five direct radiators installed in a sealed 
enclosure. A 12 inch woofer with a low 
density cone, a 5 inch mid -range, a 

3' inch tweeter and two angled 2 inch 
super tweeters are said to provide a 

frequency response from 30 to 20,000 
Hz with 180 degree dispersion. Level 
controls allow for adjustment of the out- 
put of the mid -range and tweeters. The 
oiled walnut enclosure measures 27 x 
15 x 123/4 inches. Price: $225.00 East 
Coast; $239.00 West of the Mississippi 

Check No. 64 on Reader Service Card 

4 -Channel Amplifier 
Heath announce the AA -2010, featuring 
four conservatively rated amplifiers 
and built-in decoder. Decoder circuitry 
decodes all currently available matrix 
encoded records and, with the flip of 
a mode switch, handles any discrete 
4 -channel material. The unit is said 
to enhance stereo material by feeding 
the out -of -phase ambience, common to 
2 -channel programming, to two rear 
speakers to produce a realistic 4 - 
channel sound. Power rating is 260 
(4x65) watts into 4 ohms, 200 (4x50) 
watts into 8 ohms and 120 (4x30) 
watts into 16 ohms. Heathkit mail-order 
price: $359.95. 

Check No. 66 on Reader Service Card 

BSR 710X Turntable 
Newest product from BSR is the 710X 
which is a 710 turntable complete 
with base, dustcover and Shure M9IE 
cartridge. The 710 uses a similar 
mechanism to the 810 and has the 
same anti -magnetic platter, anti -skating 
adjustment and push-button controls. 
Price of the 710 is $129.95 and the 
710X is available at a special package 
price. 

Check No. 67 on Reader Service Card 

New Pioneer Amplifier 
Pioneer have just announced a new 
integrated amplifier, model SA -9100. It 
is rated at 75 watts per channel into 
8 ohms and 100 watts per channel at 
4 ohms. Distortion is less than 0.1% 
and there are four tone controls-two 
for treble and two for bass. Turnover 
frequencies are 50 and 100 Hz, 10 

kHz and 20 kHz. Other features 
include provision for two tape re- 
corders, two phono pickups and two 
auxiliary inputs. Price: $399.95. 

Check No. 65 on Reader Service Card 

Crown Amplifier 
The Crown DC -300A features a new 
output protection circuit design for use 
with highly reactive speaker systems. 
The new output circuitry has allowed 
the elimination of the DC fuses and 
the protection mode switch, with a con- 
sequent simplifying of the operation 
of the amplifier. Power rating is 150 
rms per channel. Price: $685.00 without 
optional walnut cabinet. 

Check No. 68 on Reader Service Card 



if you are 
serions about 
music 
use the lape 
of the pro. 
TDK 
Ask any artist or 
musician, any recording engineer 
or audiophile, chances 
are ha uses TDK for his professional 
work. Unmatchéd in 
purity and fidelity over the full 
range of human 
hearing, crystal clear in its dynamic 
response and with 
complete reliability, TDKtruly is 
the tape of the expert. 
Cassettes, 8 -track cartridges or 
reel -:o -reel, in the 
wide3t choice of formulations and 
lengths, including 
cassettes running as long as 3 hours. 

Ask ypur dealer how to get a $10 -value TDK Cassette Showcase for only $4 when 
you be 3 TDK cassettes; it comes with a copy of TDK 's "Guide to Cassettes." Or 
write .is directly for a free copy of the Guide. 

TDK ELECTRONICS CORP 
23-73 48TH STREET LONG ISLAND CITY, N.Y. 11103 212-721-6881 
In Canada, contact: SUPERIOR ELECTRONICS INC Montreal 

Check No. 6 on Reader Service Card 



The QUAD 
Electrostatic was the 
first full range elec- 
trostatic loudspeaker 
produced commercially 
and is still the standard by which all others 
are judged. Using closely coupled moving 
elements some two hundred times lighter 
than the diaphragms of moving coil loud- 
speakers and being entirely free of cabinet 
resonances and colouration, this loud- 

, speaker the usual major prob- 
lems of loudspeaker design and provides 
remarkably natural reproduction of sound. 
This explains why the QUAD electrostatic 
loudspeaker is used by broadcasting and 
recording organisations all over the world, 
in applications where quality is of prime 
importance, and as a standard of refer- 
ence by the majority of loudspeaker 
manufacturers. 

QUAD for the closest approach to 
the original sound. 

QUAD 
Is a registered trade mark 

For details of your nearest dealer 
write to Acoustical Manufacturing Co. Ltd., 
Huntingdon PE17 7DB, England. 

Behind The Scenes Bert Whyte 
I I 

HE YEAR OF 1973 is scarcely a 

T week old and as I write, the 
advance parties of the various 

audio manufacturers are arriving in 
Chicago to set up their exhibits at the 
first Midwinter Consumer Electronic 
Show. Well, better them than me, 
friends. I used to live in Chicago, and 
I vividly remember those ice -pick 
winds sweeping in from Lake Michi- 
gan. The powers -that -be say they need 
this new CES at this frigid time of the 
year, because things are happening so 
fast in the industry, that the annual 
late spring shows are too far apart in 
time to adequately cover new develop- 
ments. Perhaps they are right. I have 
heard many pro and con comments 
from manufacturers regarding the 
necessity of this new show. I must say 
however, that I am passing on this 
show because in my particular areas of 
interest, my spies tell me that nothing 
earthshaking is likely to happen. 

There have been many pronuncia- 
mentos that 1973 will be the year that 
quadraphonic sound comes into full 
flower. Well, this is probably what 
should happen, but in my opinion, 
when we are nursing our 1974 New 
Year's hangovers, we will still not have 
arrived in this golden era. In spite of 
some ill-considered and premature 
statements in certain publications 
claiming that "the quadraphonic battle 
has been won", there is not at this 
moment any existing or officially 
recognized (in the sense of RIAA 
approval) standard for four -channel 
sound. Nor can any of the competing 
quadraphonic systems make any really 
valid claim to pre-eminence, or the 
status of an unofficial "standard." 
What has happened is a certain con- 
solidation of resources in the EV/CBS, 
QS and CD -4 camps. Each has made 
advances to the extent that each treats 
the others with new respect. The battle 
lines are still drawn, but there are 
the beginnings of wary communication 
between the contenders. There have 
been overtures made with some inter- 

esting proposals advanced, even if 
none of them were given more than 
polite consideration. The combined dis- 
crete/matrix disc has been discussed 
anew, even though action on this is 
unlikely now or in the forseeable 
future. To top all this, there have been 
speculative, but nonetheless deeply 
probing looks at the various video 
disc systems, which with their very 
wide bandwidth as compared to audio 
discs offer interesting possibilities for 
multi -channel stereo recording. To 
most receiver manufacturers, alert to 
this situation, the name of the game 
is non -obsolescence, and the bolstering 
of consumer confidence in their prod- 
ucts. Thus by the time the regular 
CES rolls around in May or June, you 
will almost certainly see receivers with 
built-in discrete and matrix four - 
channel facilities, or in some cases, at 
least built-in matrix quadraphonic with 
provision for discrete four -channel 
add-on units. In a nutshell . . . co- 
existence between the opposing camps 
is the order of the day, at least for 
the present. Fragile and tenuous 
though this situation may be, the 
action of the manufacturers in incorpo- 
rating all the competing four -channel 
systems in their units cannot but help 
to offer some degree of stability to the 
presently confused situation in the 
merchandising of quadraphonic prod- 
ucts. It is true of course, that consumers 
who want to use the CD -4 facility 
built into their units will still have to 
buy a special phono cartridge for that 
purpose. As far as the music dealer is 
concerned, even if this is an interim 
situation, he is not too badly off. 
Today a dealer often carries the same 
recording as a stereo disc, an open reel 
tape (sometimes as a discrete four - 
channel tape), an eight -track cartridge, 
a four -channel cartridge, and a cassette. 
If matrix stereo discs and CD -4 dis- 
crete stereo discs are added to his 
inventory, this should not be a partic- 
ular burden. After all, Columbia and 
RCA have their own exclusive artists 
and they rarely interchange talent. If 
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New! cynaco 
AF --6 am -fm tuner 

The c osest app -oath to high fidelity AM! 

Wide -band, ow distortion AM with tie impeccable specifications you'd expect 
firon- Dynaco. An exclusive audio bandwidth circuit extends tt e audio range 
when the signal quality warrants t for the best AM you've ever heard: yet it 
seta ns sharp 55 dB selectivity with a 12 section LC des gn IF filter. Switch to 
nornal reception for weaker signals, or to a narrów bandwidth fcr high inter- 
ference conditicrs. Coupled with all the superlative performance and features 
of the FM -5 (test reports on request), the AF -6 kit takes just two evenings to 
build. Now you can enjoy the unmatched convenience: of DynatuneTM automatic 
FM tuning witi sound which is "entirely a function of the FM program quality" 
according to Ste-eo Review, plus AM that nay fool you nto thinking it is FM. 

$199.95 kilt; $299.95 assembled 
Walnut cabinet shown '$17,95 

l.IW c13 ic:_ Division Tyco 

3060 JEFFERSON ST., PHILADELPHIA, PA. 19121 
In Canada DYNACO OF CANADA LTD., Montreal, 760, Çuebec, Canada 



AURALINEAR 
SPEAKERS 

NEW 
from CROWN 

Introducing the first speakers worthy 
of the Crown name - Auralinear Speaker 
Systems. Four models of unique electro- 
statics that are as far ahead of ordinary 
speakers as the DC 300 was ahead of all 
other amplifiers when it was introduced. 

The electrostatic design has potential 
for the finest response and lowest distor- 
tion, but previous electrostatic speakers 
suffered from three major weaknesses: 
(1) inability to deliver realistic sound 
pressure levels, especially at low fre- 
quencies (2) fragile, unreliable elements 
(3) poor dispersion. 

All of these problems have now been 
beautifully resolved in the Crown Aura - 

linear Speaker Systems, by uniting radically 
new extended -range electrostatic radiators 
with special acoustic suspension woofers. 
One result is accurate reproduction of 
clear, high frequencies with none of the 
crackling, frying sounds that characterize 
many of today's electrostatics. We call it 
honest sound. 

For the location of your local Auralinear 
dealer, write Crown, Box 1000, Elkhart, 
Indiana, 46514. model 

ES -224 

FOUR MODELS 

ES 224 24 bidirectional 
radiators 

2-10" woofers 
resp. 22.30,000Hz 
crossover at 350Hz 

ES 212 12 bidirectional 
radiators 

2-10" woofers 
resp. 22-30,000Hz 
crossover at 375Hz 

ES 26- 6 radiators 
2-10" woofers 
resp. 25-30,000Hz 
crossover at 1500Hz 

ES 14 1.10 radiators 
woofer 

resp. 30-30,000Hz 
crossover at 1500Hz 

crown 

you want an Elvis Presley recording, 
you buy it from RCA. If you want 
Streisand, you buy it from Columbia. 
Whether the recording is discrete or 
matrix quadraphonic is of little conse- 
quence to the consumer. His present 
stereo phono cartridge will playback 
either kind of disc. At a later time if 
he is so inclined, he can acquire the 
means for quadraphonic playback of 
the discs. Everything considered, one 
must say that the four -channel stereo 
situation is improving, to the extent 
that those dealers who have been 
hesitant about making a vigorous 
sales effort on quadraphonic sound, 
can now undertake such a campaign 
without compromising their integrity, 
or shortchanging their customers. 

Whether one advocates the EV/ 
CBS, QS, or CD -4 quadraphonic 
systems, there is no argument on the 
basic root choice of format for source 
material. This is of course, a four - 
channel, in -line discrete stereo tape. 
It makes no difference whether the 
tape was mixed down from an eight 
or sixteen or even 24 track recording, 
or was the minimal straight four - 
channels . . . it is the final discrete 
four -channel stereo music source that 
is used to make whatever format of 
quadraphonic disc. Needless to say, it 
has long been acknowledged that as 
far as home listening to quadraphonic 
sound is concerned, the discrete four - 
channel stereo tape is the tops in 
quality. 

In every field of endeavor, and with 
almost every kind of product, there 
always is a super deluxe model . . . 

the ne plus ultra ... the cat's meow! 
Recently Vanguard Records has come 
out with a strictly Rolls Royce qual- 
ity open reel discrete four -channel 
stereo tape. This 71/2 ips tape is re- 
corded with Dolby B Type noise re- 
duction in both the front and the rear 
channels. Quite obviously you need 
two Dolby B outboard boxes of the 
type manufactured by Advent, Teac, 
Concord and similar units. To save on 
cost, you might want to use the least 
expensive units made by these com- 
panies. For example, two of the Advent 
101 units can be had for the price of 
their Model 100. They do an excellent 
job, albeit without the conveniences 
of the higher priced unit. It is equally 
obvious that even this expedient is 
still a fairly expensive proposition. 
The real answer to the playback of 
these fore and aft Dolby B Vanguard 
tapes, is in the IC chip of the Dolby 
B circuit being made by the Signetics 
Company. Presumably, with the intro- 
duction of this type of tape, there 

would be those manufacturers venture- 
some enough to incorporate two of 
these chips into an inexpensive four - 
channel stereo Dolby B Type noise 
reduction unit. I should emphasize 
that these Vanguard Dolby B tapes are 
not experimental. They are commer- 
cially available, and I have been told 
that most of the stores that had the 
tapes have already re -ordered. Thus 
encouraged, I think we can look for 
more of this type of tape from 
Vanguard. Among titles of the "double 
Dolby" Vanguard tapes available are 

. . . VSS-15 Tchaikovsky 4th Sym- 
phony, Stokowski conducting, VSS-l6 
Excerpts from Handel's Messiah, 
VSS-20 A Bach Organ Program, 
VSS-19 Aquarius (broadway show 
tunes), some Joan Baez and Buffy 
St. Marie material, and two demo 
tapes with a few sound effects and 
some Japanese rock! Listening to 
these fore and aft Dolby B recordings 
is a revelation, especially rewarding 
with the classical works, although the 
Broadway show tunes reel has enough 
dynamic range to make the use of 
Dolby worthwhile. What a pleasure it 
is to listen to the Tchaikovsky 4th and 
the Messiah tapes, with virtually no 
tape hiss from the front speakers, nor 
from the rear. These are true four - 
channel stereo recordings with the 
rear channels carrying ambient infor- 
mation. Heretofore, in recordings of 
this type, the rear tape hiss was not 
only very distracting, but in some 
cases was enough to swamp the am- 
bient information! The Bach organ 
works, which includes the inevitable 
D minor tocatta and fugue, as well as 
the Fantasia and fugue in G, is inter- 
esting inasmuch as it was recorded in 
Japan. The organ seems to be along 
the style of the bigger Aeolian -Skinner 
installations in this country. In any 
case it is a fine sounding instrument, 
and the recording is very well done 
with a judicious balance between organ 
definition and hall reverberation. 
Stokowski's interpretation of the 
Tchaikovsky 4th is highly indivi- 
dualistic, which will be praised by 
some and damned by others with equal 
fervor! Clean, powerful, strongly de- 
tailed sound in an acoustic perspective 
that seems a mite cramped for such a 
large ensemble. The Messiah excerpts 
are outstanding for their cleanness 
and the ethereal quality of the lovely 
pianissmos free from the tyranny of 
tape hiss. All in all, really a memorable 
listening experience. If you can afford 
it, discrete four -channel stereo tape 
with fore and aft Dolby B is the only 
way to fly! 
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Guaranteed to enhance any 
fine stereo system! 
(Following quotes from 20-12 owners' Warranty cards on file at Soundcraftsmen) 

"One of the best investments I ever made!!" ... "Even made a believer out 
of my wife" ... "I thought my system was the best sounding system going, 
but this equipment makes it sound un -real" ... "Incredible! Every system 
should have one" ... "Excellent - superb improvement of system" .. 
"One Hell of an improvement to what 1 thought was a good sounding sys- 
tem" ... "It would be a very great boon to anyone's stereo system -1 
love it" ... "Has made a big improvement in the sound of my system" .. _ 

"Great improvement to my system!!!" ... This is a very fine piece of equip- 
ment. It tremendously improves the sound of my system" ... "Can't believe 
how good it makes my set-up sound" ... "WOW!!! What a change in my 
system!". 

SPECIFICATIONS and SPECIAL FEATURES 
TOROIDAL and ferrite -core inductors, ten octave -bands per 
channel. 
FREQUENCY response: -+- 1/2 db from 20-20, 480 Hz at 
zero setting. 
HARMONIC DISTORTION: Less than .1% THD @- 2 v., 
Typ: -05% @ 1 v. 

IM DISTORTION: Less than .1% @ 2 v., 
Typ: .05% @ 1 v. 

SIGNAL-TO-NOISE RATIO: Better than 90 db @ 2v. input. 
INPUT IMPEDANCE: Operable from any source 100K ohms 
or less- (any Hi-Fi Pre -amp. Receiver or Tape Recorder.) 
OUTPUT IMPEDANCE: Operable into 3K ohms or greater - (any Hi-Fi Amp, Receiver or Tape Recorder.) 
CIRCUIT BOARDS: Military grade G-10 glass epoxy. 

RESISTORS: Low -noise selected carbon -film. 
RANGE: 12 db boost and 12 db cut, each octave. 
MASTER OUTPUT LEVEL: "Frequency -spectrum -level'" 
controls for left and right channels, continuously variable, 
18 db range, for unity gain compensation from minus 12 
db to plus 6 db. 

MAXIMUM OUTPUT SIGNAL: variable Master "frequency 
spectrum level" Controls allow adjustment of optimum 
output voltage for each channel, to exactly match ampli 
fier capability, up to 7 v. 

SIZE: designed to coordinate with receivers, comes in 
stalled in handsome walnut -grained wood receiver -size 
case, 514 x 18" x 11", or rack mount. 
WARRANTY: 2 -year parts and labor. 

t 1 

4.4;211.12 

$299.50 
includes walnut -grain 
cabinet, or rack -mount. 

FREE! 
The "Why's and How's of Equalization", 
an easy -to -understand explanation of the rela- 
tionship of acoustics to your environment. This 
8 -page booklet also contains complete specifi- 
cations, an editorial review of the 20-12 by J. 
Gordon Holt's Stereophile magazine, many 
unique ideas on "How the Equalizer can meas- 
urably enhance your listening pleasure," and 
"How typical room problems are eliminated by 
Equalization." 

rewoheifem 1310 EAST WAKEHAM 
SANTA ANA, CALIFORNIA 92705 
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Editor's Review 
Focus is on loudspeakers for this issue and we 
usually publish a Directory listing the various 
models and specifications. However, this time we 
decided to use the space for articles on design 
and performance-particularly regarding the ad- 
vantages and disadvantages of omni-directional 
sound propagation. Opinions differ widely-partly 
because of the compromises involved with the re- 
production of stereo sound, partly because of 
limitations of loudspeakers themselves and partly 
because of indefinable personal preferences. 

AM Hi Fi 

Recently, a number of letters have been received 
extolling the virtues of AM and pleading for 
better AM receivers. AM is not inherently in- 
ferior to FM and there are several stations in 
the broadcast band radiating wide bandwidth, 
clean signals. But they are in a minority and the 
quality of most AM stations is incredibly bad. 
It would be an over -simplification to say that the 
reason is a mercenary one but the desire to rope 
in the maximum number of listeners to hear the 
advertiser's message is certainly a factor. So all 
kinds of limiters, compressors and equalizers are 
used to get the loudest possible signal. It is also 
true that many station operators believe some 
signal processing is necessary because of the poor 
quality of many AM receivers-especially car 
radios. Some of the techniques were outlined by 
Irwin Fust, formerly Chief Engineer of several 
radio stations, in the November issue of Broad- 
cast Management Engineering-known to its loyal 
readers as BME. Mr. Fust says, "It may be desir- 
able to allow music to be broadcast with small 
limitations of dynamic range, but for most ma- 
terial some processing is necessary." After dealing 
with automatic gain control, asymmetric limiting 
and compression systems, Mr. Fust goes on to 
say, "Restricting the bandwidth of the transmitted 
signal will allow a considerable increase in the 
total audio power received by the listener while 
retaining the overall quality of the signal ... a 
high-pass filter cuts off any frequency below 100 
Hz and a low-pass filter cuts off any frequency 
above 7.5 kHz. These filters are commercially 
available." Some equalizers peaking at 5 kHz and 
300 Hz were described and then there was the 
following brainwave, "A little trick that can be 
done with some turntables it to increase the speed 
ever so slightly in order to give the recorded 
sound a `brighter' quality. Increasing the speed 

increases the pitch of the music and can produce 
a subliminal effect." Quite so, but the effect of 
all this processing is to alienate the music -lover 
and so there is no real demand for top-quality 
AM tuners or receivers. I have forgotten which 
prominent TV executive said, "The purpose of 
Television is to Sell," but AM radio reached that 
stage a long time ago ... . 

Men of Hi Fi 

Looking at the Men of Hi Fi transcript in the 
February issue, I suddenly thought, well, this 
is a nice photograph of Ray Dolby but I ought 
to have included one of Adrian Horne, so here it 
is. Adrian is Licensing Manager for the Dolby 
Company. 

Setting the Record Straight 

Percy Wilson's article on record care aroused a 
great deal of interest and we have been inundated 
with letters. One was received from Agnes Watts 
(widow of Cecil Watts) who says, "The Dust Bug 
was the first of our maintenance family of 
cleaners and it has never been claimed that this 
could deal with other than the dust in the groove 
being traversed by the Bug. Our Preener and 
Parastats were developed later and have been 
coping with dirty discs and maintaining clean 
ones successfully for many years. The disc wash- 
ing machines on the market depend entirely 
on our Parastat brushes for their efficiency as 
no other brush has been manufactured with such 
delicate skill which enables the most stubborn 
dirt to be removed without damage." G. W. T. 
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Introducing; 
Pickering, 
Headsets 

They make the difference for 
those who can hear it. 

You will hear the difference the moment you 
put them on. For Pickering has engineered a re- 
markable difference into these fine headsets. 

Their sound is unmistakably natural, imparting 
a fuller sense of realism to the music. And Picker- 
ing's attention to important details goes even be- 
yond the electro -mechanical innovations which 
result in their extraordinary reproduction per- 
formance. 

Nothing has been done in a perfunctory man- 
ner in the new Pickering headsets. Their match- 
less styling is the result of tasteful employment of 
color dynamics, making their appearance as im- 
pressive as their sound. They can be comfortably 
worn over long listening periods. From the na- 
tural conforming adjustable headband, to the 
softly comfortable ear cushions, right on down 
to the flexible heavy-duty plug-every detail is spe- 

cial with Pickering. 
When it comes to headphones, however, words 

simply can't do it. Demonstration does. Put ours 
to the test against any other comparable units .. . 

you'll hear the difference. 
ILLUSTRATED: Pickering Model PH -4955, a 
true two-way reproduction system with individual 
woofer and tweeter and L -C crossover network 
in each earpiece. Frequency Response: 22-20,000 
Hz. Hand -stitched foam -filled headband and ear 
cushions, coil cord and flexible heavy-duty plug. 
Only $59.95. Also available, Model PH -4933, with 
single full -range speakers. Only $39.95. 

For complete information write Pickering & Co., 
Inc., Dept. D, 101 Sunnyside Boulevard, Plainview, 
New York 11803. 

PICKERING 
Check No. 10 on Reader Service Card 
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It has long been known to physicists and audiophiles that 
the ideal loudspeaker would radiate sound equally in all 
directions, at all frequencies without any distortion. The usual 
visual image which is called to mind is that of a small pul- 
sating sphere, perhaps the size of a tennis ball. As this 
imaginary ball expands and contracts, it transmits a pressure 
wave to the air which then expands as a spherical wave of 
sound. Unlike wave motion in strings or on the surface of 
water, sound waves are three dimensional. 

The term "omnidirectional" applies to the three dimensional 
spherical wave pattern this ideal sound source would generate. 
This term has been abused in recent years by being applied 
to speakers that do not technically qualify as omnidirectional. 
Some have been omnidirectional only over a very narrow 
frequency bandwidth and most are not omnidirectional at 
any frequency. As a consequence, there has been little in- 
dustry or consumer excitement over speakers which have been 
introduced and labelled "omnidirectional". 

It is essential for true and valid omnidirectionality that two 
conditions be met: (1) Omnidirectionality at all frequencies, 
and (2) equal energy radiation in all directions-up, down, left, 
right, forward and backward. Omnidirectionality is NOT a 
substitute for other high fidelity specifications; it cannot 
compensate for poor frequency response or high distortion. 
It is of no advantage unless applied to wide frequency band- 
width. However, when the traditional high fidelity values of 
flat frequency response, low distortion, and wide bandwidth 
are embodied in a truly omnidirectional speaker, a major 
improvement in sound reproduction is achieved; the close 
approximation of the mythical ideal speaker, a Spherical 
Sound Source. 

Like all other historical advances in the art of high fidelity, 
true omnidirectionality provides a greater degree of musical 
realism and increases the aural perception of the listener. 
The psycho -acoustic effects of a stereo pair of true Spherical 
Sound Sources requires many hours of acclimatization, but 
once the listener's ear has accepted the more complicated 
aural impulses, the result is the most realistic perception of 
sound reproduction possible. 

It has become a well known fact in recent years, even 
among audio consumers, that a speaker providing the listener 
with a combination of direct and reverberant sound imparts a 
greater sense of spaciousness and realism to the listening 
room. A truly omnidirectional speaker carries this concept 
many steps further by providing the maximum possible re- 
verberant field effect, ie., the ratio of reflected energy from an 
omnidirectional speaker arriving at the ear from all directions, 
milli -seconds after the direct input, imparts an ambience 
and realism to the reproduced signal unequalled by any direct 
or partially reflective speaker. 

'EPI Inc. 

The amount of reverberant field effect of any speaker is 

determined by the amount of dispersion, especially of mid and 
high frequency energy, the amount of reflective versus absorb- 
ant surfaces in a listening room, and the speaker's position 
in relation to those reflective surfaces. In order to effectively 
utilize the maximum effect of reverberant field in an accept- 
able listening environment, a speaker must be able to accur- 
ately supply the listener's ear with two distinctly different and 
separately perceived aural inputs: the transient information 
and the tonal information. 

The transient wave form provides the brain with bits of 
purely digital information. The time of first arrival of the 
transient at each ear is compared and the difference between 
these two arrival times provides a directional analysis and 
the greater part of the stereo image. Without proper transient 
information the stereo image becomes distorted, possibly 
through exaggeration of the size of the image, possibly 
through a minimization of the difference between channels. 

The tonal information provides the brain with the actual 
musical overtones. The ear has the ability to act as a Fourier 
Analyzer and to separate all the complex tonal input into its 
actual frequency content. Even the most complicated har- 
monic structures and overtones are individually analyzed and 
then transmitted separately to the proper information pro- 
cessing sections of the brain, where the listener enjoyment 
of the reproduced musical signal occurs. 

As long as a speaker provides transient information that 
can be accurately identified by the ear, the presence of a 
reverberant field effect serves to multiply and enhance the 
tonal input from the original musical signal allowing the 
brain a longer period to identify and enjoy the complexities 
of the musical overtones. Therefore, the greater the reverb- 
erant field, the greater the psycho -acoustic pleasure becomes. 

The lack of accurate transient response from the speaker, 
or an unusual listening environment that would provide an 
extreme saturation of reflected sounds (the opposite of an 
anechoic chamber) could result in a muddy or blurred sound. 
The problem of transient information can be overcome with 
proper speaker design and an unduly high percentage of 
reflected sound would never be a problem in a normal 
listening room. 

In a closed acoustical environment such as a normal listen- 
ing room, an additional benefit of a spherical sound source 
is its ability to produce a field of sound, in much the same 
way that the earth produces a gravitational field. Because 
of the reverberant or reflective characteristics of a room and 
the psycho -acoustic effects of reverberation, the acoustic 
field produced is equivalent to a uniform field. In other 
words, there is no apparent source and no apparent change 
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The MD 441. 
So good it almost worried us. 
If we didn't have such good condenser microphones, we'd be 
worried. Because when it comes to perform- 
ance, the MD 441 doesn't 
leave much to be - 

desired. Espe- 
cially when you 
consider it's not 
a condenser 
microphone. 

The response curve may leave you uncertain, however. Smooth and wide, 
extending from 40 to 20,000 Hz. And a super-cardiod directional pattern 
whose traces at various frequencies look like an Olympic 
skater doing "school figures". 

The MD 441. Beauty more than skin- 
deep. Our design goal was ambi- 
tious: a microphone to satisfy 
performers and engineers alike. 
With remarkably critical reproduction .. . yet remarkably 
non -critical in use. 

One major problem: mechanical noise. While super-cardiod 
directionality is extremely desirable, previous dynamics of 
this type could not be hand-held because of mechanical 
noise and vibration conducted through the housing. However, in the MD 441, the 
problem is solved with a double housing. The microphone element, in an inner housing 
isolated by means of a compliant suspension, is shielded from mechanically conducted noise. Bringing 

studio 'quiet' into the performer's hand. 

Depth. Presence. And absence. To make the MD 441 even more practical and flexible, we added three 
more features. The first two are presence and bass switches, which offer a 5 dB boost at 5 kHz and 

five -position attenuation, repsectively, to selectively enhance vocals and instrumentals, while preventing 
'overemphasis of low frequencies. And, to provide optimum close-miking, the MD 441 features an absence 
of pops and proximity effect, due to its novel pressure -gradient design and integral windscreen. 

We could tell you more about the remarkable new MD 441 dynamic microphone. But if it's good enough 

to almost worry us, using it 

will likely delight you. 

m-_-- 

'OD WO 

J1EHEIER 
ELECTRONIC CORPORATION 

10 West 37th Street, New York, N Y. 10018 
Manufacturing Plant: Bissendorf, Hannover, West Germany 
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The AEC 343AX. 
Without a doubt, the most popular speaker 

we've ever made. 
Tinge and again, enthusiastic owners have 

written to tell us how very pleased they were with 
the 303AX. Fantastic ... outstanding ... beautiful... 
and remarkable were among the more common- 
place accolades, we received. 

As for the experts, they expressed their 
pleasure in more measured phrases such as, superb 
transient response, excellent high frequency 
dispersion, exceptionally smooth frequency re- 
sponse and unusually free of coloration. 

Obviously, a speaker like the ADC 303AX 
doesn't just happen. 

It is the result of continually designing and 
redesigning. Measuring and remeasuring. Improv- 
ing and then improving on the improvements. All 
with only one goal in mind ... 

To create a speaker system that prcduces a 
completely convincing illusion of reality. 

An& we believe that the key to this most 
desirable illusion is a speaker that has no character- 
istic sound of its own. 

We've even coined an expression to describe 
this unicue cuality ... we call it, "high 
transparency". 

It's what makes listening to music with the 
ADC 303AX like listening back through the speaker 
to a. live performance. 

And it is this very same quality that has made 
our very remarkable crowd pleaser the choice of 
leading audio testing organizations. 

Finally, when you consider that this unparal- 
leled combination of popular acceptance and critical 
acclaim is modestly priced at only $100*, you begin 
to appreciate just how very remarkable cur crowd 
pleasing ADC 303AX really is. 

*Oyler ADC high transparency speaker systems from $55 to $275. 

Audio Dynamics Corporation 
Pickett District Road, Mew M (ford, Connecticut 067.76 
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Science and technology as well as the arts have been 
characterized by controversy, and audio is no exception with 
such arguments as "pentodes vs. triodes" in amplifiers, the 
relative importance of measurements vs. listening tests in 
evaluating loudspeakers being typical. Sometimes the con- 
troversy is more imagined than real and derives its substance 
from insufficient knowledge, or over -simplification. It is 
the purpose of this article to discuss 'a recent "controversy" 
over the relative merits of omni-directional and "conven- 
tional" speakers. 

Ideally, the performance specification sheet for a loud- 
speaker should look the same as one for an amplifier, with 
the exception of a few physical descriptors of one that do 
not have an easily definable counterpart in the other (e.g. 
output impedance). A loudspeaker, however, propagates 
sound in a three-dimensional continuum, whereas the signals 
processed by the amplifier are propagated in one, a pair of 
wires. Because of this, an additional important set of data is 
needed to show how the acoustic power is radiated in the 
various directions. It is a statement which is not generally 
discussed in any great detail because representation of the 
data is cumbersome (imagine looking at sixteen frequency 
response curves depicting the performance as it varies with 
direction from the source). But, we would like to discuss 
this difference between the loudspeaker and other elements 
in the audio reproduction chain because it is basic. 

[t is possible to argue, because of the variety of available 
room placements, that a loudspeaker should radiate uniformly 
over a solid angle of between 77 and 47r steradians. Further, 
the power output in free space (not simply axial pressure vs. 
frequency response) may have a special form to account for 
the increase in output at low frequencies resulting from wall 
reflections. It is not acceptable to have a uniform radiation 
pattern over 47r steradians at low frequencies, becoming 
directional at middle and high frequencies in such a manner 
that the net result is a non -uniform pressure vs. frequency 
characteristic in the reverberant field of the listening room. 
And yet, this is not uncommon. 

Since non -directional behavior or controlled broad direc- 
tivity is nominally desirable, from where derives the prejudice 
in some quarters against omnidirectional speakers? First, 
some speakers considered to be omnidirectional are not, but 
instead are directed -reflected type radiators. Second, those 
who feel that omni's are deficient in certain areas may be 
making generalizations from a very few poor examples. We 
are not aware, prior to now, of the existence of true omni- 
directional speakers as serious contenders in the high per- 
formance speaker race. It would seem that omni's are put 
down in absentia-despite the fact that designers of conven- 
tional speakers generally strive to make speakers non -direc- 
tional over as much of the frequency range as they can manage. 

The question more properly may be, are there any true 
omni speakers? The answer is no. It is exceedingly difficult 
to produce a speaker that has uniform radiation over a 
spherical surface in the near field. What happens in the 
reverberant field (where people normally listen) is another 
matter. It is possible to produce a speaker which is essentially 
a true omnidirectional source, as heard in the reverberant 
field. It does not suffice, however, to place a number of driver 
units of individually indifferent frequency responses on the 
surface of a sphere and hope to get good results. True, omni 
behavior will result but at some cost in frequency response. 
Suppose we assume a good design-are there problems uni- 
* Design Acoustics 
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quely associated with omni's, and are they inherent? I do not 
think so, but a discussion of potential difficulties is worth- 
while. 

A true omnidirectional source must be either a point source 
(not possible) or a finite pulsating sphere (not practicable). In 
practice, an omnidirectional speaker comprises sources so 
small as to be non -directional as a consequence of their 
smallness, or sources of known directivity occupying a frac- 
tion of a "spherical" surface and equalized so that they 
radiate constant power vs. frequency, or some combination of 
the two. If there is any faulting of this approach it may be in 
the requirement for a multiplicity of sources. What happens 
is this: 

In the frequency range where a number of sources are 
radiating, the pressure vs. frequency response characteristic 
will be a function of the microphone position and, in general, 
will not be "flat". But this is not what we hear. We hear 
the integrated power output as modified by the listening 
room characteristics. This poses no problem, if the integrated 
power output is constant with frequency. There is a possible 
unlooked-for effect, however, with regard to stereophonic 
localization. If two multiple driver speakers are so placed 
with respect to the listener that he does not receive the same 
"free field" response from both, the stereo images will be 
imprecise. This may appear to be a significant flaw until 
one thinks more about the whole process of localization. 

Obviously, the problem is potentially most severe if the 
entire range is covered by a number of drivers, since then the 
non -uniform response with direction will extend to relatively 
low frequencies and have more of an effect on the stereo 
information received by the listener, if the speakers are not 
symmetrically positioned. (If only part of the spectrum is 

covered by multiple units, it is only the stereo information in 
this range that may be affected). But, this can be prevented 
by symmetrical speaker placement. Indeed, symmetry of the 
listener himself with respect to the two sources is essential 
to preserve the accuracy of the stereo images, since the 
process of stereo localization depends on the perception of 
time and intensity differences between the two channels. 
These intensity differences are in large measure vitiated by 
the movement off the axis of symmetry by the listener of 
approximately one foot. This is because a time of arrival 
difference of approximately I msec. makes necessary an 
increase of almost 10 db for the later source to be perceived 
as existing-lacking in this, the sound will appear to come 
entirely from the near source. Such const[aint on the listener 
is more restrictive than the requirement of symmetrical 
orientation of speakers. In fact, with omni-directional 
speakers the tendency to lose the stereo effect is less when 
the listener moves away from the axis of symmetry-a signif- 
icant advantage. 

Finally, the acoustic characteristics of the listening room are 
far more important than most people realize. Because the 
ratio of reverberant to direct sound from omnidirectional 
speakers is higher than that from more directional types, the 
effect of the room is correspondingly greater. Since many 
listening environments (e.g. some audio dealers' showrooms) 
are less than good acoustically, an omni speaker may come 
off second best in an A -B listening test with a more direc- 
tional type. However, for one who does not wish to be fixed 
in space for his listening enjoyment, and can provide a 
reasonably good acoustic environment, an omni-directional 
speaker system is definitely advantageous. 
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When stereo began its spectacular 
rise in popularity more than a dozen 
years ago I presented a paper before the 
Audio Engineering Society demonstrat- 
ing that Stereophonic Perspective could 
be improved significantly, regardless 
of listener position by proper design of 
the directional characteristics of loud- 
speakers. and their placement with 
respect to the listening area. The im- 
provement is explainable in terms of 
semi -directional polar patterns of con- 
ventional (e.g. "bookshelf -type") loud- 
speakers; it can further be enhanced 
with more strongly directional (e.g. 
"dipole" or "gradient") radiators'. A 
similar analytical and experimental 
process leads us to conclude that quad- 
raphony also benefits from properly 
positioned semi -directional and direc- 
tional sound sources. 

What about the role of "omni- 
directional" loudspeakers we hear so 
much about? It turns out that true 
omnidirectional radiation at all fre- 
quencies is difficult to achieve in 
practice; "semi -omnidirectional" per- 
formance, however, can be attained 
with relative ease. Omnidirectional 
loudspeakers obviously do not re - 

1. `Broadening the Area of Stereophonic 
Perception" Tenth Annual Convention of the 
A.E.S., N.Y., Sept. 29, 1958. 

2. B.B.Bauer, Jour. A.E.S., 8, 2, 91-94 (April 1960). 

'CBS Laboratories, Stamford, Cona 

quire directional orientation to cover 
a quadraphonic listening area reason- 
ably well and, therefore, often are 
able to provide quadraphonic per- 
formance superior to that obtained 
with improperly oriented semi -direc- 
tional loudspeakers; this is a very com- 
mendable attribute of systems intended 
for use by the lay public. On the other 
hand, omnidirectional loudspeakers can 
result in nasty wall reflection problems, 
and furthermore, any knowledgeable 
Hi-Fi enthusiast, or one who takes a bit 
of trouble to optimize loudspeaker 
placement, is apt to gain more satisfac- 
tion and improved quadraphonic per- 
formance with well designed semi - 
directional loudspeakers; or, if he is 
fortunate enough to obtain them or 
skillful enough to devise them-with 
properly designed dipole units. 

To provide a better understanding of 
the principles involved in applying 
directionality to quadraphonic loud- 
speaker arrays we discuss first the 
physics of omnidirectional or semi - 
omnidirectional, semi -directional, and 
directional loudspeakers. 

Omnidirectional Loudspeakers 
At first blush, it would appear easy to 

design an omnidirectional loudspeaker; 
actually the task is rather formidable. 
A truly omni-directional radiator is 
defined by a spherical surface which ex- 
pands and contracts radially equally 
and inphase. There are not many 
practical ways in which such a trans- 
ducer can be fabricated. One approach 
is to use a hollow sphere (or two abut- 

ting hemispheres) of suitably polarized 
piezoelectric material (e.g. poly- 
cristalline lead zirconium titanate cer- 
amic), including suitable internal and 
external electrodes to receive the elec- 
trical signals. Such a ball vibrates uni- 
formly radiating equal amounts of 
sound intensity in all directions. Un- 
fortunately such a transducer does not 
perform efficiently in air, (albeit it 
works fine underwater). 

To improve efficiency we can place a 
large number of small moving -coil 
loudspeakers on the surface of a sphere; 
but since the radiation characteristics of 
all the units must properly overlap, this 
approach turns out to be quite complex 
and expensive. Another possibility is 
to install a ring of small loudspeakers 
around a cylindrical drum, or even to 
place a single transducer on the end of 
the drum and to confront it with a 
reflector adapted to direct the medium 
and high -frequency sounds equally all 
around into the horizontal plane. Thus, 
from the truly omni-directional ceramic 
ball loudspeaker we progress in steps to 
various practical "semi -omnidirectional" 
designs which radiate sound relatively 
uniformly only in the horizontal plane. 

270° 

o° 

180° 

POLAR 

PATTERN 

Fig. 1-Polar pattern of an omni- 
directional speaker in free space. 

Graphically we show this uniform radia- 
tion in Fig. 1 by a circular "polar 
pattern," which signifies that the sound 
pressure radiated at a given distance 
in a 360° compass is constant. 

Next, we consider briefly what 
happens when an omnidirectional 
loudspeaker is placed near a reflecting 
wall or corner. In this circumstance its 
performance can best be analyzed by 
the method of virtual images. For 
example, in Fig. 2(a) the loudspeaker 
center is placed at 1 ft. from a reflecting 
wall. Because sound travels at a speed 
of 34,400 cm/sec, the wavelength at 
a low frequency, say 50 Hz, is 34,400/50 
= 688 cm (22.6 ft.)-much greater than 
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Sony offers you eleven individual 
choices in tuners, amplifiers and pre - 
amps, plus an infinite variety of com- 
binations. For every listening require- 
ment in every price range. We're 
going to tell you about two new low- 
priced models that offer all the tradi- 
tional Sony performance and value. 

The Sony TA -1055 delivers 23 +23W 
RMS continuous power into 8 ohms 
per channel, from20Hz to 20kHz. The 
power you pay for is the power you 
get, at every frequency from low, low 
bass (where you really need it) right 
up to the highest highs. And these 
Sony circuit features keep that power 

clean and quiet-direct coupled dif- 
ferential output and wide range, inte- 
grated circuit phono preamp. It has 
all the operating features, including 
such luxury touches as two sets of 
tape output and monitor connections 
(use one for an SQ decoder) with 
direct dubbing, front panel Aux and 
MIC inputs and slide controls. $149.50. 

The deserving tuner for the TA -1055 
is Sony's ST -5055. Its sensitivity is 
2.211V IHF, moderate by today's stan- 
dards, but when you combine it with 
a capture ratio of 1 dB, performance 
is outstanding. There's a high blend 
switch for quiet stereo reception of 

weak signals, built in AFC, signal - 
strength meter and switchable mut- 
ing. The price, including walnut fin- 
ish cabinet, $159.50. 

Each is the lowest priced tuner 
and amplifier offered by Sony. Imag- 
ine the performance and value offered 
by the nine other models. Sony's wide 
selection of deserving amplifiers and 
tuners goes right on up to the ulti- 
mate combination of the super -pow- 
ered 3200F, deluxe 2000F preamp, and 
5130 tuner at $1238. Visit your dealer 
and audition these Sonys. You deserve 
it. Sony Corporation of America, 47- 
47 Van Dam St., L. I. City, N.Y. 11101. 

All prices suggested retail. 

Sony Tuners and Amplifiers now start at $149.50. 
Check No. 14 on Reader Service Card 



the distance between the loudspeaker 
and its image (2 ft.). Both the real and 
the virtual source may be assumed to 
radiate inphase resulting in the doubling 
of sound pressure, with the polar radia- 
tion characteristic remaining nearly 
circular, as shown by the pattern 

I FT 

50 As 

OMNIDIRECTIONAL 
LOUDSPEAKERS 

Fig. 2 -Polar pattern of omnidirectional 
loudspeakers placed (a) near a wall 
(b) near a corner. 

labeled "50 Hz" in Fig. 2(a). In reality, 
real radiation is only outside the wall 
P shown in solid line. The virtual source 
and radiation being shown in dash -line. 
(The presence of this virtual source 
accounts for increased bass when a loud- 
speaker is placed near the wall). At 
higher frequencies, the wavelength X be- 
comes comparable with the distance 
between the loudspeaker and its image, 
resulting in interference patterns. For 
example, at 282 Hz the distance is pre- 
cisely 'h X resulting in total cancellation 
of radiation in a direction perpendicular 
to the wall, as shown by the polar 
pattern labeled "282 Hz." At other 
frequencies, different patterns will be 
generated. Placed in a corner, again at 

1 ft. from both walls, as shown in Fig. 
2(b), three virtual images are formed. 
Again, at 50 Hz the pattern is nearly 
circular, and the radiated sound pressure 
is increased four -fold. At 282 Hz, the 
radiation near the walls drops to zero, 
but the radiation along the diagonal is 
a maximum, resulting in a rather narrow 
polar radiation pattern. Again, at other 
frequencies different patterns will be 
formed. 

Therefore, the response from an omni- 
directional loudspeaker is rather un- 
predictable near reflecting walls or 
corners, suggesting that the presence of 
acoustical absorption on or near the 
walls may be desired to avoid the 
higher -frequency reflection modes. 

Semi -Directional Loudspeakers 
The majority of "bookshelf -type" and 

similar loudspeakers are semidirectional. 
This is to say, they are omnidirectional 
at low frequencies becoming relatively 
directional at high frequencies. This 
is illustrated by the way of example in 

Fig. 3 where at (a) is portrayed a loud- 
speaker consisting of a sealed box (popu- 
larly known as "infinite baffle") say 
12 x 20 in. in cross-section, enclosing 
a driver with a piston width W = 8" 
or approximately 20 cm. In actual 
practice the piston is circular or ellip- 
tical; but to make our example as simple 
as possible we assume it to be rectangu- 
lar with the long dimension perpen- 
dicular to the paper. 

At a low frequency, say 50 Hz, where 
the wavelength is much greater than 
the dimensions of the box, the particles 
of air displaced by motions of the piston 
move to-and-fro together in imaginary 
channels-much like water flowing from 
an opening, as illustrated by the stream- 
lines in Fig. 3(a). At a distance from 
the box, it becomes possible to strike a 
circular surface along which all the 
streamlines are distributed with a near 
equal density of flow, corresponding 
to equal sound pressure which expands 
in concentric circles away from the loud- 
speaker. Under this circumstance the 
loudspeaker behaves like an omni- 
directional radiator. 

STREAM- 
LINES 

191 

lel 

50-H2 
POLAR PATTERN 

/I 20° 

5000 Hz POLAR PATTERN 

Fig. 3-Polar patterns for a piston in 

closed box for (a) low frequency (50 
Hz) and (b) moderatelyhigh frequency 
(5000 Hz) 

As the frequency increases the wave- 
length becomes progressively shorter 
with the consequence that sounds from 
various portions of the piston are no 
longer inphase causing the radiation off 
the principal axis to be diminished or 
even to become completely cancelled. 
For example, consider the situation at 
5000 Hz where X is but 34,400/5000 = 
6.88 cm (2.7 in.). As may be seen in 
Fig. 3 (b), the wavelets from the center 
and edge of the piston in the direction 
parallel with the axis are in additive 
phase resulting in intense sound radia- 
tion forward of the piston; but at some 

angle, 0, the wavelets are found to be 
in phase -opposition causing complete 
cancellation. In the example given, 0 is 
readily found as follows: 

sin O = (X/2)/(W/2) = X/W (1) 
or, since X = 6.88 cm, and W = 20 cm, 
sin O = 6.88/20 = 0.344; or O = 20°. 
From its on -axis maximum, the radiated 
sound pressure progressively diminishes 
to zero as shown by the polar -pattern in 
heavy line in 2(b). It is obvious that, in 
this last example, we are dealing with a 
narrow directional pattern which is 
unsuitable for high -quality sound repro- 
duction at widely spaced positions in the 
room. To "broaden" the directional 
pattern sufficiently to obtain reasonably 
good coverage, we must restrict the 
upper frequency at which a piston is 
allowed to radiate. A workable rule of 
thumb for circular pistons is that the 
wavelength should not be less than the 
diameter of the piston. For an 8 -inch 
piston this corresponds to 1720 Hz. To 
provide a satisfactory radiation pattern 
to 20,000 Hz the diameter of the 
piston should no exceed approxi- 
mately 34,400/20,000 = 1.7 cm (0.68 
in.). 

At this point the reader might wonder 
why not use the small piston for all 
frequencies simply by making it work 
that much harder at low frequencies. 
This approach is counter -productive 
because the sound pressure generated 
at any given frequency at any point in 
space is related to the volume of air 
displaced by the motion of the piston, 
i.e. by its area multiplied by its linear 
vibration amplitude. Thus, an 8 -inch 
diameter circular piston vibrating with a 
'/4 -inch motion is apt to provide adequate 
bass sound; a 1.7 -cm diameter piston 
which has '%Z the area of an 8 -inch 
piston would have to have a 22 -times 
longer stroke for the same sound output. 
-or 51/2 in. which obviously is impractical. 

Thus, the designer is caught between 
the limitations of maximum allowable 
piston amplitude, at one end of the fre- 
quency scale, with the directional 
radiation problems at the other, and he 
has to allocate the range covered by 
each piston to a relatively limited band 
of frequencies. This explains why a 
superior loudspeaker system usually 
will employ several drivers of different 
diameters interconnected electrically 
with dividing networks to convey to 
each its proper portion of the spectrum. 
Typically, the response pattern of a 
good semi -directional loudspeaker is 
omnidirectional (circular) at low fre- 
quency narrowing -down to a 90°-60° 
included angle at about 1000 Hz and 
remaining within this range up to the 
highest frequency of interest, as various 
radiators of progressively smaller size 

24 AUDIO MARCH 1973 



KLH has always made a lot of very good loud- 
speakers. Now we make a lot of very good receiv- 
ers, too. And like our loudspeakers, our receivers 
deliver an inordinate amount of performance at a 

very modest price. For instance our new Model 
Fifty -Five is an AM/FM stereo receiver with power, 
dependability and every feature you could pos- 
sibly want-all for $199.95.* Team it with our nifty 
Model Thirty -Two loudspeakers and our new auto- 
matic turntable made especially for us by Garrard 
(includes base, dust cover, Pickering cartridge and 
diamond needle) and you've got a super sys- 

*Suggested retail price. 

tern for just about $300! Or step up to a pair of 
Sixes with the Model Fifty -Two. Or match a pair of 
Seventeens with the Model Fifty -One. Or simply mix 

and match them anyway they soured best to you. 
It's fun. It's easy. And it really doesn't cost a whole 
lot of money. So why settle for someone else's "bar- 
gain" system, when you can get the best for less? 

Complete KLH component music systems. At your 
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For more information on KLH components, write 
to KLH Research and Development Corporation, 
30 Cross Street, Cambridge, Mass. 02139. 

Now 
you can 

mix and match 
a 

KLH 
complete 

music system 
for as little as $300. 

11111111111 1 1 1 1 1 1 1 1111111111111) 1111111 Iluhlul® 
KLH RESEARCH AND DEVELOPMENT CORP. 

30 Cross St., Cambridge, Mass. 02139 

Check No. 15 on Reader Service Card 



Fig. 4-Typical polar patterns for a 

conventional semi -directional (e.g. 
bookshelf -type) loudspeaker at various 
frequencies. 

come into play, as shown in Fig. 4. Be- 
cause the baffle box diminishes the 
radiation toward the back at mid -fre- 
quencies, such a semidirectional loud- 
speaker is less bothered by reflections 
from the walls or corners, than an omni- 
directional unit. Without pretense of 
offering a treatise on loudspeaker de- 
sign, it should be noted that the polar 
pattern of a loudspeaker cone can be 
modified by shaping, adjusting com- 
pliance, adding acoustical lenses etc. 

Dipole Loudspeakers 
A dipole loudspeaker is simply a 

piston (e.g. loudspeaker mechanism) 
vibrating in open air without an enclo- 
sure to confine the back radiation. 
The efficiency of such a device is a 
function of frequency because the 
radiations emerging from each side of 
the piston tend progressively to cancel 
each other as the wavelength increases. 
Efficiency may be improved by adding 
to the piston a baffle, as shown in 
Fig. 5, which increases the distance be- 
tween the front and the back of the 
piston. It is easy from Fig. 5 to visualize 
that, in the perpendicular front, or 
zero degree direction, the back sound 
radiation has to travel an added distance 
D before it can proceed to the front; the 
added distance giving rise to a phase 
differential between the two waves 
producing a net sound pressure at a 
given point in space designated as Po. As 
we move in a circle to the 90° direc- 
tion, the radiations from both sides be- 
come equal and in antiphase; thus there 
is a zone of silence at all points on a 
surface S perpendicular to the axis. 
As one travels to the back, or 180° 
direction, the distance D comes again 
into play (except that this time, from 
front -to -back) resulting in a maximum 
sound pressure at P,80. It is not difficult 
to prove mathematically that as one 
moves around the circle, the pressure 

function follows a cosine law, the polar 
pattern taking on the form of two 
circles at both sides of the piston. To 
avoid an excessive loss of efficiency the 
dimension of the baffle should be no 
less than approximately '/,th the wave- 
length of the lowest frequency of in- 
terest. At high frequency the radiation 
from the piston narrows down in a 
manner similar to that described in Fig. 
3. Therefore, the highest operating 
frequency for any one piston should be 
that corresponding to a wavelength 
equal to its dimensions. An 8 -inch 
diameter loudspeaker installed in a 13- 

14 -inch baffle, has a satisfactory operat- 
ing range between 250 and 1700 Hz. 
A second, correspondingly smaller 
gradient loudspeaker would be needed 
to cover a range between 1700 Hz and 
10,000 Hz, etc. The polar pattern ob- 
tained with a composite gradient loud- 
speaker would then be approximated by 
the broadened circular outlines in Fig. 5. 

90° 

S POLAR PATTERN 
250-20,000 Hz 

, 

® ` .. ..... 

270° 

Fig. 5-Theoretical polar pattern of a 

dipole loudspeaker composed of pro- 
gressively smaller dipole elements to 
cover the full frequency range between 
250-20,000 Hz. (Below 250 Hz, an 

omni-directional loudspeaker is used). 

Experience has shown that response 
below 250 Hz can readily be provided 
with a conventional (omnidirectional) 
loudspeaker in an infinite baffle, without 
greatly influencing the aurally per- 
ceived directional characteristic of the 
gradient array. 

Thus, a practical dipole loudspeaker 
generally is omnidirectional below 
about 250 Hz, and exhibits a figure - 
eight pattern above 250 Hz, as shown by 
the heavy outline in Fig. 5. The fre- 
quency response of the combination 
must be carefully tailored to be "flat" 
overall. The biggest advantage offered 
by the dipole loudspeaker array is that 
it retains its cosine -law directional pat- 
tern over that portion of frequency 
which conveys the major part of direc- 
tional information i.e. between 250- 
20,000 Hz. 

A few dipole loudspeakers are avail- 
able commercially. Usually they employ 
electrostatic high frequency sections and 

a moving coil bass section. For the 
present, however, the majority of high 
fidelity enthusiasts will have to be con- 
tent with semi -directional loudspeakers 
to obtain the improved area coverage 
described below. 

Application of Directional Loud- 
speaker to Stereophonic Arrays 

The wrong and the right way of 
placing conventional semi -directional 
loudspeakers (e.g. bookshelf loud- 
speakers) for stereophonic listening is 

shown in Figs. 6 and 7, reproduced here 
from the paper referred to previously' 
with the kind permission of the Audio 
Engineering Society. In the first case, 
the loudspeakers are placed parallel to 
the front wall of the room. A listener 
at position P is at a greater distance 
from loudspeaker A than from the 
loudspeaker B. Also, the radiation 
strength of loudspeaker A in the direc- 
tion P, represented by the vector AQ, 
is smaller than the radiation strength of 
loudspeaker B in the direction BP, 
as portrayed by the longer vector BR. 
Thus, the loudspeaker B has two ad- 
vantages: The listener hears predomin- 
inantly the sound of B and very little or 
no sound from the loudspeaker A. 
Furthermore, any sounds panned in be- 
tween the two channels appear to move 
strongly towards B, because the Haas or 
"precedence" effect tends to credit 
the nearest loudspeaker with being the 
source of sound. 

f' 

Fig. 6-Relatively narrow stereophonic 
listening area is obtained with direc- 
tional loudspeakers placed parallel to 
the wall (Courtesy AES.) 

Next, we examine the operation of 
the improved placement method in 
Fig. 7. Here the listener at point P 
again is at a greater distance from A 
than from B. However, because the 
loudspeakers are at an appropriate 
angle with respect to each other and 
with respect to the listener at P, 

the radiation vector AQ in the direction 
AP is greater than the radiation vector 
BR in the direction BP. Thus, the dis - 
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Manufacturers often talk and write about 
performance specifications, particularly their 
wide frequency range, as an indication of their 
equipment's quality. But how does this relate 
to "listening quality"? Speaker manufacturers 
publish nearly identical specifications-but 
these are of interest only as theoretical 
abstractions, since no one can significantly 
rejate them to "listening quality." 
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tance effect is, in part, compensated 
by the directional effect. The sounds 
arriving from the two loudspeakers re- 
main in balance over a considerably 
broader area than is possible with the 
arrangement in Fig. 6. Also, the added 

Fig. 7-Broadened listening area ob- 
tained with directional loudspeakers 
angled towards the center (Courtesy 
A ES. ) 

signal strength from the farthest loud- 
speaker tends, in part, to compensate 
for the Haas effect thereby allowing a 
significant amount of common sounds 
to appear in between the loudspeakers 
avoiding the so-called "hole in the 
middle" effect. 

The solid line contours in Figs. 6 and 7 
represent the listening area within which 
the signal strengths from loudspeakers 
having radiation pattern as described 
remain within 3 dB of balance relative 
to each other. The advantage of the in- 
clined orientation is evident. For an 
average bookshelf -type loudspeaker, 
the included angle between the loud- 
speaker axes, for proper orientation, 
turns out to be approximately 120-130 
degrees. 

Wall Reflections with 
Dipole Loudspeakers 

We have shown, in a previous 
section, that omnidirectional loud- 
speakers under certain circumstances are 
significantly affected by reflections from 
the walls. Dipole loudspeakers, by con- 
trast, are relatively free of this problem. 

It has been seen from one of the pre- 
ceding sections that directional loud- 
speakers normally are placed at an 
angle to the walls enclosing the listen- 
ing area. Fig. 8(a) represents the polar 
pattern of a dipole loudspeaker placed, 
say, at 45° to a wall. It will be noted 
that a listener at P is subjected to its 
maximum output. This same listener is 
in a near -null orientation with respect to 
the virtual image caused by wall re- 
flection. Furthermore, with the dipole 
loudspeaker placed in a corner, as 
shown in Fig. 8(b), two of three virtual 

images are oriented with the null planes 
toward the listener, thus contributing 
relatively little to the sound pressure at 
P. Thus, the response characteristic 
produced by a dipole loudspeaker is 

apt to be less affected by room acous- 
tics than that produced by an omni- 
directional unit. It should be noted, 
however, that the "back" radiation of 
the gradient loudspeaker does exist, 
and while it may not be significant on 
first reflection, it may become so for 
subsequent, later, reflections helping to 
create a desirable "ambiance" effect. 
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Fig. 8-Angled dipole units (a) near 
wall and (b) near corner. 

Quadraphonic Arrays 
Following the example given pre- 

viously in connection with stereophonic 
arrays, the benefits of directional loud- 
speakers in quadraphonic listening will 
now be demonstrated. Fig. 9 portrays a 
quadraphonic listening area with 4 
omnidirectional loudspeakers placed in 
the corners. For the sake of simplicity 
we assume for the moment that there are 
no walls to cause directional cancellation 
and reinforcement problems. Thus, the 
polar patterns of the loudspeakers are 
shown as four circles concentric with 
the corners of the listening area (which 
forms a dash -line perimeter). That por- 
tion of the listening area where the 
sound pressure from any of the four 
loudspeakers varies no more than ± 3 

dB is shown by the diamond -shaped 
outline. 

Fig. 9-Quadraphonic listening 
area with four omnidirectional 

loudspeakers placed in the corners. 

In Fig. 10, dipole loudspeakers are 
used. The ,_73 dB contour is now in- 
creased substantially, reaching all the 
way to the edge of the square; thus 

Fig. 10-Quadraphonic listening area 
with four dipole loudspeakers. 

greatly increasing the positional free- 
dom of the listeners. Similar, but perhaps 
not quite as dramatic improvement is 
obtained with semi -directional loud- 
speakers in the corners facing the center 
of the area. On the other hand, if these 
semi -directional loudspeakers were to be 
placed squarely against a wall (instead 
of being angled), their directional pat- 
terns would tend to augment the effect 
of the inverse distance law causing the 
optimum listening area further to be 
restricted. 

The aforementioned analysis holds 
true even in conventional semi -reverber- 
ant listening rooms because directional 
localization depends principally on the 
sounds of first arrival. 

Conclusion 
Much remains to be learned about 

optimum design and placement of 
quadraphonic loudspeaker arrays. Om- 
nidirectional loudspeakers in vogue to- 
day are a partial answer to this problem 
-albeit one troubled by excessive 
dependence upon the acoustical charac- 
teristics of the room boundaries. Also, 
omnidirectional loudspeakers produce 
a relatively limited area of quadra- 
phonic perception. Directional loud- 
speakers-e.g. semi -directional or "book- 
shelf" types, and especially the dipole 
types, are apt to result in a more bal- 
anced sound field over a broader listen- 
ing area, but usually require some 
experimentation with orientation and 
seating arrangements. á. 
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Here at last is the development that once and for all will lay to rest the dispute over 
discrete vs. encoded recordings. The Sansui Vario-Matrix"-a technological exten- 
sion of the QS Regular Matrix-provides unbelievable front -to -back separation, to a 
degree never before possible with matrix recordings-separation so great that en- 
gineers have hailed it as the "discrete matrix." 

Two new units in the Sansui four -channel lineup-the QRX-6500 (Price: $699.95) 
and the QRX-4500 ($599.95) contain this outstanding new decoder. These full -fea- 
tured four -channel receivers have high power output (280 watts and 240 watts IHF), 
superb FM sensitivity, and are loaded with special features to make quad listening a 

totally trouble -free and fulfilling experience. 
The new decoder includes a position for Phase Matrix recordings, and both 

"Hall" and "Surround" positions for the QS Regular Matrix and for the synthesizer 
section, for accurate decoding of any quad matrix as well as creating quad sound 
from two -channel recordings. 

Other special features include a sound -field rotation switch, linear balance 
controls for front/rear and for left/right, and the capability to drive up to 10 speakers 
-all front -panel switch -selected. 

Treat your ears to a demonstration today at your nearest Sansui dealer. Your 
listening will never be the same again. 
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Aproper understanding of the 
mechanism of stereo perception 
requires extended reading, in 

general terms or at greater depth for 
those with a mathematical bent', but for 
my present purpose it can be safely stated 
that the accuracy with which stereo 
images may be localised by the listener 
depends on four factors: 

(i) Clearly differentiated electrical 
information in the stereo signal, given 
either by Blumlein-inspired coincident 
microphone techniques, or by unam- 
biguous amplitude pan -potting of dis- 
crete signals on to the soundstage. 

(ii) Use of identical or near -identical 
loudspeakers. 

(iii) An unobstructed sound path be- 

tween each loudspeaker and the listener's 
ears. 

(iv) Either an equal path length from 
the listener's head to both loudspeakers 
or. if the listener is placed to one side, 

a radiation pattern from the speakers 
which compensates subjectively for the 
resulting time differential. 

We must assume that the first condi- 
tion is satisfied, which is reasonable at 
least for the direct instrumental sounds 
in most modern recordings (almost 
invariably pan -potted), though not for 
the reverberation, which tends to be 
anomalous. Most good loudspeakers 
should satisfy the second point except 
for laboratory measurements, and the 
third requirement is a matter of 
common-sense usage. 

With perfect two -channel stereo repro- 
duction the full panoply of sound -sources 
is heard accurately displayed between 
and beyond the loudspeakers. This 
accuracy applies not only to the direction 
of individual instruments or voices, but 
also to their apparent widths. Now it so 

happens that in any system that is well 
balanced and has adequate electrical 
separation between signal paths, the 
performance with a central (double - 
mono) signal is a reliable indication of 
overall stereo accuracy. If a left -only 
signal produces a narrow sound image 
from the left-hand speaker, a right -only 
signal likewise from the RH speaker, 
and a double -mono signal produces a 

narrow image centrally placed between 
the speakers, then it follows automati- 
cally that a stereo signal will be repro- 
duced accurately right across the sound - 
stage. Unfortunately, this perfect stereo 
can normally only be obtained if the 
listener is equidistant from both speakers 
-that is, if he is in the `stereo set' placed 
on the apex of an isosceles triangle 
subtended by the speakers. 

Any reader who doubts this can try it 
for himself: it will be found that there is 

a precise listening line along which a 

double -mono signal is heard as a very 
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narrow and clearly detached sound - 
source. If this elementary first -step fails 
there is something faulty somewhere- 
either in the speakers, the room or the 

ears! Movement to one side from this 
ideal position normally causes two things 
to happen: (i) the image shifts more or 
less with the listener, and (ii) it broadens 
and is therefore less precisely located. In 
any system, insofar as mono does not 
sound as if it were coming from a 

separate central speaker, there is some 
falsification of stereo signals-an element 
of pseudo-stereophony. A major prob- 
lem in domestic sound reproduction is 

to minimise this effect over a reasonable 
listening area, thus providing good 
stereo for practical use in the home. 

The normal approach to this stabi- 
lisation of stereo images is to employ 
to best advantage any directional char- 
acteristics possessed by the speakers. 
Essentially, the central image (and 
everything else with it) becomes distorted 
when listening away from the bisecting 
line because one is then nearer to one 
speaker than the other, which gives its 
signals a time -lead. Because of Haas - 
effect (precedence -effect), this lead in 
time produces a subjective boost in 
loudness from that channel, which shifts 
and broadens the apparent sound -source 
in that direction. Now, if movement to 
one side resulted in a lower acoustic 
level at the listener's ears from the 
speaker on that side (and/or a higher 
level from the other side), the image - 
shift due to a time differential could be 
cancelled by a contrary shift due to the 
loudness change. This is the basis of the 
well-known Hugh Brittain loudspeaker 
placing', pursued more fully to over- 
come certain anomalies by Joseph 
Enock. 

Practical loudspeakers vary enor- 
mously in the shape and frequency - 
dependence of their forward radiation 
patterns, and since an ideal `Enock' 

speaker would have one particular lobe 
shape and no tendency at all to extra 
beaming at high frequencies, it is evident 
that the whole business is full of com- 
promise. However, with patience most 
conventional speakers can be made to 
perform quite satisfactorily in most 
rooms. Setting up may be a tedious 
business', and it may sometimes involve 
very curious angling as advocated from 
time to time by Ralph West in his 
speaker reviews. But my experience is 

that if one is prepared to sit fairly well 
back from the speakers and not unrea- 
sonably out to the left or right extrem- 
ities, it is possible to obtain good stereo 
over a sensible listening area. By 'good 
stereo' I don't mean the pin -pointed 
accuracy heard from the stereo seat, but 
a fairly consistent and well defined 
sound -stage of the sort associated with a 

double -mono signal that never shifts 
more than a third of the way towards 
one side or broadens to an angular 
width of more than about five degrees. 

What has all this to do with omni- 
directional speakers or their advertising? 
Taking the second point first, it is 
extremely relevant, for we have been 
shown families of seven people ridicu- 
lously huddled around one chair in the 
middle of a room whose only other 
contents are a pair of conventional 
speakers, an amplifier and a player. This 
is a gross falsification of the domestic 
listening situation, attempting to create 
a myth that until recently it has been 
necessary to upset one's living arrange- 
ments in this manner in order to enjoy 
the benefits of stereophony. Even a 

hi-fi dealer wrote to me in support of 
this extremist position, conceding that 
`there is a place for the lone listener in 
his throne the stereo seat' who can 
'choose from a mass of direct sound 
speakers ... but there are many more 
readers with a family and friends who 
like to sit round the fire -side', etc. Now 
it is true that sitting in a semi -circle 
around a fire does create difficulties for 
desiderata (iii) and (iv) listed earlier, 
but I suggest that this is only one special 
case among endless domestic possibil- 
ities, and that it is unfair to adopt such 
an extreme `either-or' attitude about 
those who listen to music in their homes. 

1. Stereophony by N. V. Franssen. (Philips 
Technical Library). 

2. Two -channel Stereophonic Sound Systems by 
F. H. Brittain and D. M. Leakey. `Wireless 
World', May/July 1956. 

3. Installation: Loudspeakers-pp. 223-229. 
`Hi-Fi in the Home' by John Crabbe (Bland - 
ford Press). 

4. Two Channel Quadraphony by David Haller. 
'Hi-Fi News', August 1970. 

(See also 'A New Quadraphonic System' 
David Haller, `Audio' July 1970.) 
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I n any case, stereo is really a fairly subtle 
husiness and can only be appreciated 
fully by those who listen to music-it is 
hardly necessary for background while 
sitting around the fire! 

The other important point about the 
adverts is thei rclaim that omnis surround 
the listener with stereo sound wherever 
he or she is in the room, obviating the 
supposed need for 'stereo seat' listening 
and implying that the type of stereo 
obtained on the bisecting line with 
conventional speakers is achieved every- 
where with omnis. This is where my 
earlier remarks about stereo perception 
come into the argument, for it can be 
shown both theoretically and practically 
that omni-directional. loudspeakers dis- 
tort the stereo sound picture more or 
less severely. 

Firstly, they cannot by definition offer 
a sound intensity pattern that compen- 
sates for precedence -effect because they 
radiate equally in all directions; thus 
even in an anechoic room there would 
be considerable shifting and broadening 
of a centre -stage image as heard by an 
off-centre listener. Secondly, in a normal 
room there is relatively little direct 
sound from omnis of the Sonab type 
(without any forward radiating unit) so 
that the ears are presented with a very 
complex series of confusing reflected 
wavefronts which upset the localising 
faculty. This means that even in the 
stereo seat a nominally central sound - 
source seems vague and broad in most 
rooms, the only really precise directional 
information (if the room permits any at 
all) arising from extreme left or right 
sounds. In my own sitting room, which 
is acoustically rather 'dead' compared 
with most and therefore relatively 
disinclined to scatter the stereo sound - 
picture, a pair of Sonab OA -5s was 
quite incapable of producing anything 
remotely approaching a narrow sound - 
source from a double -mono signal. On a 
stereo recording of a harpsichord con- 
certo on which a seemingly small solo 
instrument is contrasted nicely with a 
broad orchestral backcloth, the harpsi- 
chord stubbornly occupied the full space 
between the speakers as heard from any 
point in the normal listening area. 

This is not good stereo-it is hardly 
stereo at all-and I must beg to differ 
most strongly with critics who state that 
omnis 'do provide a good stereo image 
virtually anywhere in the room'. They 
do not and they cannot. Neither can they 
provide a satisfactory. and reasonably 
consistent frequency response from 
sample to sample, depending as they do 
entirely on the environment in which 
they are used; this is contrary to all good 
loudspeaker design criteria. Despite all 
this there are bound to be a few freak 

rooms in which it is impossible to ob- 
tain a satisfactory listening area with 
conventional speakers but which reflect 
the sound from omnis in a manner that 
happens to provide some compensation 
for Haas -effect in a pseudo-Brittain 
fashion. Any readers with such rooms 
(one was amongst my correspondents) 
may ignore the bulk of this article-but 
my general thesis stands. 

Some people not in this special 
category may nevertheless like the 
sounds produced and many will welcome 
the fairly constant type of sound pattern 
throughout the listening room that was 
mentioned and praised by Donald 
Aldous in his review of the Sonab in 
November. Some have referred to this 
review as if it vindicated their view- 
point, apparently failing to notice that 
Donald did not claim that the relatively 
stable sound -field represented good 
stereophony. Indeed, he scattered a 
fair number of serious doubts, stating 
that 'there is loss of definition and 
precise images', that it is 'true that 
stereo is often anomalous ... and this 
may prove disconcerting, especially to 
the more experienced listener', and 
that `it is essential that the reader should 
be aware that the contention concerning 
directionality, at least, is fallacious when 
related to sound reproduction'. It is a 
case of distortion that remains equally 
distorted from all points of view! 

I think that covers the objective side 
of the matter and explains why we 
commented so adversely on the Sonab 
advertising-though I see that more 
recently we have been asked to believe 
that these loudspeakers have some 
curious extra property enabling them to 
reproduce the quarter tone scale of 
Indian music that is 'too much for most 
systems'. It's certainly too much for me- 
I give up! 

On the musical and subjective side 
there is much more room for argument 
and maneuvre. Once the supporters of 
omni-directional speakers have admitted 
that they generally lose a lot of direc- 
tional information and suffer from rather 
extreme distortions of lateral perspec- 
tive, then I will admit that they may in- 
deed actually prefer this sort of sound 
and that they have every right to. But it 
must be understood that in terms of 
sound reproduction, of producing an 
accurate acoustic equivalent of the 
signals passing through the stereo am- 
plifier, omni-directional loudspeakers 
represent a firm step backwards. 
Musically, this may not seem to be the 
case but if so this can only be due to 
other limitations of two -channel stereo 
which are receiving partial compensation 
via the loudspeakers. This indeed is 
part of the Sonab philosophy, emanating 
from Stjg Carlsson, the argument being 

that in real life most of the sound energy 
arriving at our ears in the concert hall 
comes via reflections. This was outlined 
in the November review and is a point 
that has been made on many occasions 
when discussing the philosophy of stereo 
reproduction. It is basic also to the Bose 
loudspeaker, though this is in a rather 
different category to the Sonab, without 
the latter's flimsy construction and rather 
obvious colorations, and with at least 
one forward -facing drive unit. However, 
developments in quadraphony or 
pseudo -quadraphony promise a more 
satisfactory type of solution, taking us 
much closer to a live concert -hall atmos- 
phere than the rather unreliable use of 
multiple short room reflections via omni 
speakers. 

I am sure that it is this missing sense 
of all-round atmosphere that leads 
people to look beyond conventional 
stereo, with its sound -stage at one end of 
the room and no reverberation from 
around or behind the listener. But things 
are now on the move, and even limited 
experiments with 'difference' signals' 
can be a revelation in added spaciousness 
compared with the effects achieved by 
omni speakers. And there is no penalty 
to pay in the accuracy of spatial repro- 
duction on the forward sound -stage. 

Several of my correspondents were 
slightly offended by the phrase 'undif- 
ferentiated wodge of sound' used to 
describe the omni type stereo picture. 
The dealer whom I mentioned earlier 
pointed out that in his view this is 
just what many people want and that 
it gives a great deal of musical pleasure. 
Well, that may be so for some stereo 
beginners, especially if their taste is for 
big, lush orchestral music-Strauss 
tone -poems for instance just as up- 
ward -facing column speakers were all 
the rage for a while when stereo re- 
ordings were first introduced. We 
have been through all this great debate 
before; but gradually, as people listened 
more carefully and became more critical, 
they came to realise that what they 
thought was stereo was really little more 
than mono thrown around somewhat by 
two speakers-in fact an undifferentiated 
wodge. 

One reader claimed in a letter that 
omni speakers are 'as great an improve- 
ment over ordinary stereo speakers as 
stereo itself is over mono'. Well now, 
if this is so it would follow that to switch 
a pair of omnis from mono to stereo 
would be at least as revealing or 
dramatic as a similar switch using con- 
ventional speakers. But it is generally a 
good deal less revealing, for the simple 
reason that omnis dilute the stereo 
image and inflate a mono signal to the 
point where they are rather similar. 

Finally, a few words in favour of the 
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musical subtleties of conventional stereo, 
subtleties not demanding bisecting -line 
listening accuracy, but simply ordinary 
loudspeakers and ordinary seating 
sensibly arranged in an ordinary room. 

This was exactly what happened when I 

played the aforementioned harpsichord 
concerto recording: on conventional 
speakers in mono the whole orchestra 
and solo instrument appeared to occupy 
a fairly narrow band in the centre of 
the speaker wall, while in stereo the 
orchestra spread out correctly and 
grandly in its various sections with the 
harpsichord remaining of slender pro- 
portions at front -centre; on omni 
speakers in mono both harpsichord and 
orchestra appeared to occupy the whole 
wall, and in stereo the only change was 
a suspicion of upper. strings more 
prominent on the left. The moral of this 
story is that if you want a stereo record- 
ing to make an impression on omni 
speakers you must exaggerate the left/ 
right instrumental separation and 
minimise centrally placed sources for 
all you are worth-a thoroughly un- 
musical and reprehensible business, yet 
my same correspondent goes on to say 
that he `looks forward to the record 
industry catching up with the equipment 
manufacturers by producing records 
suitable for reproduction on these 
omni-directional speakers'. God forbid! 

listen to the sound first from the stereo 
seat and then from a point far enough to 
one side to shift and stretch the sound 
image unreasonably. My ears register 
a change of tonal quality which seems 
to be independent of HF beaming 
effects. Tone -colours are part of music, 
so this sort of thing must affect musical 
pleasure at some level. 

Much music demands, and some 
conductors use, spatially separated 1st 

and 2nd violins. Done discreetly, as on 
many recordings, the two string groups 
are placed to left and right of stage - 
centre, but not pulled apart ridiculously. 
A lot of delightful antiphonal effects 
are there for the hearing, but they are 
certainly less easily distinguished in a 
`wodge' of sound. Solo instruments set 
against an orchestral backcloth sound 
quite unnatural if stretched out in the 
manner of the harpsichord already 
mentioned; in violin concertos, partic- 
cularly, some of the musical drama is 

dissipated if the instrument's physical 
smallness is lost. This applies also to 
voices, especially in opera where both 
subtlety of movement or placing, and 
moments of high drama, may be lost or 
even contradicted in the proverbial 
sonic wodge. 

Complex many -stranded counter- 
point is sometimes difficult to follow 
without the aid of a score, especially 

when the music is for multiple divided 
strings and therefore unsignposted by a 
variety of instrumental timbres. Such 
music benefits from good stereo because 
of the audible but often subtle separa- 
tion in space. Finally, chamber music, 
and particularly the string quartet, which 
can sound so very convincing when well 
reproduced but quite vague and silly 
when distorted by omni loudspeakers. 
Anyone with experience of listening to a 
real quartet at fairly close quarters 
soon realises the absurdity of the 
freakish quasi -stereo offered even by a 
moderately differentiated `wodge'. 

This all means that sooner or later 
people will get fed up with omni- 
directional loudspeakers just as most 
people eventually abandoned their 
column speaker about ten years ago. 
(There is a possible analogy here with 
headphone listening, the present popu- 
larity of which-due to its consistently 
accurate stereo-could be a reaction 
against the vague stereo heard even 
from improperly used conventional 
loudspeakers.) Singers' mouths or solo 
violins several feet wide which cannot 
be placed at all certainly in an partic- 
ular direction are tiring and irritating 
to live with. They will come home to 
roost. This I know from personal ex- 
perience, having been a keen advocate 
of reflected sound not many years ago! /E 

umming up: there is no doubt 
that omni-directional speakers or 
systems that specifically use walls 

for reflection do give a more spacious 
kind of sound. Under the right cir- 
cumstances, one is less aware that one 
is listening to two loudspeakers. It is 
also true that this effect is achieved at 
the cost of definition. On the other 
hand, very directional loudspeakers 
give a sharp stereo image but the listen- 
ing area is restricted. In the early days 
of stereo (two channel) I maintained 
that the optimum dispersion angle was 
120 degrees but in these days of 16 - 

channel mixers and multi-mic tech- 
niques I cannot be so dogmatic. Stereo 
itself is an illusion and the program 

material goes through many processes 
of mixing, dubbing, equalising and so 
on. Some producers exaggerate sepa- 
ration, some transport the listeners to 
the conductor's podium and others try 
and give him the impression of being 
in the middle of the 10th row back. 
Then again, most of today's music is 
recorded in the studios-not the concert 
hall at all! Finally, there is the question 
of room acoustics. The room must be 
considered acoustically as an extension 
of the loudspeakers and what sounds 
superb in one room can be incredibly 
bad in another. 

Perhaps the best answer to some if 
not all of these problems lies with the 
intelligent use of the quadraphonic 

medium. This can give us a better sound 
image without relying on random room 
reflections or being so affected by room 
acoustics-especially standing waves. 
Moreover, as Jim Long stated in his 
recent article on microphones, "Four 
mic/four channel recording reduces the 
need for accent microphones. The 
ability of four -channel stereo to sort 
out a single event amidst complex aural 
confusion-if the recording is properly 
handled-can be downright uncanny!" 
The big question will be: What kind 
of loudspeaker radiation pattern will 
give best results with quadraphonic 
sound? My own tests indicate a dis- 
persion of 90 degrees but I am reserving 
judgment for the moment. G. W. T. 
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It was 72 years 
before Frederick Myers' dream 

would become a reality. 
Back in 1900, Frederick Myers 
dreamed that he could fill a room 
with dramatic music. But, he faced 
the same problem that plagued 
inventors for 70 years thereafter: the 
standing wave phenomena. 

When placed in your home, 
every conventional speaker produces 
a fixed emission pattern of sound 
waves. These waves reflect from your 
walls to "add and subtract" from the 
true original signals. In this way, 
standing waves alter the true 
dynamics and reduce the "live 
qualities" of the music. 

In 1971, the Leslie Speaker 
group of CBS applied for patents on 
special designs which-for the first 
time-effectively dealt with the 
standing waves. These patents are 
used exclusively in the Leslie Plus 2 
Speaker system. 

Here is what this breakthrough 
means to you. Now, you can hear 
music with a realism that is un- 
matched. You literally feel that you're 
in third row center of your favorite 
concert hall-no matter what part of 
the room you are sitting in. 

Also, you can achieve this effect 
with either stereophonic or quadra- 
phonic recordings! 

For further information on this 
unique system, just send in the 
coupon below, or visit your author- 
ized Leslie dealer. Sixty seconds of 
hearing the Leslie Plus 2 Speaker 
system will prove everything we say 
about it is true. Hear it for yourself 
...soon! 

SPEAKERS 

Leslie is a registered trademark of CBS, Inc. 

r 

LESLIE PLUS 2 MODEL 430 

LESLIE PLUS 2 MODEL 450 

Electro Music 
CBS Musical Instruments, A Division of 
Columbia Broadcasting System, Inc. 
56 West Del Mar Boulevard, Pasadena, California 91105 

1 Please send me additional information about the Leslie Plus 2 systems. 
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Edward Tatnall Canby 

Binaural sound for headphones is 

on the air! You have read about it in 
Billy G. Brant's article in our November 
issue (p. 34) and, earlier, in my own 
"Midwest Safari" last July (p. 56). In 
large areas of the country you may now 
crank up your FM tuner, plug in your 
phones and hear broadcast sound spe- 
cifically intended for headphones-not 
stereo. Binaural. But before we go much 
further there is a whale of a pile of con- 
fusion to sort out as to what binaural 
is and isn't. Moreover, we have a prob- 
lem of compatibility, if we are to broad- 
cast binaural software. 

Compatibility? Not in the equipment. 
In the software requirements, for loud- 
speakers and for phones. They are very 
different. True binaural sound, designed 
for headphone listening, is a law unto 
itself. You can take down and reproduce 
sonic situations in binaural that are 
utterly impractical in the loudspeaker 
mode. In fact the astonishing power of 
good binaural is right there-its extra 
impact in "impossible" situations where 
normal recording and broadcast tech- 
niques flounder. There's no end to the 
recording discoveries you can make 
when you set up your own pair of mics 
and listen back via phones to what 
you get. 

But on the air, this creates its own 
increasing problem. Because for every 
FM multiplex listener with phones on 
his head you will find another, or maybe 
a half dozen, sitting in front of loud- 
speakers waiting for something to hap- 
pen. They aren't aware of the difference. 
Or they have no phones-yet. 

So every binaural broadcast, now and 
for a long time to come, must be profit- 
ably listenable both on phones and on 
loudspeakers. That is a contradiction 
that seems to deny binaural its very best 
virtues. Oh, so you thought we already 
had headphone listening, with all those 
stereo broadcàsts and tapes and discs 
we've been hearing on phones? They 
call them stereophones, don't they? Ah 
yes. Confusion upon confusion. Not 
that stereo via phones isn't an attractive 
proposition to many listeners. Why else 
would they be buying phones? Even so, 

stereo heard in this fashion is only 
accidentally and in part binaural. (Some 
of the earliest stereo recordings, done 
with two mics only, make very good 
binaural.) The sound of stereo, in all 
its present complexity, has been specifi- 

cally developed for loudspeakers. The 
whole principle is different. You listen 
in a different way, and it is not merely 
the physical difference between phones 
on the head and speakers in the living 
room. 

Via loudspeakers, both your ears hear 
both channels, as reproduced out there 
in front by the speakers. The resulting 
dual -point "fix" in space, to your left 
and right, sets up the well known stereo 
phenomenon whereby you seem to hear 
a smooth spread of sound extending 
between the speakers and even out 
beyond to each side (and to the rear 
in quadraphonic stereo). It's a mar- 
velously useful illusion and a highly 
satisfactory way of listening. 

But binaural is a different alternative. 
Inside those phones, each of your ears 
receives one channel, exclusively, and 
not a trace of the other. No fixed sources 
out in front. You are in on the scene 
itself, hearing directly through surrogate 
ears, the microphones. If these mics 
were set up like ears (more or less- 
we are flexible in perception), a pair of 
mics ear -close, with maybe a surrogate 
head in between them, then you are 
there. With certain important and in- 
teresting reservations, you can hear 
precisely what your ears would hear 
on the spot. Any spot. Anywhere. In 
the most unlikely places. Once you 
have experienced true binaural repro- 
duction, you will not ever forget it. 

Yes, normal stereo does give a par- 
tially binaural effect through phones, 
which is enough to account for much 
of its appeal, over and above considera- 
tions of privacy and "surrounded 
sound". But the whole elaborate stereo 
recording technique is designed for 
maximum effectiveness in the loud- 
speaker mode of listening. Via phones, 
one channel exclusively to each ear, 
the effects are both exaggerated and 
subtly false-out of focus, out of regis- 
ter, confusing. Like looking through 
wavy glass. You can't pull it all to- 
gether, it won't quite fuse. The middle 
is vague and lacking, the sides pull out- 
ward, your music threatens to split in 
two. Individual sounds in the stereo 
mixdown appear too close, losing con- 
tact with the whole. Some sounds, in 
one channel alone (for one speaker), 
are heard in one ear and not in the 
other, and thus are rendered spaceless, 

drifting unattached inside the head. Like 

a fly speck on your spectacles. Very 
annoying. 

The more you listen to stereo via 
phones, the more you will notice these 
inconsistencies though, admittedly, many 
of us are not going to let ourselves be 
unduly bothered by them. Headphones 
are fun. Nevertheless-they are there, 
and for good reason. 

It follows that if you are out for 
binaural sound via broadcast, a stereo 
mic pickup is out of the question. Why 
bother to call it binaural, if it isn't? 
Binaural mic pickup uses a single pair of 
mic "ears" (though more complex 
techniques are possible). With them, 
you capture whatever sounds interesting 
to your ears, anywhere. No special 
close-up mic technique. No worry about 
interference noises, excess reverb, overly 
great distance. Binaural doesn't mind, 
if you don't. Anything whatsoever that 
is interesting to hear in the flesh, can 
be taken down for binaural reproduc- 
tion. You will not understand how 
utterly different this microphone tech- 
nique is until you have tried it out, 
until you have pushed it to extremes- 
say recording a conversation in a noisy 
and crowded cafeteria, or taking down a 

lecture at a distance of 100 feet or so- 
just to see how far you can go. 

But the further you go, the less pos- 
sible it is to broadcast your results, 
where loudspeakers may do some of 
the reproducing. That is the incompati- 
bility. 

Fortunately-if you have begun to 

digest these somewhat alarming 
thoughts-there are areas of overlap, 
where binaural for phones and standard 
sound for loudspeakers can both be 

served satisfactorily. It is my intention 
to analyze these very tricky areas for 
our mutual gratification. I've done a lot 
of experimenting and a lot of interested 
worrying on this score. I've been in 
binaural myself, off and on, for over 
twenty years and I am of course de- 
lighted that this essentially personal, 
private, individual way of listening 
should find a method of simultaneous 
distribution to a mass audience. That, 
after all, is basically what broadcasting 
is all about, even in its normal mode. 

My own visit to NCAE (National 
Center for Audio Experimentation) in 
Madison brought me squarely up against 
these questions. NCAE is in business, 
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already producing a line of finished 
binaural software directly intended for 
radio. My first thought was-do they 
know? Are they even aware of the diffi- 
culties of compatible binaural? Had 
they tackled the problem and found a 
solution? Or was this just a public- 
relations gadget? An old cynic, me! 
Plenty of people have barged into 
binaural feet first, all thumbs and no 
head. 

I'm glad to be affirmative. The answer 
is yes-NCAE knows what it is doing, 
even if their people don't talk about 
compatibility. Why should they? They 
have a product. If they've found a work- 
able procedure to their own satisfaction 
(they have), allowing for reasonably 
good loudspeaker playback and yet 
providing plenty of genuine binaural 
punch, then why lecture? Get the prod- 
uct out. (The lecturing seems to be my 

X 
X 

X A 

:n 
X 

B D 

Fig 1-Favorable mic distances 

A Favorable mono mic area 

B Favorable stereo mic area 

C Favorable binaural mic area 

D Optimum binaural mic area 

job, and I'm always willin'.) But do not 
think it is a cinch, this compatible sort 
of technique for a useful broadcast 
binaural. They are other approaches 
quite different from NCAE's. Yours 
may work just as well. But if you don't 
know your binaural fundamentals, you 
won't get far. Or, as I say, you will 
barge in feet first, and Heaven help 
you! What, then, are the favorable 
areas for an overlapping technique, 
taking in both phones and speakers, 
within which you must work to develop 
your own compatible binaural? Here 
are guidelines. 

I. FAVORABLE MIC DISTANCES 
FROM SOUND SOURCE. My Fig. 1 

shows an idealized conventional indoor 
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 source, on a stage. You may extrapolate 
to your own situation. A and B, sausage - 
like areas, represent areas of conven- 
tional mic placement (simplified) for 
mono and stereo, the stereo a bit further 
out. C, encompassing virtually the entire 
space and overrunning A and B, is the 
favorable binaural mic area for head- 
phone reproduction. D is the optimum 
binaural, out beyond the loudspeaker 
mic placement and, perhaps, in one of 
the "best seats in the hall". 

What this says is, first, that true 
binaural reproduction will be acceptable 
from virtually anywhere in the hall (or 
other area) where the sound itself is 

acceptable to living ears. You get what 
you hear. And, second, that the optimum 
"best seat" is where it ought to be, 
well out from the normal loudspeaker 
mic location. Third: a compatible pickup 
may thus be made from a position at 
the extreme outer fringe of the loud- 
speaker -favorable area or a trace 
beyond. The binaural sound will then 
be OK. By manipulation of other factors 
(below), it can even be quite dramatic- 
and compatible, too. 

Il. DIRECTIONAL AREAS OF 
PRIMARY LISTENING INTEREST. 
Another and different factor. Here there 
is an astonishing disparity between the 
loudspeaker areas of favorable direc- 
tionality and those for headphone 
binaural. Yet you still may have your 
cake and eat it. 

In Fig. 2, A (mono) and B (stereo) 

A 

C 

B 

Fig 2-Areas of primary listening 
interest 
A Primary mono interest-frontal 
B Primary stereo interest-frontal 
C Primary binaural interest-to the 
sides 

indicate the idealized normal frontal 
directionality of interest for loud- 
speaker sound, and the means for micro - 
phoning it, again simplified. Via 
speakers, program material is always 
frontal in playback. (Most quadraphonic 
sound is, too, though by no means all.) 
And this even though you may actually 
set up your mics in all sorts of directions, 

before specially -placed sound sources. 
Whatever you do, the playback always 
comes out frontal. 

C in Fig. 2 indicated, in contrast, the 
very peculiar areas of primary interest 
in headphone listening. They are not to 
the front, but to the sides. Indeed, front 
(and rear) directionality, while perfectly 
clear in the sound, tends to be perceived 
curiously as overhead, or indefinitely 
nowhere in particular. Anywhere but 
out in front. It is extremely difficult 
to place a binaural sound squarely in 
front. On the other hand, it is easy- 
and effective-to place it on either side. 

This immutable fact of binaural 
reproduction is still not too well under- 
stood though it has been the subject 
of massive research. The effect is not 
appreciably altered by a between-mics 
"head", like NCAE's "Herman", nor 
for that matter, by "Oscar", a pains- 
stakingly realistic German research 
model head with tiny mics buried 
inside ear canals. You still hear best 
to the sides; you are vague as to fron- 
tal placement. Even with no "head" 
at all, just the two mies, your percep- 
tion is not appreciably different in this 
respect. To my knowledge, no practical 
way has yet been devised to bring 
accurate front placement of sound to 
headphones. It doesn't really matter, 
for us at least. You will not notice the 
lack, if the material is well presented. 
You will notice the dramatic realism 
of any sound off to one side of you. 
So-we program for the sides, as well 
as we can. 

Directional compatibility, for phones 
and loudspeakers, is thus a matter of 
providing multiple directionalities. Not 
difficult, once you get the idea. First, 
your main information must be up 
front but may be spread out between 
the normal stereo angles, approximately 
45 degrees, though with emphasis on 
the angled sources, to please stereo 
listeners. (A correct mic distance is 
here taken for granted, as per I. 
above.) Second, other sounds, pref- 
erably incidental and small, are added 
to extreme right and left, beyond 45 
degrees. (But never in one channel 
only!) They should be light enough not 
to impede loudspeaker listening, which 
requires low incidental noise, but 
definite enough to register, dramati- 
cally, at the sides of the headphone 
listening space. 

These sounds serve to frame, or set 
off, the main up -front material, which 
will be vague in direction in the 
phones. You have a wide choice-delib- 
erate faint coughts, throat -clearings, 
rustling of paper, shifting feet, squeaks, 
scrapes, clinking of ice in glasses, 
even breathing sounds. Startling, via 

Where it at 
There's more to the TASCAM board than 
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binaural! Yet, if low in volume, they 
are not an impediment to communica- 
tion in the loudspeaker mode. You 
must use your judgement, experiment. 
It depends on the needs of the mo- 
ment. Just remember (a) to keep your 
incidental sound effects highly direc- 
tional, to the sides, (b) adequately low 
in level, and (c) preferably close at 
hand. Tiny noises close to one side 
are absolutely startling in binaural 
playback. 

Directionalities of this sort are 
normally set up in real time and space, 
an "instantaneous" recording or broad- 
cast. They may, again, be alternatively 
mixed down via pan pot techniques 
and the like. NCAE's prerecorded 
"sound beds" should be very useful for 
such situations-but they must be used 
with extreme care, as NCAE will tell 
you. Binaural does not like blends. 
They don't blend, unless very carefully 
matched. 

Note that a wide sound -spread of 
directional sources is obviously best 
served by omni mics. For binaural, I 

use nothing else. They pick up the 
side information that I want. You may 
need to use cardioids, to reduce excess 
ambience (for loudspeakers) or to 
increase channel separation. Don't 
expect them to get side information. 
You may have to mic the sides sepa- 

/AGS 

rately. But note again that multi-mic, 
multi -layer techniques are very chancy 
in binaural, as of present knowhow. 
You will be wise to stick to two mics, 
omni, until you have found out better 
tricks by experience. 

III. OPTIMUM MIC SEPARATION. 
Here is an interesting third factor, 
optional in use, which can be im- 
mensely helpful for compatible record- 
ing/broadcast of indoor staged events 
such as concerts. It cannot be used, of 
course, if your two mics are fixed in 
their separation by some kind of per- 
manent mount, as in NCAE's "Her- 
man" with the oblong head between. 
You will have to eliminate the head- 
no great loss, aesthetically speaking, 
especially for music with ambience. 
(The head serves in part to cut down 
ambience.) Your ears will be satisfied 
merely by the fact of two channels and 
a binaural separation. 

How far apart? How close? The 
minimum mic separation for binaural 
effect is astonishingly small. Mics set 
only an inch or two apart still produce 
a decided binaural effect in phones. 
More practically, you may stretch the 
separation beyond ear -distance. I have 
found that in an average indoor hall 
a distance of three or four feet between 
mics still produces binaural fusion. 
Beyond that, the channels separate, 
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you begin to "hear double" and lis- 
tening becomes tiring. A real stereo 
spread-twenty feet or more-is thus 
out of the question. 

But at around four feet, you will 
Find, you may have a very acceptable 
loudspeaker stereo (assuming good 
mic distance again) and binaural too. 
While at ear distance, around eight 
inches of separation, your stereo on 
loudspeakers is nil, and might as well 
be mono. So-try "enhanced binaural" 
as I call it. The binaural effect is of 
course exaggerated. You are listening, 
so to speak, with a very swelled head. 
But we should all know that exaggera- 
tion is the spice of drama! Your 
"enhanced" binaural will be hi - 
powered and you will keep your loud- 
speaker listeners happy, too. 

With much circumspection, you may 
try accent or solo mics, to help the 
loudspeakers where soloists are too 
distant. (They are OK anywhere in 
binaural.) Close mics are a familiar 
device in loudspeaker -intended sound. 
But you are likely to get violently 
unnatural effects in your phones. Your 
solo singer may suddenly be dangling 
directly over your head at about three 
feet distance, bellowing at you as 
though suspended from wires. That's 
the sort of thing that happens when 
you miscalculate your binaural. (Well, 
if you like it that way, it's all right 
with me. Just be forewarned ... ) 

* * * 

There you have three discrete vari- 
ables to play with, Mic distance, 
Source Directionality, Mic Separation. 
Each can be manipulated for good 
compatibility. But the pay off is in 
their simultaneous use. If all three 
are optimum, you can have strikingly 
effective headphone sound and good 
loudspeaker sound too, with no 
seeming compromise whatsoever. Most 
good art, remember, is a matter of 
canny accomodation-using what you 
have to maximum effect. 

I once made a tape of a choral 
rehearsal which I throw at you (in 
words) as a helpful example. There 
were some hundred singers, sopranos, 
altos, tenors, basses, seated in a large 
half circle around the conductor, a 
piano off behind. The music was 
Bach's B Minor Mass, and the conduc- 
tor stopped often to exhort and ex- 
plain. He has persona, as they say. I 

wanted him, too, as well as Bach. So I 

set myself up (that is, my mics) directly 
to his left, only a few feet from his 
podium. Here is how I met the condi- 
tions I've mentioned for optimum 
compatibility, though in fact this wasn't 
my intention at the time. Just experi- 
ment. 

(Continued on page 55) 
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Boom Boon. 

We've taken our most versatile, best -performing unidirectional studio micro- 
phone, the Shure SM53, and made it even more versatile by developing a 
complete boom accessory system that equips the SM53 for every conceiva- 
ble boom and "fish -pole" application! Shure design engineers started with a 
major breakthrough in design: a small, lightweight, extremely effective 
isolation mount. They developed a super -flexible isolation cable, a pair 
of highly -efficient front -and -rear windscreens, and a 20" boom extension 
pipe. Finally, they developed a complete boom assembly that com- 
bines unusually small size with superb control and noise isolation. 
Result: an accessory lineup that makes every Shure SM53 studio 
microphone a complete microphone system! Write: 

Shure Brothers Inc., W' 
222 Hartrey Ave., Evanston, III. 60204. 
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THE LA\GUAGE OF HIGH Fl 

Part IX Rccorc plc 
Martin Clifford 

Thomas Alva Edison has been cred- 
ited with many inventions, but he 
gathers no plaudits for being one of the 
progenitors of a portion of today's hi- 
fi systems. And yet, almost 100 years 
ago (1877 to be exact) he had the idea 
that sound waves could be represented 
by the displacement of a stylus. This 
concept isn't at all outrageous if you 
consider that sound waves comprise 
rarefactions and compressions of air 
molecules. The amount of sound (its 
volume or intensity) is the deciding 
factor in determining the total move- 
ment of the stylus. Edison used tinfoil 
wrapped around a cylinder as his re- 
cording medium (Fig. 1). The number of 
indentations in the foil, and their depth, 
produced by a cutting stylus riding pro- 
gressively on top of it, was determined 
by two factors-pitch and sound in- 
tensity. A reverse process was followed 
to recover the sound. A stylus riding in 
the grooves produced by the cutting 
stylus would wiggle in a somewhat 
reasonable approximation of the shim- 
mies of the original recording cutter. 
We can't afford to be patronizing about 
it, for despite the fact that it preceded 
radio and television by many decades, 
it is still the same system we use today- 
with some changes, of course. A little 
humble pie is good for the hi fi soul. 

Edison's recording cylinder concept 
digressed into office machine recording 
equipment, while spirally grooved flat 
discs or records were used for home 
entertainment purposes. However, those 
early phones were purely mechanical, 
operated by spring -wound motors, with 
everything in a happy state of resonance. 
The stylus, referred to as a needle and 
made of steel, reproduced the music and 
so did the device that held the stylus. 
There were no amplifiers for the entire 
mechanical assembly supplied music. 

y 
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Some of the sound was also conducted 
to a box or chamber faced by a pair of 
wooden doors mounted on hinges with 
the amount of door opening constitut- 
ing the volume control. Life was simpler 
in those days provided you understand 
that simplicity is not a synonym for 
better. The sole criterion in making a 
phonograph purchase was loudness. 

The basic difference between those 
yesteryear reproducers and today's is 
that the mechanical movement of the 
stylus is converted, not directly into 
sound, but rather into an electrically 
equivalent signal. The signal is then 
amplified by a voltage amplifier or 
pre -amp followed by a power amp and 
into a speaker system. Modern units, 
then, are transducers, changing the 
mechanical energy of the moving stylus 
into electrical energy. 

The Record 
On a stereo disc the sound information 

is contained in the two walls of the 
microscopic grooves. One of these, the 
inner wall or the wall closer to the center 
hole of the record, carries information 
for the left stereo channel. The other 
or outer wall is used for the right chan- 
nel, with the two walls forming an angle 
of 90° (Fig. 2). 

The Record Playing System 
A record playing system consists of a 

turntable, a motor to rotate it, a stylus, 
a cartridge and a tonearm for holding 
the cartridge. These are the basic ele- 
ments and that is what you get when you 
buy a record player. But, as in the case 
of automobiles, there are all sorts of 
options: speed changing components, 
mechanisms for raising and lowering 
the tone arm, and supplementary de- 
vices working as aids in tracking and 
stylus pressure. 

,..100, 
w 

Fig. 1. First sketch by Thomas A. Edison 
of the phonograph. 

MOVEMENT OF STYLUS 

b 

a: LEFT SIGNAL ONLY 

b: RIGHT SIGNAL ONLY 

c: LEFT AND RIGHT SIGNAL OF ANTI 
PHASE 

d: LEFT AND RIGHT SIGNAL OF 

SAME PHASE 

d 

Fig. 2. Stereo grooves and stylus move- 
ment. 

Motor and Drive System 
The job of the motor sounds simple 

and that alone should make us suspic- 
ious. Simply rotate the turntable platter 
at a constant speed, usually 33-1/3 and 
45 rpm, preferably not simultaneously. 
But the motor/platter combination isn't 
electronic; it's electromechanical, and 
so, like any other moving mechanical 
system, there is always the possibility 
of wobble, inaccurate speed, drifting 
speed, and slow starting. A motor, 
operated by AC, is comparable to turn- 
ing a large wheel by hitting it along the 
side at regular intervals, and so running 
a motor on AC is equivalent to using 
a pulsating torque process. This sort of 
torque can cause the turntable speed to 
change rapidly. The unhappy result is a 
form of frequency modulation of the 
reproduced sound known as flutter. 
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EPIC LINEAR SOUND. 
YOU HAVE TO SEE IT TO BELIEVE IT. 

Everybody talks about 
linear sound. 

But only EPI has EPI's 
Linear Sound. And there's a 
difference. 

CURVE"A" 
See the curve marked "A" 

on our linear response graph? 
We recorded curve "A" in the 
usual manner, placing our microphone (a B&K .VLodel 
4133) directly in front of our EPI speaker. 

That's a remarkable thing, that curve"A". Frcm 
way down on the bass end all the way up to the higi 
treble end, it's practically a straight line. 

\X'hat you see is what you hear: a pure, uncolored, 
natural sound from top to bottom. With nc ar-ificial 
boosting of the bass to impress the innocent. And the 
nuances and overtones at the treble end that, an or.Iinary 
speakers, just fade away. 

CURVE "B" 
Now look at curve "B", and you'll see something 

even more remarkable: another virtually straight Lr_e. 
What's remarkable about this is that curie "B" 

This is wha- EITB Linear Sound koks like. 

was recorded by placing our 
mike at a point 60 degrees 
off axis. So EPI's speakers dis- 
perse Linear Sound not just 
straight ahead, but in all direc- 
tions, and at all frequencies. 

In fact, up to 15KHz, the 
off -axis dispersion is down only 
an average of 3db. This is the 

result of EPI's unique one -inch linear air spring tweeter. 
What does that mean? 
It means that when you're listening to music, you 

can sit anywhere in tie room, and you'll be hearing that 
big, fui, natural sound 
you've just seen on our 
graph. 

EPI's Linear 
Sound It comes out of 
eight great speakers, 
from $55 to $1(00, 
made cnly by Epicure 
Products Inc., New- 
buryport, Mass. 01950. 

LINEAR SOUND 
IS FROM EPI. 

FP 

This is what EPI's Linear Sound dispersion looks lii:e. Check No. 25 on Reader Service Card 



Manufacturers specify flutter in terms 
of percentage. Good units will have a 
flutter of less than 0.1% with many down 
to below 0.05%. 

The motor isn't the only flutter villain 
in this drama. It can be caused by such 
less obvious things as a record with a 
slightly eccentric hole, or some minor 
defect in the drive system, or a turn- 
table that isn't perfectly flat. To check 
whether it's the system or the record, 
try a number of different records. They 
can't all be bad. 

Flutter is actually a signal generated 
by a record reproducing system and 
imposed on the sound recorded in the 
disc. And as such it can have a number 
of different pitches-that is, frequencies. 
Flutter having a very low frequency is 
called wow because this was the excla- 
mation of the individual back in re- 
corded history who first heard this form 
of distortion, and because that is the 
word that closest describes the sound. 
To minimize flutter, manufacturers use 
heavy platters with some form of drive 
isolation between the motor and the 
platter. Manufacturers also specify the 
weight of the platter, but this in itself 
isn't enough. A more meaningful figure 
is the ratio of the mass of the turn- 
table to the motor. And so a heavy 
platter isn't necessarily a guarantee of 
minimum flutter. There are brighter 
ideas than that of using a VW engine to 
drive a 10 -ton truck. 

Nevertheless, there is a good argument 
for making the turntable platter as large 
and heavy as the motor torque will 
permit. Once in motion such a platter 
serves as a flywheel and keeps the speed 
constant by its own inertia. Turntable 
platters are made of pressed steel plate 
or die-cast aluminum alloys. The alumi- 
num alloy platter is preferable since it 
will not become magnetized by the 
motor's magnetic field. And manufac- 
turers like it because it is easier to 
machine than steel. However, if the 
heavy platter is to take advantage of 
fly -wheel effect, it must be accurately 
balanced, comparable to the idea of 
balancing an automobile wheel. 

The Motor's Code of Behavior 
The motor must meet six conditions. 

It must rotate at a specific constant 
speed; this speed must remain constant 
for varying line voltage conditions and 
for varying load conditions (that is, 
whether the tonearm is resting on the 
record or not); it must not vibrate; it 
must have sufficiently powerful torque 
(rotational force) so that it maintains 
its speed at the precise moment the 
stylus makes contact with the record 
grooves; it must not produce any mag- 
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Fig. 3. Idler drive system (above) and 
belt drive system (below). 
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netic flux leakage as this can induce 
hum in the pickup system; and it must 
be able to work for hour after hour, if 
required. There are also some incidental 
conditions. The motor must not over- 
heat. It must be absolutely quiet. It 
must be able to get the platter from a 
condition of zero rotation to required 
speed in the minimum amount of time. 
It must be troublefree for as long a time 
as possible. The motor represents the 
guts of a record player and like its 
human counterpart, must never intrude. 
At least not in polite society. 

The absolute speed of a turntable 
platter is the unchanging speed at which 
it rotates over a period of time. If this 
speed is a constant 33 rpm when it 
should be 33-1/3 rpm, it is unlikely you 
would notice the difference. What is 
more serious is the short term speed 
stability. If a platter has an operating 
speed of 33-1/3 rpm with this speed 
representing an average, with a variation 
above and below this figure, then the 
platter is speed wobbling with 33-1/3 
rpm as its rotational average, not a good 
situation at all, either for the motor, or 
for the listener. 

Only two types of AC motors can 
fulfill all the motor requirement con- 
ditions for record players-the induction 
motor and the synchronous motor. Of 
these, the induction motor is used 
mainly for low-priced turntables since 
its speed can fluctuate with load varia- 
tions, but this can be overcome with 
some kind of regulatory mechanism. The 
synchronous motor has its speed locked 
in to the AC line frequency and there- 
fore is constant, even if the line volt- 
age fluctuates. Power line frequency can 
shift, but deviations are small and the 
average is excellent. Looking at an 
electric clock is equivalent to an expres- 
sion of faith in the frequency stability 
of your local power company's gener- 
ators. 

A special-and substitute expensive 
for special-variation of the synchronous 
motor is the hysteresis synchronous. Its 
features include freedom from vibration 
and noise -free operation. A more recent 
motor design is the brushless DC servo 
Hall motor, using Hall elements, a kind 
of semiconductor. DC motors for turn- 
tables require switching devices, such 
as a mechanical commutator, but the 
DC servo Hall motor uses Hall elements 
instead. The Hall motor has large 
torque, causes no electrical or mechani- 
cal noise. The advantage of a DC motor 
is that it is free of the torque pulsations 
associated with induction and synchro- 
nous motors. 

The operating speed of the motor is 
another important consideration. Many 
motors turn at 1800 RPM, but there 
are some available that work at 600 
RPM, 300 RPM, and at still slower 
speeds. The lower the speed, the less 
opportunity for such hazards as wow 
and rumble. Rumble is a low -frequency 
noise heard in the reproduced sound, 
caused by the motor, or parts associated 
with it. In operation, the motor can 
vibrate at a low -frequency rate, a vi- 
bration that can be transmitted to the 
platter, and thence to the stylus, pro- 
ducing a form of sound modulation. 

Not alI manufacturers indicate amount 
of rumble in their spec sheets, but when 
they do it is in the form of dB. The 
larger the dB figure, the better. A quality 
record player will be -35 dB, or more. 
The frequency of rumble is a sub- 
multiple of the motor's operating speed, 
and can go down to 30 Hz. Since the 
second harmonic is 60 Hz it is quite 
easy to confuse rumble with hum. A 
simple way to check is to lift the tone - 
arm. If the disturbing sound remains 
it is hum -caused, but if it appears only 
when the stylus is tracking, then the 
problem is rumble. 

The Drive System 
Since motors run at higher speeds 

than 33-1/3 and 45 RPM, they must be 
coupled to the turntable by some type 
of reducing linkage, usually accom- 
plished in any of several ways. In one 
system, known as rim or idler drive, one 
or more idler wheels (Fig. 3) transfer 
rotational power from the motor pulley 
to the turntable platter through friction 
drive of their rims. Advantages are 
relatively low cost, easy speed changes, 
and the opportunity (for the manu- 
facturer) of using motors having lower 
torque. The difficulty with this method 
is that as the rubber drives wear a 
certain amount of slippage is bound to 
occur. Further, if the wear isn't uniform, 
drive may become uneven. 
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Some of the reasons why 
other turntables don't perform 

quite like a Dual. 
Because of the wide acceptance and acclaim 

Dual has earned over the years, especially among 
audio experts, many Dual features inevitably appear on 
competitive turntables. 

To copy a Dual feature is one thing: to achieve 
Dual performance and reliability is quite another 
matter. The true measure of a turntable's quality is 

not its features alone, but how well the entire unit is 

designed and manufactured. 
Following are just some of the ways in which 

Duals differ from other automatic turntab es. 

Gyroscopic gimbal suspension. 
The gyroscope is the best known scientific 

means for supporting a precision instrument that 
must remain perfectly balanced in all planes of 
motion. That is why the tonearms of the 1218 and 1229 

are suspended in true, twin -ring gimbals. 
Every Dual gimbal is hand -assembled and 

individually checked with gauges especially developed 
by Dual for this purpose. This assures that thehorizontal 
bearing friction of the 1229 for example, will be no 
greater than 0.015 gram, and vertical friction no 
greater than 0.007. 

True single -play automatic tonearm. 

A turntable of the 1229's caliber is used primarily 
in its single play mode, so the tonearm is designed to 
parallel a single record on the platter. For multiple - 
play, the entire tonearm base is moved up to parallel 
the tonearm to the center of the stack. 

The 1218 tonearm provides the single -play 
adjustment within the cartridge housing, and the 
cartridge pivots around the stylus tip to maintain 
the correct overhang. 

Dual 1215S, $109.50 

Stylus pressure around pivot. 
Today's finest cartridges, designed to track 

at around one gram, have little margin for error. 
In the 1229, therefore, the tracking pressure scale is 

calibrated within 0.10 gram from 0 to 1.5 grams. 
To maintain perfect balance on every Dual 

tonearm, stylus pressure is applied internally and 
around the pivot. This is accomplished by a very 
long spring coiled around the pivot. Only a small portion 
of the spring's length is needed to apply the required 
pressure, thus contributing greatly to the accuracy of the 
calibrations. 

Avoiding sounds that weren't recorded. 
The rotor of every Dual motor is dynamically 

balanced in all planes of motion. Each motor pulley and 
drive wheel is also individually examined with special 
instruments to assure perfect concentricity. 

Any residual vibration within the motor is 

isolated from the chassis by a three-point damped 
suspension. Finally, every assembled Dual chassis is 

"tuned" to a resonance frequency below 10 Hz. 

The best guarantee. 
All these precision features and refinements 

don't mean that a Dual turntable must be handled 
with undue ca re. So we're not being rash when we include 
a full year guarantee covering both parts and labor 
for every Dual. That's up to four times the guarantee 
you'll find on other automatic units. 

Now, if you'd like to know what several 
independent test labs say about Dual, we'll send you 
complete reprints of their reports. 

Better yet, just visit your franchised United Audio 
dealer. You'll see for yourself that only a Dual performs 

precisely likea Dual. 
Oval 

Dual 1218, $155.00 

Dual 1229, $199.50 

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y 10553 
Exclusive U.S. Distribution Agency for Dual. 
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The other common drive system uses 
a rubber or plastic belt (Fig. 3), such 
as polyurethane. Polyurethane is 

preferable since it can be made im- 
pervious to aging, heat or oil, and has 
low elasticity. Rubber is a vegetable 
product, tending to become brittle as 
it gets older. It is also subject to stretch 
deformation. 

Speed changes are made by guiding 
the belt around either of two motor 
pulley sections with different diameters. 
The belt prevents motor vibrations from 
reaching the turntable, reducing noise 

and rumble. Some turntables with slow 
speed motors (Fig. 4) are coupled 
directly to the turntable platter-the 
motor's shaft is also the turntable axle. 
Speeds are controlled by electronic 
servo mechanisms. 

The Pickup System 
The basic elements of the pickup 

system (Fig. 5) consist of the stylus, 
cartridge, head shell, tonearm, balance 
rest, and a balance weight. It sounds 
straightforward, but the technology of 
the pickup system is rather complex. 

AN 
INVESTMENT 
IN 
SOUND... When you buy a Frazier 

speaker, you've made a 
sound investment. And 
with any good investment, 
you expect a good return. 

Your return with a 
Frazier speaker is in 
unequaled sound. Whether 
it be from the handsome 
Mark VI with its 12 inch 
woofer, 8 inch mid -range 
speaker and compression 
horn tweeter ... or the 
Super Midget ... efficiency 

such that only' watt 
of power or less is required 
for your listening pleasure... 
with every Frazier speaker 
you'll be assured of a 
product that has earned a 
reputation for excellence 
during its 30 years 
in the business. 

With a Frazier speaker, 
you'll make an investment 
in sound that has a 
fantastic return. 

RAZ/£R 
INCORPORATED 

1930 Valley View Lane 
Dallas, Texas 75234 
Phone 214-241-3441 

Books could be written just on this sub- 
ject alone if for no other reason than the 
presence of so many conflicting require- 
ments. In many cases, a quality pickup 
system represents a compromise, an 
attempt to reach an armistice between 
the hostile demands of each of the parts 
of the pickup system. 

The Stylus 
The usual stylus is a diamond, prefer- 

able because of its longer service life 
contrasted with other materials, with 
some 400 to 800 hours of operating 
life. Its durability depends largely on 
the tracking force-that is, the weight 
with which the stylus is pushed against 
the walls of the record grooves. The tip 
of the stylus is machined to extreme 
precision. It can be spherical, with a tip 
radius of about 0.5 mil to 0.7 mil, or 
elliptical. Elliptical styli usually deliver 
better response to high audio frequen- 
cies, that is, they track the high notes 
better. (Not all authorities are con- 
vinced of the superiority of elliptical 
styli. One thing is certain: if an ellip- 
tical stylus is not made accurately and 
mounted correctly in a properly aligned 
arm it can cause more distortion and 
record wear than a conical type-Ed.) 

Mono records can be played with a 
1 mil stylus, but the smaller spherical 
stylus designed for stereo recordings 
can also be used on mono discs. The 
elliptical stylus has a radius of about 
0.2 mil, or less, for contacting the undu- 
lations in the record walls. The larger 
radius of the elliptical stylus is about 
0.7 to 0.9 mil and keeps the stylus from 

TURNTABLE PLATTER 
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Fig. 4. Direct drive system. 
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Fig. 5. The pickup system. 

Balance weight 
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running along the bottom of the groove. 
There is no signal impressed here and 
so the only result would be unnecessary 
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Shakespeare. Dickens. Stevenson. 
Poe. Sony. Balzac. 

Add another classic to your library from Sony / Superscope 
...the bookshelf -size Sony Model TC -640B three -motor 
three -head stereo tape deck. 

Get all of these outstanding Sony features in the mostbeauti- 
fully compact, beautifully priced ($399.95) three -motor tape 
deck on the market today. 
Three Motors. One precisely controls tape speed and two 
provide extremely fast rewind and fast -forward modes for 
optimum tape handling ease. 
Three Heads. Separate erase, record and play heads give 
better frequency response and also provide for tape/ source 
monitoring, allowing you to check the quality of recording 
while in progress. 
Built -In Sound -On -Sound and Echo. Switching networks on 
the front panel facilitate professional echo and multiple 
sound -on -sound recording without requiring external patch 
cords and mixer. 

TEN 
GREAT 
PL;IY S 

tt tnk% M 

sxaKE 
SPLARE . 

cQ1972 Supencope. Inc.. 8148 Vineland Ä"vé::,Suñ VaIItY Cald. 91ii '. Price.. 
.i f4:,t,eR= 

t. a<ats9 

Mic/Line Mixing. Dual concentric level controls regulate 
the record levels of microphone and line inputs independ- 
ently, also allowing simultaneous mix and record. 
Two Large Illuminated VU Meters-calibrated to NAB 
standards. 
Plus Lever Action Solenoid Controls 
and Locking Pause Control. 
Also ask about the Sony TC -353D 
($229.95), TC -580 ($499.95)., TC -850 
($895.00) at your Sony / Superscope 
dealer. After all, when it comes to 
tape recorders Sony wrote the 
book. 

SON -11"_ SUPERSCIL+Pf ,p, 

You never heard it so good® 
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Jane, 

uw 

: a -,.. ilon n.nicc. tirnd toc free caIIog. 

Check No. 6.3 ®n Reader ^v4erv ice Card 
eem 

L.,te,te> 



. Aware of 
The Finest .. ? 

Dealer & Representative 
Inquiries Invited 

Pre Amp 1 - Part of the audio electronics line 

Quintessence Group 
Audioworks Division 

1626 North "C" Street 
Sacramento, CA 95814 
Phone: (916) 446-0557 

Check No. 27 on Reader Service Card 

4503 E. Railroad Avenue 
Sacramento, CA 95826 

(9161 4523341 

Check No. 30 on Reader Service Card 

Stacked With Power!!! 

P & M Electronics, Inc. 

519 So. Austin 

Seattle, Wash. 98108 

Dealer Inquiries Invited 

Power Amplifiers 

` 
J°ic 

4 ` 
//// c ̀5 

e, -/V 
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M-25 22 5 20Hz-35KHz-1db 80db $ 69.50 

S-25 23 .5 20Hz-35KHz-ldb 80db 115.00 

M-50 50 .5 20Hz-25KHz-.5db 90db 109.50 

S-50 50 .5 20Hz-25KHz-.5db- 90db 189.50 

M-100 100 .3 12Hz-35KHz-1db 105db 185.00 

S-100 100 .3 12Hz-35KHz-1db 100db 345.00 

MR -100 Mixer-Reverb-Equalizer 

4 M'ke Inputs, sensitivity 3MV 

2 A x. Inputs, sensitivity 100MV 
Freq ency Response 10Hz-20KHz t 3db 
Hum and Noise 60db 

Hi/Lo Level outputs $195.00 

wear of the stylus, and, what is worse, 
the production of distortion. The dis- 
advantage of the conical stylus is that 
its shape will not prevent it from riding 
along the groove bottom, something that 
can happen if the stylus diameter 
happens to be very small. 

Most styli today are the elliptical 
type. The changeover from a conical 
to elliptical stylus isn't just a matter 
of doing some switching. The elliptical 
has a smaller region of contact between 
the stylus and the grooves and so the 
tracking pressure should be less. The 
elliptical stylus can be used to play both 
stereo and mono records. The motion of 
the stylus is generally transmitted by 
means of a cantilever strut to a trans- 
ducer inside the cartridge-with the 
transducer converting the mechanical 
motion of the stylus to an electrical 
signal. 
The Phono Cartridge 

The stylus tits into the cartridge, 
which, in turn, is mounted in a shell 
at the tip of the tonearm. As the stylus 
tracks in the rotating grooves, it is 
deflected laterally and vertically, de- 
pending on the modulations inscribed in 
the groove walls. In theory this sounds 
easy enough, but if the stylus is to track 
well, it must follow the complicated 
meanderings of the groove instantly 
and it must do so without bottoming 
(that is, without hitting the bottom of 
the grooves), without losing contact with 
the walls, yet not pressing unduly hard 
against them, and without jumping out 
of the grooves. Further, its contact or 
pressure must be the same against both 
walls-inner and outer-despite the fact 
that the very motion of the stylus makes 
such an equilibrium very difficult. To 
be able to do all this, the mass of the 
stylus and moving parts must be kept 
as little as possible, since the greater 
the moving mass, the greater its 
inertia-that is, the greater its resis- 
tance to quick changes in motion. And 
so the conditions for good tracking are 
quite difficult. But these aren't the 
only requirements. There must be a 
sufficient downward force, known as 
tracking force, on the stylus, to keep it 
in the grooves. Too much will cause 
stylus and records to wear out more 
quickly than necessary. 

The stylus assembly must have free- 
dom of movement-technically called 
trackability of compliance. The greater 
the compliance, the smaller the tracking 
force required. And since the stylus is 
going to wiggle around thousands of 
times a second as the record rotates 
beneath it, it becomes obvious that with 
high compliance we are permitting the 
stylus to do its job, to follow even the 
most delicate tracings in the groove 
walls. (To be continued) 
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