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receivers the worlds 
Pioneer believes that any objective 
comparison of quality/performance/ 
price between our new SX-1010, 
SX-939 and SX-838 AM -FM stereo 
receivers and any other fine receivers 
will overwhelmingly indicate Pioneer's 
outstand ng superiority and value. 

Our most powerful ever. 
Fioneer uses the most conservative 
power rating standard: minimum 
continuous power output per channel, 
into 8 ohm loads, across the full audio 
spectrum from 20 Hz to 20,000 Hz. 
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Despite this conservatism, the 
SX-1010 far surpasses any unit that 
has come before it with an unprece- 
dented 100 watts of power per 
channel, minimum RMS, at no more 
than 0.1% total harmonic distortion. 
Closely following are the SX-939 
(70 watts RMS per channel, minimum) 
and the SX-838 (50 watts RMS per 
channel, minimum), both with no 
more than 0.3% total harmonic 
distortion. Dual power supplies 
driving direct -coupled circuitry 
maintain consistent high power 
output with positive stability. A fail - 

SP -A SP -13 

safe circuit protects speakers and 
circuitry against damage from 
overloading. 

Outstanding s7ecifications 
for flawless reception 
FM reception poses no challenge to th 
exceptionally advanced circuitry of 
these fine instruments. Their FM tuner 
sections are designed with MOS FETs, 
ceramic filters and phase lock loop 
circuitry. The result is remarkable 
sensitivity, selectivity and capture ratio 
that brings in stations effortlessly, 
clearly and with maximum channel 
separation. 

SX-1010 SX-939 SX-838 

FM Sensitivity (IHF) 1.7uV 1.8uV 1.8uV 
(the lower the better) 

Selectivity 
(the higher the better) 

Capture Ratio 
(the lower the better) 

Signal/Noise Ratio 
(the higher the better) 

90dB 80dB 80dB 

1dB 1dB 1dB 

72dB 70dB 70dB 

Total versatility plus innovations 
Only your listening interests limit the 
capabilities of these extraordinary 
receivers. They have terminals for 
every conceivable accommodation: 
records, tape, microphones, head- 
sets - plus Dolby and 4 -channel 
multiplex connectors. Completely 
unique on the SX-1010 and SX-939 is 
tape -to-tape duplication while 
listening simultaneously to another 
program source. The SX-838 
innovates with its Recording 
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The finest stereo i 
has ever known. 
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There can 
be only 
one best. 
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2,025 possible tonal compensations with unique twin stepped tone controls 
(U-1010, SX-939) 

Selector that permits FM recording 
while listening to records and vice 
mersa. Up to three pairs of speakers 
nay be connected to each model. 

INPUTS SX-1010 SX-939 SX-838 

Tape monitor/4-ch. 
adaptor 

3 2 2 

Phono 2 2 2 

Microphone 2 2 1 

Auxiliary 1 1 1 

Noise reduction 1 1 1 

OUTPUTS 
Speakers 3 3 3 

Tape Rec./4-ch. 
adaptor 

3 2 2 

Headsets 2 2 1 

Noise reduction 1 1 1 

4 -channel MPX 1 1 1 

SX-535 

Master control system capability 
Pioneer's eigineers have surpassed 
themselves with a combinatioi cf 
control features never before 'mind 
in a siegle receiver. All three units 
include: pushbutton function selection 
with illuminated readouts on the 
ultra wide tuning dial, FM and audio 
muting, loudness contour, hi/c:w 
filters, dual tuning meters ande 
dial dimmer. 

Never before used on a receiver 
are the twin stepped bass and treble 
tone controls found on the SX-1010 
and SX-939. They offer over 3,000 
tonal variations. A tone defeat 
switch provides flat response 
instantly throughout the audio 
spectrum. The SX-838 features 
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switched turnover bass and treble 
controls for more precise tonal 
compensation for room acoustics and 
other program source characteristics. 

In their respective price ranges, 
these are unquestionably the finest 
values in stereo receivers the world 
has ever known. Audition their 
uniqueness at your Pioneer dealer. 
SX-1010 -$699.95; SX-939 - $599.95, 
SX-838 - $499.95. Prices include 
walnut cabinets. 

Also new and more 
moderately priced. 
Pioneer's most complete and =finest 
line of receivers ever, presents 
equally outstanding values starting at 
$239.95. Shown here are the SX-535 - $299.95, SX-636 - $349.95, SX-737 - $399.95. All with walnut cabinets. 

U.S. Pioneer Electronics Corp., 
75 Oxford Drive, Moonachie, 
New Jersey 07074 
West: 13300 S. Estrella, Los Angeles 
90248/Midwest: 1500 Greenleaf, 
Elk Grove Village, Ill. 60007/Canada: 
S.H. Parker Co, 

(1,1 PIONEEIZ 
when you want something better 

SX-737 



Actual, 
unretouched 
photo of an 
oscillograph 
test. 

The oscillograph you 
see is an actual photo 
of a high -quality audio 
system "playing" a 
fingerprint. 
You're hearing finger- 
prints now through 
your speaker system. 
Instead of the sound 
your precious discs 
are capable of. And 
no vacuum record 
cleaner, brush -arm 
or treated cloth will 
remove them. None. 

The sound 
of your 

fingerprint 
But Discwasher,v - with new 
du fluid-removes fingerprints 
completely. Along with dust. And 
manufacturing lubricants (added 
to make pressing faster) that can 
act like groove -blocking finger- 
prints. All this cleaning without 
pulling polymer stabilizers from 
your vinyl discs. 
Discwasherna. The only safe, 
effective way to silence the 
printed finger. At Audio 
specialists world wide. 

Discwasher, Inc. 
909 University, 
Columbia, Mo. 65201 
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The new B.I.C. 940. 
It eliminates the big disadvantagé 
common to all high-performance turntables. 

High-performance turntables cost a bundle. 
The B.I.C. 940 doesn't. And yet at about $110... 
It's a belt -drive instrument with a full 12" platter. Its low -mass tone arm 

tracks magnificently. It has the stylus force and anti -skate adjustments that 
are essential for fine -timing an arm. It has a low -speed (300 rpm), 24 -pole motor 
which is inherently quieter than motors found in some 
turntables that cost twice as much. 

And when you look over its wow, flutter, and rumble 
numbers, the standards against which experts measure all turntables, the 
940 is right up there with the costliest equipment you can buy. 

The B.I.C. is also versatile. It's a multiple -play manual turntable... which 
means you can operate it in 3 -modes: single -play manual, single -play 
automatic, or when the occasion arises, as a multiple -play turntable that will 
handle as many as 6 records. 

There are shinier turntables made. 
There are turntables with more adjustment features. 
But for pure, clean, accurate reproduction of what is on your records, 

this is the optimum way to spend your turntable dollars. 
Ask your audio dealer about the B.I.C. 940 and the 2 -year "bee-eye-cee" 

warranty. Or write to British Industries, Westbury, N.Y. 11590. 
©1975 British Industries Co., a division of Avnet Inc. 

- Check No. 4 on Reader Service Card 
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TEAC 
Cassette decks come and go. 
Very few have the inherent value and design integrity 
of the A-450 and A-3605 to withstand the constant change of pace 
in the world of audio. 

The very model numbers have come to represent a standard of quality. 
When we introduced these two decks there was a new found measure of 
respectability in the cassette format. It became, starting then, a thoroughly 
acceptable means of high fidelity recording and reproduction. 

We still make the A-450 and A-3605. And we will continue to make them. 
Because they work reliably well. Because dollar for dollar and spec for spec 
they're still the best value there is in quality cassette decks. 

Any other fine product you investigate will likely be compared, 
at one point or other, to these originals. Find out why. 
Simply call (800) 447-4700* toll free 
for the name of your nearest TEAC retailer. 
*In Illinois, call (800) 322-4400. 

Mode to work well 
for o long Einre. 
TEAC 
The leader. Always has been. 
TEAC CORPORATION OF AMERICA: 
7733 Telegraph Road, Montebello, California 90640 

©TEAC 75 



Sound reasons 1 thru 5 
why an SAE gives 
you what you pay for. 
You are an audio connoisseur. You know exactly 
what you are looking for in audio components. 
The right features. The right functions. The right 
power. But you can't find one at the right price. 
And you won't. What you're looking for costs 
plenty to produce. Some build additional price 
right into their units. We build additional unit 
into our price. Here are some reasons why an SAE 
gives you what you pay for. 

5 YEAR FREE SERVICE CONTRACT 
SAE - first in the industry to offer a 

TRANSFERABLE FULL S YEAR' FREE 
SERVICE CONTRACT on parts, labor and 
performance specifications. This contract 
covers SAE. complete line of audio 
producte when returned to the factory or 

n authorized eerAce agency. 

We start with a Free Five Year Transferable 
Service Contract. It's on parts, labor and 
specifications. If you're a connoisseur, 
you'll demand it. 

We design each product from the 
strict requirements of professionals. 
After a unit has passed our rigid 
engineering and quality control 
standards, it must meet the demands 
of professional use. Road testing. Testing that 
requires extreme power handling for longer periods 
of time. Testing that requires surviving continual 
movement from place to place. All of which simply 
means that each unit will work that much better in 
your home. 

The pprofessional approach led to 
the development of the "Steady - 
State" audio component. A com- 
ponent that lasts longer because 
it's built as an efficient package to 
perform perfectly under highest 
demand conditions. 

Our product, its professional appearance and its 
unique features, create their own reasons for 
costing more. Like our Mark XXV Stereo Power 
Amplifier. It features Parallel -Series -Output 
circuitry (PSO). Forced air cooling. Triple diffused 
output transistors. Dual relay protection circuits. 
As if these were not enough to justify its $1250 
price, the unit delivers a minimum of 300 Watts 
RMS per channel into 8 Ohms, both channels 
driven from 20Hz-20kHz, ±.25dB, with no more 
than 0.05% total harmonic distortion from 250mW 
to rated output. Yet it weighs less than 60 pounds 
(lift others with the same specs). 

It all started here with our 2500 
professional version shown with rack 
mount for professional use. 

There are many other reasons. Send us the attached 
coupon and we'll send you an additional 25, 
plus literature, and the location of a dealer who'll 
be able to supply even more. 
Components for the Connoisseur 

Scientific Audio Electronics, Inc. A 9/75 
P.O. Box 60271 Terminal Annex, 
Los Angeles, California 90060 
I want more reasons, thank you. 

Name 
Address 
City State Zip 

Audioclinic 
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Joseph Giovanelli 

Matching Headphone To Ampli- 
fiers 

Q. 1 have headphones rated at 250 
ohms which I would like to use with 
my amplifier's front panel headphone 
jack. Do 1 just install resistors in series 
with the jack, and what value should I 
use? The jack is rated at 8 ohms. 
-Steve Anderson, Santa Ana, CA. 

A. A source rated for a low imped- 
ance (8 ohms) load can drive one of 
higher impedance (250 ohms) easily. 
The reverse is not true, however. 
Matching them in this case will make 
no improvement in sound, but would 
lower the signal input into the phones 
because your amplifier already has re- 
sistors in series with its output. These 
are required to keep from feeding the 
amplifier's entire output to the 
phones and blowing them out (and 
hurting your ears). 

Mono Sound From Stereo Tapes 
Q. 1 have a Sony CF550 cassette 

recorder with line output. I would like 
to listen to stereo tapes from this unit 
over my Bogen P.A. (mono) amplifier. 
It has an AUX input.-Rudolph Repac, 
Hillside, N.J. 

A. You can play two stereo channels 
into a single -channel amplifier by us- 
ing a "Y" connector. Connect two of 
the connectors of the Y to the line 

LEFT R I 

R3 TO AUX OUTPUT 2 K 

r 

L 

Wn 
2K 

> INPUT 
MONO AMP RIGHT R2 

OUTPUT" 2K 

R3 MAY OFTEN BE OMITTED. 
(REPLACED BY DIRECT CONNECTION) 

ABOUT THE COVER: This star -lit 
stack of front -loading cassette decks 
represents the new heights to which 
tape recorder designers have push- 
ed their art. Find out how well 
cassette decks really stack up in our 
lead article this month. 

6 

outputs of the tape machine and the 
other to the AUX input of the mono 
amplifier. Occasionally this setup will 
lower the output of the recorder and 
produce some distortion. In such a 

case, you should insert an isolating 
network as shown in the diagram. 

Record Noise vs. Pickup Output 
Q. I have a Dual turntable, Micro - 

Acoustics QDC-1E pickup, and a Pio- 
neer SA -9100 amplifier. Because of 
the low output of the cartridge, I must 
turn the volume up to between one 
and three o'clock. The surface noise 
of my discs is sometimes annoying, 
and I often hear a low -frequency 
rumbling. These noises change with 
different records, from nearly in- 
audible to terrible. Can this be turn- 
table rumble, or it is groove noise 
(stylus friction) because my volume 
control is set too high?-Michael Bar- 
tholomew, Hellertown, PA. 

A. The relatively small signal output 
of your cartridge has no bearing on 
how much record noise the cartridge 
transmits to the rest of the sound sys- 
tem. The cartridge produces record 
noise and desired signal to the degree 
that each is present on any given 
recording. 

The fact that some discs produce 
more of this noise than others in- 
dicates that the problem you have is 

actually with the discs, as the problem 
varies from one to another. Some 
low -frequency noise is on the discs 
themselves, either because of prob- 
lems during mastering or, more likely, 
problems in the pressing process. In 
this case, the rumble -like noise will be 
more like a roar than a rumble. When 
you have fine equipment, flaws in 
discs are heard more easily (Of 
course, the good things are also re- 
vealed.). 

If you have a problem or question on audio, write 
to Mr. Joseph Giovanelli, at AUDIO, 134 North 
Thirteenth Street, Philadelphia, Pa. 19107. All 
letters are answered. Please enclose a stamped, 
self-addressed envelope. 

AUDIO SEPTEMBER, 1975 
Check No. 21 on Reader Service Card 



Studiocraft sound. 
What makes Studiocraft an exceptional 
speaker is more than its exceptional sound. It's 
also the things you can't hear. Things like 
advanced design and quality control tech- 
nology. 

ADVANCED DESIGN. Many significant 
technical innovations are incorporated into 
Studiocraft speakers, including quality 
electronic components with extremely tight 
tolerances, and computer grade wire -wrap 
of all electrical connections to ensure greater 
reliability and longer life. 

QUALITY CONTROL. Every Studiocraft 
speaker is tested by the Bose SyncomT" II 
computer, a unique speaker testing 
instrument that precisely matches woofers, 
tweeters and crossover networks. This 
guarantees that the Studiocraft speaker you 

purchase is a duplicate of the laboratory 
standard in construction as well as perfor- 
mance. 
These are the reasons why Studiocraft 
achieves more realistic sound reproduction 
than other direct radiating speakers on the 
market today - full range performance 
characterized by exceptionally accurate 
instrumental and vocal timbre. 

Listen to it. Studiocraft sound. 

Studiocraft` 
Stuctiocraft Systems, Post Office Box 2522 
Framingham Center, Massachusetts 01701 

Studiocraft cabinets have a walnut grained vinyl veneer finish. 
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THE BGW 250B 
DOESN'T HAVE- 

Fuses 
Knobs 

Meters 
Current limiting 
Hum 
Noise 

Thumps 
High price 

BUT, IT DOES HAVE- 
Enough muscle to drive 2 -ohm loads 
(340 -watts*) 

Absolute speaker protection 
(exclusive BGW SCR crowbar) 

Virtually unmeasurable distortion* 
Modular construction 
12 rugged 150 -watt output transistors 
High speed magnetic circuit breaker 

True op -amp front end 
Heavy %s" thick rack panel 

Totally enclosed heat sinks 
660 -square inches of efficient heat 

radiating surfaces 
Rugged steel chassis 
Mono -stereo switch 

*Guaranteed specifications: 
Stereo mode: 90-watts/channel into 
8 -ohms, 20 -Hz -20 -kHz with less than 
.1% total harmonic distortion (THD). 
100-watts/channel into 4 -ohms, 5 -Hz - 
15 -kHz with less than .15% THD. 
Mono mode: 180 -watts into 16 -ohms, 
20 -Hz -20 -kHz with less than .1% THD. 
200 -watts into 8 -ohms, 5 -Hz -15 -kHz 
with less than .15% THD. 
The perfect mate is our new model 202 
stereo preamplifier featuring the in- 
dustry's most accurate phono system - 
82 -dB S/N, .01% THD, active 18 -dB/ 
OCT. Hi -Lo filters, studio type graphic 
controls. See all 6 BGW power amps 
and our new preamplifier at your local 
dealer. 

SYSTEMSJ 
in Canada. Recrion, Limited 

105 Denison St. 
Markham, Ont. 
(416) 495-0880 

Check No. 3 on Reader Service Card 

BGW Systems 
P.O. Box 3742 
Beverly Hills 
CA 90212 
(213) 391-0320 

Tape Guide 
Herman Burstein 

Comparing Specs 
Q. Recorder A has the following 

specifications: frequency response 
20-20 kHz, wow and flutter .09%, sig- 
nal-to-noise ratio 52 dB. Recorder B 

has specifications of: frequency res- 
ponse 50-15 kHz, wow and flutter less 
than .15%, signal-to-noise ratio 55 dB. 
Recorder B sounds better than A. 
Why? Is a full -track head better than 
a quarter -track head?-Dean Fraz- 
ier, Huntsville, Ala. 

A. Recorder B should sound better 
because (1) it has flatter frequency 
response (although a more limited 
range) and (2) it has a better signal-to- 
noise ratio. Many tape machines that 
boast of response down to 20 Hz and 
up to 20,000 Hz fail to keep response 
flat within 1 dB or so throughout this 
range. To achieve response out to 
20,000 Hz, they may sacrifice per- 
formance in terms of noise and/or 
distortion. They may also have a tre- 
ble peak in an audible part of the 
audio spectrum. To achieve response 
down to 20 Hz, they may make simi- 
lar sacrifices. 

A full -track head has the advan- 
tage of higher signal-to-noise ratio 
since it picks up more information 
from the tape than do halt -track and 
quarter -track heads. Also, the full - 
track head permits tape flaws, such as 
dropouts, to average out better (that 
is, to be less noticeable). On the other 
hand, a full -track head has the disad- 
vantage that a given amount of azi- 
muth misalignment results in more 
severe treble loss. 

Limiting and "Unlimiting" 
Q.Can program material which has 

been processed through a limiting 
amplifier (limiter) be restored to its 
original dynamic range? - Andrew 
Butler, Victoria, B.C., Canada 

A. A limiter or clipper completely 
removes dynamic changes above a 

particular signal level, no matter how 
large a signal is fed into it. A com- 
plementary "unlimiter" would have 
to detect how much dynamic range 
had been lost. This is obviously im- 
possible if the limiter has done its job 
perfectly. A compressor, on the other 
hand, only narrows the dynamic 

range of the program material, but 
does not cut it off, as a limiter or clip- 
per does. Thus, programs which have 
been compressed may be processed 
back to their original dynamic range 
by an expander, if the expander is set 
to complement the action of the com- 
pressor. 

Taping Phono Discs 
Q. I have questions about taping 

new phono records. It seems that, 
depending on the manufacturer, 
recording levels on channels A and B 
vary 4 to 5 db from each other. This is 
more obvious with popular music 
than with classical records. Is this 
situation common? Also, when taping 
records, should both channels be ad- 
justed to the same level as indicated 
on the VU meters?-Ted E. Hayen, 
Lawton, Oklahoma 

A. To the extent that each channel 
on a stereo record has different fre- 
quency content, one may expect 
some variation in sound level be- 
tween channels. In the processing of 
the master tape and subsequent tapes 
until the sound gets onto the records, 
there may be unbalance resulting in 
different levels on the record even for 
the same sound. Something like 2 or 3 
db may be expected. But 4 to 5 db dif- 
ferences are a bit high. On the other 
hand, rock records are not always 
made with as much care as are 
classical records. Too, it's possible that 
the difference is not entirely on the 
record, but partly in the calibration of 
your VU meters. 

In recording a tape from a record, 
adjust separately the recording gain 
control for each channel on the basis 
of the VU meter indication. This may 
result in different settings for the two 
gain controls. It is assumed that the 
two VU meters are identically cali- 
brated, so that a given sound level 
produces the same indication on 
each. 

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

8 AUDIO SEPTEMBER, 1975 



ART 
AVA 

Ç!foxelI Q-porotion of Americo, he,vJersey. 

c s 
Maxell introduces UD -XL. 

The world's first cobalt/ferric/ 
crystal cassette. 

The UD -XL is the only cassette ever to win 
an Audio Grand Prix. Here's why: 
Epitaxial formulation We combined the unsur- 
passed low/middle range abilities of gamma - 
ferric Hematite with the high frequency per- 
formance of cobalt in a single crystal. Distortion, 
for all practical purposes, simply doesn't exist. 
No special bias or equalization necessary. 

The shell, perfected We made the UD -XL shell a 

full 40 per cent closer to absolute tolerance. 
You get the truest head -to-tape contact and 
running reliability ever attained. 
Convenience engineered UD -XL has a five - 
second non-abrasive, head cleaning, leader/ 
timer on each end. Plus replaceable peel -and - 

stick labels for easy indexing. 
Look for our Audio Grand Prix Champion, 

the Maxell UD -XL, at better audio dealers na- 

tionwide, the home of our premium Ultra Dy- 

namic and economical Low Noise cassettes. 
Maxell Corporation of America, 

130 West Commercial Avenue, Moonachie, 
New Jersey 07074. Also 
available in Canada. maxel I. 

For professional recordings 
at home. 

Check No. 12 on Reader Service Card 



Audio ETC J 

NEVER CAN TELL where true bi- 
naural sound will pop up 
these days, for listening inside 

those thousands of headphones we 
have been buying. By the time this 
hits print, my latest binaural experi- 
ment will be audible to you, hopeful- 
ly, right in your home. It'll get there 
by radio, The Bottom Line-which 
hasn't a thing to do with IRS Form 
1040-broadcasts that were scheduled 
to begin, all over, in mid -August. Try 
your local FM schedule. We've found 
a way to broadcast for both binaural 
and loudspeakers and OK for both. 
No-not stereo via phones! True bi- 
naural, specifically tailored from bi- 
naural mikes at ear distance. I've 
named the principle The KC Factor, 
for self and Don Ketteler, the sound 
man who got me involved and who 
did most of the work. 

The Bottom Line is what we elders 
would call a rock palace. It is a big, 
successful, good natured place that 
crowds itself into a vast ground -floor 
cavern deep in the heart of the Village 
(NYC)-great, dusky spaces; tall, old- 
fashioned iron pillars, art nouveau 
style, and ex -factory, and the whole is 

painted a dark dun color so that when 
the lights go down, space becomes in- 
finity. On the floor, a score of long, 
narrow wooden tables jammed 
around a thrust stage-the waitresses 
practically climb onto them to reach 
the customers. In there, you stay put, 
unless you are a table hopper. On a 

small projecting rear balcony, acces- 
sible by iron rung ladders, is the guts 
of the place, sound and light, and one 
of the finest, smoothest sound sys- 
tems, for its size, this side of the A. 
and the P. Slung from the ceiling are 

Edward Tatnall Canby 

great hulking speakers, dun -colored 
too, their odd -looking downward - 
aimed slats directing tidal waves of 
sound to the tidal waves of young 
people who wave up from the waves 
of tables. ... enuf. It's a rock palace! 
Two shows a nite and jammed to the 
air conditioners for such acts as Man- 
hattan Transfer (I was there-no fin- 
gers in ears and I did NOT walk out) 
or maybe Mike Bloomfield, David 
Bromberg, Kenny Rankin, Rachel 
Faro, the Persuasions (a cappella vo- 
cals), the Nitty Gritty Dirt Band &c &c 
&c. That's the unlikely mise en scène 
for our binaural. 

Don Ketteler is a sound man who 
inhabits the BL platform. He had read 
my two "Ispy" articles (Audio, Nov., 
Dec. 1974), all about the Sennheiser 
binaural plastic head with the min- 
iature mikes hooked into its ears, and 
had come up with a hot idea. His bal- 
cony, alas, is sonically defective; air 
ducts and the like hem him in and they 
make his job quite tough. Why not 
try a binaural head, located at a favor- 
able listening place, and monitor the 
shows via binaural surrogate ears? Fas- 
cinating, but things aren't as simple as 

they seem in this world and that 
project is still hanging. Still, Don got 
himself an "Ispy II," (exactly like mine 
except, of course, dun colored) and in 
no time the boys were taking down 
binaural on a cassette machine, just to 
see what was what. Good, too, even 
unto a Vivaldi concerto playing on the 
big P.A. system in mono. (It sounded 
exactly like Vivaldi played in mono.) 
They did find that the best place for 
Ispy Il was high up on one of those 
iron pillars, above the audience and 
well removed from the stage. That was 

significant. Mike distance of some 30 
feet or more to the nearest performer 
vs. maybe an inch or so for the close- 
up cardioids used in the regular stage 
show. Some contrast! 

Then came another and better idea. 
There was already a remixed "live" tape 
going out to a nearby FM station 
which the management was planning 
to expand into a big-time nationwide 
hookup via "live" tape. Hey, why not 
feed some of Ispy II into the remix 
lines, and get binaural from the 
BL-on the air! No sooner thought 
than done, experimentally. Don had 
the facilities and young engineers are 
quick to enthuse. In short order, their 
cassette was taking down a mix, partly 
Ispy II's binaural signal from up on the 
pillar and partly the regular broadcast 
feed. Interesting. 

The house P.A., you'll understand, 
is strictly mono, one enormous audio 
signal out of 16 or so mike channels 
combined at Don's console. The stage 
channels are necessarily either direct, 
just from guitars, etc., or via ultra - 
close cardioid mike-otherwise FEED- 
BACK. Totally dead and projected 
directly as the "live" out -loud sound 
of the performers. The radio feed is 

separately mixed, via splitters, into an 
arbitrary two channels out of all of 
these same house channels. Note that 
the actual loudspeaker P.A. sound is 

almost totally suppressed in this sort 
of system. It's only for the customers. 

Well, the mix didn't work out very 
well, and it was about this time that 
Don contacted me, maybe for in- 
spiration à la Ispy. Trouble was, they 
found that in the phones, in order to 
overcome the powerful mono signal 
for the radio feed, the mix had to be 
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Instant SuccEss - the NEW 
Stanton Ggropoicc' turntable 

Look at all these quality features, 
many of them exclusively ours! 

1. Gyropoise"-frictionless magnetic suspension of 
the platter. 

2. Die cast aluminum T -Bar for sturdy structure. 
3. 2 -Speed changer for 33 rpm and 45 rpm playback. 
4. 24 -Pole synchronous high torque motor. 
5. Belt drive for noiseless operation. 
6. 12" die cast machined high polish aluminum 

platter. 
7. Unipoise" -single point tone arm suspension. 
8. Anti -skate control adaptable to all types of styli. 
9. Magnetic hold bar for tone arm convenience. 

10. Stylus force slide (range 0 - 4 grams). 
11. Stanton state-of-the-art stereo or discrete 

cartridge. 
12. Viscous damped cueing control for featherlight 

lowering of stylus. 
13. Handsome walnut veneer base (comes complete 

with dust cover). 
ADDITIONAL FEATURES: 

(a) Comes equipped with low capacitance cables 
(b) Wow and Flutter-<- .07% din 45507 weighted 
(c) Rumble-< -60 dB din 45539 weighted 

It's the important exclusive features that make the difference. 
Only Stanton Turntables have Gyropoise', the patented 
frictionless magnetic suspension bearing-thus the platter 
makes no vertical contact with the body of the structure. This 
isolation eliminates vertical rumble. 

Only Stanton Turntables have Unipoise", the patented sin- 
gle point tone arm suspension. The arm is supported by a 

single pivot for both lateral and vertical movement. 

Only Stanton Turntables come equipped with a state-of-the- 
art Stanton cartridge, either 
the 681 Triple -E calibrated 
to the tone arm for stereo 
playback, or the magnificent 
780/4DQ for discrete. 

Bottom view shows simplicity of design. 

See your fran- 
chised Stanton 
dealer for a 
demonstration 
of this great 
new product. sl'aNTon 

MADE IN U S A. 

For further information, write: Stanton Magnetics, Inc., Terminal Drive, Plainview, N.Y. 11803 

Check No. 27 on Reader Service Card 



almost all-binaural-and useless for 
loudspeakers. Fix things to sound OK 
on loudspeakers (essential for any 
broadcast) and there was no binaural. 
What to do? 

Binaural oldtimers will understand. 
Binaural is Different. Each channel is 

fed exclusively to a single ear; where- 
as via speakers we hear each channel, 
each speaker, with both ears (and 
thereby locate them in space). That 
means utterly different requirements. 
In mike technique. For loudspeakers, 
notably in pop, plenty of cardioid ul- 
tra -close pickup, for crisp definition 
and localization. For binaural head- 
phone listening-distance, 'way off, 
via omni-mikes (seldom used in 
pop-the BL hasn't a single omni). 
And of omnis, only two, spaced a 

mere eight inches apart. Imagine 
broadcasting that! 

. Did I say mono, above? Don 
didn't get me. Wasn't the broadcast 
mix two -channel, for FM stereo? 
Well, yes, but my trusty ears heard the 
house -mikes' sound, two -channel or 
no, right down at the back of my inner 
skull. It was MONO. So we check- 
ed-yep. Up at remix control old 
Ketteler had set the multiple pan - 
pots straight ahead, centered, in neat 
rows. Probably just to look nice be- 
tween shows, like pens and pencils on 
a desk. So we had two -channel mono, 
to mix with our binaural signal. No 
wonder. 

You simply cannot feed a strong 
mono signal like that into phones. It 
compresses the brain, kills every ves- 
tige of space and overwhelms binaur- 
al. (Even worse is to feed any signal 
into one ear and not the other. Then, 
all you hear is a one -eared jangle. Yet 
a lot of pop and even some classical 
does virtually this very thing, to get 
sounds into one speaker or the other.) 
All this gave me my own bright idea. 

I suggested for remix we set up 
the panpots, just for experiment (and 
NOT on the air!) at opposite ex- 
tremes, either all -right or all -left. Cra- 
zy, but I was getting a hunch. We 
would now have a feed that was not 
mono, not stereo, but two -channel 
discrete, the music split right down 
the middle. Could I use the binaural 
signal to pull these channels together? 
That was the KC Factor, incipient. 

Via speakers this would sound in- 
credible, as well as discredible. On 
phones, it would be schizophrenic. 
Just what I wanted! So Don followed 
through. Next time I listened to his 
mix, things were really beginning to 
schizz. Via speakers, the remix feed 
was two separate recordings of the 
music, half-and-half sidewise. Via 

phones, it was chaos. Now we took on 
a new and useful tool, my handy TEAC 
2340 quadraphonic recorder, so port- 
able the boys almost didn't hail a taxi 
to bring it to the BL. On two TEAC 
tracks we recorded Ispy II from his pil- 
lar, pure binaural, plastic head and all. 
On the other two tracks, we took 
down the bifurcated experimental ra- 
dio feed, right out of the stage close- 
up channel. Now we could blend vari- 
ably to taste, and after the fact, KC was 
beginning to define itself. Get the 
idea? 

Here's how. In practice, even the 
deadest, most -discrete pop mixdown 
has some sort of sonic meld to join the 
final channels into a unity of space 
and presence. Usually this is via a bit 
of cross -mix, live or synthetic, here 
and there, plus additional over-all am- 
bience, the same. A well -recognized 
art, even into classical technique 
where ambience is already inherent in 
the performance. We do it there 
-close-ish mikes, separated, for defi- 
nition. Then in mixdown an overall 
ambience to focus and place the 
whole. Standard approach. 

Clearly, something of this nature 
would be required for a Bottom Line 
broadcast. My thought was to use the 
binaural signal for this very purpose. 
We could try! All we had to do was 
turn on the TEAC and mix our chan- 
nels to taste. It worked. At least, to my 
satisfaction. (Ye Editor heard it, and 
looked cryptic.) I was delighted, be- 
cause I had a further and trickier 
hunch. Phones and speakers would 
"see" this mixed signal very differ- 
ently-and to our advantage, if we 
played things right. 

Take it from the speakers' view- 
point. To a pair of loudspeakers, Ispy 
II's mikes, distant and close together, 
are virtually a point source out in the 
audience, an omni-ambience mike 
(with, to be sure, a hint of stereo 
spread, all of eight inches!), which 
picks up not only space ambience but 
the sounds of satisfied customers, 
right down to the last bravo, which is 

balm to sponsors' ears. Ah yes. We 
needed that, and we had it. We could 
even bring the audience up, between 
musical numbers. So what could be 
better, for loudspeakers via FM 
broadcast? 

Now look at it from the viewpoint 
of the headphones, hearing the same 
mixdown signal. Remember the 100 
percent separation. In phones, a very 
little binaural signal goes a long way, if 
you give it a chance (no mono). Why 
else does Mama N. give us only a few 
inches? All we need. Otherwise we'd 
have ears on stalks. We are so sensi- 

tive to real binaural signals, separately 
to each ear, that a tiny bit of signal in 
one ear, the other channel being at 
full level, is enough for complete bi- 
naural fusion, roundness and 
space-try it. Maybe 60 dB difference. 
(And just try waggling the image from 
side to side via your volume balance 
control, as you can do with speakers. 
Won't budge.) So-from the head- 
phone viewpoint, a small increment 
of binaural signal should be enough 
to pull the close-up discrete signals 
together and add binaural space and 
realism. In fact-just about the 
amount we use to liven up the signal 
for broadcasting. That's the KC Factor. 
You can have it both ways. 

Of course, this isn't going to be a lit- 
eral binaural pickup, as from Ispy's 
own signal up on his pillar. That's OK 
for phones, but poison for speakers. 
What we do get via phones is parallel 
to the speaker sound, a synthesized, 
artificial but aesthetically -pleasing bi- 
naural effect, a lot better than mere 
loudspeaker stereo via phones, 
though even that often works out fair- 
ly well, as we all know. Can do better. 

Get the formula, then. A gener- 
alized principle for all sorts of widely 
different mike situations. You start 
with your main or close-up signals, 
whatever, and give them MORE sepa- 
ration and LESS ambience than you 
want in the final mix. Then use the 
distant, ambient -binaural signal to 
pull the sound into desired focus and 
space, to taste. Fix things right for 
loudspeakers and-with the binaural 
signal present-the sound will be au- 
tomatically OK for phones. Binaural is 

flexible, inside the headphones. In 
practice, you may not need nearly as 

much exaggeration as we used, but 
it's good to start that way, just to see 
how the thing works. So long as your 
binaural signal is (a) relatively distant, 
as ambience/audience sound, (b) can 
be used to pull together that which is 

overly separated and (c) add space 
and liveness to that which is overly 
dead and close, you should be OK for 
results. Even in classical. Lots of am- 
bience there already, but you still can 
manage enough exaggeration, as per 
above, to do the trick. That's the KC 
Factor. 

P.S. in stage whisper: I suspect that 
two ordinary omni mikes (never car- 
dioid) placed eight inches apart and 
minus any head, should serve almost 
as well as anybody's Ispy, though less 
picturesquely. You can try, anyhow. 

So now go out and catch the Bot- 
tom Line via your local FM. And have 
your phones ready. 
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Imagine a stereo FM tuner that performs as 

cleanly and vividly as your favorite records. That 

has distortion so low it defies laboratory 
measurement. That automatically rejects all 

unwanted noise and interference. 
You're looking at it. The YAMAHA CT -7000... 

the new state of the art tuner. Its cost? $1,200. 
So listen at your own risk, because you may 

never be satisfied with any other tuner again. 
It's the first tuner with Negative Feedback. 
Long used in amplifiers to lower distortion, the 

application of Negative Feedback to the CT -7000 
has all but eliminated MPX distortion. (At 400 Hz, 

for example, it's an unheard of 0.02%-and that 
includes distortion caused by the measuring 
instrument itself.) Also, Negative Feedback 
eliminates the need for distortion -causing Side 

Carrier Filters. 
For superior separation of the left and right 

channels, Yamaha designed a unique Phase Lock 
Loop MPX Decoder Instead of being a single IC 

chip as in other tuners, our Phase Lock Loop 

consists of discrete components mounted on 

their own circuit board, thus allowing precise 

control in production and hand -tuning adjustment 
to meet exact specifications. 
A 7 -Gang Tuning Capacitor? Most tuners get 

by with 4 or 5 stages. We refused to. By 

designing the Front End with our unique 7 -Gang 

Tuning Capacitor and utilizing Dual Gate MOS 

FETs, the CT -7000 can receive the weakest 
stations and, at the same time, accept an 

extremely high input (up to 1 volt input signal) 
without overloading. 
Advanced IF Amp Stages. Inside the IF amp 

stage is the world's finest combination of ceramic 
and L/C filters. This has resulted in an advanced 
degree of selectivity (the ability to pick out a 

desired signal while rejecting neighboring 
frequencies). And maintains proper phase 

linearity and minimum distortion (less than 

0.08%). 
A selectable IF Mode lets you choose the 

width of the tuner's selectivity... narrow setting 
for crowded band areas; wide setting for 

uncrowded areas. The tuner's reception can be 

optimized for virtually every listening situation. 
Some other important differences. An Auto 
B/end Logic Circuit automatically operates in 

three stages to blend high and middle -high 

frequencies for maximum stereo separation with 
minimum noise and distortion on even the 

weakest stations. And you don't need to get up 

and switch in the MPX filter when a station turns 
noisy. The CT -7000 does. it for you-silently, 
automatically. 

There's Auto -Touch Tuning that automatically 

disengages AFC while you tune, for maximum 

station selection. When you release the tuning 

knob, AFC reengages and locks onto the station, 

The tuner that restates 
the state of the art. 

electronically fine-tuning it to the one point of 

maximum stereo separation and minimum 

distortion. 
A unique Variable Muting Control makes it 

possible to receive music where there used to be 

just noise. This control lets you select the muting 

cut-off level to an unbelievably low 10 dB (3 mg), 

yet it can be adjusted to accommodate stations 
up to 30 dB (30 mµ) in level. 

Variable Output level permits adjustment of 

the tuner's output to match the other input levels. 

So, when switching from tape, to records, to the 

CT -7000, you don't have to readjust your 
volume control. 
The end of Multipath Distortion. Reflection of 

FM signals off their surroundings causes 
multipath distortion. And that causes muddled, 

distorted sound. Until now, you could rely on 

inaccurate signal strength meters to orient the 

antenna-or you could invest about 800 dollars 
in an external oscilloscope. 

The CT -7000 neatly solved that problem with 
a unique signal minus multipath circuit which 

when activated by the S -M front panel relay, 

allows the signal strength meter to accurately 
display the multipath content of the incoming 

signal. Without guesswork, you now can zero -in 

the antenna incoming signal to reduce to a 

minimum multipath interference and distortion. In 

YAMAHA 

fact, tests show the S -M meter of the CT -7000 to 

be three times more accurate for this purpose 

than an oscilloscope. 
Some things we didn't have to do. We could 

have settled for just having the best performing 

tuner in the world. But we also wanted it to be 

the most reliable and durable. 
That's why all the push buttons are silky - 

smooth, precision reed relays instead of switches. 

Why the flywheel is solid brass. And why, beneath 

the walnut wood case, each circuit board is 

protected by a stainless steel cover to guard 

against stray noises and interference. 
Or as Stereo Review summed it up in its 
January 1975 issue: "Judged by its overall 

measured performance, the Yamaha CT -7000 is 

clearly one of the finest FM Tuners ever made. In 

no respect was it less than superb, and in a few 

areas-notably distortion, image rejection. AM 

rejection, and pilot -carrier suppression-it was 

either far better than anything we had previously 

measured or simply beyond the measurement 

abilities of the best laboratory instruments' 
Your Yamaha Audio Dealer will be pleased to 

demonstrate the incomparable CT -7000. Plus 

other state of the art Yamaha components that 

make up the system-designed to make you 

unhappy with what you're listening to now. 

Because, like life, the best is always yet to come. 

INTERNATIONAL CORPORATION, P.O. BOX 6600, BUENA PARK, CA 90620 

Check No. 32 on Reader Service Card 



Behind The Scenes 
J 

TIME WAS when the Consumer 
Electronic Show was an annual 
event, an industry extrava- 

ganza fiendishly timed to coincide 
with the onset of Chicago's "sultry 
season" in early June. Then the pow- 
ers -that -be decided to hold a Winter 
CES, in January when Chicago is cold 
enough to freeze the you -know -what 
off a brass monkey. Thus, these days 
we must be sure to get our CES bashes 
in the proper solstice. This, then, is a 

report on the Summer CES, held as 

usual in the cavernous reaches of 
McCormick Place in Chicago. 

The Consumer Electronic Show is 

generally regarded as an industry "ba- 
rometer," a reflection of equipment 
trends and marketing emphasis that 
can be expected during the following 
year. In this recession year, people ap- 
proached this show with an admixture 
of trepidation, confusion, uncertainty, 
a little sweetening of hope, and a tinc- 
ture of optimism. If there was a pre- 
vailing attitude, it would have to be 
"proceed with caution." 

This was to have been the CES that 
revitalized the industry's approach to 
quadraphonic sound. You may recall 
that a few months ago I reported that 
the hi-fi industry "rediscovered" 
quadraphonic sound, and some of the 
bigger companies were going to 
mount massive programs promoting 
four channel sound, in the hope that 
this would lead them out of the sales 
doldrums. These promotions did in- 
deed take place and, in fact, are an 
ongoing thing. However, the lead 
time, from the inception of the cam- 
paigns to the opening of the CES on 
June 1, was simply too short for most 
companies to introduce new gener- 
ations of quadraphonic equipment. 
Oh, to be sure ... there were some 
new models, but nothing like the 
flood that had been anticipated. The 
CES management put a brave foot for- 
ward by presenting a special exhibit 
named "Quadarama." This was a well - 
designed and neatly executed display 
of the quadraphonic equipment of 
many different companies, with no 
emphasis given to any of the com- 
peting four -channel formats. In fact, 
the CD -4, QS, SQ, and UD -4 camps 

Bert Whyte 

have most commendably decided to 
stop their internecine warfare as to 
which of them produces the "best" 
four -channel sound, in favor of pro- 
moting the over-all concept of quad- 
raphony. This all helps, of course, but 
as I talked to various manufacturers 
around the Show, I heard quite a bit 
of the "quad is dead" sentiment ex- 
pressed. Fortunately, after digging a 

bit, you find that this pessimism has a 

bit of "sour grapes" flavor. In general, 
while quadraphonic equipment 
didn't make the "big splash" at this 
CES, there is evidently plenty of inter- 
est, judging from the amount of new 
equipment purportedly "in the pipe- 
line," and presumably due for in- 
troduction at the Winter CES. 

The recession notwithstanding, 
there was plenty of interesting new 
audio equipment at the CES, and the 
proliferation of costly "high end" 
equipment was amazing. For ex- 
ample, there was a Stax amplifier, all 
Class A, 300 watts per channel, at a 

mere $3,000. The Lux company of Ja- 
pan, which had a flirtation with the 
American market through British In- 
dustries Corp. some years ago, is back 
as Lux Audio of America and was 
showing a complete line of receivers, 
pre -amps, power amps, and a turn- 
table. Highlight of their line was the 
Luxman M-6000, a solid-state 300 - 

watt -per -channel, 114 -lb. brute am- 
plifier tagged at $2,995! Sansui got 
into the high -power amplifier act with 
a big 250 -watt -per -channel unit. Ken - 
wood is reaching for the audiophile 
stratosphere. They showed their im- 
pressive 700 series units, comprising 
separate tuner, preamp, and 170 -watt - 
per -channel power amplifier, all three 
for $2,250. Kenwood also showed one 
of the most advanced quadraphonic 
receivers at the show, their KR -9940 
with full CD -4, SQ with wave -match- 
ing and variable blend, and RM (QS) 
matrix facilities. 

Still on the subject of amplifiers, the 
new "glamour queens" of the ampli- 
fier world were being demonstrated. 
Infinity Systems is finally producing 
("just a trickle yet," say they) their 
DSP Class -D switching amplifier. I de- 
scribed this unit some time ago on the 

occasion of my visit to Infinity. Rated 
at 250 watts per channel, it is not 
much bigger than some preamps and 
produces virtually no heat in oper- 
ation. Yours for $1,200. Yamaha was 
showing their B-1 power amplifier 
featuring vertical FETs, with an output 
of 150 watts per channel ($1,600). The 
companion unit is the new Yamaha 
C-1 all FET preamp. This will delight 
the more technically inclined "dial- 
twiddlers" with its host of controls, in- 
cluding such unusual items as built-in 
signal generator with 4 selectable 
sine -wave frequencies and a pink 
noise generator. Projected price is 

$1,800. Sony Corp. of America was dis- 
playing their 100 -watt -per -channel, 
vertical-FET power amp, an 80 -watt - 
per -channel vertical-FET integrated 
amplifier, and a multi -control FET pre- 
amplifier. Digressing for a moment 
from amplifiers, Sony was also dem- 
onstrating a doozy of a TV console 
called the "Betamax," a 19 -in. Trinit- 
ron TV set combined with a half -inch 
video recorder. There are two tuners 
so you can tape one program while 
viewing another, and there is also a 

built-in timer that will record pro- 
grams when you are absent. The pic- 
ture quality on direct viewing and 
from the tape is among the most bril- 
liant and sharpest I have ever seen. 

At Phase Linear's suite, they were 
showing the unit I intimated would be 
forthcoming from them in my eval- 
uation of their Model 4000 pre- 
amplifier some months ago, to wit: an 
add-on box containing the noise -re- 
duction correlator and peak unlim- 
it/downward expand systems. This 
can be added to any preamplifier (or 
receiver) with tape monitor facilities. 
Projected price is $349.95. 

I should have mentioned that many 
of the familiar hi-fi manufacturers 
were not actively demonstrating their 
equipment at McCormick Place, but 
were using suites in various hotels 
around Chicago. Plenty of firms were 
at McCormick Place, but except for a 

few special rooms, isolated away from 
the main area, the acoustics were im- 
possible, to say nothing of the noise 
levels. There was an interesting juxta- 
position in two of these McCormick 
Place rooms ... one was occupied by 

14 AUDIO SEPTEMBER, 1975 



Is it live or 
is it Memorex? 
Who knows? 

In our most recent test, we 
asked Ella Fitzgerald's old 
friend and longtime jazz 
arranger, Nelson Riddle, if he 
was listening to Ella live, or 
Ella as recorded on a 
Memorex cassette. 

He couldn't tell. 
We believe that's a strong 

endorsement of our exclusive 
MRX2 Oxide formulation. 

In fact, since we introduced 
MRX2 Oxide, a lot of other ferric 
tapes have been scrambling 
to find something to beat it. 

Nobody has. 

© 1974, Memorex Corporation, Santa Clara, California 95052 

MEMOREX Recording Tape. 
Is it live, or is it Memorex? 

Check No. 14 on Reader Service Card 



THE 

GOLD-PLATED RAY 
FACTOR. 

In this age of planned obso- 
lescence, unreliable performance 
and shoddy workmanship are 
almost taken for granted. But there 
are still a few exceptional products 
that are built to last and one of 
them is the Revox tape recorder. 

Revox dependability is 
a combination of 
many factors, 
but perhaps 
the most 
important 
of them 
is advanced 
engineering. 
Borrowing from 
space age technology. 
Revox gold-plates all of the 
electrical contacts on its plug-in 
circuit boards, relays and rotary 
switches. The result: every one of 
these movable contacts, the ones 
that usually cause most of the 
problems, can be depended upon 
to perform well for the life of 
the machine. Obviously, gold 
plating is considerably more 
expensive than conventional tin- 
ning, but Revox thinks it's worth it. 

Because Revox engineers 
demand margins of performance 
and reliability that far exceed 
ordinary production standards, you 
can own a tape recorder that will 
work perfectly the first time you 
use it and for years to dome. 
And that's why Revox 
is the only one 
to back its A77 
machines with 
a lifetime ,IN 

guarantee. 

REVOX 

VE11; 

AT ALL 

T E R1ST 

ONLY PROMISE 
Revox Corporation 
155 Michael Drive 
Syosset, N.Y. 11791 
3637 Cahuenga Blvd. West 
Hollywood, Calif. 90068 
The illustration contains optional extras. 

Cerwin-Vega, with the redoubtable 
Gene (Earthquake) Czerwinski show- 
ing off his latest high -efficiency col- 
umn -type speakers and caving in a 

few chests with the 16 -Hz roar from 
the corner "plugs" used in the movie; 
the other room had Bill Johnson and 
his Magneplanar speakers reproduc= 
ing some lovely classical music with 
exceptional smoothness and detail. 
Inevitably, in the middle of a quiet 
passage, the "earthquake" would leak 
through the walls .... 

Crown International was really gild- 
ing the lily in their hotel suite; they 
had four of their electrostatic hybrid 
ES212 speakers in a semi -circle. Each 
speaker was bi-amped through their 
new VFX electronic crossover, the 
electrostatic top being driven by their 
DC -300A amplifier and the dynamic 
bass section by the new D -150A am- 
plifier. Their IC -150 pre -amps fed the 
crossovers. Source was the big Crown 
four -channel tape machine, with mas- 
ter tape copies going through four 
channels of dbx noise reduction. Gad- 
zooks! 

Genial Bob Fulton of Fulton Musical 
Industries was demonstrating his 
beautiful Model J modular speaker 
system. This is now the production 
model, the final revisions having 
gained almost 10 dB in efficiency 
as compared to the prototype. 
The speaker is characterized by its 

smoothness, high definition, and ex- 
ceptional balance. People kept listen- 
ing to 3 and 4 in the morning, as Bob 
wisely played his own superb record- 
ings to show off the virtues of his 
speaker. 

Joe Alinsky of RTR Industries dem- 
onstrated something quite new and 
interesting in the form of a column 
speaker, in which the tweeter portion 
consists of a specially fabricated array 
of electrostatic units which gives a full 
360° omnidirectional pattern. The 
units are driven by their own internal 
amplifier which has been specially tai- 
lored to the load characteristics of 
electrostatics. Bass frequencies are 
covered with a conventional dynamic 
woofer. The smoothness of the om- 
nidirectional electrostatics is out- 
standing ... a seamless, ultraclean 
sound. This is a development that 
bears watching. 

The new Infinity Servostatik 1A is 

now in production and was being 
demonstrated with the new DSP 
switching amplifier. Unfortunately, I 

didn't get to hear it, but reliable sur- 
rogate ears say the combination is a 

knockout. I'm told by Infinity Presi- 
dent Arnie Nudell that one of these 
days this system will show up on my 
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doorstep. I can hardly wait to play 
some new tape masters on this rig! 

The Ampzilla amplifier of Great 
American Sound Co. now has a com- 
panion pre -amp, the "Phaedra." 
(Where does GAS President Jim Bong- 
iorno get those names?) The styling is 

rather clinical in black and white, but 
looks extremely functional. Projected 
price: $750. 

I don't think it had anything to do 
with the Bi -centennial, but the British 
invaded the CES this year. The Feder- 
ation of British Audio is a group of 
British hi-fi manufacturers most of 
whom have never sold their products 
in this country. Some 11 of them were 
displaying their wares at a special Brit- 
ish section on the main floor of 
McCormick Place. If, like me, you 
read the estimable British publica- 
tions, The Grammophone and Hi-Fi 
News, many of the companies exhib- 
iting will be familiar to you. The prod- 
ucts of Acoustical Manufacturing 
(Quad electrostatic speakers and am- 
plifiers) and Decca (phono cartridges 
and arms) are well known in this 
country, but such high quality manu- 
facturers as Richard Allen (speakers), 
Linn Products (turntables), A. R. Sug- 
den (turntables and amplifiers), Cam- 
bridge Audio (amplifiers), Keith 
Monks Audio Ltd. (phono arms, 
record cleaning machines), Gale Elec- 
tronics (speakers and turntables), 
Lamb Laboratories (mixers, ampli- 
fiers), and KEF Electronics Ltd. (loud- 
speakers) will soon have their prod- 
ucts in specialty audio shops across 
the country. Raymond Cooke, the 
head of KEF, is an old friend of mine 
and used to attend my Everest record- 
ing sessions in London. Raymond was 
a former associate of the grand, old 
Gilbert Briggs of Wharfedale, and 
since forming his own speaker com- 
pany, the KEF speakers have enjoyed a 

worldwide reputation for excellence. 
I have a pair of his new 104 reference 
models, and their wide range and tru- 
ly uncolored response are most im- 
pressive. All of the components and 
finish are of the highest quality. KEF 

does a lot of very sophisticated re- 
search in their speaker labs, including 
such exotic techniques as laser holo- 
graphy. A most hearty welcome to our 
British cousins, and I will look forward 
to testing many of their products! 

Needless to say, there were many 
other interesting new audio products 
at the CES ... enough to fill several 
columns, but space is getting almost 
as scarce as Malossal caviar! As usual, 
apologies to those whose products I 

didn't get to see; maybe I can catch 
them in the audio shops. 
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The difference between the 
Dolwrder 7100 and Teac's 2300S 

is about two miles of tape. 

The DOKORDER 7100 costs almost 
$100 less than the TEAC 2300S. That's 
about ten reels of the finest tape you 
can buy, which will give you 12 hours 
of recording time, which is equivalent 
to some 24 albums. 

That's an important advantage 
because, like anything else you drive 
these days, a tape recorder takes a lot 
of expensive fuel to get you where 

you're going and it's no fun to start 
out empty. 

Just as important, you won't have to 
give up anything importantto get that 
tape. When you compare functions, 
features, specs and performance 
you'll see ourtape recorder is as good 
as theirs. 

But when you compare price you'll 
find us miles apart. 

TEAC 2300S DOKORDER 7100 

Motors 
Heads 

3 3 

3 3 

Frequency Response at 7% ips 

S/N 

Wow and Flutter at 7'/º ips 
Manufacturer's suggested retail price 

±3 dB, 40-24,000 Hz ±3 dB, 30-23,000 Hz 

58dB 58dB 
0.08% 0.08% 
$499.50 $399.95 

Features and specifications as published by respective manufacturers in currently available literature. 

After you look at Teac listen to 

DOKORDER 

5430 Rosecrans Avenue, Lawndale, California 90260 

Check No. 7 on Reader Service Card 



Bi-AMpLificATioN 

POWER VS. PROGRAM MATERIAL 

VS. CROSSOVER FREQUENCY 
John M. Lovda and Stephen Muchow* 

OVER THE PAST several years, the demand for clean, 
high level sound reproduction has brought the con- 
cept of biamplification into prominence among 

both audiophiles and professional sound men. In situations 
where the system amplifier is being pushed to its limits and 
the use of larger amplifiers could result in loudspeaker fail- 
ure, biamplification provides a means of achieving low dis- 
tortion sound and high acoustic sound pressure levels. If the 
desired acoustic output level can be achieved without over- 
loading the amplifier, as is the case with most home high fi- 
delity systems, biamplification is unnecessary. However, 
even these systems can benefit from biamping in terms of 
higher sound pressure levels with lower distortion. 

This article will focus on situations where biamplification 
is useful by describing some of the theoretical and practical 
advantages of this approach to achieving high sound pres- 
sure levels. Several objective and subjective experiments 
will be described which were performed in an attempt to 
determine optimum amplifier power ratios and crossover 
frequencies. The results of this work provide insight as to 
why biamplification can improve performance. Finally, a 
typical sound reinforcement system will be described for 
use in high sound pressure level applications. 

Single Amplifier System 
A conventional arrangement consisting of a single ampli- 

fier feeding a multi -driver loudspeaker system is shown in 
Fig. 1. The output of the amplifier is fed into a passive large 
signal crossover network which contains a low-pass filter, 
high-pass filter, and (usually) a high frequency attenuator. In 
many home high fidelity or studio monitoring systems, a 
mid -range loudspeaker and crossover section is also found. 

The corner frequencies and rolloff slopes of these crosso- 
ver filters are optimized to match the acoustic characteristics 
of the loudspeakers and to protect the speakers from signal 
frequencies which may be potentially damaging. The most 
common area for concern regarding loudspeaker danger is 
the resonance frequency point of high frequency drivers. 
Depending on the internal damping of the diaphragm, sig- 
nals in the resonance region can cause excursions of ex - 

*Sr. Development Engineers, 
Shure Bros, Inc. 
Evanston, III. 
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Fig. 1-Single amplifier system. 
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cessive magnitude, resulting in physical destruction. To min- 
imize this problem at high operating levels, high- and mid - 
frequency crossover networks should be designed with 
skirts that are sufficiently steep to keep the acoustic output 
of the driver in the resonance region at least 20 dB below 
the normal passband level. 

The output of the high-pass filter normally connects to a 
resistive attenuator, providing level adjustment for the 
tweeter to attain a desired acoustical balance. This atten- 
uator is usually a T or L pad constructed either with a 
stepped or a continuously -variable resistive network. Be- 
cause high -frequency drivers are typically more efficient 
than low -frequency speakers, some attenuation is usually 
necessary. 

The basic advantage of the single -amplifier arrangement 
is simplicity-one amplifier and speaker system are the only 
components required. There are several major dis- 
advantages, however, if the system is to be operated at high 
acoustic output levels. 

First, the crossover components, including the high -fre- 
quency attenuator, must be specially selected for high -pow- 
er use. Capacitors are usually metalized mylar, non -polar- 
ized types. For sound reinforcement applications where 
high peak -output power is the rule, the capacitors must also 
have high breakdown -voltage ratings (100 volts or higher) 
and low dissipation factors (typically less than 1% at 1 kHz). 
Capacitance values as high as 504 may be necessary if the 
system is designed with four -ohm speakers and a low 
crossover frequency. 

Inductors can be either air or iron core but must not sat- 
urate. The wire gauge in the coil must be sufficiently large to 
keep the Q high and reduce power loss to a minimum. 

The power resistors or rheostats used for the high fre- 
quency attenuator are usually wire -wound devices of high - 
wattage rating. This is necessary because the sensitivity of 
the tweeter must be reduced to match that of the low -fre- 
quency speaker by dissipating the power difference in the 
resistors. Tapped auto -transformers can be used as high -fre- 
quency attenuators and in this application provide very low 
loss. However, they must also be large enough to avoid sat- 
uration and are more expensive than resistors. 

A second disadvantage is related to the generation of dis- 
tortion components during amplifier clipping. Consider first 
a high -amplitude, low -frequency signal. Should the level 
become large enough to clip the amplifier, high -frequency 
distortion components will be generated whose frequency 
distribution is dependent upon the degree of clipping. Con- 
versely, if high-level, high -frequency information is present- 
ed in a pulsed fashion causing the amplifier to clip, low -fre- 
quency distortion components will be generated at multi- 
ples of the pulse rate. (This was discussed by C.R. Anderson 
and P.W. Jenrick in "A Practical High -Frequency Track - 
ability Test for Phono Pickups," Audio, August, 1972, pp. 34- 
36.) 
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Power Ampiifie- 

Rghl Leve! 

The new BA 5000 Power Amplifier from Sansui 

The most dramatic component in Sansui's 
new "DEFINITION" Series. the BA 5000 solid-state 
paver amplifie- is capable of 300 watts min rms per 
clannel into 8 chns, both channels driven, from 20 
ter 20.000 Hz, wi-h rc more than 0.1% harmonic dis- 
tortion in the sterec moce. What's more, the BA 5000 
con be strapped ror nono operation to deliver 600 
volts rms under the some conditions. 

A true monster amplifier. 
But that's rct all. Unlike other solid-state 

o-rolifiers, the BA `CCO has a huge, laboratory - 
qual -y output transfo -mer, enabling it to deliver 
rated power into 2.4 or 8 ohms plus 25 voit line 

output in stereo and 4, 8 or 16 ohms plus 70 volt I ne 
output in mono. A rating cf `00 watts i 'io c 16 ohm 
mono load with no more than 0.1% harmonic 
distortion, 20 to 20,000 F-;. s simply unprecedented 

-ransistor equipment. 
The "DEFINITION" series also includes the 

EA 3300, our Junior Moreier, and the CA 3030 a \ery 
high quality, low distorticr o-eamplifier. 

For professiona s sophisticated audicp-iiles 
and monster lovers everywhere. See it and 'ouch 
if it you wish at your nearest Sansui franchised 
dealer or write for compete i-erature. 

SANSUI ELECTRONICS CORP. 
Woodside, New York 1137' Gardena, California 90.47 

SANSUI ELECTF.IC CO. LTD. Tokyo, Japan SANSUI AUDIO El ROPE S.A. Antwerp, Belç Turn 

ELECTRONIC DISTRIBUTORS (Canada) &C 
Check No. 23 on Reader Service Card 

Sattsui. 



Biamplified System 
A biamplified system consists of a low-level passive or ac- 

tive crossover network and two power amplifiers (see Fig. 2). 
The incoming low-level signal is first split into low- and 
high -frequency bands and then routed to separate power 
amplifiers. These amplifiers are directly connected to their 
appropriate low- and high -frequency speakers. Although it 
is not a necessity, a properly designed speaker system for 
biamplified use should have some means of high -frequen- 
cy -driver protection. This circuitry will help prevent failure 
due to reverse hookup of low- and high -frequency speak- 
ers, amplifier turn -on transients, and amplifier failures. Al- 
though the cost of the biamplified system is greater due to 
the addition of a second power amplifier, several ad- 
vantages result. 

First, a large degree of circuit design flexibility is allowed 
because the crossover network operates at low signal levels 
and is terminated by the high input impedances of the pow - 
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Fig. 2-Biamplified system. 
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er amplifiers. With a passive biamp crossover design, com- 
ponents with reduced size and power -handling capabilities 
can be employed. High -value, low -loss, expensive capaci- 
tors are unnecessary because of the increased termination 

impedance. If an electronic crossover is used employing ac- 
tive filters, inductors can be eliminated completely. Active - 
filter design also permits the use of filters with extremely 
steep roll -off rates when necessary, at reasonable cost and 
circuit complexity. One commercial design employs a novel 
circuit in which the high-pass signal is directly obtained by 
filtering, and the low-pass signal is derived by taking the dif- 
ference of the input and the high-pass signals. Regardless of 
component tolerances, the high- and low -frequency out- 
puts of this circuit complement each other exactly in the 
crossover region. Crossover frequency selection can also be 
accomplished with a minimum amount of component 
switching. 

The second advantage is the ability to assign different 
power output capabilities to the two frequency bands. By 
matching the peak -voltage capability of the amplifier with 
the recommended maximum voltage rating of the driver, 
transient program peaks and noise spikes will be clipped 
and limited to a safe value. This protection is provided re- 
gardless of gain settings of the previous stages or the voltage 
levels present at the low frequency speaker. The use of "su- 
per" amplifiers or bridged pairs of amplifiers connected to a 

single amplifier system cannot provide this safety factor 
without external speaker protection circuits. In many appli- 
cations, small high -frequency amplifiers can be used with- 
out compromising system performance. As will be shown 
later, this requirement relates directly to loudspeaker effi- 
ciency and crossover frequency selection. 

The ability to drive an unlimited number of power ampli- 
fiers using one crossover network is another advantage of a 

biamplified system. This arrangement is possible when using 
power amplifiers with high input impedances. This added 
bonus becomes very economical in large sound -rein- 
forcement applications. 

WITH A QUAD 33, ANY PICKUP CAN 
BE PROPERLY MATCHED TO GIVE 
THE FINEST PERFORMANCE OF 
WHICH THAT PICKUP IS CAPABLE (1) 

1.(a) Equivalent input noise at the 
exceedingly low figure of 0.5uV. 

(b) An input load which is a pure 
resistance at all frequencies. 
5° 0-20 KHZ. 

(c) An input dynamic range of close on 
100dB, 30dB better than the finest 
recordings now available. 

(d) Provision to place the pickup 
dynamic range (60-70dB) in proper 
relation to the amplifier range so 
there need be no compromise 
between overload requirements 
and low noise. 

Now and Forever 
Tomorrow 
THE QUAD 33 PICKUP INPUT IS 
UNIQUELY PLACED TO MEET THE 
NEEDS OF THE FUTURE (2). 

2. Digital mastertapes for disc cutting 
and further refinement of the pickup 
cartridge will lead to lower noise and 
less distortion, and may make a major 
contribution to better sound in the 
next decade. The Quad 33 can do full 
justice to each and all of these 
possibilities. 

Send postcard for illustrated leaflet 
to 
Acoustical Manufacturing Co. Ltd., 
Huntingdon PE1S 7DB, England 

QUAD 
Products of 

the Acoustical 
Manufacturing Co. Ltd. 

for the closest approach 
to the original sound. 

QUAD is a Registered Trade Mark 
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ll'nd only to the III. 

The new Shure M95ED phono cartridge combines an ultra -flat 20-20,000 Hz 
frequency response and extraordinary trackability with an utterly affordable 
price tag! To achieve this remarkable feat, the same hi-fi engineering team 
that perfected the incomparable Shure V-15 Type Ill cartridge spent five 
years developing a revolutionary all -new interior pole piece structure for 
reducing magnetic losses. The trackability of the M95ED is second only to 
the Shure V-15 Type Ill. In fact, it is the new "Number 2" cartridge in all 
respects and surpasses much higher priced units that were considered 
"state of the art" only a few years ago. Where a temporary austerity budget 
is a pressing and practical consideration, the M95ED can deliver more 
performance per dollar than anything you've heard to date. 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 
In Canada: A. C. Simmonds & Sons Limited 

of high fidelity components, microphones, sound systems and related circuitry. 
Check No. 25 on Reader Service Card 
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In terms of acoustical benefits, perhaps the most widely 
discussed advantage of biamplification is the ability to attain 
higher sound pressure levels without clipping than with a 
single amplifier of comparable size. Consider a composite 
signal with 250 -Hz and 10 -kHz components and assume the 
low -frequency component is twice as large as the high -fre- 
quency component. If this signal is fed to an amplifier with a 
40 -volt peak -output capability, the low- and high -frequency 
components could only reach peak levels of 26.7 and 13.3 
volts respectively before clipping. Biamplifying the system, 

TAPE RECORDER 

HIGH FREQUENCY 
OUTPUT 

SHURE SR106 
111. ELECTRONIC 

CROSSOVER 

LOW FREQUENCY 
OUTPUT 

Fig. 3-Setup for biamplified peak -level test. 
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Fig. 4-Ratio of high (VH) and low (VL) frequency peak lev- 
els vs. crossover frequency for program material with heavy 
high -frequency content. 

!OWL PM 
LEM, 

[a 
MOAN. oren» 

E0 50 100 4000 
CROSSOVER FREQUENCY IN HERTZ 

10,000 50,000 
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frequency content. 
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Fig. 6-Ratio of high (VH) and low (VL) frequency peak lev- 
els vs. crossover frequency for program material with heavy 
low -frequency content. 

two amplifiers capable of 26.7 -volt peak and 13.3 -volts peak, 
respectively, would provide the same undistorted output 
level with this test signal. Converting these peak voltages to 
rms values and assuming an 8 -ohm speaker system, this sug- 
gests that a power amplifier capable of producing 55.6 watts 
(44.5 + 11.1) provides the same performance as one with a 
rating of 100 watts. When the low -frequency amplifier clips, 
the harmonically -related distortion products are isolated to 
the low -frequency speaker only. These products will be nat- 
urally attenuated somewhat by the response roll off of the 
woofers at high frequencies due to the voice coil in- 
ductance. 

Impressive as the previous power comparison might ap- 
pear, realistic wide -range musical signals present a more 
complex problem to the sound system designer. Although 
no exact formula exists for specifying biamplified system 
parameters, it seems apparent that crossover frequency, 
power amplifier size, and musical spectral characteristics 
must be interrelated. The following experiments were de- 
signed to examine the relationships among these variables 
and to determine basic guidelines for use in designing and 
optimizing practical biamplified systems. 

Biamplifled Peak Levels 
An experiment was performed in which three spectrally 

different types of program material were analyzed elec- 
trically. The program material for the experiment was sepa- 
rated according to three classifications: heavy low -frequen- 
cy content, heavy high -frequency content, and that which 
had an even -frequency distribution. Selections from records 
were used for the low- and even -frequency distributions, 
while a tape recording of a female vocalist in a live perform- 
ance was used for the sample with the heavy high -frequency 
content. Because this program material would be used later 
in a listening test, all three program sources were sub- 
jectively matched for overall level, and carefully recorded 
on a tape for convenience and repeatability. Before analysis, 
the output of the tape was first separated by an electronic 
crossover with switchable crossover frequencies of 200, 500, 
800, 2600, and 5000 Hz. The signal output was then measured 
with a peak -responding meter and storage -type os- 
cilloscope, so that it was possible to visually observe as well 
as measure the peak output -voltage characteristics. Peak - 
voltage measurements were made at both the low- and 
high -frequency outputs as shown in Fig. 3. Using this equip- 
ment, the peak voltage within a chosen spectrum could be 
measured and tabulated. Graphical representations of the 
measured results are shown in Figs. 4, 5, and 6. 

The curves plotted represent the numerical difference be- 
tween the low- and high -frequency peak levels expressed in 
dB, with 0 dB on the graph corresponding to equal low- and 
high -frequency peaks. The dB values on the vertical axes 
represent the voltage or power ratios that would be re- 
quired for uniform clipping of both the high- and low -fre- 
quency bands at various crossover frequencies. These ratios 
all assume identical sensitivities and impedances of both 
speakers. As expected, the slope of the curve in all cases in- 
dicates that low -frequency peak energy is greater than high - 
frequency peak energy when the crossover frequency is 
shifted upward. The converse is also true, with the point of 
equal distribution located at approximately 300 Hz for the 
low- and even -frequency distribution material and approxi- 
mately 700 Hz for the material with high -frequency pre- 
dominance. These results seem to indicate that to efficiently 
biamplify wide -range program material using identical 
power amplifiers, a 300 -Hz crossover frequency should be 
used. It can also be seen from these graphs that as the 
crossover frequency is shifted upwards, for example to 2600 
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The BSR Silent Performers. 
State-of-the-art belt -drive turntables 
at today's state -of -the -wallet prices. 

For years most expensive manual record - 
playing devices have used belt -drive as a 
smooth, trouble-free-and most important- 
silent method for transmission of power. 
Now, our engineers have succeeded in inte- 
grating a highly -refined belt -drive system 
into more affordably -priced turntables. 
They offer a combination of features and 
performance not yet available in even more 
expensive competitive models. We call 
them the Silent Performers. 

Four models are available. The 200 BAX is 
the deluxe automatic belt -drive turntable. 
Full automatic capability is achieved with 
a gentle yet sophisticated 3 -point um- 
brella spindle. It has a heavy die cast 
platter, high -torque multi -pole syn- 
chronous motor, tubular "S" shaped 
adjustable counterweighted tone 

B 

arm in gimbal mount, viscous cueing, quiet 
Delrin cam gear, automatic arm lock, dual - 
range anti -skate, stylus wear indicator and 
much more. Included are base, hinged tint- 
ed dustcover, and ADC VLM MKII cartridge. 
The 20 BPX is an automated single -play belt - 
drive turntable. It has the "S" shaped tone 
arm and features of the deluxe automatic 
model with a precision machined platter 
and ADC K6E cartridge. It comes complete 
with base and dustcover. Model 20 BP is 
identical but without cartridge. 
Model 100 BAX (not shown) automatic belt - 
drive turntable has a low mass aluminum 

tone arm with square cross section 
and a precision machined platter. 
It is packaged with base, hinged 
tinted dustcover, and ADC K6E 
cartridge. 

Consumer Products Group 
BSR (USA) Ltd. Blauvelt, N.Y. 10913 

BSR 200 BAX-Deluxe automatic belt -drive turntable BSR 20 BPX-Automated single -play belt -drive turntable 
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Hz, the high -frequency peaks are as much as 6 dB lower. 
This indicates that the high -frequency power amplifier used 
could be smaller, requiring approximately one half the clip- 
ping -voltage capability of the low -frequency amplifier. 
Conversely, the low -frequency amplifier requires a clipping 
level 6 dB higher than the high -frequency amplifier to faith- 
fully reproduce wide range material. From these results, a 
theoretical minimum high- to low -frequency ratio may be 
determined at various crossover frequencies for a given type 
of program material. 

The results of these measurements could be interpreted 
as a guide for determining amplifier power ratios as a func- 
tion of crossover frequency. Our experience, however, has 
shown that substantial amounts of low -frequency as com- 
pared to high -frequency clipping are normally tolerable 
without any apparent deterioration of sound quality. This 
tolerance to clipping prompted two psychoacoustical ex- 
periments to gain additional insight into actual power am- 
plifier requirements for biamp operation. 

The first of these experiments was designed to provide in- 
formation regarding power ratios vs. crossover frequency. A 
switchable biamp system was devised whereby the listener 
could compare an undistorted signal with a signal distorted 
in either the high- or low -frequency section only. Figure 7A 
shows the setup used for low -frequency clipping, while Fig. 
7B shows the setup used for high -frequency clipping. 

Amplifiers A and B were both operated well below their 
output -clipping points. These amplifiers made up the un- 
distorted system. These amplifiers made up the undistorted 
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Fig. 7b-Experimental setup for high -frequency clipping 
psychoacoustic test. 

system. The clipping point of amplifier C was made continu- 
ously variable from 8 to 40V rms by means of a variable auto - 
transformer on its a.c. power line. Prior to this test the dis- 
tortion characteristics of this amplifier were verified to be 
uniformly low over the range of adjustment. Amplifier D 
was introduced so that the listening level could be easily ad- 
justed while maintaining a predetermined clipping level. 
The two low-pass filters shown at the outputs of amplifiers B 
and C in Fig. 7A were provided to simulate the normal high - 
frequency rolloff typical of low -frequency loudspeaker sec- 
tions. This filter had a 6 -dB -per -octave rolloff slope with the 
corner frequency located above the crossover point. 

During each experiment, the test subjects were asked to 
lower the clipping point in amplifier C, while comparing it 
to the unclipped amplifier B until a difference or increase in 
audible distortion was noted. By combining the results of 
each experiment, a high -to -low -frequency power ratio was 
determined for each test subject. Several interesting phe- 
nomena were noted from the data obtained. First, the vari- 
ance of listener tolerance to distortion was quite wide. Some 
people would accept substantial clipping on peaks and 
make judgments on average levels only, while others ap- 
peared to be sensitive to the slightest differences. This vari- 
ance was more severe on the live recording which exhibited 
the highest peak -to -average ratio. Second, with the selec- 
tion of either a 200 -Hz or 500 -Hz crossover frequency, low - 
frequency distortion was essentially inaudible, even with the 
signals substantially clipped. The bass content of the pro- 
gram would subtly diminish as the clipping became increas- 
ingly severe, and only at extremely low clipping voltages 
would intolerable distortion occur. These observations 
make sense when one considers that the low -frequency 
loudspeaker system tends to roll off higher -frequency dis- 
tortion components. In addition, those high -frequency dis- 
tortion components that are reproduced are masked by the 
output of the high -frequency loudspeaker section. This ef- 
fect diminished as the crossover frequency was raised, but 
was noticeable for all but the 5 -kHz crossover setting. 

Considering the degree of clipping observed on an os- 
cilloscope during these tests, it is apparent that biamplifica- 
tion provides a psychoacoustical means of reducing per- 
ceived distortion. The power ratios observed followed the 
same general trend as was previously measured electrically, 
but the large variation between listeners suggested that an 
average curve would be of little value. The data presented in 
Figs. 4 through 6 consequently represent reasonable guide- 
lines for determining amplifier power ratios. 

The second experiment was designed to measure listener 
tolerance to clipping distortion. For this test, the subjects 
were repeatedly presented the same musical cut and asked 
to rate the fidelity according to a list of five performance cri- 
teria ranging from very clean (unclipped) to very distorted 
(clipped). Each time the selection was repeated, the low -fre- 
quency clipping point was changed in a random fashion 
while the high -frequency channel remained clean. Five out- 
put -voltage clipping levels, spaced 6 dB apart, were se- 
lected. During the course of the experiment, each level was 
used twice to establish if listeners had any measure of re- 
peatability. An unclipped selection was played first as a lis- 
tener reference and was reinserted later in the random se- 
quence. 

As in the last experiment, listeners' opinions varied widely 
as to the quality of the selections. The ability of the individ- 
ual to correctly match two selections with the same clipping 
level when separated by time was rather poor. There was a 

tendency to be conservative, rating the clean and slightly 
distorted passages as fair and only the most heavily clipped 
selections as poor. 
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We're not afraid 
to turn our back 

on you. 

Introducing 
the RS 4744 

We can afford to be very 
forward about our back. 

Because the back of our RS 

4744 stereo receiver is one of 
the most versatile you'll ever see. We've got. 
phono inputs for two different turntables. And 
two sets of tape monitor input and output 
jacks. And terminals for main speakers, re- 

mote speakers, and PQ4 speakers. And three 
AC power outlets, one switched and two un - 

switched. The rest you can see for yourself 
in the picture above. 

But what's behind our back is just as im- 

pressive as the back itself. 
As Popular Electronics* put it, the RS 4744 

"met or surpassed all the published speci- 
fications we were able to test" and was 

"...well above average 
in the important per- 
formance aspects." 

Take power, for ex- 
ample. Popular Electron- 

ics found the RS 4744 "con- 
servatively rated" at 60 watts per 

channel, min. RMS at 8 ohms from 20Hz to 
20kHz with no more than .25% Total Har- 
monic Distortion. Which made it "outstand- 
dng for a receiver in the RS 4744's price 
range." FM 50 dB quieting sensitivity was 
equally impressive-"a very good 3,uv in mono 
and 351.Lv in stereo." 

But don't take our word for it. Or their 
word for it. Go see the RS 4744 for yourself. 

Back or front, any way you look at it, the 
RS 4744 is one fine stereo receiver. 

*Popular Electronics, December 1974 Issue. 
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As part of the experiment, the unclipped high -frequency 
channel was shut off and the listeners were able to compare 
the apparent distortion level of the clipped amplifier alone. 
In almost all cases, the amount of distortion perceived in- 
creased dramatically when the clean high -frequency signal 
was removed. This provided further verification that the un- 
clipped channel has a psychoacoustically beneficial masking 
effect on the distortion products generated by the clipped 
channel. This effect was greatest at lower crossover fre- 
quencies but continued to be substantial even at the highest 
crossover frequencies. Considering the fact that many 
sound -reinforcement amplifiers used for high-level appli- 
cations are clipped a large percentage of the time, this 
masking effect is most likely the underlying reason for the 
subjectively lower distortion sound quality and increased 
levels available when a biamplified system is used. 

Summary 
When designing sound systems for high-level music re- 

production, proper consideration of the effects of masking 
and high -frequency -driver power limits will produce the 
desired combination of low distortion and high reliability. 
The following steps should be considered in order to deter- 
mine the correct amplifier sizes for a biamp system: 

1. The crossover frequency, power handling capabilities, 
and sensitivites of the various loudspeaker sections should 
be noted. 

2. Figures 4 through 6 should be reviewed with some feel- 
ing for the type of program material to be reproduced. 
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Based upon this review, a power ratio should be deter- 
mined. 

3. The above ratio should be modified in accordance with 
any differences in the sensitivities of the loudspeaker sec- 
tions being used. 

4. The power amplifier sizes are then computed based on 
the specific sound passages required for the application. 

5. If the above power requirements exceed the system ca- 
pabilities, additional speakers, more efficient speakers, or a 
change in crossover frequency should be considered. 

It should be pointed out that most wide range systems ca- 
pable of biamplified operation have been optimized for the 
crossover frequencies stated and degradation of perform- 
ance or physical damage might result if the crossover fre- 
quency is changed. 

Figure 8 shows a typical large sound reinforcement system 
used for wide range program material at high sound pres- 
sure levels. The system consists of one electronic crossover 
with splitting frequencies set for 2600 Hz, five power ampli- 
fiers each capable of 28V rms output, and four 16 -ohm, 
wide -range portable loudspeaker systems. One amplifier 
drives all four high -frequency sections at a maximum of 50 
watts each. The high -frequency level can be easily adjusted 
using the amplifier gain control. The four low -frequency 
amplifiers are connected to form two bridged -pair (series - 
connected) amplifiers, with each pair capable of providing 
200 watts (57 V rms) to each low -frequency system. A de- 
tailed wiring diagram of a bridged pair is shown in Figure 8B. 
The inputs to the amplifiers are parallel connected out of 
phase with each other and the outputs are series connected. 
This arrangement provides twice the voltage swing and four 
times the power output of a single amplifier. Both output 
terminals are floating above ground and must not be con- 
nected to the chassis. Note that each low -frequency speaker 
can receive more power than its matching high -frequency 
driver, while still providing isolation to the high -frequency 
drivers from 80 V spikes. The sound system could easily be 
expanded by connecting additional amplifiers and loud- 
speakers to the crossover outputs. 

Conclusions 
In conventional wide -range sound reinforcement sys- 

tems, where single amplifiers are often driven into clipping, 
the use of biamplification techniques can be beneficial. 
Biamplification offers audibly lower distortion, decreased 
amplifier power requirements, and increased speaker pro- 
tection. The reduction in apparent distortion in a properly 
designed biamp system is in part due to the high -frequency 
rolloff of the low -frequency speaker section and to the 
masking of low -frequency distortion products by clean 
high -frequency program material. 

Peak program measurements indicate that the peak -volt- 
age distribution in the high- and low -frequency bands of a 
biamplified system are nearly equal at crossover frequencies 
between 200 Hz and 500 Hz. As the crossover frequency is 
increased, the peak program content in the low -frequency 
band increases while the high -frequency peak program 
content decreases. At higher crossover frequencies, the 
power demands placed on both the high -frequency ampli- 
fier and speaker are reduced. This decreases the chance of 
high frequency speaker damage. 

Biamplification also offers non -acoustical advantages such 
as flexibility of crossover network design, ease of system ex- 
pansion, and simplified means for level adjustments of both 
the low- and the high -frequency sections. It is readily appar- 
ent that biamplification offers many advantages worthy of 
serious consideration in the area of high sound pressure lev- 
el sound systems. 
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The best way to pick a speaker 
is with your eyes open. 

All speakers are not alike. 
Even speakers that appear similar can 

sound very different. 
For example, when you compare a 

BIC VENTURI'° speaker system with 
others, you'll be astonished at how much 
more sound it delivers... even from a modest 
amplifier. 

Behind the speaker grille you'll see the 
Venturi name over a cabinet slot that looks 
like a bass reflex "port" but isn't. "Bass re- 
flex" speakers, whether they use slots, holes, 
or shelves, merely resonate an enclosure to 
a single frequency, achieving bass emphasis 
only at that one point. 

The opening you see on a BIC 
VENTURI cabinet is the 
terminus of the Venturi 
path inside the enclosure 
(U.S. Pat. 3892288). It 
works as an acoustic trans- 

former to produce bass energy as much as 
140 times greater than would otherwise be 
achievable from a woofer alone in the same 
size cabinet. 

M) 

A-Shows output of low 
frequency driver when 
driven at a freq. of 22 Hz. 
Sound pressure reading. 
90 dB. Note poor wave 
form. 

B-Output of BIC 
VENTURI coupled duct. 
(under the same condi- 
tions as Fig. A) Sound 
pressure reading 111.5dB 
(140 times more output 
than Fig. A) Note non - 
distorted appearance. 

Oscilloscope photos reveal that a BIC 
VENTURI speaker actually eliminates har- 
monic distortion from reproduced tones, lit- 
erally purifying the sound and resulting in 
clean, tight and extended reproduction. That 
you can hear! 

Notice the square -shaped mouth of the 
exclusive BICONEXc midrange horn (pat. 
pend.). This unit is exceptionally efficient. It 
has remarkably smooth, uncolored response 
because of its unique conical/exponential 

flare. It is made of an inert substance to avoid 
"ringing" and spurious resonances. But, 
equally important, it provides wide-angle 
dispersal of sound in both horizontal and 
vertical planes, making 
speaker positioning non- 
critical. There is a super 
tweeter that operates in 
only the last octave for 
accurate musical timbre. 

Even the control panel on the front of 
the baffle board is a surprise. It controls an 
exclusive built-in device (pat. pend.) which 
compensates for 
the normal loss in 
hearing of bass 
and treble tones, 
(figure C) at var- 
ious listening lev- 
els. Regardless of 
amplifier loudness 
settings, you hear 
all the music, all 
the time. This is accomplished automatically 
with the switch in the "on" position, or, you 
can adjust tonal balance manually for the 
type of music you play or the kind of sound 
you prefer. 

There's really much more to BIC 
VENTURI speakers such as how they com- 
pare with other design types in perform- 
ance, and the way they function in a high 
fidelity system. 

If you want to read some interesting 
and informative literature, ask your fran- 
chised BIC VENTURI dealer for a copy 
of our new 20 -page consumer guide to loud- 
speaker performance, or write to us: B I C 

VENTURI, Westbury, N.Y. 11590. Div. of 
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How Valid is the FTC 
Preconditioning Rule? 

INCE November 1975, the Federal Trade Commis- 
sion has required that audio amplifier power ratings 
be based on measurements made after one hour of 

operation at one third of the intended full -power rating, us- 
ing a 1 kHz sine wave signal. 

This generates a much more severe design requirement 
than had previously been considered necessary and has 

Fig. 1 - Overall view of calorimeter used to measure power 
dissipation. 

Joseph V. DeMarinis* 

raised concern among the audio engineering fraternity re- 
garding the technical validity of the ruling. To determine if 
there is a basis of realism behind the new requirement, this 
writer felt it appropriate to examine the peak -to -average 
power ratio of a wide variety of program material and con- 
duct other experiments to see if (or how) it might be pos - 
*Mgr., Audio Eng. GTE Sylvania, Batavia, New York 

Fig. 2 - Internal view of calorimeter. 
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Get yourselfthe big one! 

Complete your reference 
library with this Modern 
Dictionary of ELECTRONICSI 
This handy volume is a convenint 
way for you to keep abreast of al_ 
the latest happenings in the ever- 
changing field of electronics. 
Modern Dictionary of Electronics 
gives you clear, concise defini- 
tions of 18,500 terms commonly 
in use today in the fields of com- 
munications, microelectronics, 
fiberoptics, semiconductors, 
reliability, computers and 
medical electronics. 
It's yours for only $14.50 

Guide to 
High Fidelity 
Here's a conve- 
nient guide to help 
you select a hi-fi 
system that not 
only meets your 
needs but fits your 
budget besides. If 
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invest in any hi-fi 
equipment at all, 
this book is a 
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your own records, 
and how to use equip- 
ment and controls 
creatively. 
Just $9.95 

For more 
audio infor- 
mation ... 
Take one 
or more of 
these handy 
paperback 
guides. 

How To Build 
Speaker 
Enclosures 
Here's the book 
to use if you want 
to build enclo- 
sures that give you 
realistic sound 
reproduction. In- 
cludes directions 
for enclosures to 
fit any application 
. . . any price 
range. 
Yours for a low 
$4.50 

1,757 illustrated pages of 
detailed audio reference for 

the working technician ... the 
student ... the hi-fi buff! 

Here's a comprehensive volume espe- 
cially designed for the man or woman 

who has an understanding of electronics 
and an interest in audio technology. 

The Audio Cyclopedia is the most author- 
itative reference book ever published on 

this subject. It includes every phase of audio 
technology-plus the latest information on 

solid-state and integrated circuits. 
25 informative chapters ... 

convenient format so you find what 
you're looking for... quickly... easily! 

Each of the big, information -filled chapters 
covers in depth one of the major areas of audio 

electronics. You'll find anything you could 
want to know about everything-amplifiers, 

acoustics, meters, transformers, coils, transis- 
tors, diodes, filters ... plus much, much more! 

All information is presented in easy-to- 
understand,questionand-answer format. For 

"instant find," there's a unique index and refer- 
ence system so the 

information you 
need is always at 

your fingertips. 
Send for this com- 

plete reference 
library today 

just $3400 

107 

Clip out and mail this coupon today! 111 

YES ! I want to know more about audio electron- 
ics, equipment and technology! I am enclosing 
$ plus 450 for postage and handling. 
Please send me the books I have checked below. ' Audio Cyclopedia (20675) $34.00 

Modern Dictionary of Electronics 
(20852) $14.50 I Modern Recording Techniques (21os7) . $9.95 

I Guide to High Fidelity (21154) $4.50 

D How to Build Speaker Enclosures 
(20520) $4.50 I Please send me the Howard W. Sams latest cata- 

log with ith 400 additional "How To" books. 
one) 

IOW 

'Name 

Il 
(PLEASE PRINT) 

Address 

City 

1 Zip State 
CLIP OUT... MAIL TODAY TO: Howard W. Sams Co., Inc.' I 
4300 W. 62nd Street' Indianapolis, Indiana 46206 

Include sales tax where applicable. OTO9 

MI BB BB B11 IBM la 
Check No. 22 on Reader Service Card 



sible to develop one third of an amplifier's maximum RMS 
output, for one hour. 

A calorimeter was used to measure average power. It con- 
sisted of an 8 -ohm resistive load and an expanded -scale 
thermometer immersed in 200 cc of distilled water. The con- 
tainer was made from styrofoam with a minimum wall thick- 
ness of one inch. The load was a five -watt wirewound resis- 
tor, with the ceramic outer case chipped off. This provided 

10 

6 

4 

Fig. 3 - Average 
material. 
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Fig. 4 - Emerson, Lake & Palmer's Brain Salad Surgery, as 
displayed on storage oscilloscope. Two minutes at 1 cm/sec. 
sweep speed. 

B 
¡{ T1A tfT'IIrR Per M1(III+ mutiny", 

Fig. 5 - FM station, "Rock 102," WBEN, Buffalo, N.Y., as dis- 
played on storage oscilloscope. Two minutes at 1 cm/sec. 
sweep speed. 

rapid heat transfer and minimum undesired thermal materi- 
al. To minimize heat loss, fine steel wire was the only elec- 
trical and mechanical connection to the load. An inch -thick 
top cover, which held the thermometer and load resistor,re- 
mained fixed, while the water cup was rotated at 78 rpm, to 
assure uniform heat distribution in the water. Figures 1 and 2 
show the calorimeter construction. 

Calibration measurements were made at 28 watts and 2.5 
watts, with errors of -4% and -3.6% respectively. Appropri- 
ate correction factors have been applied to the test results. 
A Tektronix Model 549 storage oscilloscope was used to 
record peak information. The oscilloscope was connected 
across the 8 -ohm load and was operated in the storage 
mode at a sweep speed of 1 cm/sec for the duration of each 
program selection. The highest peak voltages were clearly 
discernible. Since amplifiers must be rated in terms of rms 
power, the peak power information was converted to rms 
with the equation: 

Max rms Power = 
(Peak -to -Peak Voltage x .707)2 x 1 

2 RL 

While this doesn't necessarily represent the true rms power 
of transient peaks, it does relate the required clipping level 
to a sine wave power capability. 

Since amplifier clipping would defeat the purpose of the 
program material study, a large amplifier was used. The one 
chosen is able to deliver 156 -watts continuous rms power 
and has a transient -peak clipping level of 196 watts, with an 
8 -ohm load. 

Tests were run with an assortment of classical and rock 
records, with a few rock FM stations, and also with white 
noise. The results, expressed as a percent of Maximum rms 
Power, can be summarized as follows: 

Average Classical Record 3.5% 
Worst Case Classical Record 6.0% 

Average Rock Record 
Worst Case Rock Record 

4.3% 
7.2% 

White Noise 9.6% 
Average Rock FM Station 10.7% 
Worst Case Rock FM Station 15.0% 
Figure 3 shows the distribution of energy for recorded 

music and for FM rock programming. The detailed data is 
shown in Table I. The reason for the high power content of 
FM stations is, of course, their extensive use of volume com- 
pression. It is probably more than coincidence that the 
highest average power was observed on the station which 
used Dolby encoding. 

Examination of the oscilloscope patterns in Figs. 4 and 5 
clearly show the high energy content and flatness of FM 
rock programming as compared to a typical rock record. 

It is quite evident from this analysis of 26 musical pro- 
grams and two tests with noise that the most severe continu- 
ous demand on an amplifier was 15 percent of its maximum 
rms power rating and with most program material less than 
10 percent, provided there is no significant amount of clip- 
ping in the output stages. 

The obvious question is, "What happens if an amplifier is 
allowed to be driven into clipping?" To investigate this, the 
large amplifier was replaced by a small one, which could 
only deliver 6.5 watts continuous rms power and had a tran- 
sient -peak clipping level of 9 watts. 

Using the rock FM station, which had given the worst case 
results in the previous study, the volume control was turned 
up to the highest levels at which the distortion was consid- 
ered tolerable by non -critical listeners. Under these condi- 
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Program Selection 
and Duration 

1. Cat Stevens -Tea for the Tillerman 
On the Road to Find Out (5.07) 

2. Three Dog Night -Golden Biscuits 
One (2.96) 

3. Three Dog Night -Golden Biscuits 
Eli's Comin (2.73) 

4. Carol King -Writer 
Spaceship Races (2.96) 

5. Pink Floyd -Dark Side of the Moon 
Speak to Me, etc. (19.3) 

6. Jesus Christ Superstar 
Overture (3.54) 

7. Edward's Hand GRT10005 
Episodes (3.88) 

8. Rock Opera Tommy 
Overture (2.72) 

9. Cat Stevens -Tea for the Tillerman 
Bitter Blue (3.08)Slight clipping. 

10. Wurlitzer Pipe Organ AFLP 1828 
When the Saints Come Marching 
In (3.34) 

11. Blood Sweat & Tears 
Spinning Wheel (3.98) 

12. Blood Sweat & Tears 
Blues Part 11(11.73) 

13. Beethoven Symphony #9 
Final Movement (25.45) 
Seraphim S-60079 

14. Chopin -Ballad #3 
RCA LM 1707 (6.9) 

15. Carmina Burana -Side 1 

Capitol SPAR 8470 (25.8) 
16. Mozart-Exsultate Jubilate 

Turnabout 4029S (14.75) 
17. Moazart-Benedictus Sit Deus 

(1st 3.43 Min. Only) 
Turnabout 4029S 

18. Beethoven Symphony #5 
First Movement (7.46) 

19. Switched on Bach 
Brandenberg Concerto #3 (6.36) 

20. 1812 Overture 
Westminster XWN 18283 (16.15) 

21. White Noise (FM Interstation 
(5.0) 

22. White Noise (FM Interstation) 
(5.0) 

23. FM -99 5/9/75 
WHFM, Rochester (4.86) 

24. FM -99 5/9/75 
WHFM, Rochester (12.41) 

25. FM -99 5/12/75 
WHFM, Rochester (32.0) 

26. Rock -102 5/12/75 
WBEN-FM, Buffalo (10.5) 

27. Rock -102 5/12/75 
WBEN-FM, Buffalo (32) 

28. QFM-97 5/14/75 
WGRQ, Buffalo (15.0) 

tions, average outputs on the order of 30 to 40 percent of 
the maximum -continuous rms power capablity were 
achieved. At maximum volume, readings as high as 89 per- 
cent were obtained. However, the audio was distorted virtu- 
ally beyond intelligibility and this could not possibly be con- 
sidered normal use of the amplifier. 

Table I - Program material vs. power requirements. 
Average 

RMS 
Power 
(watts) 

Max. RMS 
Power 
(watts) 

156.2 

52.5 

37.5 

121.0 

80.8 

34.5 

42.2 

3.13 

2.92 

2.23 

1.46 

2.62 

1.22 

3.04 

189.0 12.47 

196.0 10.55 

36.0 1.87 

95.0 2.9 

85.6 1.86 

27.6 

33.0 

186.0 

110.0 

1.02 

1.51 

0.84 

2.74 

186.0 10.97 

40.6 1.45 

22.5 

56.0 

25.6 

33.0 

33.0 

45.5 

15.9 

124.0 

45.55 

45.6 

1.37 

1.12 

2.45 

2.89 

4.45 

3.49 

1.13 

17.28 

6.86 

3.17 

Average 
RMS 

Power 

2.0% 

5.6% 

6.0% 

1.2% 

3.2% 

3.5% 

7.2% 

6.6% 

5.3% 

5.2% 

3.0% 

2.2% 

3.7% 

4.6% 

0.45% 

2.5% 

5.9% 

3.6% 

6.0% 

2.0% 

9.6% 

8.8% 

13.5% 

7.7% 

7.1 

13.9% 

15.0% 

7.0% 

It is evident, therefore, that the only way to achieve one- 
third of maximum rms power on a continuous basis with 
program material is to drive the amplifier into severe clip- 
ping distortion. The result can not, by any stretch of imagi- 
nation, be classified as hi-fi. However, with small amplifiers, 
such clipping is a normal fact of life. 

It is well known that when an audio output transistor is 

driven into saturation (clipping), its internal power dis- 
sipation drops considerably. In other words, deriving one 
third of rated output power from intermittent program ma- 
terial, which saturates the output transistors a high per- 
centage of the time, will cause much less output device 
heating than generating the same average output power 
with a continuous sine wave which stays below the clipping 
level. 

To evaluate this effect with actual program material, 
thermocouples were attached to the collector tabs of the 
output transistors of the 6.5 watt amplifier. The amplifier was 
then driven to various power output levels with a 1,000 Hz 
sine wave and then driven to several different average out- 
put levels with rock FM program material. The average pow- 
er output of the program material was measured with the 
calorimeter. Each test ran exactly 3.5 minutes. Prior to each 
test, the collector tab and heat sink were allowed to cool to 
100 degrees Fahrenheit, then temperature rise was mea- 
sured during the 3.5 minute operation period. The resulting 
curves are shown in Fig. 6, and it is evident that the output 
transistor heating which occurs at one-third rated output 

LL 

30 

25 

5 

IG 20 30 

SINE WAVE 

40 50 60 

RATED POWER 

FM ROCK 
PROGRAM MATERIAL 

70 80 90 100 

Fig. 6 - Heat sink temperature vs. percentage of rated pow- 
er for FM Rock station program compared to sine wave dis- 
sipation. 

with program material can be simulated with only 11 per- 
cent of rated power using a continuous sine wave signal. 
Most important, note that the output transistor heating ef- 
fect of one-third rated power with a continuous sine wave 
signal could not be achieved under any condition, with pro- 
gram material. 

In the November, 1974 issue of Stereo Review, Larry Klein 
proposed that preconditioning be done at one-third of 
rated power by driving the amplifier to full output with a 

1 -kHz tone burst having a one-third duty cycle. Tests with 
that signal showed that the output transistor heating effect 
approximates that of 11 percent rated output using program 
material, while the power supply is stressed to one-third of 
rated output. 

Tests were also made using a 1 -kHz tone -burst signal 
which drove the amplifier to 50 percent of full output at a 

two-thirds duty cycle. This signal more closely approximates 

(Continued on page 50) 
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WhenWestern Electric 
told us the first transistors 

could only work in hearing aids 
we didn't hear them. 

So, we packed the transistors up and took them 
back to Japan with us. 

The rest is history. 
Because one year later, in 1955, Sony came out 

with the first all -transistor radio. 
In 1959, Sony introduced the world to all - 

transistor television. 
And in 1961, we came out with the world's first 

transistorized stereo tape recorder. 
Then 6 years later, we put everything we had 

learned into our first transistorized receiver. 
A receiver made not only with our own transistors 

but our own filters and circuitry, as well. 
Of course, through the years Sony receivers have 

changed, but the way we make them hasn't. 
We still use our own field-effect transistors, our 

own solid-state filters and our own integrated circuitry. 
All designed or made by our own engineers. 

People who now have more than twice as much experi- 
ence in designing and making these things than 
anybody else. 

And if you take the time to listen to our receivers, 
you'll hear the difference that experience makes. 

For example, in our STR-7065A, you'll hear a 

receiver that delivers 65 watts minimum RMS continu- 
ous power per channel at 8 ohms, 20-20,000Hz with 
re more than .2% total harmonic distortion. 

It has exceptionally high selectivity so it easily 
ricks up weak stations even when they're on the dial 
rext to strong ones. 

It has phase lock loop for low distortion and 
r igh stereo separation. 

It's made with solid-state ceramic i.f. filters, called 
"forever filters;' because that's about how long they last. 

And it's made with complete push-pull comple- 
mentary circuitry and direct speaker coupling to en - 

Eure a purer quality of sound. 
So if you're thinking about buying a receiver, stop 

into a Sony dealer. That's right, Sony. 
Because by our not I istenirr to what Western 

Electric said 21 years ago, millions of people are 
listening to us today. 

c- .975 Sony Corp. of America. Sony, 9 W. 57 St., N.Y, NY 10D19. SONY is a trademark of Sony Corp. 

Check No 26 on Reader Service Card 



Oual 

The Dual 1249. 
It will give you more reasons 
than ever to o , Dual. -, 

For several years, independent surveys of 
component owners-audio experts, hifi editors, 
record reviewers, readers of the music/equipment 
magazines-have shown that more of them own 
Duals than any other turntable. This is quite a 
testimonial to Dual's quality performance, reliability 
and fully automatic convenience. 

We believe the new 1249 will add even more 
serious music lovers to the roster of Dual owners, as 
it provides every feature, innovation and refinement 
long associated with Dual turntables plus some new 
ones. And all in a newly designed chassis that 
complements the superb design and meticulous 

engineering"ôf the 1249. 
The low -mass tubular tonearm pivots in a true 

four -point gyroscopic gimral suspended 
within a rigid frame. All tonearm settings are easily 
made to the exacting requirements of the 
finest cartridges. The tonearm is vernier -adjustable 
for precise balance; tracking pressure is calibrated 
in tenths of a gram; anti -skating is separately 
calibrated for conical, elliptical and CD -4 styli. 

Tracking is flawless at pressures as low as 
a quarter of a gram. In single -play, the tonearm 
parallels the record to provide perfect vertical 
tracking. In multi -play, the Mode Selector lifts the 



entire tonearm to parallel the center of the stack. 
All operations are completely flexible and 

convenient-and they are foolproof. The tonearm 
can be set on the record manually or by using the 
viscous -damped cue -control or by simply pressing 
the automatic switch. You also have the options of 
single -play, continuous -repeat, or multiple -play. 

The dynamically -balanced cast platter and 
flywheel are driven by an 8 -pole synchronous motor 
via a precision -ground belt. Pitch is variable over 
a 6% range and can be conveniently set to exact 
speed by means of an illuminated strobe, read 
directly off the rim of the platter. 

course, if you already own a current Dual, 

you won't really need a new turntable for several 
years. However, we would understand if you now 
feel you must have nothing less than the new 1249. 

$279.95, less base. 
Still, we should advise you of two other models 

in our full-size, belt -drive series.The 601, single -play, 

fullyautomatic, $249.95. (CS601, with base and cover, 

$270.) The 510, single -play, semi -automatic, $199.95. 

United Audio Products, 
120 So. Columbus Ave., Mt. Vernon, N.Y. 10553 

Exclusive U.S. Distribution Agency for Dual 

Check No. 31 on Reader Service Card 
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ONLY TWO OR THREE years ago, the pundits were 
prophesying the early demise of the open -reel tape 
recorder, but (as with Mark Twain's famous remark) 

the reports of its death were highly exaggerated. New mod- 
els are seen at every hi-fi show, ranging from inexpensive 
stereo models to semi-professional and quadraphonic ma- 
chines with such features as logic tape -motion controls, 
multi -track sync facilities, line and mike mixing, plug-in 
head assemblies, and much more. 

In the same period, however, cassette recorders have 

been improved almost beyond belief, and the first -line 
models-those in the $300 to $500 bracket-cheerfully invite 
comparison with most any open -reel machine. Recent inno- 
vations include monitor heads, mixing circuits, variable 

speed controls, greater choice of bias and equalization, and 

easier head adjustments. And there are even some luxury 
machines in the $500 to $1200 range! So, let's see how the 

cassette deck really stacks up, whether it will kill off the 

open -reel recorder in home applications. 
Before we try to sum up the pros and cons, it would be 

well to set down the various requirements of a tape record- 
er, and here are some-not necessarily in order of im- 
portance: 

1. Wide frequency response; 
2. Low distortion; 
3. High signal-to-noise ratio; 
4. Low wow and flutter; 
5. Ease of operation; 
6. Monitoring facility; 
7. Editing facility, and 
8. Additional features, such as peak limiter, mixing, 

sound -on -sound, track sync, etc. 
There are, of course, other factors to consider when actu- 

ally buying a recorder such as styling, guarantees, servicing, 
and price, but for the moment we'll ignore them. 

Basic Parameters 
Frequency response, distortion, and noise are all closely 

related so they will be considered together. As is well 
known, the performance of any tape recorder is greatly de- 
termined by the tape area and speed. Thus, a cassette 
recorder, with narrower tapes and working at the slow 
speed of 17/8 ips, is basically handicapped relative to the 
open -reel recorder. Examining the track configuration of 
cassette tape compared with the larger tracks used by open - 
reel tape and taking into consideration the speeds, the tape 
area (or the number of magnetized particles, if you will) for 
the cassette is only 15 percent of that used by the open -reel 
machine working at 71/2 ips. Thus, it follows that the inher- 

5dB 
Illl 
15 IPS 

20 vu --- o vu 

./"'" 
72 IPS 

3g IPS 

100 1K 10K 

FREQUENCY -Hz 

Fig. 1-Frequency response of a moderately priced, three - 
speed, open -reel tape recorder at 0 (dashed line) and -20 VU Fig. 3-Frequency response of a Nakamichi 1000 at -20 VU 

(solid line). 

IK 

ent problems of tape hiss and random particle noise are 
more difficult for the designer of cassette machines. 

Assuming that the signal output is in direct proportion to 
the track area, it is easy to see that if the cassette output is 

amplified to the open -reel level, the noise level is, almost 
certainly, going to be a lot higher. Figure 1 shows the fre- 
quency response of a typical quarter -track, open -reel ma- 
chine costing around $350.00 and using a low -noise tape 
such as Maxell UD, Scotch HO/LN, or BASF LH Super. Fig- 

ure 2 shows the frequency response of a typical top-quality 
cassette deck, and it will be seen that its high -frequency re- 
sponse is somewhat reduced. Note also the difference be- 
tween the Normal, Low Noise, and Cr02 tapes. High -fre- 
quency response might be extended to some extent with 
the new ferric -chrome, dual -layer hybrid tapes, but not all 

machines can use them to advantage at present. Thus, it 

would seem that 18 kHz is about the top limit for cassette 
machines at present. 

But this is not the whole story. One of the limiting factors 
presently is the head itself, as most cassette decks use a 

single head for recording and playback. But the require- 
ments of the different functions are conflicting, as the gap 
on the recording head needs to be large for efficient signal 
transfer, and the playback head gap must be small to give a 

good output at high frequencies (or put another way, the 
gap must be small compared with the recorded 
wavelength). A limit is reached when the recorded 
wavelength is equal to the gap length because the two op- 
positely -magnetized half wavelengths will cancel and the in- 
duced voltage is zero. The wavelength of a 20 -kHz signal at 

71/2 ips is about 8.5 microns, but reducing the tape speed to 
11/4 ips brings down the wavelength of the same frequency 
signal to about 2.2 microns! Although the effective magnetic 
gap is a little larger than the actual physical gap, if we want a 

cassette deck to have a linear response to 20 kHz (without 
too much high -frequency boosting), then the head gap 
should be less than half wavelength or about 1 micron. But 
in this case, recording efficiency would be low. Therefore, 

i 
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100 IK 
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Fig. 2-Frequency response of a typical top-quality cassette 

deck with three different tapes at -20 VU. 
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11120 VU 
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with Cr02 tape. 
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machines using combined record -playback heads usually 
settle for a compromise gap between 2 and 4 microns. 

Recently, several three -head recorders have become 
available, and they do have a rather better high frequency 
performance. Figure 3 shows the frequency response of a 

Nakamichi 1000, which uses a 5 -micron recording head with 
a playback head having a remarkably small 0.07 micron gap. 
The response extends to over 20 kHz, and results are appar- 
ently only limited by the tape medium itself. 

Frequency response is usually measured at low levels, ei- 
ther at -20 VU or sometimes at -30. The dashed line in Fig. 1 

shows the frequency response of our open -reel recorder at 
0 VU, and it will be seen that the response at high fre- 
quencies falls relative to the response at -20 VU (shown as a 
solid line). This phenomenon gets progressively worse as the 
tape speed decreases, and it is ca led tape saturation be- 

5dB -ao 

-46 

-52 

100 IK 

FREQUENCY - Hz 

Fig. 4-Action of the DNL system. Note that it is inactive 
above levels of -40 dB. 

3 

2 

-I +2 +3 +4 

vu 
Fig. 5-Distortion versus recording level at 1 kHz for a typi- 
cal open -reel machine costing about $350. 

10K 

o +1 +5 +6 +7 

5dB 

100 I K 

FREQUENCY - Hz 

Fig. 6-Distortion versus frequency at 0 VU for the same typ- 
ical open -reel deck. 

10K 

cause all the magnetic particles have been affected and fur- 
ther signal increases can do nothing except erase what is 
there already! At 15 ips, the effect is quite small, but it be- 
comes significant at 33/4ips, and, as you might expect, it is 
even more important with cassette decks working at 11/4 
ips. What does this mean in practice? Simply that care must 
be taken to keep that VU meter pointer well below the 0 
VU mark when making recordings of music having large 
transient peaks or the sound will lack definition and bril- 
liance. But, there is a snag; if the overall level is reduced by 
10 VU as shown on the meter, then the overall signal-to- 
noise ratio will also suffer. Some cassette machines have 
peak limiters which do help, but special noise reduction sys- 
tems, such as the Philips DNL, JVC's ANRS, and Dolby, pro- 
vide the real answers. 

How do we score the two sorts of tape recorders on these 
basic parameters? Well, top marks have to go to the very 
best open -reel machines, but we also must note that many 
of the first -line cassette recorders offer a quality of perform- 
ance superior to the less -sophisticated open reelers. It's a 
case of paying your money and taking your choice. 

Noise Reduction 
Most readers are at least moderately familiar with noise - 

reduction systems, so that a long and involved technical ex- 
planation would be inappropriate here. In brief, however, 
the Dolby and ANRS systems work by increasing the signal 
level of frequencies above 500 Hz during recording, if they 
are low, and then reversing the procedure for playback, 
thus reducing the high frequency signal level to the ampli- 
tude of the original and reducing the noise by a like 
amount. There are two Dolby systems, A and B; the latter is 
the one used in domestic machines. The amount of high fre- 
quency lift is determined by both amplitude and frequency, 
and the circuitry is quite complex. Although the ANRS also 
operates above 500 Hz, it is not a dynamic, continously-con- 
trolled system, and so recordings made with the two are not 
directly compatible. The Philips DNL system is not a two-way 
type, as it functions on playback only to attenuate signals as 
shown in Fig. 4. Note that the high level signals are not af- 
fected and the maximum effect is in the region -of 10 to 12 
kHz. 

A cassette deck using a Dolby system can show an in- 
crease of up to 10 dB in signal-to-noise ratio over a non -Dol- 
by recorder, which means that recordings can be made with 
a lower level and you would still have a low background 
noise with less danger of tape saturation. A typical high 
quality cassette recorder thus would have a signal-to-noise 
ratio of 50 dB without Dolby and 60 dB with (weighted). On 
the other hand, an open -reel recorder would probably have 
another 6 to 8 dB at least, more if it also had a built-in Dolby 
system. But, of course, the cassette's 60 dB does represent a 
very good signal-to-noise ratio indeed, quite adequate for 
most purposes. The user, then, must decide for himself 
whether he has to have that few extra dB greater signal-to- 
noise ratio. Incidently, a S/N has to be related to a reference 
point, and unfortunately there is no fully -accepted stan- 
dard. Some manufacturers use 0 VU, some prefer the 1 per- 
cent distortion point, while still others opt for 3 percent 
which makes The figures look better. Therefore, care must 
be taken when making cqmparisons as there might well be 
as much as 4 dB difference between the cassette machine 
figures and even more for open -reel machines. It might be 
thought that 0 VU seems pretty conclusive as a standard, but 
it isn't. What is 0 VU on one deck might be +2 VU on anoth- 
er, and further confusion is caused by some manufacturers 
who try to avoid tape saturation by tailoring the VU meter 
response so it reads higher above 5 kHz or so! All this is be - 
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Patents issued and pending. 

BOSE ON INNOVATION 
The Direct/Refiectinsd501 

There is one, and only one, reason for innovation in 

loudspeaker design ...to produce a better musical 
experience. If innovations are based on thorough 
research and executed with exceptional skill, they 
can produce truly dramatic results. 

Bose innovations, such as the elimination of 
woofers and tweeters in the famous 901®speaker 
system, or the turning of tweeters to face the rear 
wall rather than the listener, result in more realistic 
and enjoyable sound reproduction. Innovations for exceptional value. At a time when 

truly exceptional products mean more than ever. 
The rearward facing tweeters of the 501 cause high The Direct/Reflecting 501. By Bose. 
frequencies to be directed at the side and rear walls 
of the listening room. This creates reflection pat- 
terns that are heard as if there were speakers ac- 
tually located beyond the walls of the room. The 
result is an accurate stereo image spread greater The Mountain, Framingham, MA 01701 

than the width of the room and an increased sense 
of depth to the sound ... clarity and spaciousness Please write to us for the complete story of the 501. 

not matched by any conventional loudspeaker. 501 cabinet construction is walnut vinyl veneer on particle board. 



cause volume units (VUs) only measure relative levels and 
not absolute levels. 

Distortion 
Figure 5 shows the distortion (THD) with a typical open - 

reel recorder, and it will be seen that the 3 percent level is 

not reached until the signal gets to a level of +7 VU, while at 
0 VU the distortion is about 0.5 percent. In terms of dis- 
tortion vs. frequency, there would be a slight rise at each 
end of the frequency range (see Fig. 6). The unfortunate cas- 
sette deck designer does not have the same leeway to work 
with, and many cassette decks have a distortion character- 
istic like that shown in Figs. 7 and 8. In other words, the dis- 
tortion is higher and the headroom lower, once again em- 
phasizing the importance of a noise reduction system in ef- 
fectively giving a wider dynamic range. So, in terms of fre- 
quency response, distortion, and signal-to-noise ratio, an 
open -reel recorder working at 33/4 ips can have a 3 to 4 dB 
better signal-to-noise ratio, an extra 2 or 3 kHz in frequency 
range, and a bit lower distortion than an average cassette 
deck fitted with a Dolby system. At 71/2 ips, the disparity is 
greater, and if the open -reel machine also has a built-in Dol- 
by system, then there is scarcely any contest. But we are 
here talking about a machine that would probably cost at 
least half again as much as the cassette deck! 

In actual practice, though, a cassette machine can make 
tapes from discs or FM that sound identical in an A -B com- 
parison to tapes made by an open -reel recorder using 33/4 
ips or even 71/2 ips, but greater care is necessary when using 
the cassette deck. When it comes to making direct record- 
ings with top-quality microphones, the open -reel recorder 
will win, especially if the 15 ips speed is used and an ultra - 
wide dynamic range required. 
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Fig. 7-Distortion 
cal cassete deck. 
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Fig. 8- Distortion versus frequency at two recording levels 
for a typical cassette deck. 

Wow and Flutter 
Wow can be defined as a slow variation in speed below 5 

or 10 Hz, while flutter is a faster variation. Measurements are 
now usually made using the DIN or IEEE standard, which 
give a combined and weighted figure. Wow is frequently 
caused by capstan shaft eccentricity or by an unstable drive - 
tension system, and flutter can be produced by erratic tape 
motion as it passes over heads and guides or between vari- 
ous constricting portions of the cassette. Poorly designed or 
produced motors can also cause speed variations, but these 
days both open -reel and cassette decks use hysteresis -syn- 
chronous motors which are frequency controlled from the 
power supply. Both use servo -controlled motors in the 
higher -priced models, with the speed electronically con- 
trolled by feedback circuits which automatically correct for 
any fluctuations. The big difference between the recorders, 
cassette and open reel, is the way the tape is held steady so it 
passes smoothly over the heads. Some open -reel recorders 
use two motors, others have three, though at least three Eu- 
ropean recorders use a single heavy-duty motor with a ten- 
sion clutch arrangement. All use a kind of back torque sys- 
tem to keep the tape under tension. Few cassette decks use 
anything but the simple pressure pads of the cassette to 
maintain smooth head -to-tape contact. However, if proper- 
ly designed, this relatively simple method can work very 
nicely at the low speed involved. The cassettes themselves 
often present problems, since unlike tape reels where both 
tape and reel turn together, the cassette tape moves but the 
plastic case does not. While the various sorts of liner sheets, 
steel pin rollers, etc. do help with the friction, it and other 
variables are still not fully under the control of the deck de- 
signer. 

Not only will an unsteady tape movement cause annoying 
flutter, but worn pressure pads or dirt on the heads can pro- 
duce a poor contact with the tape resulting in a loss of high 
frequencies. It can also cause modulation noise-a kind of 
IM distortion. Further, it is not generally realized just how 
serious this sort of spacing loss can be at the slow speeds. A 
speck of dust only one -eighth of a mil will produce an atten- 
uation of 54.5 dB or about 99 percent. Furthermore, the loss 
is compounded when the same head is used for recording. 
In practice, it is unlikely that the spacing will be that large, 
but it doesn't take much oxide build-up to produce a loss of 
6 dB. The inference is obvious; cassette recorders need a lot 
more care, TLC, to get the best results, and the heads must 
be kept clean, really clean. And for truly top -grade record- 
ings, only the best cassettes should be fed to the recorder. 
The cassettes should also be stored in their protective plastic 
boxes, just as with records, to prevent the accumulation of 
dust either on the tape itself or in the sprockets and hubs. 

A look at the measured wow and flutter figures for open - 
reel recorders shows results from 0.04 to 0.09 percent, while 
cassettes run (no pun intended) between 0.04 and 0.17 per- 
cent, depending on price. It should be noted that these fig- 
ures for cassettes are a good more variable than they are for 
open -reel machines. Even figures for the very same test cas- 
sette and recorder combination will vary from day to day. 
The main point to remember, however, is that the perform- 
ance by cassette machines in this area make them worthy of 
serious consideration by the enthusiast. 

Ease of Operation 
Now here is where the cassette deck really scores! Any- 

one-even my Aunt Agatha-can load a cassette into a ma- 
chine without getting into a tangled mess! And the decks 
are smaller and more portable. Some, such as the Yamaha 
TC-800GL, the Nakamichi 550 or Sony/Superscope 152 SD, 
will work on batteries too, and most have easy -to -use push - 

(Continued on page 50) 
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Dear Editor: 
J 

Noise Suppressor Improvements 
Dear Sir: 

Thanks to the many readers who ex- 
pressed interest in my dynamic noise 
filter (June Audio ). Some questions 
concerned minor printing errors: 

1.In Fig. 2, a signal path should be 
shown vertically between the 2 

blocks on the right side. 
2. In Fig. 4, "S4" should be "S2". 
3. In Fig 7, "-30" was skipped on the 

vertical axis. 
4. In Fig. 8, the uppermost diode la- 

belled "D2" should be "D1". 
One reader who built the circuit 

had trouble with offset and temper- 
ature drift in A6 of Fig. 6. This stage is 

somewhat sensitive to op amp input 
parameters due to its high d.c. gain. If 
the output does not follow the volt- 
age at the slider of the Base Cutoff 

820pF 820pF 
MICA MICA 

INPUT >-J 

47 
K 

33 
K 

5 
3.5 75 

PEAK REJ 
FRED. S3 
(kHz) 

22 47 
K K 

A4 

3 (X27) O.OIµF 
6 

pot, A6 can be offset -nulled as shown 
on a 741 data sheet or a better unit se- 
lected. An even better solution would 
be to revise the circuit as shown. I 

have increased the a.c. gain before rec- 
tification and reduced rectifier gain, 
making A6 less critical by an order of 
magnitude. The circuit changes are 
minimal. 

Another reader wanted to shorten 
attack time with respect to decay 
time. This can easily be done as shown 
at the lower right of the revised Fig. 6 

of A6. Of course, if attack time is 

made very short, rejecttion of sharp 
impluse-type noise will suffer. 

I welcome further comments on the 
circuit design or applications. 

Maxwell G. Strange 
11710 Wayneridge Ct. 

Fulton, Maryland 20759 

20K 

Fig. 6-Revised, including alternate 
A6 configuration to vary attack and 
decay times. Note that R1 and R2 al- 
so affect the rectifier gain, Thus, time 

-15V 

CI 
0.02/cF 

1-115 mS 

C 3mS 0.005µF 

A6 

TIME 
CONSTANT 

OUTPUT 
BASE LEVEL 
-I TO -6V) 

ATTACK T.C.-R1 C 

(2mS SHOWN) 

DELAY T.0 =R2C 
(75mS SHOWN) 

A6 CIRCU T FOR VARYING 
ATTACK & DELAY TIMES 

constant changes are partly depen- 
dent on the Suppr. Gain control set- 
tings. 

A very 
quiet 
announcement 
from 
Phase Linear: 
Just between you and us, the new Phase 
Linear 2000 preamplifier is one of the quietest 
preamps ever made ... so quiet it can match 
the performance of preamplifiers selling at 
twice the price. 

The latest generation of integrated circuits 
reduces total harmonic distortion to 0.1%, 
typically .03%, and gives you a signal-to-noise 
ratio of 74dB below 10mV. That's quiet! 

A highly advanced integrated circuit 
phono preamplifier creates the sonic 
excellence you have come to expect from 
Phase Linear. 

A variable ambience injection circuit gives 
you more of the music - allows for the 
recovery of music lost with most preamplifiers. 
Other features: 
Individual detented bass and treble controls 
with a professional feel in each channel. 
Turnover points at 50Hz, 150Hz, 2k1 -1z, and 
5kHz, where up to 12dB of boost or cut may 
be applied ... a switchable low frequency 
active equalizer for up to 6dB boost below 
50Hz for a flatter bass response ... two 
complete tape circuits for easy control and 
tape -to-tape dubbing ...a comfortable size 
that complements other Phase Linear 
products: 5"x 19"x6" ... and an 
outstanding value at $299.00. 
Visit your dealer and quietly ask for a 

demonstration. 

PhaVÍ"V 

2000 
THE POWERFUL DIFFERENCE 
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Marantz 
cag 6/5220 
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We spent years designing these Marantz stereo 
cassette decks. We refused to be satisfied until we 
surpassed every other deck on the market. 

INTRODUCING Marantz Stereo Cassette Decks - 
quality and technical excellence equal to Marantz 
receivers, components and speaker systems. 



five outslandîng features 

Built-in Dolbye' 
that works with 
built-in mixing 

console; permits 
external Dolby processing 

on other tape recorders. 
Ideal for encoding Dolby on 
reel-to-reel decks. Functions 
as a fine external mixer with 

Dolby. Has 25 microsecond de - 
emphasis switch for FM Dolby. 

Unit can be used with your 
present Marantz-with-Dolby 

equipment to achieve 
dual -process Dolby. 

Full 4 -input 
mixing console 

with pan pot and 
master gain 4v" 
control. Four inputs-any 
combination of mic and 

line-are operated by four 
individual slide potenti- 

ometers plus one master 
gain control for fade-in/ 

fade-out. Two pan pot 
controls permit inputs 3 and 

4 to be assigned to either 
left, center or right stage. 

Can operate as a separate 
mixing panel for master - 

quality recordings with 
external tape recorders. 

One button each for Normal, Cr02 and FeCr tapes automatically selects 
both bias and EQ. Eliminates confusing, combination adjustments of 

separate bias and EQ switches. Single control calibrates both bias and EQ 
automatically for best frequency response on any cassette tape. 

dolby nr system róis,eg selectori 
oN E.TCRN. rN_or rN_aN ..a..w .oº 

o n o n o n o 
limifer 

record/miser console 
m:<t 1 ir4 Lne7 I:nrº master 

leve 

L =:- MI :- =111 

CENTER 
tea 

(41) LEFT 

I parapet system 

CENTER 

power 

(Front panel of Marantz 5420) 

3%2 -Inch professional 
VU meters with peak 
LED overload indicators. 
Exceptionally large, read- 
able VU panel features 
special Light Emiting Diodes 
that illuminate when 
recorder is overdriven by a 
high level signal. Minimizes 
tape saturation and 
distortion and assures 
maximum high frequency 
recording. 

Built-in adjustable stand 
that changes the angle 
of the control panel 
from flat to 20 degrees. 
Angles top loading decks 
for most suitable viewing 
and operation. 

six outstanding models 
Top loading. Front loading. With Dolby. 

Without Dolby. The Marantz stereo cassette 
deck line has them all. Six decks with design 

features as exciting as their performance. 
The Marantz 5420, for example, 

keeps wow and flutter down to 0.07%. 
Plus, it offers a wide frequency response 

(30 Hz to 17 kHz) and an exceptionally 
high signal-to-noise ratio (up to 60 dB). 

All the Marantz decks offer long - 
life ferrite heads, sophisticated DC servo 

motor drive systems with total shut-off, tape 
counters (Four decks have memory counters.), 
FET and IC preamps and the Marantz 
two-year guarantee** on parts and labor. 

Marantz stereo cassette tape decks start 
at just $269.95. Be sure to see the entire 
Marantz line including receivers, components 
and speaker systems at your local Marantz 
Dealer. Send for free catalog. 

We sound better. 

'Dolby System under license from Dolby Laboratories. Inc 
Marantz Co.. Inc guarantees to the original registered tape deck owner that all parts will be free from operating defects for two years from purchase date. Product will be repaired or replaced free of charge in the sole 
discretion of Marantz in the country of purchase, provided it was purchased from an authorized dealer The serial number cannot be altered or removed. Product must be serviced by authorized Marantz repair 
technicians only 

C1975 Moroni, Co. Inc.. a subsidiary of Superscope, Inc.. 8150 Vineland Ave.. Sun Valley CA 91352. In Europe Superscope Europe. S.A.. Brussels. Belgium. In Canada. Superscope Canada. Ltd.. Ontario. Pnces and models 
subject to change without notice. Consult the Yellow Pages for your nearest Marantz dealer 





What's New in Audio 
Beveridge Cylindrical 
Speaker System 

This electrostatic loudspeaker, in a 

61/2 ft. enclosure, with its own inter- 
nal power amplifier produces a 

smooth horizontal polar pattern over 
a full 180 degrees. The sound output 
aperture is a vertical slot, six feet long, 
with an acoustic lens, producing uni- 

form, phase -coherent sound pressure 
over its entire height. As a result the 
sound pressure is horizontally uni- 
form from 40 to 15,000 Hz, within ±2 
dB. Beveridge says there is no doubl- 
ing, and that this design yields virtu- 
ally perfect transient response. It has a 

less -than -usual decrease of sound 
pressure as the distance from the 
speaker increases-the SPL varies in 
inverse proportion to the distant 
(1/d), in contrast with the loss of typi- 
cal loudspeakers, whose loss varies in- 
versely with the square of the distance 
(1/d 9. 

The amplifier may be driven to full 
output with one volt input (into 47k 
ohms), and is direct -coupled to the 
electrostatic transducer, a capacitive 
load of only 0.005 NF. The amp can de- 
liver peak instantaneous outputs up to 
as high as 1,000 volt-amperes. Simu- 
lated load conditions only one dB be- 
low saturation, it is stated, produce 
less than 0.1% IM distortion. 

The Beveridge Cylindrical Sound 
System is 61/2 -ft. H. x 2 -ft. W. x 16 -in. 
D. In oiled walnut, amplifiers includ- 
ed, a stereo pair is priced at $4,000. Ex- 
port versions can be supplied. 

Check No. 80 on Reader Service Card 

Audio Research Power Amplifier 

_wawa& 

The D-150 "High Definition Ampli- 
fier" employs four power output 
tubes in each stereo channel and is 

rated at 150 watts per channel. The 
rack -mount front panel includes me- 
ters for monitoring input a.c. voltage 

.a. 
and either power or output -tube 
bias checking. An input power switch 
on the panel selects 100,115,125,220, 
or 240 volts. The D-150 is priced under 
$2.000. 

Check No. 81 on Reader Service Card 

Need Old 
Service Data? 

Schematic diagrams and other ser- 
vice information for virtually any ster- 
eo or mono component, radio or tele- 
vision receiver can be obtained for a 

few dollars. Send the make and model 
number (chassis number also, if avail- 
able) to Supreme Publications and the 
firm will tell you at once the cost of 
the diagram and service materi- 
al-most sets cost $2.00; some are 
higher. Included are service manuals 
from manufacturers out of business as 

well as out -of -print material from oth- 
er service data publishers. Supreme's 
address is 1760 Balsam Road, Highland 
Park, Ill. 60035 

STR Gamma Speaker 

STR's Gamma loudspeaker is a 

three-way, acoustic suspension sys- 
tem designed for efficiency -95 dB 
output at one meter for one watt RMS 
white noise input. Crossovers at two 
and 10 kHz divide the spectrum be- 
tween a 10 -in. long -throw woofer, a 

4 -in. phenolic ring midrange driver, 
and a 3.5 -in. piezoelectric cone twee- 
ter. The Gamma includes a 2.5 -amp. 
fuse, weighs 43 lbs, and costs $108 in 
vinyl; $149 in walnut. 

Check No. 82 on Reader Service Card 
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Theater Music 

Donald M. Spoto 

Stavisky: Stephen Sondheim. Movie 
Soundtrack, cond. by Carlo Savina, 
Jacques Mercier. 
RCA ARL 1-0952, stereo, $6.98. 

Alain Resnais' latest film, Stavisky, is 

a bittersweet look at a notorious 
French crook whose case became a 

cause célèbre in the Thirties. It stars 
Jean-Paul Belmondo, Charles Boyer, 
and Anny Duperey. Apart from Re- 
snais' always -interesting camera treat- 
ment, what I most enjoyed was Step- 
hen Sondheim's music. What a de- 
lightful surprise to find this disc wait- 
ing for me several days later! 

This music has much in common 
with the composer's most recent 
movie music, A Little Night Music, re- 
viewed last year in this column. There 
is lilting salon music, a jazzy gavotte 
(Auto Show), and a bit lifted whole- 
sale out of the prelude to Night Mu- 
sic, the string and clarinet obbligato, 
here called Easy Life. I note that Jona- 
than Tunick, Sondheim's orchestrator 
for all his Broadway shows, has done 
the task here too. That probably ac- 
counts for the foray into near -cham- 
ber music, Secret of Night, as well as 

for the lovely counterpoint between 
woodwinds and strings. 

Few composers are as interesting in 
their sameness as Sondheim. Musical 
ideas run through all his work. But un- 
like the ideas of most film composers, 
his don't grow stale. Most of the 24 

cuts (!) here are identified with specif- 
ic scenes, but they work beautifully 
even when heard out of context. 
Friends visiting recently wondered 
"what the lovely background music" 
was. Rozsa and Steiner elicited quite 
different reactions. 

I note that Pacific Overtures has 

been announced for next season on 
Broadway. Is Sondheim's debt to 
Richard Rodgers coming full circle? 

J 

This is a delicious score, crisply per- 
formed and recorded carefully, al- 
though I heard some distortion on the 
second side. 
Sound: B Performance: A 

Spellbound and Other Classic Film 
Scores: Miklos Rozsa. Charles Ger- 
hardt cond. National Philharmonic 
Orch. 
RCA ARL 1-0911, stereo, $6.98. 

And so it goes. RCA's classic film 
scores, in an apparently endless series 
of rerecordings of movie music, 
comes up with a canonization of me- 
diocrity. Miklos Rozsa's scores won 
him three Oscars (for Spellbound, A 
Double Life, and Ben Hur), which 
shows just how mysterious those 
awards are. Rozsa's music depends for 
its effects on volume and tricks (He 
made a musical fetish of the use of the 
theremin for Spellbound and The Lost 
Weekend; interesting, but overused). 
And his brass section, his favorite part 
of the orchestra, is in a state of perpet- 
ual warming up, running up and 
down triads like the ski -slope in 
Hitchcock's thriller. 

This album features selections from 
The Red House, The Thief of Bagdad, 
Lost Weekend, Four Feathers, Double 
Indemnity, Knights of the Round 
Table, The Jungle Book, Ivanhoe, and 
Spellbound. It's hard to tell one from 
the other; all his music has a sameness 
and lack of depth. The "romantic" 
themes are banal, and when he tries 
to buckle on some swash it comes out 
bombast. Rudy Behlmer's notes will 
probably interest fans of movie trivia, 
for in the final analysis the films Roz- 
sa's scores served are as mediocre as 

the scores themselves. You tend to re- 
member faces when you hear this 
disc, not scenes. RCA's pressing is 

splendid, but the effort seems wasted. 

Sound: A Performance: A 

the sound 
-buildup- 

Professional results - the basis of our 
home constructor speaker and amplifier kits. 

Genuine walnut veneer cabinets, 
plus the finest component parts, make our 
kits outstanding value for money. 

A 50% saving over built-up units. 
Send for free catalog now! 

NAME 

ADDRESS 

CITY 

STATE 

1 

MOO BIM - 
Check No. 20 on Reader Service Card 

ZIP 

ruxton 
electronics 
P. 0. Box 30312 Santa Barbara 

California 93105 

The brain boggles at what old 
Johann could have done with 
his own console, preamp, 
8 -in -2 out mixer, octave equal- 
izer, electrostatic speakers, or 
24 inch woofer. 
Come boggle with us. 

Cffic Audio Peterborough, N. H. 

03458 A G L...-2 

Craig Stark of STEREO REVIEW says: 
"Top quality, only U.S. publication devoted 
to the serious audiophile constructor." 

Name 
Street 
City State 

Zip 
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(Continued from page 34) 
the condition of driving an amplifier to one third of rated 
output with program material. 

Figure 7 shows the tone -burst data plotted along with the 
previously discussed heat -vs -power curves. It also shows the 
test results obtained using white noise as a signal. 

The major points and some conclusions of this study can 
be outlined as follows: 

1. The worst -case program material found in this study 
would demand a continuous output equal to 15 percent of 
an amplifier's maximum rms power capability. Most Pro- 
gram Material Demanded Less Than 10 Percent. 

2. The only way an amplifier can be continuously driven 
to one-third of its rated power with program material is to 

30 

25 

á 
15 

Ñ 

"TRADITIONAL' 
GUIDELINE 

I 

DESIGN 
I FTC 

REQUIREMENT CONTINUOUS 
SINE WAVE 

WHITE NOISE 

V,/ 

SUGGESTED 
TONE BURST 
2/3 X 50% 

FM 
PROGRAM 

ROCK 
MATERIAL 

KLEIN TONE / BURST 
1/3X100/. 

UNDISTORTED 
FM ROCK MUSIC 

20 30 40 50 60 

RATED POWER 

70 80 90 100 

Fig. 7 - Heat sink temperature vs. percentage of rated pow- 
er, comparing present FTC rule with other test methods. 

disregard distortion as a limitation. If an amplifier is over- 
driven in this way, one third of rated power does seem to be 
the maximum level at which distortion is tolerable by non- 
critical listeners. A discerning listener would be annoyed by 
that much distortion. 

In the opinion of this writer, driving an amplifier this hard 
is an abuse which must be reckoned with in terms of re- 
liability and safety, but it is an operating condition far be- 
yond the scope of performance specifications. 

3. The power output transistor heating effect produced 
by preconditioning at one-third rated power with a continu- 
ous sine wave signal cannot be achieved under any condi- 
tion with program material. 

The data developed in this study clearly points out the 
need to revise the present FTC preconditioning require- 
ment. The big question is, how? 

Figure 7 shows a few possible conditions. Continuous sine 
wave operation at 10 percent of rated rms power has been a 
benchmark of engineering practice for decades. Figure 7 
shows that this does accurately simulate the average power 
demand of program material when an amplifier operates 
within its rated distortion. An amplifier must be reliable and 
safe when over -driven or abused in other ways, but those 
considerations ought to be kept separate and distinct from 
tests intended to define the power and distortion of a high- 
fidelity instrument. 

For these reasons, this writer would prefer that pre -condi- 
tioning be done at 10 percent of rated rms power. However, 
a 1 -kHz tone burst of 50 percent rated power two thirds of 
the time may be the most convenient way to "repair" the 
present FTC requirement. It does closely simulate the true 
one third power overdrive situation and does fall within 
practical and reasonable design guidelines. 

(Continued from page 42) 
button controls. The more recent front -loading models, 
such as the Pioneer CT -7171, Sony/Superscope TC -177 SD, 
and Technics RS -676 US, are not only simple to operate but 
they provide facilities previously found only on open -reel 
decks. For example, the Technics recorder has a memory 
circuit that can get the tape rewound back to a pre- 
determined point before switching the machine back into 
the play mode. It also has a Dolby 25 and standard 75 µS de - 
emphasis network switch for recording from tuners with ei- 
ther time constant, a peak or normal VU reading switch, and 
provision for Cr0 2 low noise, and ferric -chrome tapes. The 
bar switches have built-in indicator lights, a useful refine- 
ment for the non technical user. 

Monitoring 
In my opinion, this is an essential feature for the truly 

serious recording enthusiast, and most open -reel machines 
over the $300 mark do have the three heads necessary. 
Among the cassette decks with this facility are the Naka- 
michi 1000 and 700, AKAI GXC-352D, Sony/Superscope TC - 
177 SD, and the Technics RS -279 US. Curiously, the Technics 
model uses a separate head for monitoring, while retaining 
a combined record -replay head. A word of warning; be- 
cause a deck has three heads, it doesn't always mean that 
one is available for monitoring. For example, the third head 
in the Toshiba PT -490 is a second erase head for the reverse 
tape direction. 

Editing, S -O -S, etc. 
I stated earlier that it is difficult to edit cassette tapes, and 

so it is. While it can be done, the process does require a 
great deal of patience. The 3M Company makes a repair kit, 
and Editall, among others, makes the right size blocks and 

tabs for splicing. None of the special effects like sound -on - 
sound, multitrack sync, and echo are possible with cassette 
decks, although certain effects are possible with the aid of 
external units. 

The Future 
We will undoubtedly see more cassette decks with mon- 

itoring facilities. In fact, several were introduced at the re- 
cent Consumer Electronics Show in Chicago. Many of these 
had provision for ferri -chrome tapes and servo motor con- 
trol. Automatic bias and equalization adjustment for Cr02 
tapes, actuated through sensing an indentation on the cas- 
sette, is now standard practice. More and more sophis- 
ticated cassette decks will appear with such features as vari- 
able speed control, but the biggest advance will be in the 
tape itself. 

The originator of the cassette medium, Philips, recently 
introduced a super fine-grain iron oxide formulation which 
they say gives an improvement of 10 to 12 dB in the signal- 
to-noise ratio. Both TDK and Maxell have even more re- 
cently introduced cassette tapes making use of cobalt for 
improved performance. TDK's is called Super Avilyn (SA) 
and uses a cobalt ion added to an extremely fine ferric oxide 
particle by absorbtion. Maxell's UDXL uses cobalt ferrite 
epitaxially grown on extremely fine ferric oxide particles. 
Bias and equalization characteristics of these two tapes are 
similar to Cr0 2, so we will be spared a proliferation of 
bias/eq switches. However, I don't see cassette machines 
challenging open -reel units very much more seriously than 
they do now because both benefit from technological ad- 
vances. 

So, then, back to our opening question; how do the cas- 
sette recorders of today stack up? And the answer, obviously 
at this point, is very, very well! 
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Flit E1E 
The all -new 1976 
Lafayette Radio 
Electronics 
CATALOG 

All we need is your name to mail you Lafayette's com- 
plete consumer electronics catalog ... all new for 1976! 
Must reading if you're into high fidelity audio components 
and accessories. Fully illustrated, the new 1976 Lafayette 
Catalog features a huge selection of audio components 
of every description; tape equipment and accessories; 
car stereo; public address equipment; microphones for 
all your needs; TV/FM antennas; test equipment; tools; 
musical instruments and amplifiers; electronic calcula- 
tors and watches; technical books; security systems; 
communications equipment and an exciting new line of 
parts, tubes, solid-state devices and hardware for the do- 
it-yourselfer. You'll find more electronic equipment be- 
tween the covers of this new Lafayette Catalog than you 
can find anywhere else! Also see exclusive, top -rated 
Lafayette and Criterion brand products backed by our 
55 years of experience. Our modern, complete facilities 
assure you of continual satisfactory service. 

You'll shop from the finest in brand name audio equip- 
ment and you can easily compare features, performance 
and reliability ... all at Lafayette's competitive prices! 

Lafayette the electronics shopping center 

Radio Electronics, 111 Jericho Turnpike, Syosset:, L.I., N.Y. 11791 

Stores Coast to Coast 

Personalized Service and 
Demonstrations 

Check your White Pages or 
Shop by Mail 

Use your BankAmericard or 
Master Charge on 
Mail Orders Too! 

Mail Coupon Today! 

FREE: 

",. íi. 
We've got an exciting selection 
of stereo, quad components 
and compacts. 

We've got everything in car 
stereo, plus auto test equipment 
and driving aids. 

We've got a superior new line of 
Criterion Recording Tapes, for 
cartridge, cassette, and reel-to-reel 
recorders with superb new 
formulations designed for every 
application. We invite comparison 
for both quality and price. 

We've got the parts, tubes, hardware 
you need for hobby and experimenter 
projects of every type. 

Akai Audio Technica B.I.C. BSR Burwen dbx 
Dokorder Dual Dyna Empire ESS Garrard Hitachi 

Koss Meriton Micro Acoustics Onkyo Ortofon 
Panasonic Philips Pickering Sanyo Sennheiser Scotch 

Shure Sony Stanton Teac Technics TDK Venturi 
Wollensak 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ IMO 

I Lafayette 

1 

1 

1 

Radio Electronics, 111 Jericho Turnpike, Syosset, L.I., N.Y. 11791 Dept. 27095 

Send me your FREE 1976 Catalog. 

Name Apt.... 

Street 

City State 

Zip 

Send a 1976 Catalog to my friend. 

Name Apt.... . 

Street 

City State 

Zip 
I I I I 
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You're looking 
at our attitudes 

tz:1 
Rabco ST -7 430 
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We've been at the business of high fidelity for a long 
time. And still, every so often we ask ourselves, 
"What's it all about?" 

For us, it's certainly not about mass production, nor 
about squeezing products into traditional "price 
points". What we are about is to find, without qualifica- 
tion, the best way to reproduce music in the home. 

Of course we've had our disappointments. We re- 
member a "shelf" unit that couldn't fit on any shelf 
known to mankind. 

But then there have been our triumphs. 

We believe the products in this advertisement are 
the finest expressions of the attitudes that motivate 
us. They are diverse, but consistent with our commit- 
ment to bring the highest quality to every function of 
music reproduction. 

The new Harman/Kardon Rabco ST -7 turntable is an 
excellent example. It plays a disc in precisely the way 
the cutting head made the master record. The arm, 
carried by the remarkable "rolamite" bearing, moves 
across the disc in a straight line. The result is a cas- 
cade of zeroes. Tracking error? Zero. Skating force? 
Zero. Stylus overhang? Zero. Horizontal friction? 
Zero. Vertical friction? Zero. 

Simply stated, the new ST -7 provides a way of playing 
music in the home that obsoletes conventional piv- 
oted arm turntables. 

Diverse and consistent. The Citation 16 amplifier is a 
remarkable synthesis of brute force, technological 
precision and sonic sensitivity: awesome power 
with flawless performance. When measured by the 
criteria that together most accurately predict musical 
results -square wave response, slew rate and rise 
time -Citation 16 is without peer. The excitement 
we feel at Harman/Kardon these days is in part due 
to the reaction from audiophiles who have experi- 
enced Citation 16. 
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A401 Caahon 16 

Diverse and consistent. The ST -7 and Citation 16 
expand the boundaries of state-of-the-art. The result- 
ing new technology is soon incorporated in other 
products. The new A401 integrated pre -amplifier and 
power amplifier does not produce the absolute power 
levels of Citation 16. But its square wave response, 
slew rate and rise time reveal its genealogy. We can 
conceive of no better recommendation for the first 
time "investor" in high fidelity. 
Diverse and consistent. As the 430 receiver vies 
for visual attention on your dealer's shelf, it may 
seem almost diffident. Don't believe it! For within its 
graceful contour lies such power as to meet truly de- 
manding dynamic conditions -without compromise 
of sound quality. 
The source of the 430's energy is not the conventional 
single power supply. It has two discretelyseparate 
power supplies -one for each channel. Consequent- 
ly, no matter how much energy is called for by 
dynamic music passages, performance of one 
channel is not affected by the other. The features of 
the amplifier section (twin power, square wave 
response, phase linearity, instantaneous transient 
response) and many elements of the tuner 
and preamplifier sections are inherited from our 
Citation series of components. 
There is simply no comparison between the 430 and 
other modestly priced receivers. Its performance can 
be appreciated most by direct comparison with ex- 
pensive individual components. The 430 demon- 
strates, upon the very first hearing, that quality need 
not be sacrificed to achieve the economy of size, 
convenience and price. 
Of course you're looking at new high fidelity instru- 
ments. But the attitudes with which they were con- 
ceived and built are their very essence. We'd like to 
tell you much more about them -directly -without cir- 
cled numbers or coupons. Write to us. We'll respond 
promptly. Harman/Kardon, 55 Ames Court, Plainview, 
N.Y. 11803 Harman;Kardon Canada Ltd Montreal 
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ALID TUULr1nVIEFÌ 

WHAT DOES a professional 
sound engineer get out of a 

short (3 -day) sound engineer- 
ing seminar of the type given by Sy- 
nergetic Audio Concepts (Syn-Aud- 
Con) of Tustin, Ca.? 

The answer in one word is tools. Of- 
ten a professional's tools are rusty 
from lack of recent use, and many of 
the tools are actually being misused 
because of a misunderstanding of 
their basic nature. Some tools may 
never have been acquired because 
many people enter the audio business 
without specific formal training at the 
university level. Further, and to a sur- 
prising degree, the audio engineer is 

self-taught because there are few 
good courses in existence. 

A seminar course, like Syn-Aud- 
Con's, provides the professional 
*Co-author of a book to be published in 
1975 by Howard W. Sams, Inc., Sound Sys- 
tem Engineering by Don and Carolyn 
Davis. 

Carolyn Davis * 

sound engineer with a quick, ef- 
ficient, and very thorough way to re- 
view, refresh, and discover the tools 
essential to the growth of his career in 
today's rapidly changing, digitally - 
powered audio world. That all this is 

accomplished in three days does not 
require a miracle, but rather individ- 
uals with a total previous emotional 
commitment to being professional 
about audio. The more experience 
the engineer brings to the class, the 
greater the enhancement of his skills 
he will experience. The progress an 
individual makes in three days is sur- 
prising until one realizes that the 
three days in class isn't what gave 
him his talent; the classes just made it 
more visible. For a newcomer to the 
audio profession, the class serves as an 
invaluable "survey course" of what he 
will have to learn and master if he 
wishes to honestly use the word pro- 
fessional about his audio skills. 

Basic Tools Identified 
The most obvious basic tool is the 

decibel, dB. Ninety-nine percent of 
the professionals attending the Syn- 
Aud-Con classes need an updating of 
their knowledge of the bewildering 
mass of reference levels, symbols, ap- 
plications, and conversions that use 
the dB. 

Syn-Aud-Con mounts a three-way 
attack on the subject using Hewlett- 
Packard scientific calculators in the 
class (20 of the new HP -21s), plus in- 
struction in the use of the Texas In- 
struments SR -50, a special Syn-Aud- 
Con slide rule system, and a series of 
nomographs and charts. One of these 
three paths matches the ability of 
each student and carries him through 
the problems presented. 

There is no way to understand how 
loudspeakers work in real acoustic 
environments without a clear con- 
ceptual view of the difference be - 
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