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fined it not only gives 
e base greater density, 
e glue between the 
eces acts to damp 
oration. So when you're 
,tening to a record, you 
Dn't hear the turntable. 

THINKING ON OUR FEET 

Instead of skinny screw -on plastic legs, 
oneer uses large shock mounted rubber feet 
at not only support the weight of the turntable, 

Common staples can work themselves loose, 
which is why Pioneer uses aluminum screws 

to mount the base plate to the base. 

Stiff plastic legs merely support most turntables, 
Pioneer's massive spring -mounted rubber feet also reduce feedback. 

t absorb vibration and reduce acoustic 
2dback. So if you like to play your music loud 
ough to rattle the walls, you won't run the risk 
rattling the turntable. 

FEATURES YOU MIGHT OTHERWISE 
OVERLOOK. 

Besides the big things, the PL -518 has other 
'ss obvious advantages. 

Our platter mat, for example, is concave to 
Dmpensate for warped records. 

The platter itself is larger than others in this 
price range, which means it 
stays at perfect speed with 
less strain on the motor. 

Even something like our 
spindle is special. It's .8 

microns larger than 
most, so that the 
record is always 
perfectly centered. 

And instead of 

ollow plastic base, 
particle board base 

ss susceptible 
vibration. flimsy staples, we use 

sturdy aluminum 
Our spindle is .8 microns larger than others, 

to keep your records perfectly centered. 

The ordinary 
platter mat is flat. 
Ours is concave 
to compensate 
for warped records. 

Smaller, 
conventional platters 
are more subject to 
speed variations , than our massive 
platter. 

screws to seal the base plate to the base. 
It's details like these as well as advanced 

technology that gives the PL -518 an incredibly 
high signal-to-noise ratio of 73 decibels. And an 
extremely low wow and flutter measurement of 
0.03%. Performance figures you'd be hard pressed 
to find on any other turntable for this kind of money. 

So if you want to get the 
most out of every piece of 
music, you should have the 
turntable that gets the most 
out of every part that goes 
into it. 

OD PIONEER' 
We bring it back alive. 

T BUYA BETTERTURNTABLE FOR UNDER$175. 



TO FULLYAPPRECIATE PIONEERS 
NEW DIRECT -DRIVE TURNTABLE, 

YOU HAVE TO TAKE APART 
THE COMPETITION. 



All turntables are 
pretty much the same on the 
outside. 

But if you look carefully 
inside, you'll see the things 
that separate Pioneer's new 
PL -518 from others. 

Things that add up to a 
turntable that can reproduce 
music perfectly, free of audible 
distortion, acoustic feedback and rumble. 

A REMARKABLE DRIVE SYSTEM. 

Obviously, all direct -drive turntables have an 
extremely accurate drive system. 

Each offers an immunity to fluctuations in line 
voltage, pitch control, and a built-in strobe unit to 
help you regulate the speed of the platter. 

But we believe the drive system of the 
PL -518 is the most accurate found on any 
turntable selling for under $175. Because 
the 16 -pole, 24 -slot brushless DC Servo 
motor is much the same as those found in flimsy Plastic 
turntables selling for $250, if not more. and metal headshells 

Equally important is the fact that can distort music, 

this motor is anchored toa metal bottom so hPick eiminmadelreso of nas fiber, 
which eliminates all resonance 

plate, instead of suspended from the base, above 75 hertz. 

where vibration can affect your music.. 

SOMETHING YOU RARELY 10t= 
SEE IN ATONE ARM: 

THINKING. 

To give you further insight 
into the virtues of our PL -518 
you only have to look at the 
way some tone arms are 
mounted. On piano wire. 
Or cheap plastic casings. 

Instead, ours is gimballed 
on steel pivot bearings. So it 
can't vibrate. 

A great deal of thought 
also went into developing an 
auto -return mechanism with 
fewer moving parts. It 
imposes less load on the 
motor and is more reliable 

Many tone arms are mounted on piano wire 
that vibrares, which is why our tone arm floats 

on steel pivot bearings. 

Some rely on 
3 ball bearings 
for stability in 
the tone arm 

shaft, 
but Pioneer 

uses 34. 

Instead of suspending the motor, Pioneer has anchored it so vibration can't affect the music. 

than the auto -return on most turntables. 
Then there are two separate ball bearing 

assemblies used in the tone arm for greater 
stability as it passes over the record. 

A plastic headshell is good enough for most 
tone arms. It's nowhere near good enough for the i PL -518. Tests show plastic tends to f resonate at frequencies 

between 75 and 
300 hertz. By using 
a glass fiber shell, 
resonance above 75 
hertz is all but 
eliminated. 

In fact, nothing vibrates 
on the tone arm with the 
exception of the stylus. So 

nothing comes through the tone 
arm but music. 

A SOLID ARGUMENT 
FORTHE 2 -PLY 

PARTICLE BOARD BASE. 

The base on many turntables 
is nothing more than a hollow 
plastic shell. Or worse, sheet 
metal neatly hidden beneath 
imitation wood veneer. 
Both seem harmless 
enough, but 

they tend to vibrate 
and cause acoustic 
feedback when the 
volume is turned up. Unlike the h 

The base on the PL -518, our solid 2 -ply 

however, is made of two solid is far le, 

blocks of compressed wood, each 20 tO 

millimeters thick. When the two are 
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THE PL -518. 



DENON 
DENON 
DENON 

AC DIRECT DRIVE 
The best of both 
worlds: smoothness 
of belts, accuracy 
of direct drive. 

AC Direct Drive is an 
exclusive DENON sys- 
tem that senses the 
moving platter with a 
tape -recorder head. 

The actual platter 
speed is then clocked 
and made perfect-with 
a smooth -running AC 
motor. 

Advantages? 
No DC motor puls- 

ing. No heavy flywheel 
platter needed for motor 
smoothing. (A lighter 
platter means faster 
starts and quicker re- 
sponse to speed correc- 
tion as well as less wear 
on bearings). No car- 
tridge sensing of tiny 
motor jerks. No belt to 
wear out. 

AC Direct Drive. 
On all DENON turn- 

tables from $298 to 
$930. 

Distributed by 

American 
Audioport, Inc. 
1407 N Providence Rd. 
Columbia, MO 65201 
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never have to fi pthe cassette at the end 
of the tape. 

Instead o' slc'v-moving -rete- needles, 
there are instartaneous--eacti-g LED 
record -leve incicators-twelve of them 
per channe . They're switchab e from VU 
to peak readinc and are visible from across 
the room. 

Fade'edi- control is ano:her Dual exclu- 
sive. Lnwantec sounds on a tape can be 
faded out gradually and smoothly, and the 
music faded beck in. While yoi're 
listening. because it's all done during 
playback. 

Still more operating features. 
The list cf features goe; on and on. 

Line microphone nixing; Jolty NR plus 
calibrated Dolby FM decoding; memory 
stop; separate output arc headphone 
level controls; and an overloa: limiter that 

"The Dual 939 cassette deck at $550 
is best described as`beau: 

It performs well,is notably easy to use 
...and it has features most of us thought 

were impossible to get?' 
This quote, from a :es: report in HiFi 
Stereo Buyers' Guide is ha-dly alone in its 
appreciation of the 939. For examp e, 
Radio -Electronics reported: 

'Superlatively low cistortion, high signal- 
to-noise ratios, smooth tape transport 
actior ...fit in nicely with the very best 
high-fidelity component sys:ems 

High Fidelity'3 measuerrents fo- flutter 
'suggest that the performarce level 
may be beyond not only your aoi ity to 
perceive any flitter, but :he lab s ability to 
measure it.' 

Ard this from Stereo. "Obviously loaded 
for bear, the 939 is ore of the most feature - 
laden cassette decks we've encountered." 

When they say "loaded for bear" 
here's what they mean: 

The 939 reverses automatically in play- 
back (C-90 cassettes will play 90 uninter- 
rupted minutes.) There's continuous play 
too. And recorcing is bi-directioral. You 

doesn't compress dynamic range. 
Unique drive system and tapeheads. 
The 939's drive system contains Dual's 

powerful Continuous-Pole/synchronous 
motor, two capstans, and special gear 
drives for fast wind in both directions. (C-90 
cassettes fast -wind in just over a minute, 
tie :ime other decks need for C -60's.) 

Hard permalloy tapeheads provide ex- 
tended life and superior magnetic linearity. 
The fol -r -track record, playback head 
switches electronically when the tape 
changes direction; it never shifts position. 
Result: perfect tape alignment in both 
directions at all times. 

Six ways to install. 
You can install the 939 for front load or 

top load, plus three other angles. And you 
car also hang it on a wall. 

One last quote. 
Now you can appreciate why High 

Fidelity ended its report with: "We can 
think of no cassette deck that even 
approaches the 939's unique personality 
and range of features." 

Actual resale prices are determined 
individually by and at the sole discretion 
of autho-ized Dual dealers. Dual 

United Audio J 

120 So. Columbus Ave., Mt. Vernon, NY 10553 
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Model AT155a/H Dual Magnet 
Stereo Cartridge pre -mounted in 
Universal tone arm head shell. 

To find out how much 
better our cartridge 
sounds, play their 

demonstration record! 
There are some very good test 

and demonstration records avail- 
able. Some are designed to show 
off the capabilities of better -than - 
average cartridges... and reveal the 
weaknesses of inferior models. 
We love them all. 

Because the tougher the 
record, the better our Dual Magnet'" 
cartridges perform. Bring on the 
most stringent test record you can 
find. Or a demanding direct -to -disc 
recording if you will. Choose the 

Audio-Technica cartridge that 
meets your cost and performance 
objectives. Then listen. 

Find out for yourself that when 
it comes to a duel between our 
cartridge and theirs...we're ready. 
Even when they choose the weapons! 

What you'll hear is the best 
kind of proof that our Dual Magnet 
design and uncompromising 
craftsmanship is one of the most 
attractive values in high fidelity. 
For their records...and yours! 
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and a resettable circuit breaker 
overload protector. All in a 
beautifully finished genuine 
walnut cabinet, at the reason - 
alle price of $350*. Other ST400 
series speakers start at $120*. 

So, if you'd like to own the 
"state-of-the-art" in speakers, 
listen to Fisher's new ST400 
series. 

Fisher components are avail- 
able at selected audio dealers or 
the audio department of your 

favorite department store. For 
the name of your nearest dealer, 
call toll -free _-800-528-6050, 
ext. 871 from anywhere in the 
U.S. (In Arizona, call toll -free 
1-955-9710, Ext. 871). 

"Manufacturer's suggested retail value. Actual 
selling price is determined solely by the 
individual Fisher dealer. 

le FISHEIt. 
The first name in high fidelity. 

WHY YOU OUGHT TO INVEST IN 
A FISHER SPEAKER SYSTEM 

ROTHER THAN SOMEBODY ELSE'S. 
Building a great speaker is 

something like buiLing 3 great 
violin. Althcugh there are many 
violin marnfacturers, the de- 
sign artistr\. and painstazing 
craftsman p of th= Stradi- 
varius won t the re uutatian as 
the world' -3 finest. 

Making : peakers, like mak- 
ing fine mi ical inytrum nts, is 
something ,:f an Mc pact science 
... even wdh today's com- 
puters. It t till takes artistry, 
craftsmanr.,:ip, ono mos- of all, 
experience -o prod.:_ce a great 
sounding speaker. 

Our ne A Studio Staniard 
ST400 ser e ¡speakers, rn3nufac- 
tured at ox modem speaker 
plant in M iroy, PE., are the 
culminati xi of everythbg 
we've leaned in producing 
hundreds c'thousands of speak- 
ers. At the _Dp of this new line is 
the ST461 -a speier ti- at criti- 
cal listene-s consis-entl,' rank 
among the two or three best 
they've e -ter heard. 

The ST -61 combines :he 
staggering 3asscapibili y of the 
15" Fisher model 15130 woofer. 
the flawlet s midrange cf two 5" 
model 50C midrarge dri ers, 
and the al ra-high defir Ilion of 
the 3" me _el 350 horn tweeter. 
Plus a pr?,_ision c-osso.'er net- 
work wit" adjustable n_idrange 
presence ad treb b:i Hance, 



The B&W 
DM 6 
linear phase 
dynamic 
loudspeaker 
is new, 
English, 
strange -looking 

6 
(for a good reason), 
controllable, 
indestructible, 
powerful, 
If outstandingly 
good," "clean," 
natural," 

"smooth," "silky," 
has an excellent 
pedigree, 
and requires at 
least six pages 
to explain fully. 
We'd like to send 
you copies of those 
pages. Write, 
please. 

B&W 
Loudspeakers 
c/o Anglo-American Audio Co., Inc. 

P. O. Box 653 
Buffalo, N.Y. 14240 U.S.A. 

Joseph Giovanelli 

Bedroom System 
Q. 1 have added a bedroom system 

to my home stereo system. My main 
system has a spare set of tape outputs 
and I would like to connect the 
systems from the tape output of the 
main system to the AUX inputs of the 
bedroom system. Can you recom- 
mend a method? I believe that a low 
impedance transformer is required 
but I'm not quite sure as to the 
specifications. 

Also, can 1 run a stereo front 
channel pair of speakers in the same 
cable (four conduit under one shield) 
without crosstalk or loss of separation, 
or is there a cable with two pairs of 
conductors, each independently 
shielded?-Stephen M. Shirley, Sierra 
Madre, Cal. 

A. You can run a shielded cable 
from the main system to the bedroom 
system with few complications. 
However, we must first be certain that 
the tape outputs provide signal 
regardless of the setting of the Nor- 
mal/Monitor switch. Assuming that 
this is the case and the impedance is 
relatively low, about 2 or 3 kilohms, 
no transformers will be required. 
However, if the tape output circuits 
are high impedance, 10 kilohms and 
up, it would be best to use a step- 
down transformer so the impedance 
can be reduced to about 2 kilohms or 
less. In the event that a transformer is 
used there will be a loss of signal 
voltage, and you must be sure that 
there is enough voltage to drive your 
bedroom system. 

However, there are two alternatives 
to this use of step-down transformers. 
You could devise an emitter follower 
mounted at the main system through 
which you would feed the bedroom 
system, or you could use low 
capacitance cable to offset the high 
frequency losses which would 
otherwise be the case. 

Because crosstalk is not a problem, 
you could use multi -conductor cable 
with no difficulty. 

Phono Cartridge Deterioration 
Q. I would like to know it phono 

cartridges can wear out in time?- 
Adam Steiner, Livingston, N.J. 

A. Moving -coil cartridges are deli- 
cate and can develop a number of 

problems. Even so, when properly con- 
structed, you can expect years of 
trouble -free performance from such 
cartridges. Moving -magnet or variable - 
reluctance cartridges are quite rugged 
because the coils are not moved by the 
stylus and so need not be lightweight. 
Rochelle -salt or ceramic cartridges can 
fail over a period of time because of a 
gradual accumulation of moisture 
which ultimately dissolves the crystal 
element. Strain gauge cartridges, 
though rather early to be certain, ap- 
pear to be very reliable. 

Styli of any kind can either wear out 
or be damaged by misuse. 

In general, with the exception of the 
seldom used rochelle salt, today's car- 
tridges will provide, virtually, a life- 
time of service. However, when most 
cartridges do fail, it is catastrophic 
rather than a slow deterioration. 

Gauge of Speaker Wire 
Q. The owner's manual for my 

speakers recommends 20 -gauge wire 
for runs not exceeding 20 feet, 18 -gauge 
wire for runs up to 30 feet, and 16 - 
gauge for runs up to 50 feet. My 
speakers are positioned 20 and 50 feet 
from the receiver, and my dealer told 
me that 18 -gauge wire would be com- 
pletely satisfactory for both speakers. 
Am I using the correct gauge wire, or 
would you recommend using 18 -gauge 
wire for the shorter run and 16 -gauge 
wire for the longer run? Will my per- 
formance be compromised?-Robert 
Armen, Bay Village, O. 

A. It is never wrong to use wire 
gauge larger than the minimum re- 
quired. I would use 16 -gauge wire for 
both speakers; if I was installing the 
system for you I might even use 14 - 
gauge wire. The 14 -gauge wire is more 
difficult to handle than the lighter 
gauges, but I have obtained better bass 
quality by using it. The performance 
will not be compromised by the dif- 
ference in wire length as long as the 
wire gauge is great enough. 

If you have a problem or question on audio, write to Mr 
Joseph Giovanelli, at AUDIO, 401 North Broad Street, 
Philadelphia, Pa. 19108. All letters are answered. Please 
enclose a stamped, self-addressed envelope 

AUDIO May 1978 
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THE MOST IMPORTANT FEATURE 
IN THESE DECKS 

IS BASED ON A TIMELESS IDEA. 

The features and speci- 
fications of TEAC decks 
have changed, but the 
timeless constant has 
been TEAC reliability. 
Every improvement 
we've mace has added 
to this relicbility. It's 
our most important 
feature. 
Every TEAC cassette 
deck from the least 
expensive to the most 
expensive is built to 
last a long, long time. 
That's been true since 
the first TEAC was 
built more than 25 
years agoi. 

A-103 Specifications: 
Wow & Flutter: 

0.10% (NAE weighted) 
Signal-to-noise ratio: 

50dB (without Dolby) 
55dB (with Dolby at IkHz) 
50dB (with Dolby over 5kHz) 

Frequency Response: 
30-14, 000Hr (Cro2/FeCr) 
30-11,000Hr. (Normal) 

Take the new A-103, 
one of the least expen- 
sive TEAC's you can buy. 

Despite its low price, 
the A-103 is manufac- 
tured to the same toler- 
ances as decks costing 
three times as much. 
And, where most decks 
have a maze of hand - 
wired switches, har- 
nesses and boards 
inside, the A-103 
boasts an innovative 
design which replaces 
all that with a single 
circuit board directly 
coupled to the front 
control panel. 

A-640 Specifications: 
Wow & Flutter: 

0.06% (NAB weigh:ed) 
Signal-to-no:se ratio: 

57dB (withou: Dolby) 
62dB (with Dolby at IkHz) 
67dB (with Dolby cver 5kHz) 

Frequency Response: 
30-16, 000Hz (Cr02: 
30-14, 000Hz (Normal) 

'Dolby is a trademark of Dolby Laboratories, Inc. 

TEAC Corporation of America 7733 Telegraph Road: Montebelo, Ca ifornia 90640 In Canada TEAC is distributed by White Electronic Development Corporation (1966) Ltd. 

TEAC's more expen- 
sive A-640 brings en- 
gineering sophistica- 
tion to a new high with 
plug-in circuit boards, 
two motors and elec- 
tronically operated 
push buttons for 
feather -touch, mainten- 
ance -free reliability. 
People who work with 
tape recorders know 

TEAC tape recorders 
work and keep on 
working. That's the 
reason people whose 
living depends on 
sound judgement, 
depend on TEAC. 
You can, too. 

TEAC. 
First. Because they last. 

-.3 
555 
ovo .an 



Edward Tatnall Canby 

Peter Scheiber's cost -no -object 360° 
Spatial Decoder, selling for thousands, 
has been sitting in my living room for 
several months, acting transparent. 
Though it is perhaps the final decisive 
word of the SQ sort and the end of an 
era, half the time I don't even know I 

have the thing in my system. Two 
signals go in and four come out, 
variously, yet this unobtrusive rack - 
sized black box with chrome handles 
and four meters is 

the very embodi- 
ment of that ancient 
observance that an 
amplifier should be 
a wire with gain. This 
one doesn't even 
have gain, though it 
does have internal 
amps. It acts like a 

wire, period. 
And yet-as I 

discovered at last 
autumn's AES meet- 
ings in New York, 
where I attended the 
Scheiber lecture on 
this ultra -decoder, 
his device has about 
the most complex in- 
sides of anything in 
electronics short of a 

space vehicle. Pic- 
ture after picture 
was thrown onto the 
screen, diagrams 
section by section as 
we followed the signals from the dual 
input to the four-way outputs, 
Scheiber meanwhile apologetically 
remarking that he'd just have to skip 
from page 8 to 19 in his prepared text 
and then to page 25, so sorry. Some 
people are really absent-minded 
perfessers! But the message came 
over: This is an incredibly sophis- 
ticated converter of two audio chan- 
nels into four, with dozens of sensors 
(speaking non -technically) attuned at 
every point to the real demands of 
musical space and, more particularly, 
to the requirements and abilities of the 
human ear. I was duly impressed. If 
genius, as has been said, is the infinite 
capacity for taking pains, then Peter 
Scheiber has taken them. 

But first of all, Scheiber keeps em- 
phasizing, this is a device to provide 
near -absolute transparency in a most 
unlikely situation. I won't bother to 

cite the details, in the millions, but 
everything is done in the most in- 
geniously expensive manner possible 
and after plenty of listening I can 
vouch for the result ... astonishing. 
Through all those thousands of densely 
packed circuit elements the over-all 
figures come out fabulous: IM for the 
entire unit, in to out, is less than 0.05 
per cent, of which less than 0.01 per 
cent is contributed by the numerous 

op -amps in various segments of the 
signal path, this with a tactful passive, 
upper -end filter to limit the response 
to a mere 50 kHz all the way through. 
The entire machine is made up of junc- 
tion FET and IC op -amp elements and, 
naturally, the switching and controls 
are of the finest, with LEDs, click stops, 
and what have you. 

Well, of course, an even better 
transparency would be observed by 
removing the machine entirely from 
the circuit, so we must give a thought 
or two to function, of which there is 
plenty. This is an advanced parametric 
decoder based on SQ encoding, but 
with flexibility well outside of that 
system so as to suit practical condi- 
tions today. Which means "decoding" 
a million or so standard stereo record- 
ings every one of which contains large, 
if variable, amounts of useful phase - 
orientated diversity, for incipient 

directionalities and, as the sum of 
these, hall ambience of many sorts, 
both natural and synthetic. Quite aside 
from SQ, Scheiber has plenty to work 
on and, reasonably enough, he thus in- 
cludes three quite different signal 
treatments, one being the ultimate 
parametric SQ decoding, in addition to 
plain two -channel stereo and a feed - 
through for extra external sources into 
four channels. 

These alternatives 
are neither radical 
nor sensational. I 

found them soberly, 
sensibly different, 
the sort of dif- 
ference that grows 
on you quietly, with 
familiarity over a 

good stretch of time. 
The five LED color - 
coded key switches 
are marked STE, 
AMB, SYN, SQ and 
EXT, self -explaining 
more or less-but 
Scheiber adds an ex- 
cellent booklet ex- 
plaining each in 
terms of the two 
essentials, coded 
and non -coded 
recordings. What 
happens to an SQ 
disc in each play- 
back position? A 
plain stereo disc, the 

same? (Other codings are unmen- 
tioned. CD -4 of course won't do a thing 
beyond the basic stereo in its major 
channels; QS will "decode," no doubt, 
in interesting ways, though not quite 
the ways the designers of that system 
intended. Indeed, for this, the QS folks 
have their own advanced decoder 
designs, quite sophisticated ones, and 
it seems probable that they do for QS 
what the Scheiber unit does for SQ.) 

On the Scheiber unit's SYN (syn- 
thetic) position, for example, a stereo 
image is expanded spatially into a 270° 
panorama (I am quoting the Scheiber 
booklet) extending from left back 
through the front positions to right 
back. "This panoramic aural display 
permits closer observation of in- 
strumental deployment than conven- 
tional stereo playback." On the other 
hand, when an 5Q -encoded disc is 

played via SYN, there is a wholly 
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AUDIO CARDS ARE 
A GOOD DEAL FOR YOU 

If you look through AUDIO, you will find a 

lot of cards. Subscription cards, Reader 
Inquiry Cards, cards to place classified 
advertisements. 

Use them. They make your subscription (or 
the magazine you buy) a good deal. 
(Here's why. You can renew (or enter) your 
subscription by using a subscriber card. 
Makes it easy and we even pay the 
postage. 

You can use the Reader Inquiry Card to 
order information on most of the equip- 
ment advertised in AUDIO. 

You can order books at special prices. 

You can even write in praise, or complaint, 
on the Reader Feedback Card. 

Take a look at the cards. You'll have a win- 
ning hand. 

Write to us. We like to hear from you. 

SUBSCRIBER 
Don't wait until your subscription 
runs out. Renew now and insure 
uninterrupted service. 
The remaining issues on your 
current subscription will be added. 
Postage will be paid. 

Gentlemen: Please enter 
my subscription to AUDIO. 

Name 

Address 

City 

State Zip 

New Subscription Renewal E Payment Enclosed E Bill me 

E 3 Years-$22. 2 Years-S16. E 1 Year -59. 
E (Foreign-$28.) (Foreign-$20.) (Foreign-$11.) 
You may pay for your subscription on your credit card. 

E American Express 

Credit Card No. E Diners Club 

E Master Charge 

Card expires Bank No. 

Signature 

For office use 

May 1978 - This card expires July 31, 1978 

READER INQUIRY CARD 
ENTER NUMBERS IN BOXES BELOW 
LI A to help me make an immediate decision to purchase 

B to explore a new method or to keep my files on the subject to date 

Name 

Address 

City 

State Zip 

Are you a subscriber to AUDIO Magazine? Yes' No 

READER INTEREST 

INFORMATION 
High Fidelity Enthusiast 

2 Home Recordist 
3 D Professional Recordist 
4 Broadcast Engineer/Mgr. 
5 C Audio Service Technician 
6 D Audio Mfg. or Dealer 
7 D Other 

I have purchased the following equipment after seeing it advertised in AUDIO 

I am planning to purchase the following equipment in the next year 
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All of Audio's 1977 issues have been bound into an 
attractive and durable volume. Audio '77 gives you 
rapid "playback" of valuable audio information. 
You'll have permanent and easy access to vital facts, 
figures, outstanding reviews and articles. 
Audio '77 will serve as an up-to-date guide to help 
you become a more knowledgeable audio buff. Use it 
to improve your understanding of audio systems, 
theories and developments. Refresh your knowledge 
of speaker theory, biamplification, recording tech- 
niques, and much more. 

These outstanding volumes are deluxe bound 
in buckram -textured material for good looks 

and durability. It would make a distinc- 
tive addition to your personal library, 

an ideal gift for the discerning 
audiophile. 

Only a limited quantity 
is available. It's first 
come, first served, 

so place your 
order now. 

Order your copy today. The $23.00 price includes shipping 
and handling, U.S.A. only. For other countries: $25.00. 
Check or money order must accompany this order. 

Name 

Address 

City 

State/Zip 

Rush this coupon, with your payment, to: 
AUDIO, 401 N. Broad St., Phila., PA 19108. 



Five years ago, Phase Linear introduced an out -of -this - 
world amplifier at a down to earth price. The Phase 

A GREAT 
Linear 400. It made history. And while the rest of the 
world played catch-up, we improved it. 

The Phase Linear 400 -Series Two Power 
Amplifier has inherited the original Phase 400's 

at hl A v Everything 
AMP 

qu 
that 

lity. 

madeCraf its predecessoranship.nd 

alue. 
one of the 

UPGREATE D 
greatest selling amplifiers in the world. 

With some significant improvements. 
Inside and out. 

Inside, we've refined our knowledge of amplifier design. It's the same high technology that's 
responsible for the awesome Dual 500 -Series Two. 

From the FET inputs with low noise/low distortion circuitry, to the individual sensitivity 
controls, the increased performance and efficiency enable the Phase 400 -Series Two to 
deliver a sonic clarity second to none in medium power applications. 

Outside, the smooth, professional styling of the gold 
anodized front panel includes an exclusive 32 -segment 
LED display that's capable of instantaneous indication of 
output activity. It incorporates a special 4 -segment LED 

clipping indicator that warns of hazardous overloads. 

Even under the most demanding conditions, a large 
extruded aluminum heat sink assembly maintains adequate 

cooling for the 400 -Series Two. 

Other built-in protection systems include electronic energy limiters that prevent the possibility 
of damage to the speakers or amplifier from overloads. And independent fusing of the power 
supply for the prevention of any potentially damaging effects caused by short circuits. 

This is only an ad. There's only so much we can tell you in this ad. To fully appreciate the 
400 -Series Two, we recommend a visit to your authorized Phase Linear dealer. 

SPECIFICATIONS: OUTPUT POWER: 210 WATTS, MIN RMS PER CHANNEL 20Hz-20kHz INTO 8 OHMS, 
WITH NO MORE THAN 0.09% TOTAL HARMONIC DISTORTION, CONTINUOUS POWER PER CHANNEL 
AT 1000Hz WITH NO MORE THAN 0.09% TOTAL HARMONIC DISTORTION: 8 OHMS -260 WATTS, 

4 OHMS -360 WATTS, INTERMODULATION DISTORTION: 0.09% Max (60Hz: 7kHz-4:1), DAMPING 
FACTOR: 1000:1 Min, RESIDUAL NOISE: 120uV (IHF`A"), SIGNAL TO NOISE RATIO: 110dB (IHF"A"), 
WEIGHT: 35 lbs. (16 kgs), DIMENSIONS: 19"x7"x10" (48.3cmx17.8cmx25.4cm). 
Optionally available in E.I.A. standard rack -mount 
configuration. OPTIONAL 
ACCESSORIES: Solid 
Oak or Walnut side 
panels. 

iabfecZbiete/ie 
THE POWERFUL DIFFERENCE 

Phase Linear Corporation/20121 - 48th Avenue West/Lynnwood, Washington 98036 
Made in U.S.A. Distributed in Canada by H. Roy Gray Ltd. and in Australia by Megasound Pty. Ltd. 
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Stylift ... an 
uplifting idea. 

No more dropped tonearms, damaged 
cartridges and records. It's the Stylift - 
a revolutionary new device that 
automatically lifts the tonearm off the 
record surface at the end of play. 
Designed especially for manual 
turntables 
Stylift is a unique mechanical device 
that uses no magnets, solenoids or 
photoelectric devices. The precision 
device is absolutely maintenance -free - 
no wiring is necessary and mounting 
the Stylift is simple and easy. 
Stylift easily lifts tonearms tracking up 
to two grams and even has a special 
counterweight attachment for heavier 
tracking tonearms. 
Stylift is 
made of 
polished 
chromium 
steel (no 
plastic) 
and will 
provide 
years of 
trouble -free 
"protection" and convenience for your 
tonearm and cartridge. 
Order Now 
To order your Stylift, enclose a check or 
money order (NO CASH PLEASE) for 
$19.95 for each Stylift desired, plus 
$1.50 for postage and handling. 
(California residents: add 6% for sales 
tax.) Use the attached coupon. 
Please allow three to four weeks for 
delivery of your Stylift. 
SATISFACTION GUARANTEED. If 
not completely satisfied, return within 
10 days. 
Stylift is distributed by AudioSource, 
Foster City, California. 

AudioSource 
1185 Chess Drive Monitor Audio 
Foster City, Calif. 94404 In Canada: 

Edon Acoustics Ltd. 

Please send Stylift(s) for $19.95 each. Total 

Add postage and handling of $1.50 (each). $1.50 

(California Residents: add 6% sales tax.) 

TOTAL 

I enclose check_ or money order 

Charge my Bankamericard - Visa _ Mastercharge 

Card No Expires 

Signed 
Mail Stylift(s) to: 
Name 

Address 

City State Zip 
Place this coupon in an envelope along with your remittance 
and mail to: AudioSource, 1185 Chess Drive, Foster City, 
Calif. 94404. Orders received will be processed immediately; 

Lhowever, please allow three to four weeks for delivery. 

freakish sonic dispersal-the front 
center and the back center stay in 
place, but the corner sounds are inter- 
changed in space. All of this cor- 
responds very nicely with the sound I 

have actually experienced; SYN is the 
bold, semi -sensational option among 
those Scheiber offers. I often use it 
because it throws more sound into the 
back speakers, which are nearer to my 
kitchen work place. Why not? Any- 
thing that sounds good is good. 

Then there is AMB, for ambience. 
This is primarily a sober and very 
useful treatment for stereo discs, not 
sensational but definitely expanding 
their built-in characteristics; direct 
sounds remain localized in front, quite 
reliably, while reverberant information 
is directed more to the sides and back, 
for an enhanced hall effect. As 
Scheiber points out, the AMB effects 
vary widely with the recordings, since 
there is no precise coding involved and 
a vast variety of ambient material 
(variously delayed in phase) is found 
from one record to another. AMB, 
however, has another usefulness. It is 

an alternative to the SQ position for 
encoded discs, offering a more con- 
servative, up -front effect for those SQ 
records which have a pronounced "sur- 
round" encoding, putting the musical 
instruments, as Scheiber says, "back 
on the stage" where they presumably 
belong in a well -ordered musical 
world. If you really don't want the 
trumpets in back of you and strings in 
front, then this AMB is good. 

Traditional Ambience 
In some personal correspondence 

with Scheiber, I have gathered that he 
is distinctly disillusioned with sur- 
round -sound classical music, all the 
way around-or perhaps pop music, 
for that matter. After all, the man 
began as a professional musician, a 
bassoonist. A yen for the traditional 
sound, orientated towards a frontal 
focus, would be no more than natural 
for him, though perhaps many of our 
more experimental recordists will not 
agree. As for myself, I go along with 
him provisionally; in the long run I do 
find it easier to listen to music where 
music ought to be, and that is not 
behind the ears. What belongs back 
there is ambience-important enough. 
So a device which can, at will, provide 
frontal music with good backside 
ambience out of records of any sort 
that are "too much" surround style is 
bound to be a good tool in home fi. 

As for the most essential (maybe) 
position, the Scheiber decoder's SQ 
circuitry, indicated with a bright red 
LED, it puts the sounds where the SQ 
recording engineers intended, perhaps 
more specifically and precisely than 

any decoder has done before. I remem- 
ber, some years back, watching meters 
in CBS's parametric decoder, never put 
into commercial public distribution. 
(Predictably, the system was too ex- 
pensive.) Amazing. Decode a signal to 
right back, and that meter went 
straight up to 0 dB, while the other 
three meters never so much as moved 
at all. Scheiber gets 35 -dB separation 
and -a thing that has long bothered 
me in theory-this does NOT depend 
on a one -corner -only signal. The para- 
metric circuitry allows for functional 
independence in four directions and 
points between. Moreover, the circuit 
localization is "20 times as fast" as 
earlier decoders, which still operated 
within the ear's "fusion" time. 

In other words, we have here just 
about the ultimate degree of four-way 
separation out of two coded signals. It 
is not, we must remember, an objective 
100 per cent discrete separation. But it 
comes far closer to that ideal than 
anyone might have imagined seven or 
eight years ago, when Peter Scheiber 
was the first to introduce the "matrix" 
concept of spatial sound distribution 
from two -channel sources. 

Today being today, I myself have 
been using the Scheiber almost ex- 
clusively for standard stereo discs, 
non -encoded. What else? But I cannot 
and will not now try to get along 
without at least four channels and I 

will not revert under any circum- 
stances to one-sided stereo, if there is 
any way I can avoid same. If there had 
never been an SQ or QS or CD -4 disc, I 

would feel the same. Indeed, I 

sometimes wish that quadraphonics 
had never been launched-but had 
managed somehow to donate the ac- 
cumulated knowhow to our recording 
art! That being a contradiction, I can 
only say that a decoder like the 
Scheiber contributes so much to stereo 
listening, so easily, that I, for one, 
could not survive without the things it 
does. When the Scheiber goes back to 
its designer, I will revert to one or 
another of the earlier decode/enhance 
devices I still have on hand. 

Prior to writing this, I dug out a pile 
of SQ discs. I have quantities of pop 
SQ (I received most of them), and they 
make a more decisive test of a system 
than most classical recordings. I have 
always been disturbed by the matrix 
tendency towards blurring and in- 
decisiveness as between spatial 
sources, most particularly that dense 
feeling of mono, overhead, that results 
from too much overlap in the not -very 
discrete four channels. True ambience 
is never mono, always a subtle com- 
posite of differing reflections. To the 
extent that there is a mono redun- 
dancy from the four speakers of a sur - 
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Where superior technology mares the musical 
difference: Sansui's new DC integrated 
amplifier and matching tuner. 

SmSJÍ is proud tc introduce the new AU -717 DC 
i - Eçratec amplifier anc matc-ting TU -717 tuner, cesigned 
fis iocr greatest listening pleasure. We are p-oud of the 
a perlative specificatiors that our sophistica-ed research 
has achieved. The finest available at any price, 

Bu -the best spe alone don't always mean hefines- 
r-uic -epDduction. Anc so we are proud that our p-ec ision 
engineerirg and superior circui`ry design create pure and 
b it Tartly clean tonal gtnlity that's distinctly super or 

Linen to what we offer: Frequency response of he 
AJ-717 from main in, 0Hz to 203:Hz (+0dB, -.3dB), (the 
Nicest of Irry DC integrated amplifier availcble), gives 
yon sharp clean transients and greatly reduced phase 
st -if- p-oblms. Total harmonic cistorfion is astouncingly 
Iran._ less ti- an 0.025%, frcrn 10-23,000Hz. 85 watts/channel 
rir. ?MS, both channel; driver into 8 ohms. 

Dual independent power supplies provide traest 
stereo sep aration and a large power reservoir For uncol- 
°bed phor-o reproduction equalization is within ±O.2dB(20- 
20, JOCHz, extended RIA a curve). And the calibrated - 

a, 

(LL_tZLL 

Maw 

imm 
-Pee 

.44.2s 

aitenua-.7 evel control guarantees volume precision. 
The matchi ng TU -717 tore' features dual IF band- 

wic-h ID et you ;elect for lowest d stortion (0.07% mono, 
stereo) or maximum seectiiity (80d=). S/N is 

excelwerr: 80dB mono, 77dB sterea. 
h addition, the AIJ/TL 717's are elegantly styled, 

otfe r_ck mounting adaptors cni are most attractively 
priced LEEss than S450- for the ALI 717 and ess than .$320' 
fcr -eTi-7' 7. 

Lsen to these bril iant nee+, compo-tents at your 
franchsed 3cnsu dealer today. 'hen you near the new 
Sari JTU-71[7 s you will never again want to settle 
fcr ess Char the best. 

Eansu . A mole new world of musical pleasure. 
'.Aprxmirnde natio aly advertsedvalue The actua retail price 
wi I Le b-4 he inchJcval dec let at his ojtbn. 

ape Pta..... 

1161,11 - 

SANSUI ELECTRONICS CORP. 
Woodsde, Nee York 11377 Gardena. Californ a 92,247 
SANSU ELECT1 C CO., LTD., Tdryo, {apor 
SANSU AUDIC EUROPE S.A., Antwerp, -Belgium h Canada=led oric Distrbutors. 
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QUIETONE 
you can hear it working 
At last, a record treatment that's effective for weeks! No need to 
treat or brush records each time they are played. A quick spray of 
QUIETONE, the environmentally safe aerosol that neutralizes 
static charges, provides carefully measured stylus lubrication and 
removes surface deposits with a specially developed solvent 
totally safe for records. 
Most clicks and pops disappear. Annoying record hiss is reduced. 
Highs come through smoother and cleaner - low end tracking 
improves. Stylii and record surface alike are protected by the 
lubrication property of QUIETONE, which promotes lower 
stylusigroove friction. 
And QUIETONE is extremely economical. Selling for less than 
$7.00 a single aerosol will treat up to 100 sides. QUIETONE is 

safe- is totally dry to the touch yet record protection remains and 
static charges stay neutralized. 
QUIETONE -the second generation in record care - is sold with a 

money -back guarantee. Quietone works - hear for yourself the 
improvement it can bring to your records. Available at leading 
stereo and record shops or write for details. 

uuit uNL 
pUIEToNE QUIETONE 

V 
puIETpÑÉ 
puiE _.. 
Q 

record preservative 

tls tic lubricant 
HAMMOND INDUSTRIES INC 
155 Michael Drive, Syosset, New York 11791 
Telephone (516) 364-1900 

Enter No. 20 on Reader Service Card 

iThinlosh CATALOG 
nd FM DIRECTORY 

Get all the newest and latest information on the new McIntosh Sol- 
id State equipment in the McIntosh catalog. In addition you will 
receive an FM station directory that covers all of North America. 

MX 113 
FM/FM STEREO - AM TUNER AND PREAMPLIFIER 

SEND 

TODAY! 
I Dept.l 

McIntosh Laboratory, Inc. 
East Side Station P.O. Box 96 
Binghamton, N.Y. 13904 

NAME 

CITY STATE ZIP 

ADDR ESS 

round system, the magic effect of real 
ambience is damaged or destroyed. 
(And yet it can be synthetically sim- 
ulated, as we know!) I have rarely 
heard really free ambience from a 

matrix recording. Too often, I hear that 
dense, closed -in effect that is the un- 
wanted summation of too much mono. 
It can be in the decoder, the record 
itself, or even in the "original" 
sound-when that sound is given the 
synthetic reverb treatment. 

So I tried a brace of pop records, 
just to see. The first (nameless) was 
most discouraging. Scheiber or no, the 
effect was unimpressive, with no more 
than stereo -style front separation, a 

vague mumbling from the back 
speakers and a distinctly oppressive 
mono compression of space. No real 
ambience spread, no real surround 
sources. Was Scheiber a lot of hot air? 
I tried another, and it was worse. Ugh. 
Then a third-and suddenly, space 
opened up and spread out! I assure 
you, I let out a sigh of relief. I was 
rooting for Scheiber. The problem, and 
no two ways about it, was in the re- 
cordings. 

I do not know the ins and outs of 
how SQ worked during those intense 
times when four-way recordings were 
being made separately from stereo, in 
the mixdown and, sometimes, in the 
original microphoning too. All I can 
say now is that entirely too many of 
the pop records I have tried seem to 
me to be unimpressive in the decoding 
via this sophisticated ultimate de- 
coder. Am I digging up skeletons? No, 
because all of a sudden-a good job, 
and Scheiber is vindicated! The old 
becomes new. As they say, better than 
ever. The mono density is gone, space 
is big and free, instruments are easily 
set out here and there. Good stuff. As a 

teaser, here are two: Dave Mason Split 
Coconut, Columbia PCQ 33698. The 
Manhattans It Feels So Good, Colum- 
bia PCQ 34450. Look in your dealer's 
back closet; he has 'em. 

The Scheiber Spatial Decoder has a 
few minor eccentricities-why expand 
on them? Its four meters are heavily 
weighted and slow moving, which an- 
noys me, an old meter reader who 
"reads VU" and likes to see the 
needles dance. It has no adequate all- 
mono setting with which to balance 
sound levels in front and back 
speakers (the meters read "line out" re- 
gardless of amp volume). Minor 
quibbling. If you want the very best 
and state of the art in this important 
and enduring area of "passive" en- 
hancement of the two -channel record- 
ing, and if your equipment is up to its 
quality, then the Scheiber is definitely 
for you. One thing's for sure. It will 
never be your weakest link. A 

If you are in a hurry for your catalog please send the coupon to McIntosh. 
For non rush service send the Reader Service Card to the magazine. 

Enter No. 28 on Reader Service Card 
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Take a look at 
what's taking the 
industry by storm. The 
Back Electret, another 
giant step forward from 
Sony. 

Never before has 
it been possible for thin 
polyester film to be 
used in electret con- 
denser microphones. 
That's because polyes- 
ter film, acknowledged as the best 
material for microphone dia- 
phragms, just can't hold a static 
charge for a long duration. 

But Sony's engineers have 
made the impossible, possible. 
They've found a way to adhere the 
electret material directly to the 
back plate of the microphone. By 
thus putting the charge on the 
back plate, we are able to use 
polyester film in the diaphragm. 

The result will be obvious to 
your ears. Clearly superior sound 
quality, without particular color - 

CASE DIAPHRAGM 

ELECTRET 
FILM DIAPHRAGM I//iswi I RING 

SPACER 

BACK PLATE 

ACOUSTIC :/\111.\;:: \\\1\\ RESISTER 

RESISTER 
FRAME 111111º1.1 

111111 

leei 
!1.11.1.l 

LOCK RING 

ACOUSTIC 
PHASE 

CIRCUIT OUTPUT 
TERMINAL 

ation in the upper frequency 
range. The low mass diaphragm 
means better transient charac- 
teristics over the entire frequency 
range. 

You can find the Back Elec- 
tret in four Sony microphones: 
ECM -56F $220; ECM -65F $210; 
ECM -33F $165; and ECM -23F 
$100. 

But you don't have to look 
at Back Electrets to see why Sony 
is ahead. 
NO MATTER WHAT KIND OF MIKE 
YOU NEED TO GET, WE'VE GOT IT 

Sony's micro- 
phone line is thoroughly 
complete. It ranges 
from professional con- 
denser to semi-profes- 
sional to microphones 
for public address, 
vocalists, and outdoor 
use. There's omni and 
uni -directional. And we 
think it's big of us to 
make sophisticated 

miniatures. 
And all microphones are 

available with Phantom Power, 
battery operated, or both. 

So if you need something to 
talk into, it makes a lot of sense to 
talk to Sony. Write to Sony, 714 
Fifth Avenue, Dept. TK, New York, 
NY 10019. 

SONY 
© 1978 Sony Corp. of America. Sony, 9 W. 57 St., N.Y., N.Y. 10019. SONY is a trademark of Sony Corp. Enter No. 47 on Reader Service Card 



These 
AudioDealers 
care as much 
about 

*your 
cts you do! 

That's right, these very select audio 
dealers have bought the only professionally 
recognized, permanently installed, wet or dry 
record cleaning machines in the world. Our 
machines have been used by broadcast 
professionals world-wide since 1968. Now, our 
dealers have installed these machines as a 
service to their valued customers. 

Of course, the technology is secret. 
Grease, hardened sludge and embedded grit, 
loosened by a special solution and the 
cleaning brush, are removed by the suction 
arm. The record is left dry, 
clean and free of all 
chemicals. 

So, don't just 
complain 
about those 
ticks and 
pops caused 
by dirty rec- 
ords. See if 
one of the 
dealers listed 
below can't 
get rid of them 
for you. It only takes 
about 11/2 minutes each 

16 side and costs a dollar or 
less per record (includes special 
static -free jacket). 

Most dealers will also be able to show 
you two other Keith Monks record care prod- 
ucts you can install yourself. Ask him about 
our Record Sweeper... the one that has a spe- 
cial non-ferrous static conductor built in. Or, 
our Leveling Kit...the turntable pads that 
both level and damp the turntable against 
loudspeaker feedback. 

Audio By 2imet 
Roslyn, N y 

1516) 6210138 

Audio Climax 
Metarle, Louisiana 
15041455-4434 

Electronic Workshop 
N VC,NY 
(212i GR3 0140 

Once Electronics 
Pensacola, Fla. 

19041 434 2481 

Cordon Electronics 
Syracuse, N V 

(315) 446.9440 

Jensen's Stereo Shop 
Burnsville, Minn 
1612)8903517 

Jonas Miller Sound 
Beverly Hills, Ca 
1213) 659-1707 

Lawrence Stereo 
Bermingham, Ala 
12051933 0 330 

Mission Bay Audio 
San Diego, Ca 
(714) 270-9350 

Pro Musica 
Urbana, ill 
12171 384-5415 

Specialized Sound 
Audio Consultants 
Louisville, Kentucky 
150214588859 

Stereo Components 
Munster, Indiana 
12191836 8840 

Stereo Workshop 
Richfield, Conn 
12031438 925 5 

Woodland Stereo 
Woodland Hills, Ca 
12131 348-9244 

Audio Reproduction 
Blacksburg, Ua 
7031552 6850 

Definitive Systems 
Newport, R 

1401i 847-5740 

Eardrum of New England 
Burlington, Mass. 
16171273-1105 

Hl Fl Hutch 
Temple Terrace, Fla 
(8131985-7144 

innovative Audio 
Brooklyn, N Y 

(212) 596-0888 
Lyric HI Fl 
White Plains, N V 

(914 949-7500 

New England Music Co. 
Portland, Maine 
(207) 772-2869 

Sound Mill 
Mt. KI5CO, N Y 

1914) 241-1230 

Sound Components 
Coral cables, Fla 
(309 446-1659 

Stereo Unlimited 
La Mesa, Ca 
17141466 0505 

Take 5 Audio 
New Haven, Conn. 
(2031777-1750 

SEIT" monKs 
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42 Tiffany Place, Brooklyn, New York, 11231 

12121596-3460 

Herman Burstein ide 
Dolby Addition 

Q. 1 have a Sony tape deck which 1 

like very much, except that I have a 

severe signal-to-noise problem with it. I 

have been thinking about buying a new 
deck in the $500.00 range. On the other 
hand, I was wondering whether I can 
use a Dolby noise reduction system 
with my present deck?- Philip Semeca, 
Astoria, N.Y. 

A. The Dolby units can achieve ap- 
preciable noise reduction, particularly 
when used with tape machines produc- 
ing a good deal of noise. However, you 
might find that by the time you add the 
cost of a good Dolby unit to your 
system, you haven't spent much less 
than if you had bought a top-flight 
deck to begin with. 

Tone Controls in Recording 
Q. Why don't the tone controls 

affect my tape deck while recording? 
Can the circuit be changed so these 
controls can be used?-Aaron Holley, 
Pacifica, Cal. 

A. A receiver or amplifier is so 
constructed that the feed to the input 
of tape recorders connected to it 
occurs at a point in the circuit before 
the volume and tone controls, con- 
sequently these controls cannot affect 
the recording. 

The output of the recorder, 
however, feeds into the equipment just 
before the volume and tone controls, 
thus the playback has both the volume 
and tone controls available for use by 
the listener. The idea behind this is that 
the listener should make tape record- 
ings which are flat, and any alterations 
to the sound of these tapes should be 
made during playback only. 

The simplest way by which one can 
alter the frequency response prior to 
taping is to introduce a graphic 
equalizer between the amplifier Tape 
Out jacks and the input of the 
recorder. 

Minimizing Print -Through 
Q. Some time ago you stated that 

one can minimize print -through by not 
recording at excessively high levels and 

by rewinding the tape prior to playing 
it. I was under the impression that the 
higher the recording level, then the 
lower the background noise of the tape. 
Could you please enlighten me on this 
point? -Michael Cinelli, Scarsdale, 
N.Y. 

A. Recording at a high level results 
in a high ratio between the audio 
signal and noise due to the tape and 
tape machine electronics. Also, a high 
level signal on the tape tends to 
magnetize the adjacent layers of tape 
on the reel which results in a low ratio 
between the audio signal and the print - 
through signal (sound of the adjacent 
layers). 

Recorder Mike Matching 
Q. I own a Roberts 17258L reel and 

cartridge recorder, and when I wanted 
better microphones I purchased the 
Sony ECM198 condenser microphones. 
After purchasing them I found out that 
my set calls for high -impedance mikes, 
whereas the Sony ones are low im- 
pedance. Somebody suggested that I 

buy preamps which I did. Am I getting 
full benefit out of the microphones 
with the use of the preamp?-Charles 
Keoseian, Fitchburg, Mass. 

A. To adapt a low -impedance 
microphone to a high -impedance in- 
put, one customarily uses a matching 
transformer, which can either be ob- 
tained from the microphone manufac- 
turer or he can recommend one. You 
can also use a preamp of the type 
made for phono pickups and tape 
heads, but this may require removal of 
the equalization network for phono 
and tape, or the unit may have a switch 
for bypassing the equalization circuit 
so it can be used with the microphone. 
However, the preamp may add ap- 
preciable noise and is not a desirable 
way of matching a low -impedance 
mike to a high -impedance input. 

If you have a problem or question on tape recording, 
write to Mr. Herman Burstein al AUDIO, 401 North Broad 
Street, Philadelphia, Pa. 19108. All letters are answered. 
Please enclose a stamped, sell -addressed envelope. 
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use Maxell. 

Or a$100 tape deck that 
should nt. 

If you spent $1000 on a tape 
de:k, you'd be concerned with 
hearing every bit of scund it 
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Tha-s W- y' owners , 
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decks use Maxell more 
then any o per brand. 

But if yoi..'re like 
most people, you don'- ov..n 

the best -Naze deck in We world 
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Mcxell. And chances ore, you're ic't 
hearing every bit of sound your -ape 
deck is capab e of producing. 
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Bert Whyte the ne 
On any given Sunday, you can look 

at the "entertainment" or "cultural" 
sections of newspapers across the 
country, and you will see page after 
page of advertisements for the sale of 
audio equipment, or "stereo," to use 
their catch-all terminology. For the 
most part, what is advertised are 
"beginners packages," which consist 
of low- to medium -powered receivers 
from such well-known manufacturers 
as Pioneer, Kenwood, Sansui, Marantz, 
Harman-Kardon, Sony, Technics, etc.; 
low -end models of turntables from the 
likes of BIC, Garrard, Dual, BSR, 
Technics, etc., and magnetic phono 
cartridges from Pickering, Stanton, 
Shure, Empire, etc. The packages are 
completed with loudspeakers, which 
may be low -end models from the full - 
line manufacturers themselves, or 
from Advent, AR, KLH, JBL, or the 

18 "private label" speakers of a particular 
retailer. Most of the packages are at- 
tractively low-priced at less than the 
cost of the individual components. 
Generally, whatever combination of 
components a store puts together gives 
the customer a fairly well-balanced 
stereo system at that particular level 
of quality. It must be said, however, 
that far too often the low price of the 
package is achieved by the inclusion 
of the "private label" speakers, many 
of which are of extremely poor quality. 

Allowing for that unfortunate situa- 
tion, in a world of shrinking values, 
shoddy merchandise, almost non-exis- 
tent quality control, and indifferent 
service, these stereo packages repre- 
sent a level of quality and integrity of 
fabrication that makes them an in- 
credible bargain in today's market. For 
an average of $500.00, these stereo 
systems offer low levels of distortion 
and other performance specifications 
well beyond what was available for 
twice the money just 10 years ago. 
That, in itself, is quite unique in this in- 
flationary world. 

The point I am making is that for a 

relatively modest outlay, even the 
fledgling stereo enthusiast gets a 

system of remarkably good quality. A 
good many people are content with 
the quality of this kind of system and 
do not have that personal commitment 

to music to justify expansion of their 
system beyond this level. Fortunately 
for the hi-fi industry, quite a number of 
people have become "smitten" with 
the audio "virus," and it is remarkable 
how quickly they develop a consid- 
erable degree of aural discrimination. 
Their growing sophistication usually 
manifests itself in an awareness of the 
sonic deficiencies of their loudspeak- 
ers. So they hie themselves to their 
local audio emporium, resolutely plow 
through a myriad of AFB speaker com- 
parisons, and ultimately bring home 
some better sounding loudspeakers. 
For a while, they revel in the superior 
sound the new speakers afford, only to 
discover discrepencies in the new 
speakers or anomalies in the rest of the 
system revealed by the new speakers 
... or a combination of both! Thus, the 
cycle begins all over again, as it has 
since the dawn of hi-fi; that is how 
audiophiles are born, and that is why 
we have today's huge audio compo- 
nent market with all of its infinite 
permutations. 

The audio component market is 

unique in that it has a broad base of 
relatively good -quality stereo systems, 
plus a fairly substantial percentage of 
the market which is continually up- 
grading the quality levels of their 
systems. Needless to say, whatever the 
quality level of the stereo systems, the 
raison d'etre for these systems is the en- 
joyment and appreciation of music, 
and this is largely done through the 
medium of phonograph records, plus 
pre-recorded cassettes, cartridges, and 
open -reel tapes. Very early on in his in- 
volvement with these various types of 
"software," the discerning audiophile 
learns that he must embark on a never- 
ending quest for high -quality, techni- 
cally superior records and tapes that 
will do justice to the stereo system he 
has assembled. As everyone knows, 
this can be a maddening and highly 
frustrating experience. Let us take a 

look at the "state of the software" in 
today's market. 

Software Synopsis 
In any discussion about the quality 

of the modern long-playing phono- 
graph record, a distinction must be 

made between the physical charac- 
teristics of the record, i.e. does it ex- 
hibit dish warp, pinch warp, or any 
other kind of warp ... is the record ec- 
centric, causing wow ... is the record 
"hissy," full of "pops" and "ticks" ... 
are the surfaces "grainy" and cause a 

continual "crackling" sound, etc. ... 
and what are the sonic characteristics 
of the recording itself? Does the re- 
cording have full -spectrum frequency 
response ... wide dynamic range ... 
good signal-to-noise ratio ... clarity, 
brilliance, and good transient response 
... good instrumental and musical 
balances ... is the acoustic perspec- 
tive proper for the particular type of 
music? A further distinction must be 
made between pop and classical re- 
cordings- In fact, for the purposes of 
this discussion, I am really relating the 
subject of recording quality to the 
classical genre. Pop recordings cer- 
tainly do suffer from the physical de- 
fects outlined above, but the quality of 
their recorded sound is subject to so 
many variables, the sound itself is a 
contrived product ... really an "art 
form" unto itself, and the music usu- 
ally is of such a transitory nature, that 
the quality per se cannot be related to 
some "idealized" standard. Quite the 
contrary is true with classical record- 
ings, which of course do have an "ideal 
standard" ... the live concert hall 
sound. For comparative purposes, I 

will restrict my discussion to classical, 
large-scale recordings. As a rule, the 
major American record companies re- 
cord their orchestras via the multi- 
track/multi-mike technique. Now 
please don't get me wrong ... I don't 
condemn this technique out of hand 
... I've heard some fine recordings 
made with this method. But, in the 
opinion of many people, this type of 
recording is too contrived and arti- 
ficial. One of the principal complaints 
is that the recordings lack depth ... in- 
struments sound like they are strung 
on a line across the stage ... the 
acoustic perspective is fore -shortened, 
there is artificial "spotlighting" of 
various instruments, wherein they 
sound larger than life ... for example, 
a clarinet or oboe producing more 
sound than the entire orchestra. There 
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Better stereo records are the result 
of better playback pick-ups 

EXPANDE© 
CONTACT AFEA 
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Stanton Ma.^naics, /nc.. 1977 Scanning Electron Beam Microscope photo of Stereohedron Stylus. 
2000 times magnification. Brackets point out wider contact area. 

Enter the New Professional 
Calibration Standard,Stanton's 8815 

Mike Reese of the famous Mastering Lab in Los Angeles 
says: "while maintain ng the Calibration Standard, the 8818 
sets new levels for tracking and high frequency response. It's 
an audible improvement. We use the 8815 exclusively for 
calibration and evaluation in our operation'" 

The recording engineer can only produce a product as good as his 
ability to analyze it. Such analysis is best accomplished through the use 
of a playback pick-up. Hence, better records are the result of better 
playback pick-up. Naturally, a calibrated pick-up is essential. 

There is an additional dimension to Stanton's new Professional Cal- 
ibration Standard cartridges. They are designed for maximum record 
protection. This requires a brand new tip shape, the Stereohedron®, 
which was developed for not only better sound characteristics but also 
the gentlest possible treatment of the record groove. This cartridge pos- 
sesses a revolutionary new magnet made of an exotic rare earth com- 
pound which, because of its enormous power, is 
far smaller than ordinary magnets. 

Stanton guarantees each 881S to meet the 
specifications within exacting limits. The most 
meaningful warranty possible, individual calibra- 
tion test results, come packed with each unit. 

Whether your usage involves recording, broad- 
casting or home entertainment, your choice 
should be the choice of the professionals... the 
STANTON 881S. graN 1 Vl 1 

For further information write to Stanton Magnetics, Terminal Drive, Plainview, New York 11803 

Enter No.. 48 on Reader Service Card 
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is another problem inherent in the 
multi -mike technique in that, by the 
nature of the pickup, cardioid-pattern 
mikes must be used and they have a 
tendency to start rolling off early in 
the bass spectrum, usually having little 
response below 40-45 Hz. While there 
isn't too much musical energy at those 
frequencies, there are circumstances 
when this could be detrimental. 

Multi-Miking 
It should be understood there are 

several variations on the multi -mike 
technique, and I suppose some of 
these variations shouldn't be called 
"multi -mike" in the strictest sense of 
the word. For example, Marc Aubort of 
Elite Recording generally uses two 
omnidirectional microphones to pick 
up better than 95 per cent of the 
musical information, with a minimum 
of other mikes to "touch up" sections 
of the orchestra or specific in- 
struments. No recording hall is perfect, 
and Marc uses the "touch-up" mikes 
when the score indicates certain in- 
struments are not of sufficient ampli- 
tude in the overall recording. With his 
technique, Marc produces recordings 
of outstanding realism. Another suc- 
cessful practitioner of the multi -mike 
technique is Bob Auger, who operates 
out of London, and his fine work can 
be heard on the Unicorn and other 
labels. Bob uses more of the "tradi- 
tional" multi -mike technique, in- 
cluding use of an 8 -track recorder, but 
he pays very close attention to the 
avoidance of instrumental spotlight- 
ing. It may surprise many of you, who 
equate DGG, Philips, and London/ 
Decca sound with "purist" minimum - 
number -of -mikes technique, that they 
quite often use some variation on the 
multi -mike technique, according to the 
acoustic characteristics of a particular 
hall. For recordings made with the 
"purist" minimum -number -of -mikes 
technique, the companies most often 
opting for this are EMI -HMV in 
England and German Electrola. The 
recordings made this way have a very 
natural acoustic perspective, devoid 
of any spotlighting. The sense of or- 
chestral depth is splendidly achieved 
and instrumental positioning is very 
accurate, while bass response is very 
extended and has great power without 
being obtrusive in perspective. Un- 
fortunately, these recordings are 
released in this country (at least the 
EMI/HMV) through Angel Records, and 
far too often they have different equal- 
ization and other parameters when re - 
mastered from the original tapes, so 
many of the desirable attributes of the 
original recordings are missing. 

The answer to this is that you must 

buy the EMI/HMV recordings, and they 
are not easy to come by. A fair stock of 
them are carried by the King Karol 
record store in New York and by Rose's 
in Chicago. Without question, Philips 
produces records with the most con- 
sistently quiet surfaces, and they prove 
beyond any doubt that it can be done! 
On an overall basis, I must sadly report 
that one is forced to turn to imported 
recordings for the most consistently 
satisfying and realistic sound and for 
records with the least number of 
physical blemishes. 

Those who hunger for new quadra- 
phonic recordings will get little en- 
couragement from the CD -4 camp, 
which is at a very low ebb at the mo- 
ment, with just an occasional release 
from RCA. There is also a reduced 
release program of SQ from Columbia. 
Here again you must turn to the im- 
ports, especially EMI and HMV, which 
have an evergrowing catalog of 
classical SQ recordings, mostly of the 
ambient variety, and the examples I 

have heard have been superb. 
As to direct disc recordings ... yes, 

they are the highest quality sound you 
can buy ... but by no means all of 
them. Direct disc recording is not a 
panacea for all recording ills. In fact, 
the direct disc medium is so revealing 
that many sonic deficiencies are glar- 
ingly spotlighted. In many I have lis- 
tened to, I can hear distortions due to 
mikes and recording consoles, and 
high frequency distortion from the 
tendency to pile on as much level as 
possible on the record, up to and in- 
cluding overcutting! 

As to the tape mediums, the quality 
picture here is somewhat different 
from the discs, since it is a matter of 
duplicating existing sound qualities 
with a minimum of operational dif- 
ficulties. Nonetheless, compression is 

often used, along with weird equaliza- 
tion in American cassettes, with lamen- 
table results. Cassettes from DGG, 
Philips, and London/Decca have ap- 
proached their counterpart discs in 
quality and are of consistently good 
processing. Open -reel tape is making a 
dramatic comeback with the superb 
processing by Barclay -Crocker in New 
York, with staples from the Musical 
Heritage Society, Vanguard, Desmar, 
Unicorn, and other labels, while 
Stereotape in Los Angeles is a bit 
variable in its output from the RCA, 
DGG, and London catalogs, but never- 
theless has many fine sounding ex- 
amples. 

In summing up, high -quality record- 
ings are made with many different 
techniques ... you've got to pick and 
choose ... and in this context, the 
pickings are best among the imports. Q 
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We're rather well-known for our 
expensive amplifiers and tuners. 
Now we'd like to be known for our 

less expensive ones. 

When LUX Audio products were introduced to 
the U.S. in late 1975, we had already played a 
leading role in Japan electronics for more than five 
decades. And our audio components had enjoyed 
an enthusiastic following in Asia and Europe for 
many years. 

Thus, unlike the typical "new" brand, LUX had 
available a wide array of integrated and power 
amplifiers, preamplifiers and tuners. Eighteen 
models in all. Our problem was deciding which 
to introduce first. 

We chose our top of the line power amplifier, 
the M-6000. Its enthusiastic reception encouraged 
us to follow with our other state-of-the-art products, 
such as the L-100 integrated amplifier and the 
C-1000 preamplifier. 

These superb components combined 
performance, styling and precision in a manner 
new to the U.S. audiophile. They prompted one 
audio publication to state: "Almost overnight, the 
name 'LUX Audio' has earned itself a place of 

Luxman T -88V AM/FM stereo tuner. Our least expensive tuner, 
yet includes FET front end with four -section tuning capacitor. 
Linear -phase ceramic filters in IF section. Features include 
FM interstation-noise muting, variable output level control and 
oscilloscope jacks for viewing multipath distortion, etc. Usable 
FM sensitivity; 2 microvolts (11.2 dBf) IHF and 2.8 microvolts 
(14.1 dBf) for 50 dB quieting. Stereo separation: 43 dB at 
1,000 Hz. $345.00 

respect in the hi-fi marketplace." 
That was fine. Not so fine, however, was our 

resulting reputation for being very expensive. Thus, 
many audiophiles were deprived of enjoying LUX 
quality and performance simply because they were 
unaware of our less expensive products. 

We're now rectifying that. The units shown below 
are representative of our more moderately priced 
components. The differences between them and 
our top models are more a matter of power or 
flexibility than any variation in quality. You'll see that 
even our lowest priced units have specifications 
any manufacturer of fine components would be 
proud of. 

So, if some of the engineering "indulgences" of 
our top units aren't really necessary to you, you can 
still enjoy the sonic excellence that distinguishes 
LUX components... because now you know about 
our moderate -priced components. Your LUX 
Audio dealer will be happy to spend as much time 
as you need helping you to appreciate them. 

Luxman L -80V integrated stereo amplifier. 50 watts minimum 
continuous power per channel, with total harmonic distortion no 
more than 0.08 per cent, both channels driven simultaneously 
into 8 ohms, 20 to 20,000 Hz. Frequency response, 10-50,000 
Hz, within 1 dB. Phono S/N better than 77 dB (re: 10 mV input). 
Bass and treble controls each have 3 turnover frequencies; high 
and low filters each have 2 cut-off frequencies. $475. (Luxman 
L -85V, similar except 80 watts per channel, $765.) 

LUX Audio of America, Ltd. 
160 Dupont Street, Plainview, New York 11803 In Canada: White Electronics Development Corp., Ontario 
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Now, enjoy freedom from acoustic feed- 

back with the new AT605 Audio Insulator 
System from Audio-Technica. 

Add the AT605 System and stop howling 
from feedback at high sound levels, reduce 
distortion or cartridge mistracking from sound 
energy conducted from speaker to turntable. 

Solve problems of outside vibration 
like subways, heavy trucks, or jarring foot- 
steps. Or reduce transmission of annoying 
sound to adjacent apartments with the AT605 
System under your loudspeakers. Gain new 
freedom of speaker placement, and improve 
performance especially of high-energy, 
low -frequency transients. 

The slightly -curved 
bottom surface of each 
AT605 flattens as weight 
increases so that only 
the right number and 
size of resilient rubber 
projections support 
your equipment. Four 
insulators support up to 
36 lbs. (9 lbs. each). 

The felt -covered upper support is easily 
adjusted for accurate leveling. A precision 
bubble level is included. And each unit is 
enclosed in an attractive brushed chrome 
housing. 

If feedback limits the quality of your 
system, or restricts your choice of equipment 
location, the AT605 Audio Insulator System 
can help. At all Audio-Technica 
dealers for just $24.95 suggested 
retail. Win the fight 
against feedback a 
today! 

QINNOVATION o PRECISION o INTEGRITY 

AUDIO-TECHNICA U.S., INC. 
Dept. 58A 33 Shiawassee Avenue 

Fairlawn, Ohio 44313 
In Canada: Superior Electronics, Inc. 

audio technica 

Dear.tor 
Pre -Preamplifier Addendum 
Dear Sir: 

The moving -coil pre -preamplifier 
which I described in the February, 
1978, issue of Audio has a gain that 
seems to be dependent not only on the 
manufacturer of transistors Q1 and 
Q2, but also on the particular batch of 
transistors from a given manufacturer. 
The parts list and specifications for the 
article were based on a set of 25 tran- 
sistors each for Q1 and Q2 from a 

particular batch manufactured by 
Motorola. 

It is a simple matter to re -bias the 
circuit for any pair of transistors for 
Q1 and Q2. The value of R2 should be 
selected to give a battery current of 
150 to 160 microamperes with a fresh 
battery for 131. Once the proper value 
for R2 has been selected for each chan- 
nel, it will not be necessary to change 
it again unless the transistors are 
changed. My experience has shown 
that R2 should be between 330 kilohm 
and 560 kilohm, depending on the 
parameters of the transistors. It is a 

simple matter to determine the correct 
value for R2 by substituting a 1 

Megohm potentiometer for this resis- 
tor. After adjusting the potentiometer 
for the correct battery current, it can 
be removed and measured with an 
ohmmeter. A standard 5 per cent 
carbon -film resistor is sufficient for R2. 

The battery recommended is an 
Eveready No. 522 alkaline battery 
which measures exactly 9 volts when 
new. 

The kit supplier for the pre - 
preamplifier will supply the correct 
value for R2 with each kit. Matched N- 
P-N/P-N-P transistor pairs will be sup- 
plied with the correct value of R2 

specified for each pair. 
W. Marshall Leach 

Georgia Institute of Technology 
School of Electrical Engineering 

Atlanta, Georgia 30332 

Preamp Plaudits 
Dear Sir: 

Audio Magazine is to be com- 
plimented for publishing the W. Mar- 
shall Leach construction articles on 
the audio preamplifiers and pre - 
preamplifiers. The preamplifier is a 

particular success. I have constructed 
several copies of this preamplifier and 
found it to be as good as, or better 

than, any commercial preamplifier 
that I have had the opportunity to use 
and test ... this includes units costing 
$1000.00 and more. 

This circuit can be built for under 
$50.00 and works excellently. I have 
made a version to replace the pre- 
amplifier circuit board of the older 
Marantz 7T, as well as using the unit as 

an independent preamp to feed other 
control and power amplifiers. 

The circuit has low noise, matches 
the RIAA curve very well, will put out 
over 35 volts peak -to -peak at all fre- 
quencies up to 120 kHz, and overloads 
in a symmetrical and well -controlled 
manner. The overload at the input is as 

close to perfect as can be made with 
the current state of the art. 

I would not like to leave the impres- 
sion that a $500.00 preamplifier is not 
worth the money ... but one should 
realize that he is not paying for some 
secretor magical engineering break- 
through (that defies the laws of physics 
and electricity) but rather for the qual- 
ity of the parts, the labor to assemble 
them, the packaging and the profit for 
the manufacturer, the wholesaler, and 
the retailer, in addition to the warranty 
and repair services. 

Essentially the same technology is 

available to everyone. This includes 
parts, active devices, and the rest. 
Thus, the good construction articles 
.Audio magazine has provided enable 
the serious constructor of circuits to 
take advantage of the engineering 
work done by the author of those ar- 
ticles. This is a service I would like to 
see Audio magazine expand. 

R.A. Greiner 
Professor of Electrical Engineering 

Univ. of Wisconsin 
Madison, Wis. 

Editor's Reply: Thank you for your 
kind words about Mr. Leach's construc- 
tion articles. We would like to publish 
more of these quality construction 
pieces, but this has been hampered by 
the increasing sophistication of designs 
offered commercially, as well as the in- 
ability of the home constructor to 
match the sophisticated construction 
techniques.of the large manufacturers. 
In any case, we do intend to continue 
to offer such articles, and we welcome 
inquiries from potential authors and 
suggestions from those interested in 
particular projects. - E.P. 
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AKG is a research, devel- 
opment and manufacturing or- 
ganization specializing in 
electro -acoustic tech- 
nology. Our designs have 
been awarded over 600 
transducer related pa- 
tents, and our products have earned the highest de- 
gree of user respect for quality and dependability. 

The AKG line of various microphone models is con- 
sidered to be the most sophisticated available for ap- 
plications ranging through the spectrum of 
professional uses. From studio, to in -concert record- 
ing and reinforcement, to location film sound...our 
products can be called on to solve the most difficult 
situations you may encounter. AKG has developed a 
broad range of products to meet your varying creative 
requirements and, as new audio frontiers evolve, our 

eetcAKG's 
"flew 

rofessfionais" 

engineers will lead the tech- 
nological pioneering. 
We set our goals rather high 

and turn every stone to 
live up to, and improve 
upon, self-imposed chal- 

lenges. We constantly strive to 
advance beyond state-of-the-art developments. 
Some of these advancements you see illustrated 
below. Loaded with practical, innovative features, 
AKG's "New Professional" microphones are intended 
to further build upon the remarkable results achiev- 
able with the other AKG "Professionals." Ask your 
dealer or write directly. 

accusUics, 

The Mark of 
Professional Quality.. . 

in microphones, headphones, 
phonocartridges, reverb units. 

PHILIPS AUDIO VIDEO SYSTEMS CORP 
A NORTH AMERICAN PHILIPS COMPANY 

91 McKee Drive, Mahwah, N J 07430 (201) 529-3800 
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FCC's 4 -Channel Listening Tests 
Alfred W. Myers 

Just a few years ago it was impos- 
sible to pick up a copy of any audio 
journal without some advertisement 
for a new piece of four -channel equip- 
ment or read of how quadraphonics 
was overtaking stereo and would soon 
replace all two -channel reproduction. 
Obviously, this didn't happen, and 
today quadraphonic sound is largely 
dead in the hi-fi marketplace. No, it is 

24 not totally obsolete, but it certainly is 

not the thriving success that was 
predicted. The three main competing 
systems are still fighting it out down to 
the last tooth and nail. And work still is 

progressing on both the matrix and 
discrete formats, but, except for the re- 
cent introduction of the long-awaited 
Tate SQ ICs, system improvements and 
"breakthroughs" most usually remain 
in audio laboratories and are seen only 
at professional audio exhibitions. 

The reasons for quadraphonic's 
near -demise are many and varied, and 
it is impossible to lay the blame at any 
one specific door. Suffice to say that 
three competing systems were in- 
troduced before final fruition and that 
the public was told an awful lot about 
a "wonderful new listening ex- 
perience" to which performance 
capabilities did not fully measure up. 
Indecision and inaction on the part of 
many hardware and software com- 
panies helped to stunt quadraphonic's 
growth. Finally, the total absence of 
standards for quadraphonic FM broad- 
casts only added to the public's confu- 
sion, helping to cement the "wait and 
see" attitude that most consumers 
adopted. Today the systems have im- 
proved and the FCC has completed a 

series of tests in an attempt to stand- 
ardize on one four -channel format for 
FM broadcasts. 

In 1972 the National Quadraphonic 
Radio Committee (NQRC) set out to 
determine which of the many com- 
peting systems would be best for 
quadraphonic FM. Although the 
original NQRC tests were meant to 
compare all formats, the two leading 
matrix systems (SQ and QS) were 
withdrawn from testing at the requests 
of CBS and Sansui. So, the NQRC 
evaluations were generally limited to 
discrete (4-4-4) and discrete/matrix 
(4-3-4) systems. One matrix format (the 
BMX from Nippon/Columbia-no rela- 
tion to CBS) was used in the NQRC 
tests, but it was never commercially 
used in this country and is not a first - 
rank contender. The primary dif- 
ference between 4-4-4 and 4-3-4 (aside 
from equipment used) is the number 
and allocation of subcarrier signals 
used to unscramble the quadraphonic 
composite signal. 

Between the time of the NQRC's 
tests and the present, major advances 
have been made in matrix technology. 
Sansui developed their Variomatrix 
decoder, while SQ sources came up 
with a family of logic circuits 
culminating in the phase -cancellation 
technique used in the Tate, Scheiber, 
and CBS' own paramatrix decoders. 
Seeing the improvements in matrixing, 
the FCC made the decision to conduct 
a new series of tests to determine if 
these matrix advances negated the 
need for "going discrete." In addition, 
the FCC received a petition from CBS 
to adopt SQ as the standard and a 

counter -proposal from Sansui in sup- 
port of their own QS matrix. To add a 

bit more confusion to the whole quad- 
raphonic FM scene, England's BBC 
came up with their own system (termed 
"Matrix H") and that too was tested. 

In their laboratories in Laurel, 
Maryland, the FCC constructed a room 
measuring 15 feet wide and 22 feet 
long. One wall was covered with foam 
rubber, while one adjacent wall con- 
sisted of wood folding doors. The two 
remaining walls were of sheetrock. The 
FCC admits that such a room is far 
from acoustically ideal, but felt that 
such materials are representative of 
what might be found in an average liv- 
ing room-or at least would simulate 
the acoustic properties of average liv- 
ing rooms. Four Technics' SB -700A 
"Linear Phase" speakers were driven 
by a pair of Crown D -150A stereo 
amplifiers which, in turn, connected to 
a Bose 4401 four -channel preamp. 
Crown and Ampex tape equipment was 
used as well as the various matrix en- 
coders and decoders: SQ (phrase 
cancellation paramatrix), QS (Sansui 
QSD-1 Variomatrix), and experimental 
BBC -H gear. RCA provided the com- 
ponents for the 4-3-4 demonstrations. 
To represent a discrete 4-4-4 broad- 
cast, the FCC simply played a discrete 
open -reel tape, feeding the audio 
chain directly-a sore point with the 
matrix advocates, who say that no 
4-4-4 broadcast will ever equal a 

master tape. But, right or wrong, that is 

the way the tests were performed. 
Other than the complaint about the 

4-4-4 simulation, there can be no doubt 
that the tests were conducted with the 
utmost fairness. The various system 
representatives selected and supplied 
the equipment used for their tests, ran 
their own tests to see that it was per- 
forming properly, and were given the 
option to check out their gear 
throughout the duration of the tests 
(not, of course, while actual listening 
tests were being made). At no time 
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The one alternative to separates: 
The Yamaha CA -2010 Integrated Amplifier. 
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The Head Amplifier. Discerning music lovers all over the world are discovering the transparent 
highs and extended frequency response of the moving coil phono cartridge. While other manufac- 
turers require the addition of an expensive preamp or step-up transformer to boost the low output 
signal, Yamaha included a special head amplifier in the CA -2010. It's available with the flip of a switch 
on the front panel. And to help you get the most out of moving magnet cartridges, there's a 3 -position 
phono impedance selector. 
The Preamplifier. To assure exact, repeatable bass and treble settings, the controls are precision 
calibrated in 1dB steps. Dual turnover frequencies for both ranges double the versatility of these 
accurate tone controls. Completely independent Input and Output Selectors let you record one 
source while listening to another. And the power meters are easily switched to REC OUT readings in 

millivolts, so you can monitor the actual output level to your tape deck for cleaner, 
distortion -free recordings. 
The Power Amplifier. 120 watts RMS, with no more than 0.03% THD 20Hz to 
20,000Hz into eight ohms. 

For tighter, cleaner bass response, the amplifier can be switched to DC operation. 
Class A operation is switchable on the front panel, delivering 30 watts RMS, with no 

more than 0.005% THD 20Hz to 20,000Hz into eight ohms. 
The twin power meters are fast -rise, peak delay-they can track even the briefest of 

transient bursts. Plus they can respond to levels from 1mW to 316W (into eight ohms). 
Real Life Rated:"' The specifications of the individual components of the CA -2010 are 
superior to many separates. Individual specifications alone, however, can't possibly 
reflect actual in -system performance. That's why Yamaha measures overall perform- 
ance frDm phono in to speaker out, rather than at designated points along the signal 
path. Furthermore, we measure noise and distortion together over a broad output 
range, rather than individually at the optimum output. 

Our Real Life Rated measurement is called Noise -Distortion Clearance Range 
(NDCR). On the CA -2010, NDCR assures no more than 0.1% combined noise and dis- 
tortion from 20Hz to 20kHz at any power output from 1/10th watt to full -rated power. 
Superb tonality from a musical tradition of technical excellence. The tonal 
accuracy of our audio components is referenced to the same standards used to evaluate 
the tonal accuracy of our world-renowned musical instruments. The result is a rich, 
clear tonality that is unknown elsewhere. You really must hear it. 

You really must hear the same resolutely accurate music reproduction available from 
all four Yamaha Integrated Amplifiers and four superb 
tuners. All are made to a single standard of 
excellence-a standard rooted in a 90 -year tradition of 
musical perfection. 

For a personal audition of the new Yamaha CA -2010, 
as well as the rest of our complete line of components, 
just visit your nearest Yamaha Audio Specialty Dealer. 
If he's not listed in your Yellow Pages, drop us a line. 

YAMAHA 
Audio Division, P.O. Box 6600, Buena Park, CA 90622 
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were the listeners (auditors) told which 
systems they were hearing, and in the 
case of system -to -system comparisons, 
they were told simply to choose be- 

tween "A" and "B." Upon completion 
of the tests, the scorecard results were 
fed into the FCC's own Honeywell 
computer. After the test results were 
compiled and made public, the system 
proponents were given several months 
to make comments and defenses 
about their own systems and the 
overall test results. Naturally, the FCC 

commissioners will take all of this into 
consideration. 

Quadraphonic Localization 
Discrete quadraphonics has always 

been recognized as the "ideal" for 
channel separation, directionality, and 
localization. To determine how the 
three matrix systems stack up against a 

four -channel master tape, the FCC con- 
ducted two quadraphonic localization 
tests, simple and complex. Twenty-five 
numbered cards were placed around 

Ohm's 
Law 2: 

It is possible to make a loudspeaker 
that can play very loud,without requiring 

a receiver that's very expensive. 

Once again, 
Ohm Acoustics 
defies the laws of 
loudspeaker com- 
panies. 

Introducing a 
loud loudspeaker 
that doesn't need to be pow- 
ered by a powerful receiver. 

The Ohm C2 Loudspeaker. 
By optimal venting, it's four 
times more efficient than 
acoustic suspension book- 
shelf speakers of similar size 
and frequency response. Which 
means you can economize 
when you purchase 
your receiver. 

The Ohm C2 has 
dead -flat bass re- 
sponse down to 37 
Hz. It has a 10 -inch 
woofer, 2 -inch cone 
tweeter, and 1 -inch 

dome supertweeter for 
high frequency response with 
broad dispersion. 

And like the other loud- 
speakers Ohm makes, every 
C2 must pass through the most 
careful quality control proce- 
dures in the industry. 

Because at Ohm, correctly - 
made loudspeakers are the 

law, not the ex- 
ception. Ohm 

We make loudspeakers correctly 
241 Taaffe Place, Brooklyn, N.Y. 11205 

LEFT 
BACK 

FLOOR 

RIGHT 
FRONT 

Fig. 1 - In the FCC's quadraphonic 
localization tests, the auditor was 

seated in a room similar to the 
representation above. Facing the front 
of the room (number 3 represents 
center front) he was asked to indicate 
which of the numbered cards placed 
around the room and ceiling approx- 
imated the apparent source of par- 
ticular sounds (pink noise and elec- 
tronic "chirping" sounds). Auditors 
were instructed to remain facing the 
front during the bursts of sound, but 
were permitted to swivel in their chairs 
to see which numbered card cor- 
responded with the sound's source. 

the listening room -16 at eye level 
around the room's perimeter and nine 
overhead. The auditor was seated in 

the center of the room and asked to 
determine which numbered card ap- 
proximated the apparent source of the 
test signals. Both "real" signals (direct 
from a single speaker) and "phantom" 
signals (sounds seeming to emanate 
from a point between speakers) were 
applied. The simple tests consisted of 
pink noise from various points, while 
the complex tests involved electronic 
"chirp" sounds superimposed over 
pink noise coming from all four of the 
speakers. Although these tests are im- 
portant, their degree of importance is 

open to question. Naturally, we listen 
to music-not pink noise and chirping 
sounds. In relating some of the 
auditors' comments, the FCC states 
that many of them prefer that the rear 
channels be reserved for ambient and 
reverberant sounds-in which case 
precise localization (for areas other 
than the front speaker array) would not 
be of prime importance. As expected, 
the 4-4-4 tape won the most "points" in 

quadraphonic localization. 

Quadraphonic Musical Preference 
This test is one that many people 

feel is the most important in dealing 
with quadraphonic FM reproduction as 

it is representative of the four -channel 
performance consumers can expect to 
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JVC LX -3000 MusicTower with JVC components, as shown, from top to bottom. T-3030 Digital FM Stereo Tuner; P-3030 Control Preamplifier; SEA -7070 10 -Band 
S.E.A. Graphic Equalizer; KD -95 Stereo Cassette Deck: OL -10 Quartz -Locked Turntable; M-3030 DC Stereo Power Amplifier; SK -1000 3 -Way Speaker Systems: 



JVC MusicTowers give you total convenience and flexibility_ 

As you can see from the suggested JVC systems shown, 

your choice of components and MusicTowers depends 

on your own special requirements and budget. And 

regardless of which combination you select, one thing 

you can be certain of: all JVC components are designed 

to complement each other to produce the best possible 

sound reproduction. 
So if you agree that a good music system should 

be heard-and seen-visit your JVC dealer. Select your 

JVC system from the most innovative collection of quality 

components we've ever offered. Then match it up with a 

JVC MusicTower. And you'll see how beautifully JVC 

lends a hand to component handlers. 

JVC LK-12 MusicTower (from top to bottom) JL-A20 Semi -Automatic Turntable: 

JR-S61W AM/FM Stereo Receiver: KD -25 Stereo Cassette Deck 

JVC LX -2000 MusicTower (from top to bottom) JT-V77 AM/FM Stereo Tuner; 

JA -S77 DC Integrated Stereo Amplifier; QL-A7 Direct Drive Quartz Turntable 

with automatic lift; KD -85 Stereo Cassette Deck; SEA -50 StereoGraphic Equalizer 

JVC LK-1000 MusicTower (from top to bottom$ QL-5 Direct Drive Quartz 

Turntable; JT-V22 AMIFM Stereo Tuner; JA -S55 DC Integrated Stereo Amplifier: 

KD -55 Stereo Cassette Deck; SEA -50 Stereo Graphic Equalizer. Protective 

glass door for components and record compartment. 

JVC LK-44IMK-44 MusicTower (from top to bottom) QL-A2 Direct Drive Quartz 

Turntable with automatic return; JT-V22 AM/FM Stereo Tuner; JA -S22 DC 

Integrated Stereo Amplifier: KD -25 Stereo Cassette Deck: SEA -20G Stereo 

Graphic Equalizer. Glass panelled record compartment. 

JVC LK-500 Horizontal MusicTower-QL-5 Direct Drive Quartz Turntable: 

KD -S201 Stereq Cassette Deck; JR -S301 DC Integrated AM/FM Stereo 

Receiver. SK -700 3 -Way Speaker Systems. Extra -wide record compartment. 

JVC 
JVC America Company, Division 

ofUSJCoré 58 
Queens 

MidtwnEx hMaspeth, 
N.Y. 11378 (212) 476-8300 

C fcs of n Scarborough. 

01978 JVC Amenca Company, Div. of US JVC Corp 
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get in their homes. In this test of 
system -to -system comparisons, one - 
minute segments of five musical pro- 
grams were played and repeated 
through various system combinations. 
The five selections, commercially 
available on quadraphonic discs were: 
Swan Lake -Leonard Bernstein & New 

York Philharmonic 
Young and Foolish -Ray Conniff 

Singers 
Moon River- Hugo Montenegro 
Gates of Love -Mystic Moods Or- 

chestra 
Stars and Stripes Forever- Henry Man- 

cini 
These are the same musical selec- 

tions that were used earlier in the 
NQRC listener evaluations. Instead of 
a simple A or B choice, listeners were 
given five ratings to apply to each 
comparison so that their degree of 
preference could be known: 
A is greatly preferable to B 

A is preferable to B 

A is equal to B 

B is preferable to A 
B is greatly preferable to A 

The general results of this test 
showed 4-4-4 ahead of the others, but 
in the case of 4-4-4 against SQ, the lead 
was very slight, with 52 per cent of the 
auditors preferring discrete and 48 per 
cent opting for the SQ matrix. SQ 
came out ahead of all the other 
systems with (suprisingly) the Sansui 
QS matrix finishing last. 

Stereophonic Compatibility 
Because four -channel sound has not 

been such an overwhelming success, it 
is essential that any quadraphonic FM 
system be compatible with two -chan- 
nel reproduction. Even FM broad- 
casters, who do make the switch to 
quadraphonics, don't want to lose 
their two -channel (and mono) listeners. 
In determining how well the competing 
systems did in a stereo folddown, the 
FCC again ran localization and musi- 
cal preference tests. This time only two 
speakers were used, placed 12 feet 
apart along the 22 foot wall of the 
listening room. 

There are two distinct schools of 
thought on quadraphonic -to -stereo 
folddown-undoubtedly brought 
about by the performance and limita- 
tions of particular systems. In both the 
discrete 4-4-4 mode and in Sansui's QS 
matrix, the rear channels are simply 

Fig. 2- L and R are front speaker loca- 
tions with C representing the center 
phantom channel. The horizontal 
marks (- = -) indicate where in the 
stereo speaker array the sound seems 
to come from. 
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pushed forward, that is, right -back to 
right -front and left -back to left -front. 
The QS claim is that this type of fold 
produces the effect of widening the 
two -channel image. The CBS (SQ) 
claim is that such a fold causes an un- 
natural build-up at the two speakers 
and creates a hole -in -the -middle ef- 
fect. In a two -channel fold of an SQ 
program, the rear signals are 
distributed to the phantom center - 
front area, which CBS claims provides 
a more natural and pleasing listening 
experience. Because of these differing 
philosophies, the FCC did not have a 

ranking for stereo localization, 
although the stereo -fold imaging ef- 
fects are shown in the accompanying 
illustrations. 

Again, it is necessary to point out 
that we listen to music and most atten- 
tion has been focused on quadra- 
phonic -to -stereo musical preferences 
(how a quadraphonic musical program 
sounds when played through a two - 
channel system). Unlike the four- chan- 
nel musical preference tests in which 

4-4-4 had a slight edge, in the stereo 
test SQ came out on top, followed by 
the 4-4-4 system, BBC's H, and again, in 
last place, QS. Because 4-4-4 and 4-3-4 
systems have identical "folds," the 
4-3-4 system was not tested. 

Monaural Compatibility 
Because there is no localization 

possible in mono (with all sounds com- 
ing from one speaker), the mono com- 
patibility tests consisted only of 
musical preference. The rankings were 
identical to stereo: SQ, 4-4-4, H, and 
QS. 

The FCC commissioners have the 
test results and the responses from the 
representatives from the competing 
systems and formats. Now that all the 
shouting is over (some, at least, tem- 
porarily), it is simply a case of waiting 
to see which way the FCC goes. But, 
the FCC is not bound by test results. It 
has several other options, such as: 

-Permit discrete FM quadraphonics 
and prohibit matrix. 

- Permit discrete and one or more 
matrix systems. 
-Permit one or more matrix systems 
and prohibit discrete. 
-Allow only one matrix and no 
discrete. 
-Tell the proponents that none of the 
systems are adequate and to come up 
with a better approach. - Do absolutely nothing and allow 
things to remain in the state of confu- 
sion that now exists, saying that there 
is not enough public interest in four - 
channel sound. 

We'll see what happens. One thing 
for sure -now is not the time to begin 
digging that hole in the backyard as a 

final resting place for quadraphonic 
equipment. 

The accompanying charts and illus- 
trations are taken from the FCC Pro- 
ject #2710-1 evaluation report on FM 
quadraphonic listening tests, pub- 
lished in August, 1977, by the Federal 
Communications Commission, Office 
of the Chief Engineer, Laurel, 
Maryland. Q 

Table I - Quadraphonic Localization Results, Rank, Simple Localization. 

Real Sources Phantom Sources Real & Phantom Sources 
Intended Intended Intended Intended Intended Intended 
source location plus source location plus source location plus 
location nearest location nearest location nearest 

neighbors neighbors neighbors 

1. 4-4-4 (96%) 1. 4-4-4 (100%) 1. 4-4-4 (51%) 1. 4-4-4 (85%) 1. 4-4-4 (71%) 1. 4-4-4 (92% ) 
2. SQ (92%) QS (100%) 2. 4-3-4 (49%) 2. 4-3-4 (84%) 2. H (62%) 2. 4-3-4 (90%) 
3. QS (90%) H (100%) 3. H (45%) 3. H (77%) 4-3-4 (62%) 3. H (87%) 
4. H (84%) 4. SQ (99%) 4. QS (34%) 4. QS (72%) 4. QS (59%) 4. QS (84%) 
5. 4-3-4 (79%) 5. 4-3-4 (98%) SQ (34%) 5. SQ (61%) SQ (59%) 5. SQ (78%) 

"Simple" quadraphonic localization tests consisted of 
bursts of pink noise. "Real" sources refer to actual speaker 
locations such as left front or right back. "Phantom" sources 
refer to locations where there is no speaker, such as center 
front. 

In cases where two or more systems scored equally, no 
numerical rating was given (as in three systems scoring 100% 
in the "real source" test shown above). 

Table II - Quadraphonic Localization Results, Rank, Complex Localization 

Real Sources Phantom Sources Real & Phantom Sources 
Intended Intended Intended Intended Intended Intended 
source location plus source location plus source location plus 
location nearest location nearest location nearest 

neighbors neighbors neighbors 

1. 4-4-4 (76%) 1. 4-4-4 (96%) 1. 4-4-4 (28%) 1. 4-4-4 (66%) 1. 4-4-4 (49%) 1. 4-4-4 (92%) 
2.SQ(51%) 2. SQ (86%) 2. 4-3-4 (27%) 2. 4-3-4 (63%) 2. 4-3-4 (36%) 2. 4-3-4 (71%) 
3. 4-3-4 (46%) 3. 4-3-4 (82%) 3. QS (23%) 3. QS (52%) 3. SQ (33%) 3. SQ (63%) 
4. QS (46%) 4. QS (74%) 4.H(21%) 4. H (50%) QS (33%) 4.QS(61%) 
5. H (30%) 5. H (65%) 5. SQ (18%) 5. SQ (45%) 5. H (25%) 5. H (57%) 

"Complex" quadraphonic localization tests consisted of sources over a background of pink noise which comes from 
electronic "chirps" being reproduced from real and phantom all four speakers simultaneously. 
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To get a superb performance, 
you need a precision machine. 

To command a great performance, a cassette shell and 
cassette tape must be engineered to the most rigorous standards. 

Which explains why we get so finicky about details. Consider: 

Precision Molded Cas- 
sette Shells-are made by 

continuously monitored 
injection molding that 

virtually assures a 
mirror -image parallel 

match. That's insurance 
against signal overlap or 
channel loss in record or 

playback from A to B 
sides. Further insur- 

ance: high impact styrene 
that resists temperature 

extremes and sudden 
stress. 

An Ingenious Bubble 
Surface Liner Sheet- 

commands the tape to 
follow a consistent running 

angle with gentle, 
fingertip -embossed 

cushions. Costly lubricants 
forestall drag, shedding, 

friction, edgewear, and 
annoying squeal. Checks 

channel loss and dropouts. 

Tapered, Flanged 
Rollers-direct the tape 

from the hubs and program 
it against any up and down 

movement on its path to- 
wards the heads. Stainless 
steel pins minimize friction 
and avert wow and flutter, 

channel loss. 

Resilient Pressure Pad 
and Holding System- 

spring-mounted felt helps 
maintain tape contact at 
dead center on the head 

gap. Elegant interlocking 
pins moor the spring to the 

shell, and resist lateral 
slipping. 

TDK Cassettes-despite all we put into them, we 
don't ask you to put out a lot for them. Visit your TDK 
dealer and discover how inexpensive it is to fight 
dropouts, level variation, channel 
loss, jamming, and other problems 
that interfere with musical enjoyment. 
Our full lifetime warranty* is your 
assurance that our machine is the 

Five -Screw Assembly- 
for practically guaranteed 
warp -free mating of the 
cassette halves. Then 
nothing-no dust or tape 
snags-can come between 
the tape and a perfect 
performance. 

Perfectly Circular Hubs 
and Double Clamp 
System-insures there is 
no deviation from circular- 
ity that could result in tape 
tension variation produc- 
ing wow and flutter and 
dropouts. The clamp weds 
the tape to the hub with a 
curvature impeccably 
matched to the hub's 
perimeter. 

Head Cleaning Leader 
Tape-knocks off foreign 
matter that might inter- 
fere with superior tape 
performance, and prepares 
the heads for... 

Our famous SA and AD 
Tape Performance-two 
of the finest tapes money 
can procure are securely 
housed inside our cassette 
shells. SA (Super Avilyn) 
is the tape most deck 
manufacturers use as their 
reference for the High 
(Cr02) bias position. And 
the new Normal bias AD, 
the tape with a hot high end, 
is perfect for any type of 
music, in any deck. And 
that extra lift is perfect for 
noise reduction tracking. 

machine for your machine. TDK Electronics Corp., 
Garden City, N.Y. 11530. Canada: Superior 
Electronics Ind., Ltd. 

The machine for your machine. 
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'f records were perfect and playing 
conditions ideal, we would have lit- 

tle reason to write this article. As of 
1978, such a state of perfection has not 
yet arrived. One hundred years after 
the invention of the phonograph the 
problem of playing a record continues 
to be a challenging one. 

This challenge is created by con- 
tinual improvements in the entire high- 
fidelity system. Noise, distortion, and 
other irritants, which were masked in 
yesterday's systems, today emerge as 
serious problems. For example, distor- 
tion of 1 per cent in one component is 

hardly of significance when another 
component has 5 per cent distortion. 
But if the distortion in the second com- 
ponent is reduced to 0.1 per cent, the 
distortion of the first component, 
although small, may become very im- 
portant. As each part of the hi-fi 
system is improved a new challenge is 

created for other parts of the system. 
This continual improvement in high- 

fidelity reproduction has emphasized 
a problem unique for the cartridge- 
tonearm system. Conditions under 
which the cartridge operates are 
almost always less than ideal. Warped 
records, static electricity, dust, and 
structure -borne noise are major factors 



that negatively influence the quality of 
phonograph reproduction. As the high- 
fidelity system improves these neg- 
ative factors become more noticeable. 

Recognition of the need to consider 
non -ideal playing conditions as a ma- 
jor factor in phonograph reproduction 
has led to a series of research projects 
at Shure. The objective was to deter- 
mine the precise nature of these prob- 
lems. For many years we have studied 
the requirements for phonograph re- 
production assuming near ideal condi- 
tions. In this present research program, 
we supplemented that work by actual- 
ly measuring the effect of non -ideal 
conditions on the playback process. 

In this article we will review the 
development of phonograph reproduc- 
tion as it relates to the two areas just 
indicated.. First, we will recount some 
of the history and discuss more recent 
research into the major aspects of 
playing under assumed ideal condi- 
tions. We will then review the research 
findings of a number of phenomena 
which create non -ideal playing condi- 
tions. Most of the effects which will be 
discussed have been known for many 
years, but little, if anything, has been 
written to clearly identify or quantify 
them. Specifically, we will provide 

measured data so that the reader can 
develop some concept of the relative 
magnitude and importance of these 
phenomena. 

We should point out that this article 
has been written by a group of 
engineers all of whom are serious 
listeners. Our objective is to improve 
sound quality: The ability to detect im- 
perfections in the reproduced sound, 
however, is relatively useless unless 
the causes can be identified and 
measured. Thus, our primary objective 
has been to find and measure the 
cause of the imperfection and then to 
create a solution. 

Playback Under Ideal Conditions 
We will review here briefly the ma- 

jor criteria in phonograph reproduc- 
tion which are always specified under 
assumed ideal playing conditions. Per- 
formance will invariably be deter- 
iorated when non -ideal conditions 
(warp, static electricity, dirt, etc.) exist. 

Frequency Response: The need for a 

flat frequency response is recognized 
as the principal requirement to assure 
neutral sound reproduction. Earlier 
cartridges had a response peak some- 
where in the audible range. Improve- 
ment in cartridge design required mov- 
ing the primary stylus resonance to a 

higher frequency, ideally beyond the 
range of the human hearing. This has 
been accomplished in some of the bet- 
ter quality modern cartridges, by pro- 

' Anderson, Assistant Chief Engineer; Happ, Pro- 

ject Engineer; Jakobs, Director of Development 
and Application Engineering; Karlov, Manager of 
Electromechanical Development; Kogen, Vice 
President of Development and Design Engineer- 
ing, and Mastricola, Senior Development 
Engineer, Shure Brothers, Inc., Evanston, Ill. 

viding smaller, lighter styli and by 
other more sophisticated means which 
will be discussed later in the article. 

Separation: This characteristic re- 
lates to the ability of the stereo phono- 
graph cartridge to provide two com- 
pletely independent signals. As separa- 
tion decreases, the two channels 
become less independent. Separation 
is reduced by imperfections in the car- 
tridge design and construction, and by 
the variability in the way records are 
cut. If records were cut to the ideal 45° 
modulation angle and the cartridge 
designed and constructed to match 
that angle, then separation in lower - 
frequency ranges would be large(Fig. 
1). Separation at higher frequencies is 

a much more complex phenomenon 
which is related to the dynamic 
characteristics of the stylus and the in- 
teraction between the stylus and 
record. Although we will not discuss 
that subject here, it should be noted 
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IDEAL RECORD 
MDDULAT ION AXES 

Fig. 1-The ideal 45° modulation 
angle for cutting records. 

that a decrease in high -frequency sep- 
aration generally occurs near the 
resonance of the stylus. If that 
resonance is beyond 20 kHz, separa- 
tion should not be a problem within 
the audible spectrum. 

Trackability: We have emphasized 
the importance of trackability and 
have written many articles on the sub- 
ject during the last 12 years (1, 2, and 
3). The ability of the stylús to maintain 
contact with both walls of the record 
groove is a basic and obvious require- 
ment for any phonograph cartridge. In- 
ability to track properly has been 
shown to be the cause of serious and 

34 premature record wear, high noise 
levels, and often intolerable distortion. 
The means by which superior track - 
ability can be achieved will be dis- 
cussed later in detail. 

Tracing Distortion: This form of 
distortion was first analyzed by Pierce 
and Hunt in 1938 (4). Tracing distortion 
results from the fact that the playback 
stylus has a radius which is larger than 
the sharp edge of the cutting stylus. 
This distortion can be reduced by 
decreasing the playback radius of the 
tip or by applying compensation in 
cutting the record. Reducing the tip 
radius has a limit because, if the radius 
is too small, the diamond will cut or 
otherwise damage the record. The 
desire to reduce the radius of the 
playback stylus has led to a variety of 
tip shapes such as elliptical, parabolic, 
hyperbolic, and so forth. None of the 
tip shapes offers a panacea because 
none can provide a playback radius 
the size of a cutting stylus radius with- 
out causing damage to the disc. 

Tracking Angle: Distortion can result 
from two types of tracking angle er- 
rors, horizontal and vertical. Horizon- 
tal tracking angle is a function of the 
tonearm design and has not been con- 
sidered a major source of distortion 
since the proper design criterion was 
established by Bauer in the 1940s (5). 
The importance of the distortion 

caused by vertical tracking errors was 
emphasized by Bauer and by Wood- 
ward in the early 1960s (6 and 7). This 
type of distortion is produced when 
the vertical tracking angle (VTA) of the 
playback stylus differs from that of the 
cutting stylus (Fig. 2). The simplistic 
solution would seem to be to design 
the phonograph cartridge to match the 
cutting system. The problem turns out 
to be much more complex since the 
VTA of a record cannot at present be 
independently measured with preci- 
sion. Inventing a method of measuring 
the vertical tracking angle cut into a 
record has proved to be rather elusive. 
Work is now being done to provide a 

better method of measurement and, 
after that is accomplished, we hope to 
standardize on a cutting angle for 
records. Then it is expected that the 
desired matching of VTA by the phono- 
graph cartridge can be made. Present 
practice calls for a 15° angle in the 

United States and 20° in Europe. 
However, there is little or no control 
over the cutting of records, and it is im- 
possible to ascertain what angles are 
actually being cut in the majority of 
commercial discs. 

Skating Force: This force results 
from the use of an offset tonearm and 
shows itself as an increase in force 
against the side of the groove towards 
the center of the record (the left chan- 
nel). Skating force was recognized and 
explained by Percy Wilson in England 
in the mid -twenties (8) and expanded 
on by Ben Bauer in the United States in 
the middle -forties (5). When this force 
is uncompensated, uneven wear on the 
stylus tip as well as unbalanced track- 
ing capability will result. All top-qual- 
ity tonearms today are provided with a 

means of counterbalancing the skating 
force, with the exception of linear 
tracking arms for which skating force 
does not exist. 

RESULTING RECORDED MODULATION 

INCLINE OR RECORDED VERTICAL 

TRACKING ANGLE 

MOTION OF CUTTING STYLUS 

DISC MOTION 

Fig. 2a -Stylized disc cutting 
operation. 

RESULTING RECORDED MODULATION 

INCLINE OR RECORDED VERTICAL 

TRACKING ANGLE 

EFFECTIVE CENTER OF ROTATION 

OF DISC CUTTER 

DISC -PARTIAL SECTION 

STYLUS GEOMETRICAL 

VERTICAL TRACKING ANGLE 

STYLUS PIVOT \ 

MEW 

RECORD MOTION 

Fig. 2b - Stylized phono playback 
operation. 

STYLUS INCLINE 
NOTE, ANGLE OF THIS INCLINE IS 
EQUAL TO THE STYLUS GEOMETRICAL 

VERTICAL TRACKING ANGLE. 

RECORD -PARTIAL SECTION 
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Recognition of Playback Problems: 
Qualitative and Quantitative 

The sound quality produced by a hi- 
fi system is the all-important end pro- 
duct. But sound quality in itself is not 
totally measurable. We must identify 
specific problems that affect the 
sound and most importantly, we must 
be able to measure those problems. In 
the following sections, we will discuss 
five factors which seriously affect the 
performance of a phonograph play- 
back system. 

1) Very high amplitude record 
modulation. 

2) Mechanical noise, including that 
created by warped records, acous- 
tical feedback, turntable rumble, 
and structure -borne noise from 
other sources. 

3) The effects of low -frequency cart- 
ridge-tonearm resonance. 

4) The effects of electrostatic charges. 
5) The problems created by dirt and 

dust accumulation on the record. 

The Level of Record Modulation: 
The ultimate objective in creating a 

phonograph record is to incorporate 
all of the information which was con- 
tained in the original sound source. 
This means that all of the frequencies 
and their respective levels must be in- 
cluded. After a record is produced 
with whatever degree of perfection 
was achievable, it is necessary for the 
phonograph cartridge to recreate 
everything on that record. If recording 
equipment, in particular the cutter, is 

improved to allow more of the 
dynamic range of the original program 
material to be present, then the car- 
tridge must be improved to reproduce 
that "hotter" information. 

The article, "Trackability," Audio, 
Nov. and Dec., 1966, first showed the 
distribution of modulation levels vs. 
frequency on a large selection of com- 
mercial discs. That data has been 
reviewed (Fig. 3), and measurements in- 
dicate that the distribution of high - 
amplitude modulation remains similar 
to that which was originally described. 
If anything, there is a greater tendency 
to produce high-level modulation in 

the middle and higher frequencies; 
thus, the problem of tracking this high- 
level modulation has most certainly 
not disappeared and, if anything, has 

become more severe. In addition, the 
listener has become more discriminat- 
ing, and the resolution of tracking 
problems has taken on more sig- 
nificance. 

While nobody questions the im- 
portance of proper tracking, there are 
two major aspects where disagreement 
exists. The first is how to achieve 
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Fig. 3-Signals on records. 

suitable tracking and the second is 

what constitutes adequate or accept- 
able tracking. 

Methods of Achieving Acceptable 
Trackability: There are two ways to at- 
tack the tracking problem. One is to in- 

crease tracking force ... we term that 
the brute -force method. The second is 

to improve the dynamic characteristics 
of the stylus to achieve the optimum 
response at a minimum tracking force. 
The brute -force method works reason- 
ably well, if one is not concerned 
about record and tip wear. Improving 
the dynamic characteristics generally 
involves lighter and more sophisti- 
cated stylus arrangements. 

We assume that most users recog- 
nize the importance of reducing stylus 
tip and record wear. Extending the life 
of the record and stylus must, 
therefore, be a major objective, and a 

pure brute -force approach cannot be 
acceptable for most applications. 

One solution offered has been that 
of using a stylus tip with a long contact 
area, a solution which does not change 
the playing radius, but does increase 
the area of contact. The theory (and 
we emphasize the word theory) is that 
by increasing contact area, one can in- 
crease record life. For lack of better in- 
formation, we have tentatively, but 
with considerable reservation, ac- 
cepted this hypothesis. We are very 
concerned that to date no one has pro- 
vided measured data to prove the 
theory. 

Our tests indicate that the wear 
phenomenon is an exceedingly com- 
plicated one. We have made and are 
continuing extensive studies on this 

10K 20K 

subject, and have found it extremely 
difficult to produce repeatable test 
data. Nevertheless, since increasing 
the area of contact would seem to 
have merit, we have accepted this con- 
cept with one major provision. The ma- 
jor provision is that use of the larger 
tip contact area should in no way 
create other problems such as increas- 
ed distortion. 

The stylus tip with a larger contact 
area may be employed in one of two 
ways. One way is to design a cartridge 
to play at a higher tracking force and 
claim record life equivalent to that of 
a stylus with a smaller tip area playing 
at a lower tracking force. A second 
possibility is to design the cartridge to 
play at a lower tracking force and offer 
an extended record and tip life. It 
seems to us that the second of the two 
alternatives is by far the preferable, 
although much more difficult, of the 
objectives. 

The small size of the playback stylus 
often misleads people to assume that 
the problems associated with the 
device are also small. The reverse is ac- 
tually true in that the problems 
associated with the design and con- 
struction of the stylus increase as its 

size becomes smaller. Optimizing the 
phonograph stylus design requires a 

detailed analysis of the mechanical 
system. Determining the ideal com- 
bination includes many parameters 
such as the stylus length, the shank's 
outer diameter, its wall thickness, the 
material, and the shape of the stylus 
shank. The selection of transducer, 
design of bearings, and many other 
factors make this a very complicated 
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Fig. 4-Maximum warp envelope. 

and challenging design task. If suc- 
cessful, however, a design which pro- 
vides high trackability with low track- 
ing force can be achieved. This com- 
bination, along with the possibility of 
increased record and tip life through a 
larger contact area, provides the best 
solution that can be achieved at this 
time. 

What Constitutes Acceptable 
Trackability? The question of what 
constitutes "good" trackability cannot 
be answered in precise .terms. At pre- 
sent, trackability sufficient to track the 
signals shown in Fig. 3 is needed to 
guarantee proper playback on all 
records. One must consider the fact 
that while Fig. 3 shows the maximum 
velocity of a signal at any given fre- 
quency, program material generally in- 
cludes many frequencies simultan- 
eously. Thus, the stylus must be able to 
track combinations of frequencies 
which may add to a tracking require- 
ment greater than any individual fre- 
quency one might expect from the 
figure. The cartridge should offer a suf- 
ficient safety factor to handle the 
worst possible set of conditions. 

Another consideration, which would 
lead toward maximizing trackability, is 

the deterioration of sound quality 
under conditions where the trackabil- 
ity is marginal. Sufficient safety factor 
in tracking capability should be pro- 
vided to overcome this possibility. 

Irrespective of how one approaches 
the solution, it is clear that trackability 
is a serious problem which must be 
properly resolved by the phonograph 
cartridge. Resolution of the problem 
should not be gained through an un- 

8Hz 9Hz IO Hz 

necessary compromise in the design 
and a resulting loss of possible ad- 
vantages. Specifically, trackability 
should be achieved without increasing 
either record wear or tip wear. This can 
be accomplished only by optimizing 
the dynamic design of the stylus to 
play at low tracking force, certainly no 
greater than 1.5 grams. 

Mechanical Noise and Effects of 
Record Warp: We have discussed the 
record groove modulation that con- 
stitutes the normally anticipated 
mechanical input that moves the 
stylus. The stylus must respond to and 
exactly follow that mechanical input. 
We will now discuss a variety of 
mechanical inputs which are not in- 
tended as part of the phonograph 
reproduction process and which con- 
stitute a hindrance to providing 
perfect reproduction. These mechani- 
cal inputs include record warp, and 
several types of what we will term 
"mechanical noise" that may enter the 
system. The mechanical noise is in the 
form of structure -borne vibrations 
which may enter either the turntable or 
the tonearm, or both. Three major 
forms of mechanical noise are turn- 
table rumble, acoustic feedback, and 
structure -borne noise. 

A detailed study of record warp was 
described by Happ and Karlov (9). 
Figure 4 taken from that article shows 
the distribution of warp amplitude vs. 
frequency for a large, random selec- 
tion of records. (Note that Fig. 4 plots 
amplitude vs. frequency as compared 
to Fig. 3 which shows velocity vs. fre- 
quency.) Since that study was made in 
1972, we have reviewed records regu- 

larly and have not found a reduction in 
the incidence of warps. Should the 
quality of records in terms of warp im- 
prove, we would still be confronted 
with providing phonograph reproduc- 
tion systems for the millions of records 
that have already been produced. 
Warp continues to constitute a serious 
problem in phonograph playback. 

Rumble from the turntable can be 
detected by the phonograph cartridge 
because the turntable motion moves 
the stylus while the tonearm remains 
stationary. This problem has been 
reduced significantly in recent years 
and even average turntables are very 
good. While the problem under normal 
conditions is not serious, the noise 
from this source could be magnified if 
the rumble frequency were the same as 
the cartridge-tonearm resonance fre- 
quency. 

Acoustic feedback occurs when 
sound from the loudspeaker excites 
the cabinet, turntable, or tonearm. The 
situation is similar to that which we 
have all heard when the gain in a 

sound reinforcement system is set too 
high. The problem can usually be 
solved by properly isolating the turn- 
table by putting it in a suitable 
enclosure or by providing vibration 
mounts. The tendency to oscillate can, 
however, be aggravated by an under - 
damped cartridge-tonearm system. 

Structure -borne noise is any vibra- 
tion that passes through the physical 
parts of the system to the tonearm or 
turntable. Typical causes of such noise 
are people dancing on wooden floors, 
passing trucks, nearby machines, or 
loudspeakers mounted on a wooden 
floor not properly isolated from the 
turntable system. The latter example 
may also constitute part of a feedback 
system which can result in excessive 
ringing of various notes, usually in the 
lower -frequency range. The solution to 
the structure -borne noise problem (as 
with the acoustic feedback problem) is 

to properly isolate turntables, cab- 
inets, and loudspeakers. Again, as with 
the other forms of mechanical noise, 
the effects can be seriously aggravated 
by an improperly damped cartridge- 
tonearm resonance. 

Cartridge-Tonearm Resonance: Users 
of phonograph equipment have long 
recognized that the conventional ar- 
rangement of a phono cartridge at the 
end of a pivoted arm has a built-in, 
low -frequency stability problem. Prior 
efforts to improve the situation have 
involved such devices as turntable 
shock suspensions, damped counter- 
weights, viscous tonearm damping, 
and low -mass pickups and arms. The 
low -frequency stability problem is a 
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consequence of the resonance which is 

inherent in the conventional cartridge- 
tonearm arrangement. This resonance 
exists because the arm and pickup as- 
sembly behaves like an effective mass 
that is coupled to the record groove by 
means of a stylus assembly with its 
own mass, compliance, and mechan- 
ical resistance. For low frequencies, 
the mass of the stylus assembly can be 
ignored; however, that leaves its com- 
pliance and resistance as important 
coupling parameters. Just as a weight 
hanging from a spring has a natural 
resonance frequency, so do the com- 
pliance of the stylus assembly and the 
effective mass of the cartridge- 
tonearm assembly. 

Ideally, frequencies well below the 
resonance, such as those produced by 
warps, eccentric grooves, and the spi- 
ral grooving itself will move the car- 
tridge and arm with no relative motion 
of the stylus assembly. Frequencies 
well above the resonance will vibrate 
the stylus assembly but not the tone - 
arm which remains centered above the 
groove. In other words, the system 
"floats" the cartridge over the groove, 
"reads" the program material on the 
sidewalls of the groove, and produces 
corresponding electrical signals. Fre- 
quencies well below the resonance 
cause the whole stylus and arm 

38 assembly to move as a unit, and conse- 
quently produce no electrical output. 
Thus, the system plays the useful pro- 
gram material and ignores the rest-all 
well and good-but what happens at 
the resonance frequency? One import- 
ant characteristic of resonance is that 
motions are magnified considerably; in 
this case, typically from two to 10 
times. In Fig. 5, we have diagrammed 
the situation for vertical motion and in 
Fig. 6, the lateral case. 

In both situations, the output from 
resonance frequency signals in the 
groove will be increased from 6 to 20 
dB. These numbers are just the dB 
equivalent of the magnification 
numbers previously mentioned. By it- 
self, this might not be all bad, since 
this resonance peak determines the 
low -frequency response "limit" of the 
cartridge-tonearm system, and a bit of 
boost here may not be unpleasant. This 
was certainly true 15 years ago, when 
arm resonance frequencies of 30 to 50 
Hz were common. However, with mod- 
ern pickups and arms, these resonance 
frequencies are usually subsonic 
(below 20 Hz), so that reproduction by 
the loudspeakers may cause distortion. 
Additionally, preamp overload is most 
likely to occur at boosted low frequen- 
cies since the clipping level of most 
preamps is lowest here. Consequently, 
the arm resonance has lost whatever 
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usefulness it once may have had and 
must now be regarded as a liability. 

A most pernicious effect of the 
resonance is shown in Figs. 5 and 6 by 
the "scrubbing" motion developed by 
the stylus in the groove. This causes 
program material to warble in pitch, 
just as if the turntable speed was fluc- 
tuating. In fact, the groove speed is 

changing (relative to the tip) because a 

fraction of the velocity of arm vibra- 
tion is added to the groove velocity. 
The effect is that about '/3 of the arm 
vibration velocity is alternately added 
to and subtracted from the groove 
speed. For example, at arm resonance, 
total amplitudes of 1/32 in. are easily 
observed by eye. If the resonance fre- 
quency is 8 Hz (not atypical for high 
compliance pickups and average 
arms), the resonance velocity will be 
about 2 cm/sec. This velocity will pro- 
duce a "scrubbing" velocity of 0.6 
cm/sec along the groove axis. The 
groove speed at a 4.5 inch radius is 

about 40 cm/sec; so the frequency 
modulation will be about 0.6/40 or 1.5 
per cent and easily audible. 

Another less obvious but highly 
detrimental consequence of the arm 
resonance is that the stylus force is 

"used up" when the arm is vibrating. In 
the previous example, if the com- 
pliance of the pickup is assumed to be 
20 x 10-6 cm/dyne, 2.0 grams of stylus 
force will be required to accommodate 
the arm vibration alone. This is larger 
than the usual stylus force, so mis - 
tracking is quite certain at the ex- 
tremes of the vibration. 

Sources of Excitation: Having seen 
some of the consequences of the low - 
frequency resonance, let us next ex- 
amine the various sources that might 
excite it. The most obvious possibility 
seems to be signals in the groove; 
however, these are generally limited to 
frequencies above 20 Hz. Since the 
resonance frequency is always below 
20 Hz, the audio signals should not be 
a source of excitation. 

A sure source of excitation is floor 
vibrations, which are predominantly 
vertical. An impact will have an ex- 
tended low -frequency spectrum, which 
will be further modified in passing 
through the turntable mount. An ideal 
suspension will be tuned to below a 

few Hz, well below the usual arm re- 
sonance frequency, but some suspen- 
sions are tuned in the same range as 
the arm resonance and will cause 
serious trouble. Some of the impact 
energy may be translated into lateral 
motion in passing through the suspen- 
sion. All vertical motion will tend to 
excite the vertical resonance, but only 
the component of lateral motion 
generally perpendicular to the arm will 

tend to excite the resonances laterally. 
The most common source of excita- 

tion, however, is that of record warps. 
Figure 3 shows that warps occur in a 

broad low -frequency spectrum extend- 
ing from 0.5 to 10 Hz, with maximum 
velocity around 3 or 4 Hz. This excita- 
tion is the major culprit, and it oper- 
ates principally in the vertical direc- 
tion. The combination of the super - 
compliant pickup and many arms 
yields a resonance right at the peak 
frequency of the warp excitation, and 
is a prescription for trouble. Figure 3 

also shows that warp occurrence is 

minimal in the frequency range from 
10 to 15 Hz, between the warp frequen- 
cies and the program material. A re- 
sonance located in this region has the 
least chance of excitation from the 
warp or program material. Analysis (9) 
showed that there is a general disparity 
between the highest compliance pick- 
ups on the market and the arms 
available to use them. 

Record eccentricities where the hole 
is not perfectly centered form a source 
of lateral excitation, but these occur at 
a frequency close to 1/2 Hz 

33-''/,R/M 
60 s/M 

0.55R/s=/ Hz) 

This frequency is low enough to be in- 
nocuous. 

A previously unrecognized minor 
source of arm excitation is the change 
of stylus drag force with modulation. 
Signals which have a substantial angle 
at the axis crossing; i.e., a high record- 
ed velocity, will increase the drag 
force considerably, and the arm offset 
angle or the vertical tracking angle 
geometry will cause a component of 
the drag force to move the pickup. 
This can be seen in Figs. 5 and 6. If the 
drag force varies, the pickup will 
move, and the "scrubbing motion" oc- 
curs. 

It should be clear at this point that 
an under -damped cartridge tonearm 
resonance can create a serious prob- 
lem when that resonance is excited. 
Obviously many potential sources of 
excitation exist, the most predominant 
being record warp. Thus, reducing the 
effect of resonance should be the 
primary objective in improving play- 
back under practical conditions. 

Static Electricity on Phonograph 
Records: To the audiophile who deals 
with high performance record playing 
equipment, static electricity charges 
are a perverse and irregular nuisance, 
usually producing annoyance, but oc- 
casionally causing calamities. The 
problems are usually worse in winter, 

when the humidity is low, but some ef- 
fects can still appear in the middle of 
summer. 

These effects show up in many 
forms, principally (a) crackling, pop- 
ping, or frying noises during record 
playback; (b) brief popping sounds dur- 
ing arm setdown; (c) excess stylus force 
due to electrostatic attraction of the 
cartridge to the record being played; 
(d) in changers, attraction of the arm to 
the unplayed stack, interfering with 
setdown and reducing tracking force 
to induce mistracking, and (e) dust and 
dirt attracted to the playing surface, 
producing wear and playback noise. 
This is a formidable list, and some of 
these effects have not been fully rec- 
ognized previously. 

Static electricity was the first form 
of electrical effect to be noticed many 
hundreds of years ago, but the nature 
of the mechanisms producing charges 
are almost as obscure now as then. 
Any form of friction, motion, or con- 
tact is likely to produce charges, and 
vinyl is one of the most easily charged 
materials available. Hence, such com- 
mon actions as removing a record from 
its jacket or wiping it with a cloth or 
brush, is certain to produce a charge 
that will be hard to remove. Unlike the 
"ordinary" electricity which produces 
useful effects in a closed circuit, static 
electricity lives in open circuits. If the 
air is dry and the surface resistance 
high, a charge may take days or even 
weeks to disappear. In the meantime, 
it is just waiting for a chance to cause 
trouble. 

The classical method of measuring 
charges is the electroscope, a simple 
instrument in which the mutual repul- 
sion of two gold leaves causes them to 
stand apart, the angle being related to 
the voltage which is being measured. 
This device endears itself to users for 
its habit of self-destruction when ex- 
posed to strong charges. Fortunately, 
special instruments have now been 
developed to measure static charges, 
since ordinary voltmeters are not 
suitable. 

A few minutes of experimentation 
with such an instrument will show how 
tenacious and easily produced the 
charges are. Even wiping the record 
with a damp cloth may produce 
charges rather than neutralizing them. 

Incidentally, measurements with 
these instruments have shown that 
electrification from the direct friction 
between the diamond and vinyl is, 
oddly enough, negligible. 

The results shown in Table 1 il- 
lustrate several interesting points. 
First, it verifies the observation that 
placing a charged record on a 

grounded turntable (Col. B & C) re - 
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duces the effect of the charge because 
the electrostatic field is concentrated 
between the turntable and the under- 
side of the record, which reduces the 
original field. Another way to regard 
the situation is to recognize that the 
capacitance has increased greatly, 
and, since the charge is constant, the 
voltage must decrease in accordance 
with the equation V =Q= C. Note that 
this does not eliminate the charge, but 
only reduces the external field. When 
the record is removed from the turn- 
table, the original voltage reappears. 
The closer the record is to the con- 
ductive surface, the lower the external 
field produced, up to the 90 per cent 
reduction shown in the table. 

The results also show that the static 
charges on records are always negative 
and that some records are less suscep- 
tible to charges than others. The 
30,000 -volt measurement in air was ac- 
companied by a considerable crack- 
ling sound and seems to be a threshold 
voltage determined by the breakdown 
voltage of the air. 

This investigation was started in 
winter, and there was no difficulty pro- 
ducing charges using cat fur and fric- 
tion. As the season advanced and the 
humidity increased, the charging be- 
came much more erratic, and it was 
necessary to lightly rub a finger on the 

42 rotating record to produce a charge. 
Eventually, as the nature of necessary 
comparisons became clear, the 
charges would not cooperate at all! 
Consequently, to make repeatable 
measurements independent of humid- 
ity and rubbing techniques, a system 
was devised which uses continuous 
electrification via a high voltage d.c. 
supply to achieve a calibrated, repro - 
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Table 1 -Measurement of Electrostatic Charges on Phonograph Records 

Record 

CBS STR 100 
JVC TRS1005 
Shure TTR103 
RCA RL1624 
Acetate Blank 
RCA Elvis -Hawaii 

(A) 
Electrified 

on Turntable 
With Cat Fur 

(B) 
Lifted Off 
Turntable 
After(A) 

Volts -Negative Volts-Neg. 

3000 
2500 
3000 
4000 

30,000 
30,000 
30,000 
30,000 

0 0 
2250 30,000 

(C) 
Replaced on 
Turntable 
After (B) 

Volts-Neg. 

3000 
2500 
3000 
4000 

0 
2250 

(D) 
Destaticized and 
Removed from 
Paper Sleeve; 
Meas. in Air 

Volts -Negative 

10,000 
5,000 
5,000 

10,000 
0 

3,000 

ducible charge. The arrangement is 

shown in Fig. 7. 

The probe is a steel phono stylus of 
0.006 radius supported 1 inch above 
the surface of the record. As the record 
rotates under the probe, it receives a 

charge which builds up to a saturation 
point. A calibration curve (Fig. 8) gives 
the relation between the probe voltage 
and the charge on the record. The 
measured charges are nicely en- 
compassed by the calibration curve. 
As might be expected, it shows a knee 
which is the breakdown voltage of the 
charging point. Above the knee, the 
relationship between probe voltage 
and record voltage is linear. The only 
caution to be observed is that the 
curve can only be used in an increasing 
direction, i.e., one must start with a 

neutral record and increase the volt- 
age during experiments. 

If the record is fully charged and a 

lower voltage is then applied, the ac- 

J 
2 3 4 

Record Voltage KVDC 

Fig. 8- Voltage Calibration RCA R11624. 
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tuai voltage on the record will be 
somewhere between the former and 
latter value and, hence, indeterminate. 
Discharges to the pickup can be de- 
tected by the means shown in Fig. 7, 

where a sensitive amplified microam- 
meter is connected in the ground re- 
turn circuit from the pickup. Thus, 
measurements can be made of both 
charging and discharging. 

Test Results 
Typically, no discharge is noted un- 

til the charge voltage exceeds a par- 
ticular value, which we call the thres- 
hold voltage, after which the current 
increases rapidly. Cartridges having a 

grounded metal shield and grounded 
stylus shank have threshold voltages in 
the region of 4000 to 5000 volts. Thus, 
charges below this voltage will not 
cause a discharge, but will exert an 
electrostatic force on the cartridges. 
When a record is charged above the 

REC, ORD "N EUTR AL" 
Band 5 6 7 8 

Fig. 9-Trackability calibration of 
the TTR 103 test record, 331/3 rpm 
@ 296 Hz with the V15 Mk 111 

stylus assembly. 
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serving as the last word in monitoring 
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boundless frequency response lays out 
the entire spectrum of sound for your 
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tended tracking conditions signifi- 
cantly. 

Possibly of most importance is the 
fact that a natural charge will be non- 
uniform and cause cyclic wow or fre- 
quency modulation with record rota- 
tion. The result can be nonrepeatable 
and probably difficult to identify but 
would have a clearly discernable ef- 
fect on sound quality. 

Experiments with household dust 
also show that a record voltage of only 
1000 or 2000 V is enough to make fine 
particles adhere to the record and re- 
sist brushing or blowing, especially out 
of the grooves, where ordinary bristles 
cannot reach. 

Fig. 11a- No lint on the stylus tip. 
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Threshold Voltage of 
Conventional Cartridges 
4.2 KV 

5.8 K V 

3.7KV 

0 
BAND 

3.0 K V C HARGE ON REC ORD 

5 6 7 8 

Fig. 10-Trackability measurement using electrostatic force on the 
TTR 103 test record, 331/3 rpm @ 296 Hz. 

threshold ,voltage, a playing will 
discharge it down to the threshold volt- 
age of the cartridge but not to zero. 

The electrostatic attraction force 
was measured by making a trackability 
calibration of, a particular cartridge. 
This was done by playing the bands of 
the Shure Test Record TTR103 and 
noting the corresponding stylus force 
for marginal tracking (Fig. 9). The arm 
was then counterbalanced to zero. The 
record was charged and then played 
using the electrostatic force as the sole 
force. Adjusting the charging voltage 
for the same marginal tracking as 

44 before yields the results shown in Fig. 
10. The points above 4200 volts (thres- 
hold voltage of cartridge) are not sig- 
nificant with a naturally charged 
record, because the record will dis- 
charge to this level. However, 4200 V 
can add an extra %, gram to the stylus 
force! This additional force would in- 
crease wear and at least change the in - 

Fig. 11b- Lint accumulation 
around the stylus tip. 

From this, we conclude that electro- 
static charges can create some serious 
problems in tracking, distortion, noise, 
and dust accumulation. This most cer- 
tainly is a phenomenon which at our 
present level of sophistication in high- 
fidelity record reproduction cannot be 
ignored. 

Dirt on the Record and Tip 
The effects of dust and other con- 

taminants on the playback process 
have been the source of study for 
many years. It has not been possible, 
as yet, to quantify the exact amount of 
dirt that would be acceptable, or even 
to completely spell out the process of 
dirt accumulation. Suffice it to say 
that records must be kept clean and 
that the more care one takes in main- 
taining cleanliness, the fewer problems 
will result. Proper brushing of the 
record before it is played, we feel, is 

essential for top-quality performance. 
While it is not the purpose of this 
paper to discuss methods of cleaning 
records, it should be noted that there 
are a large variety of methods, some of 
which are considerably better than 
others. 

We have found that even the best of 
the record cleaning methods still 
leaves some dust and contamination 
on the record. The length of time one 
can play the record before a serious 
problem results is related to the initial 
cleanliness of the record, the amount 
of dirt accumulation on the record dur- 
ing the playing time, and on the stylus 
tip. Accumulation of dust and lint on 
the record results in the condition as 

shown in Fig. 11. As the dirt builds up, 
it finally reaches a condition such as 

that shown in Fig. 11b at which time 
proper tracking cannot be achieved. 
The length of time required to develop 
an accumulation which will create the 
condition of 11b will depend on the 
length of the stylus tip. Shure, for ex- 
ample, maintains a minimum distance 
of 0.014 inch from the bottom of the 
stylus shank to the end of the dia- 
mond. A shorter tip could be used, 
which would slightly reduce tip mass 
and offer some very minor advantages 
in trackability; however, our experi- 
ence indicates that this would be an 
improper compromise. Even though 
excellent care is taken of the record, it 
is felt that some accommodation to 
the probability of dirt accumulation 
must be made. 

Since some dirt will accumulate on 
the stylus, the objective is to provide a 

design which will avoid the necessity 
of cleaning the tip for as long as pos- 
sible. The absolute minimum time 
would be the playing time for one side 
of a disc. This would not seem to be a 

reasonable or practical minimum since 
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one should allow for the playing of a 

stack of records on a changer. A prac- 
tical objective, therefore, would be to 
play at least six records; i.e., roughly 
two hours, assuming that the records 
have previously been cleaned properly 
and that a cover is used over the 
changer during the playing of the 
records. 

Summary 
We have discussed several factors 

that affect the performance of a 

phonograph pickup. These factors 
have been divided into two groups: 
namely, those which must be con- 
sidered under ideal playing conditions 
and the conditions that create prac- 
tical problems of playback. In the first 
group, we include frequency response, 
separation, trackability, tracing and 
tracking distortion, and skating force. 
In the second group are the level of 
modulation, mechanical noise, arm re- 

sonance, static electricity, and con- 
tamination. 

In the next portion of this article, we 
will describe means whereby the ef- 
fects of non -ideal playing conditions 
can be countered and, in some cases, 
totally eliminated. Concurrently, sig- 

nificant improvements in playing 
under ideal conditions can also be 

achieved. A 
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A: I always thought that your 
having done the Goon Shows was 
probably the source of a lot of the 
crazy sound effects on the Beatles' 
records. 

M: Yeah. That, of course, was great 
fun to do, in those days. We had to 
create everything for ourselves. And 
it was like painting pictures in sound, 
which was great. And it was very 

48 useful experience. In fact, to be quite 
brutal about it, I don't think Sgt. 
Pepper would have existed without 
Peter Sellers. 

Things always rub off, you know. 
And when the Beatles first came 
along, I think one of the things that 
they liked about me was the fact that 
they knew I made these kind of 
records. 'Cause they were pretty zany 
too. 

A: Do you have any "influences" as 

a producer? Did anybody's records 
stand out in any way to you? 

M: Well, obviously, I like lots of 
records, but I really don't think I've 
ever been influenced by another 
producer's record. Producing's a 

pretty lonely job-you know, you 
don't know what another guy does. 
You never see another guy producing. 
You just develop on your own lines. 
You know, it's no good sort of 
"studying" other people's techniques, 
because you can't really know for 
sure how it's done. Unless you're 
actually there. All you can do is ... 
you know, if you like a record, you 
can think how those particular things 
were achieved, but I think it's much 
better not to inquire about other 
people's, but plow your own furrow. 
You try and find out things for 
yourself. 

A: How about your arranging? 
Would you say that you're of any 
particular school or orientation? 

M: Well, orchestration and 
arranging for instruments varies with 
the kind of performance that's going 
to be made. So, for example, you will 
do a different score for a pit or- 
chestra behind the musical from the 
kind of score you will do for a film, 
or the kind of score you will do for a 

gramophone record. Each one 
depends upon how it's going to be 
performed. 

There are some fantastic or- 
chestrators of the past. Ravel, of 
course. Tchaikovsky was a great 
orchestrator. Debussy was pretty 
good. And these are the kind of 
people whose scores I studied. 
Stravinsky is fantastic. And I would 
find out how they did things .... 

I mean, when I was 15, I was 
enormously turned on by going to a 

symphony concert in England, where 
they played L'Apres-midi d'un Faune 
by Debussy. I don't know if you know 
this particular piece of music .... 

A: I'm going to have to look up the 
spelling. 

M: Afternoon in the Life of a Fawn. 
And its just a tone poem-an or- 
chestral tone poem-and the sounds 
that I heard, as this boy of 15 sitting 
in this auditorium, I could not 
believe what those ordinary human 
beings in front of me were making! It 
was just so beautiful, so fantastic- 
they were gorgeous. I was so en- 

thralled by this I thought "Well, how 
does it work? How do they do it? 

How did the guy write that music? I 

must find out." 

And I got the score of Debussy's 
L'Apres-midi d'un Faune and I studied 
it and I looked at all the notes and I 

saw what instrument was on which 
and so on. And even today, many 
years later, I can still listen to that 
same piece of music with awe, 
because I know how it works, I know 
what is done and I can write music 
just like it now, but I know exactly 
how beautiful and how brilliant they 
were. 

A: Can you name some other 
compositions that influenced you? 

M: Well, of course, Bach is an old 
favorite of mine, and he was a pretty 
pure guy-he didn't have orches- 
tration techniques because there 
wasn't much of an orchestra in those 
days. 

A: Pure in what sense? 
M: Pure musically. 

A: Who would be "impure"? 
M: Well, that means two things in 

music, doesn't it? There's the way in 

which it is put over, i.e., orches- 
tration-the coloring-and then 
there's the pure notes themselves, 
whether it's done on a harmonica, a 

synthesizer, or a symphony orchestra. 
The actual musical frequencies and 
notes that go out are the original 
musical creation, and what you do 
with it and the way you color it is 

another matter. They're two distinct 
things. The design-the actual design 
of the music-is like a blueprint. And 
you don't need to hear it-you can 
look at it and you can admire it. You 
can hear it in your mind by looking 
at it. 

And Bach, of course, was a fan- 
tastic designer of music. The purity 
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The Bose 901 Series III. 
Life -like, spacious sound 

unmatched by any other speaker. 

The original Direct/ 
Reflecting® Bose 901® 
has been described by 
music critics as "the 
only speaker to pour 
forth in true concert 
hall fashion" and "the 
speaker system to own, 
regardless of price, if 
one wants the ultimate in listening 
pleasure."* 

Now, in the new 901 Series Ill, Bose 
has introduced a speaker that 
clearly surpasses, in all impor- 
tant performance characteris- 
tics, the high standards set by 
its legendary predecessor. 

Spaciousness and Realism 
The spaciousness and presence so 
characteristic of the original 901 are 

even more extraordinary in the 901 
Ill: sound seems to come, not from 
the speakers, but from a space in 

Efficiency 
and Power 
At the same 
time, the 
901 Series Ill 
is so efficient it requires less than 

one-third as much 
power as the original 
Bose 901. It achieves 
the impact and feel- 
ing of live perform- 
ance sound using 
almost any amplifier. 
In fact, with as little 
as 15 watts of 
power per channel, 
most people have 
all the power they 
need. 

To achieve its extraordinary spatial properties, the Direct/Reflecting 901 
Series III reflects most sound off back and side walls 
of the listening room, re-creating the balance of 
reflected and direct sound heard at a live performance. 

front of you that actually seems 
deeper and wider than the room. 
Each instrument is easily localized, 
and the stereo effect is dramatically 
life -like almost anywhere in the room. 
Equally startling are the realism and 
accuracy with which the 901 III repro- 
duces the unique details, textures, 
and sonic impact of each instrument. 

The unique injection -molded Acoustic Matrix'" 
enclosure forms a semi -isolated air cell 
behind each driver, along with three reactive air 
columns. The result is dramatically reduced cone 
motion at low frequencies, yielding clean, un- 
distorted deep bass, even at very high volume. 

Concepts and Technology 
The spectacular performance of the 
901 Series III results from combining 
proven concepts with new technology. 

Like the original 
901, it utilizes 
a balance of 
reflected 
and direct 
sound, 
active 
equalization, 
and nine 
matched, full - 
range drivers. 
Beyond this, 
it incorporates 
major techno- 
logical inno- 
vations, includ- 
ing the unique Acoustic MatrixTM 

enclosure and a new ultra -high - 
efficiency driver. 

No advertisement can describe 
fully the 901 Series Ill and the tech- 
nology behind it. So we've put 
together a comprehensive literature 
package that includes 
a detailed 
16 -page 
color 
brochure, 
a 20 -page 
owner's 
manual, and 
a copy of Dr. Amar 
Bose's paper on 
"Sound Recording 
and Reproduction," 
reprinted from Technology 
Review. To receive this literature, 
send $1.00 to Bose, The 
Mountain, Framingham, Mass. 01701. 

Even better, visit a Bose dealer and 
ask him to play the 901 Series Ill in 
comparison to any other speaker- 
regardless of size or price. That 
should tell you everything you 
need to know. 

A new hig -performance 
driver with injection -molded 
frame and all -aluminum, 
helically wound voice coil 
is the key to the efficiency 
of the 901 Series Ill. 

The elec- 
tronic active 

equalizer assures 
more accurate 

frequency balance 
and wider range than 
are possible with con- 
ventional speakers. 

Better sound through research 

'Copies available on request. Patents issued and 
pending. Cabinets are walnut veneer. Pedestals are 
optional at extra cost 




