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3,025 possible tonal compensations with unique twin stepped tone controls
(SX-1010, SX-939)

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

INPUTS SX-1010 SX-939 SX-838

Tape monitor/4-ch.
adaptor

3 2 2

Phono 2 2 2

Microphone 2 2 1

Auxiliary 1 1

Noise reduction 1 1

OUTPUTS
Speakers 3 3 3

Tape Rec./4-ch.
adaptor

3 2 2

Headsets 2 2 1

Noise reduction 1 1 1

4 -channel MPX 1 1 1

Master control
system capability
Pioneer's engineers have surpassed
themselves wth a combination of
control features never before found
in a single receiver. All three units
include: pushbutton functior selection
with illuminated readouts on the

,.,.d.
.1411. ~1$41.
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ultra wide tuning dial, FM and audio
muting, loudness contour, hi/low
filters, dual tuning meters and a
dial dimmer.

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

Ir their respective price ranges,
these are unquestionably the finest
values in stereo receivers the
world has ever known.
Audition their unique-
ness at your
Pioneer dealer.

/'á

Maxi-ium input/output capability
SX 310 shown)

SX-1 110 - $699 95; SX-939 - $599.95,
SX-&38 - $499.£5 Prices include
wain at cabinets.

in addition o these new units,
Pioneer offers thr3e equally out-
standing receiver values at more
modest prices. SX-626 ($339.95),
SX-525 ($259.95) and SX-424
($199.95), with walnut cabinets.

U.S. Pioneer Electronics Corp.,
75 Oxford Drive, Moonachie,
New Jersey 07074.
West: 13300 S. Estrella, Los Angeles
90248 / Midwes": 1500 Greenleaf,
Elk Grove Village, III. 60007 /
Canada: S. H. Parker Co.
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IRIS ONE
WORKS !

THE SUPERIOR RECORD CLEANER

IMPORTANT For bes' results da
must be used with the Disc -
washer System and per the
instruction booklet
cbs cleans with the amazing
ability to remove fmgerprirts
and debris. Onhy ca can 'e -
move playback -wiling lubri-
cant crystals without harming
vinyl

Send 25¢ and a self-addressed stamped envelope
for our Technical Bulletin Clean records and Chemistry,
to find out what's happening to your records today.
Discwasher,909University,Columbia,Mo.65201

Check No. 12 on Free Information Card
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Now BIC VENTURITMputs to rest
some of the fables, fairytales, folklore,

hearsay and humbug
about speakers.

Fable
Extended bass with low distortion
requires a big cabinet.

Some conventional designs are rela-
tively efficient, but are large. Others are
small, capable of good bass response, but
extremely inefficient. The principle of
the BIC VENTURI systems (pat. pend.)
transforms air motion velocity within
the enclosure to realize
amplified magnitudes , I//
of bass energyat the ( I /¿
BIC VENTURI coupled \
duct as much as 140
times that normally lommagger0
derived from a woofer
(Fig. A). And the filtering action achieves
phenomenally pure signal (Scope photos
B & C). Result: pure extended bass from
a small enclosure.

B

I\ (',J
B-Shows output of low frequency driver when driven at a freq.
of 22 Hz. Sound pressure reading, 90 dB. Note poor waveform.
C-Output of venture coupled duct, (under the same conditions
as Fig B.) Sound pressure reading 111.5 dB, 1140 times more
output than Fig. B.) Note sinusoidal (nondistorted) appearance.

Fairytale
It's okay for midrange speakers to cross
over to a tweeter at any frequency.

Midrange speakers cover from about
800 Hz to 6000 Hz. However, the
ear is most sensitive to midrange
frequencies. Distortion created
in this range from crossover
network action reduces articu-
lation and musical definition.
BIC VENTURI BICONEX horn (pat.pend.)
was designed to match the high efficiency
of the bass section and operates smoothly
all the way up to 15,000 Hz, without
interruption. A newly designed super
tweeter extends response to 23,000 Hz,
preserving the original sonic balance and
musical timbre of the instruments
originating in the lower frequencies.

Folklore
Wide dispersion only in one plane is
sufficient.

Conventional horns suffer from musi-
cal coloration and are limited to wide-

BICONEX'"horn

angle dispersion in one plane.
Since speakers can be positioned
horizontally or vertically, you
can miss those frequencies so
necessary for musical accuracy.
Metallic coloration is eliminated
in the BICONEX horn by making
it of a special inert substance.
The combination of conical and
exponential horn flares with a
square diffraction mouth results
in measurably wider dispersion, equally
in all planes.

Hearsay
A speaker can't achieve high efficiency
with high power handling in a small
cabinet..

It can't, if its design is governed by such
limiting factors as a soft -suspension,
limited cone excursion capability, trap-
ped air masses, etc. Freed from these
limitations by the unique venturi action,
BIC VENTURI speakers use rugged drivers
capable of great excursion and equipped
with voice coil assemblies that handle
high power without "bottoming"or danger
of destruction. The combination of in-
creased efficiency and high power handl-
ing expands the useful dynamic range
of your music system. Loud musical pas-
sages are reproduced faithfully, without
strain; quieter moments, effortlessly.

Humbug
You can't retain balanced tonal response
at all listening levels.

We hear far less of the bass and treble
ranges at moderate to low listening levels
than at very loud levels. Amplifier "loud-
ness" or "contour" switches are fixed rate
devices which in practice are defeated by
the differences in speaker efficiency. The
solution: Dynamic Tonal Compensa-
tionlm This circuit (patents pending)
adjusts speaker response as its sound
pressure output changes with amplifier
volume control settings. You hear
aurally "flat" musical reproduction at
background, average, or ear -shattering
discoteque levels-automatically.

A system for every
requirement

FORMULA 2. The most sensitive,
highest power handling speaker system
of its size (193/4 x12xll1/2):' Heavy duty 8"
woofer, BICONEX mid range, super
tweeter. Use with amplifiers rated from
15 watts to as much as 75 watts RMS
per channel. Response: 30 Hz to 23,000
Hz. Dispersion: 120°x120°. $98 each

FORMULA 4. Extends pure bass to
25 Hz. Has 10" woofer, BICONEX mid-
range, super tweeter. Even greater effi-
ciency and will handle amplifiers rated
up to 100 watts. Dispersion: 120°x120°.
Size:25x 131/ x13:' $136 each.

FORMULA 6. Reaches very limits of
bass and treble perception (20 to
23,000 Hz). Six elements: 12" woofer
complemented by 5" cone for upper
bass/lower midrange; pair of BICONEX
horns and pair of super tweeter
angularly positioned to increase high
frequency dispersion (160°x160° ) .
Size: 261/ x153/4 x 14Y4 :' $239 each.

Sturdily constructed enclosures.
Removable grilles in choice of 6 colors.
Optional bases for floor standing place-
ment. Write for brochure A- 4 .

Audition today's most advanced
speakers at your BIC VENTURI dealer.

BRITISH INDUSTRIES Co., Inc.
Westbury, New York 11590.
A division of Avnet, Inc.,
Canada: C.W. Pointon Ont.

BIC VENTURI
Check No. 9 on Free Information Card
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SPECIAL HEADPHONE
ISSUE

Electrostatic Phones
Explained

Distributed Headphone
System-Len Feldman
explains how you can put a
set of phones where you
want them

Language of High fidelity-
Martin Clifford continues his
series of article on basic
audio concepts

Limo Student Discovers Mono

About the cover: This month
we are featuring tape recorders
in one of their special uses-
restoration of 78 discs. Together
with filtering and other means,
taping can be just the "right
dose of medicine" for tired 78s.

Audioclinic
Joseph Giovanelli

Sparking When Connecting an
FM Antenna

Q. When connecting the twin lead of
my outdoor antenna to the tuner, I noticed
a spark when I made the connections.
By using a VTVM, I measured the volt-
age at my twin lead's terminals: zero
volts. However, when I connected only
the probe to the twin lead I got a reading
of 4 V a.c. By reversing the 120 V a.c.
wall plug polarity of the VTVM, I got
zero volt with both the probe and the
ground clip connected. Again, using the
probe only to either side of the twin lead
I obtained a reading of 30 V a.c.

The mast of the antenna is embedded
in the earth at the side of the house. The
twin lead runs perpendicularly to a tele-
phone line and several cables of house
wiring but is no closer than 6 feet from
the twin lead The twin lead is twisted to
avoid pickup.

My main concern is the sparking when
I connect this twin lead-Serge Zamora,
San Diego, California

A. I think your antenna problem has
to do with the fact that your mast is
grounded, as it should be. The way some
antennas are designed means that at
low frequencies (in this case, 60 Hz)
the antenna is grounded, too.

If your tuner's chassis is connected
to the a.c. via of bypass capacitors,
and if the wall plug is inserted in the
right polarity, the chassis will be just
a bit "hot" with respect to ground. If
the input of your tuner is connected to
ground, possibly by a centertapped,
balanced input coil, then the two input
terminals to which the twin lead would
be connected, would also be "hot" with
respect to ground.

Reversing the wall plug would elim-
inate this problem.

If you connect your voltmete: between
your twin lead and chassis ground, you
will see quite a bit of voltage. This is
the same voltage which was present
when you obtained the sparking.

Stray voltages are all around us, and
the measurements you have described
have to do with them. They are picked
up capacitively by your twin lead. They
are much like the voltage which you
obtain merely by touching the "hot"
probe of your a.c. voltmeter.

It is the difference of potential
between the twin lead and the input
of your tuner which accounts for the
sparking. By grounding the chassis of
your tuner, this voltage will be elimi-
nated.

Phonograph Channel Separation
Q. I took my turntable to a local sound

dealer who has a large electronic service
department of good reputation. I asked
to have it cleaned, lubricated and to
correct its main problem. The signals
from channel 1 and from channel 2 were
not properly separated in my earphones.
His repairs corrected the problem so that
it is not normally noticeable except when
using a test record. The right channel
still is heard in the left earphone just
slightly and vice versa.

Should not one earphone be completely
silent with such a test or is there some
bleeding of one channel into the other?-
Nelson C. Vogel, Clearwater, Florida

A. No cartridge will produce perfect
separation between channels. This is
the reason why the data sheets which
accompany a cartridge when it is pur-
chased state the amount of separation
between channels at various frequencies.
These separation figures are expressed
in dB. If separation between channels
was perfect, there would be an infinite
number of dB separation. If only one
channel was recorded on a disc, only
one speaker or one headphone would be
producing sound, assuming that we did
have this infinite separation between
channels. Because there is really a
finite separation between channels,
however, there will be some leakage.
Thus, when only one channel is re-
corded, signals will be heard in that
channel, with some signal also heard in
the channel having no actual recording.
The undesired, leakage signal will be
lower than the desired signal in an
amount equal to the separation between
channels AT THE FREQUENCY OR
FREQUENCIES OF THE RECORD-
ING. To make things just a bit worse,
the discs, themselves, are not perfect.
They have a limited amount of sepa-
ration between channels, thus adding
to the leakage you hear. It is a fortunate
circumstance that we need only a few
dB of separation in order to produce
good stereo. Discs and cartridges in
combination have far more separation
than this "few dB."

If you have a problem or question on audio,
write to Mr. Joseph Giovanelli, at AUDIO,
134 North Thirteenth Street, Philadelphia,
Pa. 19107. All letters are answered. Please
enclose a stamped self-addressed envelope.
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People who are really serious
about their records are the best ones

to ask about turntables.

Most people who decide they want
components turn to a friend who knows
something about high fidelity equipment.
If the friend is a reader of this magazine,
that's good. And if the friend happens to
be someone who reviews recordings,
that's even better.

Record reviewers must select their
equipment with great care, since they must
listen with great care. To such things as
the interpretation of the artist. To the
recording and microphone techniques.
And to the quality of the record surface
itself.

All this is why the professional
listeners select their turntables so carefully.

What most serious listeners know.

Professional listeners know that what
they hear (or don't hear) often depends on
the turntable.

After all, the turntable is the one
component that actually handles records,
spinning them on a platter and tracking
their impressionable grooves with the
unyielding hardness of a diamond. And
the professional realizes that much
depends on how well all this is done.

Which is why so many record
reviewers listen to their records on a Dual.
And why the readers of the leading music
magazines buy more Duals than any
other quality turntable.

They know that a record on a Dual
will rotate at precisely the right speed, to
give precisely the right pitch. (If a record
happens to be off pitch a Dual can
compensate for it.)

They know that a Dual tonearm will
let the most sensitive stylus track the

Dual

rf e gy-oscopic
31-rua uspen-
i x of Me Dual
-.11 all 1229
rnear-Is is the
Des kaowr scien-

ic means for
Dalaná g a pre-
_i;ion rstrument
ir. a I planes.

The 1218 and 1229
tonearms track

records at the
original cutting

angle. The 1229
parallels single

records, moves up
for changer stack.

A similar adjust-
ment is in the 1218's

cartridge housing.

In all Dual models.
stylus pressure is
applied around the
pivot, maintaining
perfect dynamic
balance cf the
tonearm.

Separate anti -skating
calibrations for coni-
cal and elliptical styli
achieve perfect track-

ing balance in each
wall of the stereo

groove. aqa- icr,o

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y. 1055:3

Check No. 39 on Free Information Card

wildest curves ever impressed on a record
groove, and not leave a trace of its

passage.
And they know that a Dual will

perform smoothly, quietly and reliably
year after year after year. Despite all the
precision built into a Dual, they know it's
one turntable that doesn't have to be
handled with undue concern. (Even if the
tonearm is locked when play is started, or
if the tonearm is restrained in mid-air
while cycling, no damage will result.)

If you'd like to know more.

A few examples of Dual precision
engineering are shown in the illustrations.
But if you would like to know what several
independent test labs say about Dual
we'll send you complete reprints of their
reports. Plus a reprint of an article from a
leading music magazine that tells you what
to look for in record playing equipment.

Better yet, just visit your franchised
United Audio dealer and ask for a
demonstration.

Dual turntables may seem expensive
at first, but not when you consider your
present and future investment in records.
And now that you know what the
professional listeners know, doesn't it
make sense to own what they own?

Dual 1216, $154.95



There is a distinct difference between
tape equipment mass-produced by a con-
sumer manufacturer and tape equipment
built by a professional audio manufacturer.
At Crown International this distinct differ-
ence involves five things: over -engineer-
ing, rugged construction, hand -crafting,
exhaustive testing and conservative rating.
After 26 years, Crown is the only remain-
ing original U.S. tape equipment manufac-
turer still marketing professional quality
to discerning audiophiles.

The Crown tape equipment line is
designed for audio pros who make their
living by recording, to whom an equipment
failure at a taping session means money
out the window. After four years, when
many hi-fi models are traded in, Crown
decks still produce recordings with truer
fidelity than most new hi-fi decks. No
wonder Crowns enjoy such high resale
value.

At Crown, each active electronic
component, each circuit module and each
completed unit is tested from every angle.
A tape deck undergoes over 100 hours
cumulative testing. Finally, each unit is
accompanied by its individual hand entered
proof -of -performance report.

For free product data on Crown
professional monaural, stereo and quad-
raphonic tape decks and players, write
Crown, Box 1000, Elkhart, Indiana, 46514.

O crown

Tape Guide
Herman Burstein

Phono Cartridges & Recording
Q. I have a Sony TC-SW stereo

cartridge recorder/player and a Gar-
rard Model SLX-2 stereo record player.
I use the Sony to make 8 -track stereo
cartridges. When I connect the Garrard
directly to the Sony, I do not get a
sufficient output signal from the Garrard
to cause the input signal level light on
the Sony to work. This is not due to a
defect in the Sony, because I have an
older turntable that does cause the
recording level light to work OK Can
you please advise me on my problem?-
Willard L. Bowen, Sulphur Springs,
Texas

A. Your record player apparently
comes with a magnetic cartridge that
delivers insufficient signal to drive
your tape machine. This would be
true of any magnetic cartridge you
might employ. The tape machine you
use is not designed to accept a signal
directly from a magnetic cartridge,
which requires a great deal of ampli-
fication plus substantial bass boost
and treble cut. I suspect that the
cartridge in your older turntable is of
the piezoelectric (crystal or ceramic)
type, which puts out a high level
signal and one that is relatively flat.

The solution would be to replace the
magnetic cartridge in your turntable
with a piezoelectric type of high
quality. Consult your audio dealer
about a suitable one. Alternatively, if
you have an audio system, feed your
tape machine from the "tape output"
jack of this system.

Generally the performance of mag-
netic cartridges is superior to that of
piezoelectric ones. Therefcre, if you
must feed the Garrard to the Sony,
but not through an audio system,
you might purchase a phono preamp
that can be inserted between a mag-
netic cartridge and your tape machine.
Such preamps can be obtained for
something like $15 to $20. Again,
consult your audio dealer about one.
The cost of such a preamp would be
little if any more than that of a high
quality ceramic cartridge.

Increasing Tape Life
Q. I have a vast number of tapes that

I have recorded They are very valuable to
me and I would like to be able to preserve
them indefinitely. Some of these tapes
are not played for months and years. I
always rewind tapes at least twice before
playing if they have been unplayed for
a long time. Most are stored in tin cans
and metal boxes, and some in plastic con-
tainers and original cardboard boxes. Are
there any other precautions that can be
taken?-Wallace Beck, Madison, Fla.

A. Try to keep your tapes at "normal"
room temperatures, without extremes of
humidity. Store the tapes on edge
rather than flat. Wind and rewind each
tape at least once a year, whether you
play it or not.

Tape Hiss
Q. I am plagued with tape hiss of my

cassette recorder. The hiss switch on my
recorder doesn't nearly do the job. I
would like to know why someone doesn't
make an external frequency limiter
which could be used between the re-
corder and amplifier. Isn't tape hiss
limited to fairly limited specific fre-
quencies? I am thinking of getting an
Advent system; do you think this would
be useful for limiting the hiss?-Robert
Scott, Lawrence, Kansas

A. Tape noise is fairly well distrib-
uted through the range of audio fre-
quencies. Since there are more fre-
quencies in the treble range, the noise
has a hissy character. An apparent re-
duction in hiss can be achieved by
attenuating frequencies in the area of
about 3,000 to 5,000 Hz. The Advent
system may achieve a noise reduction
of up to 10 dB.

If you have a problem or question on tape
recording, write to Mr. Herman Burstein at
AUDIO, 134 North Thirteenth Street.
Philadelphia, Pa. 19107. All letters are

answered. Please enclose a stamped, self-
addressed envelope.

Made Only in America
Check No. 10 on Free Information Card 6 AUDIO  APRIL 1974
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The Model 10 Mixing Console
When you've got more talent than money

Any mixing console is simply a creative tool.
Getting the most out of it calls for
imaginative insight into music and
skill in the practical application
of sound.

If you've got the talent but
you don't have the money,

you're exactly who we built this board for.
The basic 8 -in, 4 -out board starts
at just $1890. From there you can

go to 24 -in, with options and ac-
cessories enough to fill a studio.

The TASCAM Model 10.
It gets your inside outside.

TILSCILM GOFORATION
5440 McConnell Avenue
Los Angeles, Calif. 90066

Check No. 36 on Free Information Card



In d
ible.
How else would you describe a
preamplifier with:
 A Peak Unlimiter that restores

dynamics lost in recording to
closely approximate the original.

 A Downward Expander that reads
"gain riding" and expands
dynamics down to precisely the
intended level.

 An AutoCorrelator that makes
record/tape hiss and FM broadcast
noise virtually vanish without
affecting musical content.

 Plus an Active Equalizer that gives
you flat energy distribution over
the full audio spectrum, Joystick
Balance and Step Tone Controls
that allow precise music tailoring
to your listening environment and
SQ* and Phase Linear differential
logic for Quad Sound.

The 4000 is an advanced stereo
preamp that actually puts back in
what recording studios take out ...
lets your music (at last) reach life -like
levels without distortion ... lets you
(for the first time) hear your music
from a silent background. It is, in a
word, incredible. Ask your dealer
for an audition.
Price: $599
Cabinet: $37
Warranty: 3 years, parts & labor.

"rme
Vrinetrit
4000
THE POWERFUL DIFFERENCE

PHASE LINEAR CORPORATION
P.O. Box 549  Edmonds, Wash.  98020

*SO is a trademark of CBS Labs, Inc.

Check No. 24 on Free Information Card

What's New in Audio
Mr -WNW

ADC Speaker System

The WDDS-12 features a 12 -in.
woofer and four beveled dome tweeters
to achieve maximum wide dispersion
without losing a discrete source of
sound. The dispersion angle is said to
be 120° throughout the audible spec-
trum. Two of the Mylar dome tweeters
are Ph -in. in diameter and the other
pair '/4 -in., claimed to optimize sound
radiation in different parts of the spec-
trum without the need of a 3 -way cross-
over network. Also featured is a 4 -
position "Contour Control Switch"
allowing adjustment of the treble re-
sponse. The WDDS-12 is designed as
a floor -standing unit (pedestal unit
optional, $25.00), but may also function
as a shelf speaker. Impedance is 6 ohms;
frequency response, 30 Hz -25 kHz± 2
dB; crossover frequency, gradual be-
tween 600 Hz and 5 kHz; cabinet, oiled
walnut; weight, 50 lbs. Price: $350.0Q.

Check No. 50 on Free Information Card

Books
The 444 -page Handbook of Semi-

conductor Circuits contains 124 examples
of standard transistor circuits, complete
with operational data for amplifiers,
oscillators, logic and switching circuits,
power supplies and various nonlinear
circuits. This source book features a
design philosophy section with each
group of circuits, providing a basis for
understanding circuits other than those
selected as examples. The broad range
of circuits was chosen on the basis of
application and practicality. Each circuit
description includes data concerning
any unique design or operational data
along with large, clear schematic dia-
grams. Hardbound: $8.95. Paperback:
$5.95. Specify book #G-30 from Tab
Books, Blue Ridge Summit, PA 17214.
8

Ace Audio Preamplifier

The Zero -Distortion Preamp is a
low-cost unit designed without tone
controls specifically for use with an
equalizer. All tone controlling and other
response filtering should be accom-
plished through the equalizer. There
are no non-linear elements since the
preamp contains no high-level ampli-
fiers, and the circuitry is passive
(resistive) at all settings of the controls.
Specifications include unity -gain on
high-level inputs, flat frequency re-
sponse to d.c., phono noise of -76 dB,
equalization accurate to within ± 0.5
dB, and phono distortion of 0.05%. The
preamp can drive any equalizer or
amplifier with an input impedance of
50K or greater. Kit price: $69.95;
wired, $87.50.

Check No. 51 on Free Information Card

B&K Audio Frequency Analyzer

Tuneable band pass, band stop, low
pass and high pass filters can be push-
button selected on the Type 2121. The
unit features active filters with four
bandwidths, selectable between 1% and
Vi -octave, that can be tuned through the
frequency range from 20 Hz to 20 kHz.
When connected to a B&K condenser
mic, the Analyzer becomes a precision
sound level meter to international
standards. Connected to a vibration
transducer, accurate vibration analysis
can be performed. The voltage meas-
uring range is from 10 µV to 30 V rms.
Other features: an A -weighting net-
work; automatic frequency sweep when
controlled by a Level Recorder Type
2305 or 2307; and interchangeable
meter scales for direct reading with
B&K 1/2 -in. and 1 -in. condenser mics.
Price: $3848.00.

Check No. 52 on Free Information Card
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(The Ortofon M15 E Super)

THE ONLY CARTRIDGE
WE KNOW OF THAT
WILL DO FULL JUSTICE TO A
NEW GENERATION OF STEREO RECORDS.

For the first time in many years, all that can be put
onto stereo records by professional disc -cutting
equipment can be gotten off them by a cartridge -
the new Ortofon M15 E Super.

It is the only pickup we know of that not only can
handle the peak levels and full dynamic range now
possible on records, but while doing so can operate
below the wear threshold of modern discs, preserv-
ing their full quality for playing after playing.

As makers of studio record -cutting equipment
(Ortofon supplies equipment to recording companies
and studios around the world), we know the capabil-
ities of the newest generation of cutters, which for
the first time can clearly put onto records a dynamic
range approaching that of master tape. The maxi-
mum high -frequency levels these cutters will record
also permit the first real approximation of the full
"live" intensity of cymbals, brass, snares, and other
demanding instruments.

On the test record that best reflects these new
capabilities (#2 in a series recorded by the German
High -Fidelity Institute), most other pickups begin
to reveal audible (and, on an oscilloscope, visible)
shatter at a recording level of 70 to 80 µm. Only the
Ortofon M15 E Super goes to the record's 100 µm
limit (and beyond) with no audible or visible indica-
tion of difficulty. The photos of oscilloscope traces at
right are an accurate indication of the new Ortofon's
superior performance.

That test is a decidedly accurate reflection of audi-
ble differences in the real world of the listener's living

room. What it means is that on the most demanding
stereo records that can now be made, exactly the
records that someone with really excellent equip-
ment and a habit of listening closely is likely to buy,
only the new Ortofon is likely to handle everything
with no sign of strain or "fuzzing."

The M 15 E Super was designed specifically to
achieve this performance while tracking (at a force

A) Essentially undistorted lateral track-
ing by the Ortofon M 15 E Super of
a 300 -Hz test tone recorded at a
peak amplitude of 100 µm. Track-
ing force : 1 gram.

B) A more expensive cartridge shows
significant distortion at an ampli-
tude of only 70 µm, tracking at 11/2
grams in the same tone arm.

C) The same cartridge (same arm and
tracking force) indicates unlisten-
able performance at 100 µm.

of 1 gram) below the modulus of elasticity-the
threshold beyond which the vinyl of a record groove
doesn't immediately spring back into shape after the
stylus passes. (It is an absolute must to track below
this point if permanent damage is to be avoided.) To
make this possible, the Ortofon's unique VMS (Vari-
able Magnetic Shunt) design combines very low
moving mass (0.5 milligram), very high structural
strength in the moving system, and very high stylus
compliance - 50 x 10-6 cm/dyne in the horizontal
plane, 30 x 10-6 cm/dyne vertically.

The new Ortofon is the latest product of a com-
pany involved with records and professional studio
recording equipment for more than fifty years. Man-
ufactured and tested at Ortofon's factories in
Denmark, the M 15 E Super is also rechecked in the
United States after shipment.

We will be happy to send you full specifications,
descriptive material (including reviews), and a list
of Ortofon dealers if you will write us at the address
below.

0 I 1 O o I I. 9 EAST 38TH STREET NEW YORK 10016

Check No. 23 on Free Information Card



Behind The Scenes
Bert Whyte

Ft

OR THE PAST SEVERAL months I
have had the privilege of using
he production prototype of the

new Ampex AG -440C professional
audio recorder. The model furnished to

me was the 440C-4, a four -channel re-
corder using 'h -in. tape. I have been
using its illustrious predecessor, the
440B, in the same configuration for
some years now, so I had a handy

reference for comparison. After end-
less hours of testing, probing, measuring,
after trying to confuse and abuse the
tape transport logic, and after "nit-
picking" my way through the various
electronic and mechanical parameters,
I can state unequivocally that the
Ampex 440C is a "state-of-the-art"
recorder in the truest sense of that
overworked term and the finest pro-
fessional tape machine I have ever
used.

Progress in the world of professional
audio is generally evolutionary in
nature, and so it is with the Ampex
440C. The truly revolutionary tape
recorder will utilize digital techniques,
and in spite of some recent progress, it
still appears to be a long time off in
the future. There are, to be sure, some
important innovations in the Ampex
440C. For the most part however, it is
the updating and painstaking refine-
ments of existing performance and
maintenance features that makes the
440C such a high quality tape recorder.

Basic to the 440C and all Ampex
professional tape recorders is the very
heavy die-cast and precision -milled top
plate. Die casting is expensive, but if
you are to have the tape transport
components rigidly mounted in an
accurate and unyielding plane, this
is the way to go. This heavy plate makes
possible the interchange of tape head
assemblies for quarter -inch and half -
inch tape. There is a finely milled
area on the top plate, with two ma-
chined guide pins and two screw holes.
The heads are contained in a cast hous-
ing, the base of which has been milled
and holes drilled which align perfectly
with the machined pins, and which
accept screws and lock washers to
secure it to the top plate. The leads
from the heads terminate in a flat
fiberglass board and are connected to
a series of pins. The board/pin assembly
plugs into female receptacles which are
mounted at the back end of the milled
head area on the top plate. This arrange-
ment makes the 440C available with
full -track, half-track, two -track and
four -channel heads for quarter -inch
tape, and for a four -channel head with
half -inch tape. There is a special
Ampex 440C-8, which is an 8 -track
version utilizing one -inch tape. To
accommodate both the quarter- and
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way out:
Tape cassettes and cassette
recorders were once regarded
pretty much as novelties. Sure,
they were great for voice record-
ings, but they weren't taken seri-
ously by hi-fi buffs. Then along
came TDK's Super Dynamic, the
tape that started a revolution in
the industry. It gave the cassette
true high-fidelity capability for the
first time, thereby stimulating the
development of improved cas-
sette recorders.

As a result, manufacturers of both
tape cassettes and cassette re-
corders started turning out better
and better products. So today the
question is " how well do they
match each other in performance
capability?" And with the devel-

opment of TDK's great new
Dynamic -series of cassettes, the
whole world of sound reproduc-
tion has changed.

When it comes to matching or ex-
ceeding the performance capa-
bilities of present-day cassette
recorders, TDK's new Dynamic
series is way out front. Extra
Dynamic (ED) cassettes offer an
entirely new dimension in record-
ing fidelity that is vastly superior
to any other cassette now on the
market. Super Dynamic (SD), the
tape that started it all, still has
better -balanced total perform-
ance characteristics than any
other brand made and is available
in cassette or open -reel format.
And Dynamic (D) is an entirely

new hi-fi cassette offering excel-
lent quality at moderate prices,
with characteristics superior to
most "premium" cassette tapes.

So, if you want to be sure of
using cassettes that provide the
best total performance on any re-
corder ... for performance capa-
bilities that are and always will be
ahead of the industry ... discover
the dynamic world of TDK!

the new dynamic world of

TDI< ELECTRONICS CORP.
755 Eastgate Boulevard, Garden City, New York 11530

Check No. 35 on Reader Service Card



half -inch tape, the tape guides at the
supply and take-up sides of the recorder
have a clever spring -loaded mechanism,
which, when pulled upwards and given
a half turn, presents a choice for either
tape width. Mounted on the head area
on the top plate and coming up into
the head casting is the scrape flutter
filter. The filter is mounted in jeweled
bearings as in earlier models of the
440, but in the new 440C, the idler has
a groove cut into it at mid -point which
is claimed to further reduce friction.
The half -inch head assembly of the
440C features sapphire tape guides
which reduce tape skew to a very low
figure and translate into greater phase
shift stability as well as high frequency
amplitude stability. This phase shift
stability is extremely important in
multi -channel head configurations. The

heads in the 440C are of a new design,
with thinner laminations giving less
iron loss. There is a new adjustment
in the reproduce electronic module for
head resonance which compensates for
gap loss. These improvements in the
heads and in the associated electronics
result in a remarkable frequency re-
sponse of 30 Hz to 25 kHz ± 2 dB at
15 ips. To round out the features in
the head housing, the automatic tape
lifters come up through the top plate
into the housing and they may be over-
ridden manually, electrically or by
remote control for cueing or editing.

The Ampex 440C may be ordered
with the hysteresis synchronous motor
common to previous models, but in
my opinion most users should opt
for the d.c. motor with servo control.
The 440C I had was so equipped and to

Manual controls on the AG -44C include indicator pushbuttons used for
operating functions. Calibrate positions have been incorporated on the
reproduce and record level controls for easier adjustment and maintenance.

Closeup of the head assembly. AG -440C recorders feature sapphire guide
in their tape guidance systems.

me this is one of the most worthwhile
and significant features of the new
recorder. The capstan servo system
consists of a d.c. power supply, a motor
drive amplifier, a high torque, direct
drive d.c. motor with a magnetic tach-
ometer, crystal reference oscillator,
a selectable frequency divider, a phase
comparator and a low-pass filter. Ex-
cept for the d.c. power supply and the
motor, all electronic circuitry is on a
printed circuit board mounted inside
the servo chassis at the rear of the
recorder. This is a position servo and,
in essence, the tachometer pulses are
compared with the selected reference
frequency and any frequency difference
between them causes the comparator to
produce a corresponding output voltage.
Thus, tape speed is entirely independent
of power line voltage and frequency
variations. There is a provision to use
an external reference oscillator which
in special applications affords tape
speeds from 3 ips to 45 ips. Another
advantage of the servo system is that
it doubles the number of speeds avail-
able on the 440C. By a simple change
of jumper pins on the servo printed
circuit board, you may choose speed
pairs at 33/4/7/, 71/2/15, or 15/30 ips.
Of course, you must also change the
record and playback equalization cards
in the electronics for the speeds you
choose. The servo motor system affords
excellent tape speed accuracy and sta-
bility. There is no drift, and the wow
and flutter figures are impressive.
Unweighted NAB is 0.05% at 30 ips,
0.06% at 15 ips, 0.08% at 7' ips, and
0.1% at 33/4 ips. High torque assures
fast start-up time. When necessary, an
instant start, with no delay whatsoever,
can be achieved by pressing both the
STOP and PLAY buttons simultaneously,
then releasing the STOP button, at which
time the capstan is up to speed. A
relay, which can be plugged into the
servo control chassis, sets up a condition
where the capstan will not start until
the tension arm is in the ON position
and the TAPE button is depressed. This
is of value in broadcasting work where
long stand-by periods often occur.

As in previous 440 models, tape
motion is controlled by pushbutton
solenoid operation. Response is vir-
tually instantaneous, and with no clicks
or pops either through your loud-
speakers or on the tape. In the 440C,
motion sensing has been added. A tacho-
meter on the supply -reel table furnishes
information to an LED/photo transistor
sensor. With this system, it is possible
to be at full speed in the fast forward
or rewind modes, press the PLAY button,
and the tape will slow and then stop and
go immediately into play mode. This
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Auto-MagicTM is only the beginning
of the Realistic STA-150 story.
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But what a beginning! Touch the tuning knob and Auto -Magic
deactivates the AFC for easy FM station selection. Release
the knob and Auto -Magic fine-tunes the station and locks
it in. But it isn't Auto -Magic alone that makes this a great receiver.

There's dual gate FET FM, along with 7 integrated circuits
for reliability and superior sound, plus flexible bass, treble and
midrange controls and transformerless audio circuitry.
And tape copying facilities, too.

Then there are those "little things" that make Realistic receivers
big values: Glide-PathTM volume controls, wideband AM
tuner, high and low filters, FM muting, tape monitor, main and
remote speaker outputs, a luxurious walnut case and more.
It's U.L. listed, of course.

The happy ending is the price: 34995
SPECIFICATIONS. FM TUNER. Sensitivity: 1.6 µV INF. Stereo Separation:
45 dB at 1 kHz. Signal -to -Noise Ratio: 70 dB. Selectivity: 56 dB.
AM TUNER. Sensitivity: 20 µV (at terminals for 20 dB S+N/N).
Selectivity: 30 dB. AMPLIFIER. Power: 160 watts ±1dB at 4
ohms, 100 watts IHF at 8 ohms, 65 watts RMS at 8 ohms. Frequency
Response: 20-20,000 Hz. Power Bandwidth: 15-70,000 Hz.
Harmonic Distortion: less than 1% at rated output.

FREE '74 CATALOG
010115 AT YOUR NEARBY STORE OR

MAIL THIS COUPON
PLEASE 180 Pages ... Full Color! Hi -Fi, CB, Kits,

384

PPINT
CLEARLY Recorders, Antennas, Parts, More!PEAP.

Name Apt. #
Street
City State ZIP

Complete STA-150
Stereo System

LAB -36A with Base
8 Magnetic Cartridge,
Reg. 79.95.

Save 5985

Two Optimus-1
Speakers,
Reg. 89.95 each.

54995

T2EAUSt7L
Radiélhacli

8 A TANDY CORPORATION COMPANY

2617 W. 7th St., Fort Worth, Texas 76107
Check No. 28 on Reader Service Card



A brilliant idea
realised to
perfection:

DIASA
Our patented

Diamond Phonograph Point
on a Sapphire Shaft.

Sapphire Shank

Bond
Elliptical

Diamond Tip

So far over 1 million Di-
amond Sapphire (DIASAI
styli have been mounted
into top -class cartridges

Due to the low specific weight of
sapphire (3.9) we are in a position to
producea phonograph point-elliptical
or conical design-with exceptionally
low dynamic mass.
-The very narrow tolerances in diam-
eter and length render the setting of
the styli into the holder possible with
a maximum of precision.

We are also in a position to offer
the following high -quality articles
produced in our own works:

Diamond Phonograph Styli with a
stainless steel shank-

Holders for styli manufactured out
of the lightest possible aluminum
tubes, mounted or unmounted.

Diamond Styli

Aluminum
Tube

Our standard measurements for
phonograph styli are:
0.010" x .020" long R .0007"

,x.012"x.025"-.040"long R.0007"

0.016" x .040" - .060" long R .0007"

For samples and offers please contact:
Benz Micro -Diamonds,
Landstrasse 20,
CH 8450 Andelfingen, Switzerland,
or our representatives in the USA:
Arthur C. Agazim & Son,
P.O. Box 129, Lake Forest, Ill.

60045
Phone: (312) 234-4314.

system is also fail safe ... any inter-
ruption of power, even when running in
fast forward or rewind, will simply stop
the reels without spilling miles of tape.
For easy serviceability, the record
control and transport logic circuitry
are on plug-in etched boards. In addi-
tion to the fully opening head gate,
editing is simplified with a feature that
relaxes the brakes without the need of
holding up the takeup tension arm, as
in earlier Model 440 units. Tape may
be spilled without the tape being
threaded through the tension arm and
without movement of the takeup reel.
A small but important new feature on
the transport is that when the recorder
is in the standby mode, tape will not
rub on the capstan shaft.

Now that we have covered the heads
and the 440C transport, let's take a
look at the electronics. New on the
440C are calibrate positions for re-
produce and record controls. When
turned fully counterclockwise, the
controls click into a detent position.
While in this position, access holes
to screwdriver gain adjusts (located
underneath and to the left of the VU
meter on the electronics module for
reproduce, and a similar one underneath
the record control) permit the setting
of various standards. For example, in
conjunction with my Dolby A361 units,
I adjust the reproduce calibrate control
for Dolby level at 0 VU.

All plug-in circuit cards now have
gold-plated contacts for greater re-
liability. Overall improvement in the
electronics have resulted in improved
signal-to-noise ratios and less hiss in
standby mode. Sel-Sync response has
been improved at 15 ips, now typically
30 Hz to 12 kHz ± 2 dB. Sel-Sync
signal-to-noise ratio is now equal to
reproduce S/N. In the 440B, Sel-Sync
gain adjustments had to be made from
the rear and were a real pain. Now the
adjustment is on the front panel of
the electronics. Also, automatic switch-
ing has been incorporated in the Sel-
Sync mode. When a channel being re-
produced in Sel-Sync is put into record,
the output switches from monitoring
Sel-Sync to monitoring input. Instead
of rotary switches for recorder functions
as input, repro, ready and Sel-Sync,
there are indicator pushbuttons with
colored shadow masks. Meter sensitivity
is now easily selectable by switch from
+8, used mainly in broadcast work,
to +4, the standard of the recording
industry in this country. A minor point,
but good thinking, is that the VU
meters are now flush with the electronics
modules to minimize breakage. Another
small point, but again helpful if you
have either struggled with a small

Allen wrench (or didn't have the right
size), is that the access panel to the cir-
cuit cards is now fastened with knurled
coin -slot screws. Record and ready
lamps are now replaceable from the
front instead of at the rear, as on pre-
vious 440 units.

After five or six hours of use, the
440B recorders used to get a pretty
warm top plate. In the 440C, an auto
transformer has replaced a power
transistor, so this is no longer a prob-
lem.

The usual spate of accessories are
available for the 440C, including remote
control. An unusual one, however,
available only with servo motor units,
is the sync lock, which provides constant
lip sync with film or video, or sync
with another recorder.

That is pretty much the make-up of
the new Ampex AG -440C. The speci-
fications resulting from all these various
improvements are very impressive. As
noted previously, frequency response
at 15 ips, using Ampex 406 tape, was
± 2 dB, 30 Hz to 25 kHz; at 71/2 ips
+ 1/-2 dB, 30 Hz to 18 kHz; 33/4 ips
was + 1/-2 dB from 30 Hz to 7.7 kHz.
At the 30 ips speed, the response was
± 2 dB, 50 Hz to 20 kHz. My frequency
response and alignment tape only goes
out to 20 kHz, but I measured 16 kHz
as exactly flat, while the 20 kHz was
down but a half of a dB!

Signal-to-noise ratio for full track
440C recorders using the ASA weighted
curve is claimed to be an awesome -73
dB! With the same curve, the 440C
four -channel unit I used was rated at
-68 dB at 71/2 ips, and -66 dB at 15 ips.
With Dolby A361 units adding another
10/15 dB, this is truly astonishing. I

made various types of recordings, in-
cluding some live material through a
mixer, and in all cases, noise ceased to
be a factor.

Using the Ampex 440C was truly a
delight. All controls are logically dis-
posed and easy to use. The operation
of the recorder becomes virtually in-
stinctive. Tape handling is quite out-
standing, very positive starts and stops,
extremely smooth spooling, including
while in fast forward and rewind modes.
The sound of my half -inch Dolby A
quadraphonic master tapes was "hound's
tooth" clean. I changed heads from the
four -channel half -inch to the two -chan-
nel head from my Ampex 440B recorder.
Because the heads were not of the new
design, the frequency response run on
my alignment tape wasn't as impressive,
but being down 21/2 dB at 20 kHz ain't
exactly suffering! All in all, my ex-
perience with the Ampex 440C bolsters
my opinion that if you can afford the
best ... this is unquestionably it. /E
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Dear Editor:

More on Heyser
Dear sir,

Although I strongly feel that prior
to purchasing a speaker system it
must be carefully and critically lis-
tened to, I also believe that thorough
and objective laboratory test results
should be made available to the
prospective buyer by the manufacturer.
If test results are to be utilized in the
selection process, then standardiza-
tion of test methodology becomes
imperative if meaningful comparisons
are to be made.

The average audio buff and even the
serious audiophile is often relatively
naive with reference to modern
testing methods and equipment. Being
in this category, I enjoyed Richard C.
Heyser's article (AUDIO, Nov. 1973)
because it made me aware of some of
the technical complexities involved
in testing contemporary loudspeakers.
The article also enabled me to clear
up some technical misconceptions.

The style and type of information
included in the article is of the type
that is of concern to a consider-
able number of AUDIO'S dedicated
readers. Too few publications are
presently available which emphasize
the important role of the method by
which specifications are arrived at.
I am looking forward to reading more
articles of this nature in future issues
of AUDIO.

Arturo T. Rio
East Lansing, MI

Dear sir,
Heresey! Your publication has always

had a tendency to publish frequency
response curves that looked danger-
ously like a speaker sounded, sub-
jectively speaking, and now you've gone
and reinforced those curves with a full
testing procedure that shows a complete
lack of respect for hype, Madison
Avenue and the American Way. For
Shame! As if that wasn't bad enough,
you've got this upstart Heyser who has

the gall to summarize the results in
English without drooling. Doesn't he
know that he could antagonize your
advertisers by being a poor politician?
Keep it up.

Paul M. Karagianis
Charleston Heights, SC

A Complaint . .

Dear sir,
Attention is called to the classified

advertisement by Mr. John Kountz in
AUDIO, Jan. 74, page 82, column 3.
This ad reminded me that I have never
received my NAB adaptors requested
and paid for in May 1973. This may
well have been an honest error but I
wonder if other readers have had the
same experience?

A copy of the endorsed check is
enclosed and a copy of this letter is
also being sent to Mr. Kountz.

Harold W. Draper, M.D.
Silver Spring, MD

satisfied.
Dear sir,

I urge publication of Dr. Draper's
question relating to not receiving mail
"ordered" goods. This question is
common to both buyers and, from my
point of view, sellers and raises a good
issue. In Dr. Draper's case, the hub
adapters were sent first class mail on
May 25, 1973-however, sending ma-
terials is no guarantee of their being
received. Nor, as exemplified by Dr.
Draper's situation, can the seller react
unless notified by the buyer. To close
this communication loop, may I suggest
that the buyer contacts the seller if the
cancelled check arrives before the
ordered item(s).

Coincidentally, and germane, is the
instance where items are shipped against
a "bad" personal check. While such
instances are rare, they do occur causing
some mail order sellers to "age" orders
to insure clearance of the buyer's check.

Fortunately, over the past three years
I've been "stung" less than a half
dozen times and therefore haven't
resorted to "aging." And, since the
bulk of those "stingings" came from
dealers rather than individuals, I have
concluded that either your readers are
good guys or $3.00 is too low a figure
to kite a check for.

John C. Kountz
1065 Van Dyke Dr.

Laguna Beach, CA 92651
P.S. Two more NAB Hub Adapters
were sent to Dr. Draper on January
15, 1974. If anyone else hasn't received
theirs, please let me know.

Thanks from a Service
Technician
Dear sir,

I just wanted to drop a note of
appreciation for the article concerning
the rash of complaints concerning
service problems. I have been out of
the States for over two years, and
upon my return, have found a marked
increase in the general "bitchiness"
of service customers.

At first I thought it was my increased
sensitivity to the attitudes of Americans
that accounted for my increase of
hassles. Now I realize that people
really have gotten worse. Needless
to say, I have found your article to
be a tremendous boost to my sense
of self-worth.

Perhaps "Naderism" has gone a bit
too far in developing a general sense
of distrust on the part of consumers.
Perhaps consumers should also take
some responsibility for their self -
education in the marketplace. Perhaps
a place for quality is developing once
again with consumers.

W.R. Hester,
Tech. Eng.

Howard Sound
Denver, Colorado

16 AUDIO  APRIL 1974



Guaranteed to enhance and improve
any fine stereo system!
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SPECIFICATIONS and SPECIAL FEATURES
TOROIDAL and ferrite -core inductors, ten octave -bands per
channel.
FREQUENCY response: ± t/z db from 20-20, 480 Hz at
zero setting.
HARMONIC DISTORTION: Less than .1% THD @ 2 v.,
Typ: .05% @ 1 v.
IM DISTORTION: Less than .1% ür 2 v.,
Typ: .05% @ 1 v.
SIGNAL-TO-NOISE RATIO:'3etter than 90 db @ 2v. input.
INPUT IMPEDANCE: Operable from any source 100K ohms
or less - (any Hi -Fi Pre -amp Re®iver or Tape Recorder.)
OUTPUT IMPEDANCE: Operable into 3K ohms or greater
- (any Hi -Fi Amp, Receiver or Tape Recorder.)
CIRCUIT BOARDS: Military grade -10 glass epoxy.

RESISTORS: Low-ioise selected carbon -film.
RANGE: 12 db boost and 12 db cut, each octave.
MASTER OUTPUT LEVEL: "Frequency -spectrum -level"
controls for left and right channels, continuously variable
18 db range, for unity gain compensation from minus 12
db to plus 6 db..
MAXIMUM OUTPUT SIGNAL: variable Master "frequency
spectrum level" Controls allow adjustment of optimum
output voltage for each channel, to exactly match ampli-
fier capability, up to 7 v.
SIZE: designed to coordinate with receivers, comes in-
stalled it handsome walnut -grained wood receiver -size
case, 5i,, t 18" x 11", or rack mount.
WARRANTY: 2 -year parts and labor.

Check No. 34 on Reader Service Card

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

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

1721 NEWPORT CIFCLE
SANTA ANA/C.ALIF/92705



Editor's Review

SCHWANN RECORD & TAPE GUIDE has released a
survey, based on the Guide's New Listings section,

which shows that new record and tape released declined
during 1973 as compared with 1972. The decrease, says
Schwann, is mostly in the number of tapes; there were
only 22 fewer LPs released in 1973, whereas there were
916 fewer new tapes. While not speculating about
possible early effects of the petroleum shortage,
Schwann does point to fewer concurrect releases of
LPs, cartridges, and cassettes. To quote their release:

"Last year, newly released selections were often simul-
taneously released as an LP, cartridge, and cassette.
This year the industry has become more selective, re-
leasing cartridges and cassettes only in fields where
their appeal has been proven, such as country & western
and soul.

"The 2658 non -classical listings include popular,
jazz, musicals, TV, international, etc. 2003 of these new
listings were in the popular section, and were produced
by 1230 artists. In 1972, the average was a little less
than 1' records per artist; in 1973, it is slightly more
than 1' per artist, which denotes a growing selectivity
and concentration on better-known and better -selling
popular performers. This shows a reversal of the trend
of recent years when popular music was produced by
a greater number of artists and groups. Some of the
most frequently recorded popular performers listed in
Schwann during 1973 were: Kris Kristofferson, 6; 5

each, Johnny Cash, Percy Faith, George Jones, Gail
MacDermot and Angela Ortega, Johnny Mathis, and
Boots Randolph."

There has been some talk about the resurgence of
jazz, and the Schwann statistics on new releases in this
field show that such is indeed taking place. During
1972, 479 new jazz releases were made, while in 1973
there were 560. The concentration and selectivity
appeared in this field too, with only 60 individuals
and groups contributing the 560 releases. The most
frequently listed individuals were: Duke Ellington, 8;
Eubie Blake and Cal Tjader, 6 each; Ella Fitzgerald,
Earl Hines, Herbie Mann, and McCoy Tyner, each with
5. Schwann also notes several important jazz releases,
including Atlantic's reissue of the Commodore label
material, and releases of previously unpublished ma-
terial by Art Tatum on Onyx, Duke Ellington on
Columbia, Atlantic, and Fantasy, and Miles Davis on
Columbia.

How has quadraphonics fared amidst all this con-
centration and selectivity? Very well, according to the
Schwann statistics. Some 813 four -channel recordings
were listed during 1973, a very large increase over the
477 listed in 1972, the first year Schwann listed four -
channel material.

Classical Listings
For 1973, classical music releases totaled only one

greater than in 1972, 396, but, according to Schwann,
they appear to be showing greater diversity than the
popular and jazz fields. Says Schwann:

"One of the new developments of 1972 was the idea
of series designed to acquaint new audiences with the
music of the recognized masters of classical music; for
example, the 'Best of ...' and `Greatest Hits of ...'
series. While these are still very much a part of the
market, there is a growing emphasis on the more eso-
teric areas of music, such as pre -baroque and con-
temporary music, and the lesser known compositions of
the `masters'."

Statistics given to support this thesis show during
1972 one composition with 10 new recordings, seven
with six, and four with five. During 1973, the compo-
sitions most frequently recorded were: six of Rach-
maninoffs Concerto No. 2 in C for piano, and five each
of Beethoven's Sonata No. 14 (Moonlight), Grieg's
Concerto in A for piano, Handel's Royal Fireworks
Music, Mussorgsky's Pictures at an Exhibition, Rach-
maninoff's Rhapsody on a Theme of Paganini, Ravel's
Pavane pour une infante defunte, Rimsky-Korsakov's
Scheherazade, Schubert's Songs and Symphony No. 8
in B (Unfinished), and Tchaikovsky's Concerto No. 1
in B for piano.O

The "Top Ten" among classical composers has the
same four names heading up the list, with Mozart No.
1, Bach No. 2, Beethoven No. 3, and Tchaikovsky No. 4.
Last year Beethoven was No. 1 and Mozart No. 3,
while Bach and Tchaikovsky were Nos. 2 and 4 respec-
tively. Top performers for 1973 were Ormandy with 75,
Bernstein with 61, Karajan with 28, and Collegium
Aureum with 21. During 1972, Ormandy had 87, Kara -
jan 52, Bernstein 41, and Fiedler 40.
The recording of contemporary music almost doubled

in 1973 over 1972, as Schwann listed 280 living com-
posers in 1973, as compared with only 147 in 1972.
There were 10 new recordings of electronic music in
1973. Important releases in the classical field include
a first recording of Pfitzner's Palestrina on DG and a
complete "live" performance of Wagner's Ring des
Nibelungen on Philips.

"Aw, Gee Whiz" Dept.
It took a Canadian to write it, and it looks like we

Americans needed it what with the Dry Well/ Water-
gate/Trucker's Strike Blues we've been singing lately.
What am I talking about? Canadian Byron Mac-
Gregor's Americans, a heavy pat on the back for 01'
Uncle Sam, which has sold well over three million
copies since its release December 14th. It takes a good
deal to make me cry these days, but I have to admit
friend Byron got to me, especially with that line about
the Red Cross. Maybe you could play it while you're in
line at the local filling station. E.P.
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THE RIGHT PICKERING CARTRIDGE
FOR YOUR EQUIPMENT IS THE BEST

CARTRIDGE MONEY CAN BUY.
They feature low frequency tracking and high frequency tracing ability*!

DISCRETE 4 CHANNEL
UV -15 2400

DCF 2400

nUrOMnriCnHr:SE RiRriON

UV -15 2000 0

DEMODULATOR p

STEREO AND MATRIX

MANUAL

IMANUAL/AU TOM AT ICI

r XV -151200E
DCF 1,100

*1St

MANUATurRA« Bi[ ivTio
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ruR«reinivTio«

I

XV -15750E
DCF 750

runRrB[

XV -15400E
DCF 400

IMANUAL/AUTOMATICI

XV -15350 1
DCF 350

4110111,fik'

MANUALtL
IMANUAL/AUTOMATICI

n

XV -15200E XV -15150
DCF 150

XV -15140E
DCF 140

CHANGER
1

XV -15100
DCF 100

Pickering offers you "The Best of Both Worlds" in
DISCRETE 4 -channel and in STEREO cartridges. These
cartridges have been specifically designed and engi-
neered not only to peak specifications and performance
characteristics, but also to achieve total compatability
with your music system to help you get the most out of it.

Only Pickering has developed a way for you to be
absolutely certain you select the "right" cartridge for
your music system. We did it first for STEREO by devel-
oping our Dynamic Coupling Factor rating system-DCF
for short-which identifies pick-up performance in terms
of a quantitative measurement. The value of a DCF rating
lies not only in its merit to define low frequency tracking
ability but also in its measure as an index of high fre-
quency (8 to 50 kHz) tracing ability. Pickering's DCF-
rated pick-ups have exceptional high frequency tracing
characteristics, vital for both STEREO and DISCRETE
4 -channel performance. The Pickering cartridge exactly

"right" for maximum performance with your equipment
is simple to select because of this rating method.

Now, Pickering is also applying application engi-
neering techniques and DCF ratings to its DISCRETE
cartridges. They fulfill the stringent requirements neces-
sitated by the sophisticated nature of discrete discs.

So, whether STEREO or DISCRETE is your prefer-
ence, choose from "The Best of Both Worlds" the
Pickering cartridge exactly right for your equipment.

For further information write to Pickering & Co., Inc.,
Dept. D 101 Sunnyside Blvd., Plainview, New York 11803

trace bióty-T M

PICKERING
"for those who can hear the difference"

Check No. 25 on Free Information Card
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"The Columbia process of recording, as developed especially
during the last two years, produces a naturalness and round-
ness and perfection of tone that is positively unequalled in any
other. The singing voice, as recorded in the Columbia labora-
tory is the living voice of the artist: clear; flawless; and nat-
ural ... "-from a Columbia demo record circa 1911

Arthur Shifrin

THERE'S A LOT of interesting and entertaining stuff on
those old discs and cylinders; to some collectors their
contents are no less than sacred. Be they ordinary

commercially pressed discs, privately recorded, or those legend-
ary old broadcasts, there -is widespread interest in listening
to, collecting, and improving them. One of the frequently
printed inquiries to Herman Burstein's informative "Tape
Guide" column concerns this highly specialized aspect of
recording. The usual presumption is that this process of
improvement, or restoration as I prefer to call it, is made
through the taping process. The recommendations often pro-
posed, in the hope of diminishing highs and thereby reducing

noise and distortion, include: taping at slow speeds; deliberate
misbiasing; playing back a tape of the noisy discs on a wide -
gapped or worn head; recording from outputs which are
affected by an amplifier's tone controls and filters; shunting
capacitors to ground at the phono preamp's inputs; and
utilizing any of the recently marketed consumer -oriented
equalizers within recording or playback lines.

Unfortunately, there are common misconceptions about the
causes and characteristics of 78 noise, and these make the
above suggestions, at best, inadequate. I certainly don't intend
to cast any aspersions upon Mr. Burstein; but because the
field of restoration is such a narrow area of the audio engi-
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SANSUI'S FOURi -CHANNEL RECEIVERS
Sansui's QRX series AM/ FM receivers are the most advanced 4 -channel units
you can own. All four have Sansui's QS vario matrix to give you unparalleled
4 -channel performance. QS and SQ matrix recordings and broadcasts are
decoded with true -life fidelity. All Sansui QRX receivers feature the unique
QS synthesizer to create 4 -channel sound from stereo sources with true
directionality. Discrete sources such as tape and CD -4 demodulators can be
used with any Sansui QRX 4 -channel receiver. Plus you get Sansui's famous
engineering excellence in amplifier and tuner sections as well. Hear them all
at your nearest franchised Sansui dealer.

Scuts -mi.
SANSUI ELECTRONICS CORP.
Woodside, New York 11377  Gardena, California 90247
SANSUI ELECTRIC CO., LTD., Tokyo, Japan
SANSUI AUDIO EUROPE S. A., Antwerp, Belgium  ELECTRONIC DISTRIBUTORS (Canada) Vancouver 9, B.C.

Check No. 33 on Free Information Card

VARIO MATRIX



neering profession, few enthusiasts, even few professional
engineers, know how to contend with the challenges presented
by old, noisy discs.

Before I describe some restoration techniques, I'm going to
give a primer course about the ways in which pre -tape and
pre-L.P.' era recordings were mastered and manufactured.
Knowing why the techniques are used should help you get
the most effective results and, I hope, provide a firm founda-
tion upon which you can experiment with your own pro-
cedures. Everybody knows that old records sound terrible;
the crucial question is "why?" They can be noisy and distorted
because they are dirty, worn and mutilated, mastered ineptly,
manufactured out of inferior materials or played with the
wrong stylus. Additionally, the presence or lack of fidelity is
mostly due to the means of mastering and not those of mass
production. Aside from a few photo -optical and magnetic
experiments, the primary way to record sound prior to the
1920s was a purely mechanical process. Records were recorded
precisely the same way in which "Little Nipper" listened to
"his master's voice"-through a horn. One or several cones
would collect sound waves in the studio and transmit them to
a diaphragm which modulated a cutting stylus. Since the only
full range diaphragm is the living eardrum, this "acoustical"
process of recording could produce a dynamic range, at best,
ranging from approximately 200 Hz to 3 kHz. "Mechanically"
mastered records are easily distinguished by their washed-out
tonality. Subsequent to 1925, most discs' were recorded
electrically, as all are today. By 1924, the Western Electric
process which had originally been developed to pre -record
orchestrations for silent films enabled a useful frequency
range from 50 Hz to 4 kHz, a substantial improvement as
perceived by the ear, even when such discs were played back
on acoustical mechanisms. Marketed as "Viva -Tonal" and
"Orthophonic" recordings by Columbia and Victor respec-
tively, frequencies up to 10 kHz could be mastered in wax by
1928. Unfortunately, those ultra high frequencies could not
be effectively transferred to pressings. Those which were,
would be quickly eradicated by playings of the gougingly
heavy steel needles used in those days.

All old records are not alike. There is an obvious difference
between cylinders and discs, the former being cut vertically
(up and down undulations) and supposedly recorded at 160
rpm. Most commercially released discs were laterally cut
(horizontal vibrations), some were vertical, and others with a
hybrid characteristic which ostensibly enabled them to be
played upon either kind of pick-up (in the old lexicon, re-
producers). Some old commercial releases, such as those first
issued by Victor in 1931, were played at 331/2. Speeds other
than 78 (actually, 78.26) were either standard for same firms
such as Columbia and OKeh (that is the way the firm spelled
its name) which cut their discs at 80, or occurred due to,
perhaps, a lack of quality control. For example, referencing
reproduction to the known pitch of certain artists such as
Caruso, the ostensibly correct speeds of many discs have been
determined to range from the low 70s to low 80s. Some Pathés
and early Berliner records are said to have been recorded in
the 90s rpm! Speed variances, especially prior to the use of
hysteresis -synchronous motors in cutting lathes, leave little
choice but to render this point to subjective analysis.

The rigid tar -like substances out of which most "78s"
were pressed were not the only materials used in manufac-
turing discs. Some outfits such as the Durium Corporation
pressed its "Hit of the Week" releases upon terrific sounding
laminated cardboard bases. Aluminum (both uncoated and
sprayed over with acetate), plastics, and glass comprised other
kinds of discs of varying sizes and thicknesses. 78 pressings
are the most commonly found old records because they were
mass produced for public consumption. Most frequently

issued in 10- and I2 -inch diameters, they are occasionally
found in odd sizes ranging from 51/2 to 20 inches wide.

Prior to Emil Berliner's development of the mass manufac-
turing technology, which remains essentially unchanged today,
each disc produced was indeed an original. The artist would
be encompassed by as many recording machines as would
permit proximity to the recording horns and perhaps a dozen
discs could be manufactured simultaneously. These coarsely
surfaced, brittle platters were inevitably noisy because the
materials, techniques, and equipment simply did not yet exist
which would enable etching or impressing of grooves into a
surface which could be smooth yet capable of withstanding
destruction by the forcefully tracked steel needles used in
gramophones.' The Berliner process revolutionized the re-
cording industry. By mastering upon impeccably smooth bees-
wax and then electroplating the originals, the capability of
mass production was realized. A flawless, oppositely impressed
metal copy of the master could be used to press playable
duplicates out of whatever material was then available for
that purpose. Consequently, it is a mistake to assume that
most or all of the noise on old records is due to the mastering
process. Under optimum conditions, the wax masters and their
subsequent metal parts (mothers and stampers) are by today's
standards, incredibly quiet. That is, a metal part which is
neither tarnished nor mutilated will be substantially noiseless
when played with a modern cartridge equipped with an
appropriate stylus and without any filters! The problem was
to maintain the integrity of the grooves when the final discs
were stamped. The technology of plastics was embryonic and
shellac was apparently the only economically (perhaps the
only) feasible material out of which an adequately smooth
disc could be produced. Unfortunately, a disc made of this
substance would be too brittle to withstand the rigors of
every day use, let alone handling on the assembly lines.
Obversely, the tar -like materials which enabled a disc's
durability precluded silent surfaces and accurate reproduction
of the grooves in the pressing process. The coarseness of these
substances meant that minute protrusions would be present
within the grooves and these would produce noises running
the gamut from hiss, through scratching, to popping and
clicking.

The most common solution to these two mutually exclusive
problems was to press into "solid stock," an homogeneous
mixture of the two or more elements responsible for both
characteristics. Naturally, their being mixed compromised
each other's function. The qualities of pressings varied
slightly or drastically, even amongst discs issued by the same
company. Factors influencing this lack of continuity included
plant location, availability of materials, and business condi-
tions. A disc containing a greater proportion of shellac was
better sounding and more costly. The best solid -stock discs
I have heard are Brunswicks pressed by that firm after
1931, when ownership passed from Warner Brothers to The
American Record Corporation, which also owned Columbia.
Interestingly, both before and after its acquisition by RCA in
1928, Victor sanctimoniously discriminated against its cus-
tomers of the popular Black label discs: its classical "Red Seal"
pressings were usually quieter despite identical pricing
schedules. Expectedly, the budget -priced labels, such as Decca
and Perfect, were noisier and more distorted than the almost
twice -as -costly Victors, Columbias, and Brunswicks. There
were, of course, exceptions to this rule. Small independent
companies, such as Musicraft and Black and White, either
could not or would not use superior materials in their full -
priced products. However, pre -CBS Columbia's budget labels,
such as Diva, OKeh, Clarion, and Harmony; Victor's Blue-
birds, and Brunswick's Melotones, usually had as fine quality
as their more costly counterparts. Regardless of label, most
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Vector Switch for Pick Ups
You might protest that the circuit between the phono
cartridge and preamp's inputs is "hands off" territory
and for good reason. Excessively long leads will introduce
hum and cause loss of highs to the precarious, unam-
plified signal. This switch can be added to your system
without jeopardizing its integrity. A miniature rotary
switch, such as Centralab's PA 1026 or PA 2026, should
be mounted as closely as possible to the base of the tone
arm. Since most tone arm boards are too thick for standard
switch and pot mounting shafts, you will probably have to
countersink the hole' so that the switch can be mounted
securely to the base. A hex driver for the 1/2 -in. nuts
which can be used on these switches is usually about
3/4 -in, wide: a wood drill bit of that width is the least
costly and neatest way to make this kind of hole. The
dull black Mallory dial plate #373 or gloss black
Centralab P-178 are marked 1-2-3 and will clearly indicate
the three positions as well as conceal the mounting hole.
If the turntable's base is too shallow to accommodate
these four wafer switches which protrude about two
inches, then the three wafer PA 2028 or subminiature
PSA 228 will be required. Exact dimensions for these
are detailed in their Industrial Distributor Components
Catalog.

The wires leading out of the tone arm and into the
shielded phono cables must be interrupted so that they
can be fed into the four input poles of the switch. This
would necessitate cutting open the leads to the kind of
multi -conductor cables which plug directly into the base
of the arm. So that this circuitry cannot be damaged by
accidental tensioning of the cables leading to the
preamp, provide strain relief. An additional safety
precaution is the installation of RCA type phono con-
nectors so that moving the unit will, at most, disconnect
the cables harmlessly at the turntable's jacks. Should
the switch induce hum, mount a small can over the
underside of the assembly and ground it.

For the less adventuresome who prefer not to operate
on their hard-earned equipment, the same switch can
be externally mounted. Its placement within a metal
cabinet is recommended because, when grounded, the
enclosure tends to act as a shield. For vertical vectors,
the two ground leads of the cartridge must be isolated
from each other on the input side of the switch, so on
the cables leading from the turntable to the box, use
connectors (e.g. microphone type) which will not lead
the two grounds into conversion on the switch's chassis.
Conventional RCA or phone jacks can be used on the
box's outputs because the two channels' grounds are
common at that point. (Refer to the text about the
suitability of your arm's wiring.)

Proximity of the box to both the turntable and preamp
is crucial: it must be placed so that the total run of cable
between the cartridge and preamp does not exceed the
pickup's requirements for capacitance. If possible,
sever the tone arm's original leads and insert the four
new connectors so that the phono cables' lengths are
not increased.

Should either project seem too complex, the author's
services are available commercially!
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the
greatest

í1 innovation
since
solid state

THE TUBE. Many audiophiles think it's old-
fashioned. They're thinking of yesterday's tube
equipment, with its poor circuits, poor tube
types, and design problems. Today's improved
tubes, combined with modern technology, de-
liver better audio reproduction than present
solid-state electronics. In Audio Research
components, the tube becomes a positive
breakthrough.

The vacuum tube is just one of the many
innovations in Audio Research equipment.
There's our own patented circuitry and power
supply regulation, plus the toughest manufac-
turing and quality control standards in the in-
dustry. That's why our preamplifiers and power
amplifiers deliver unequalled accuracy and
subtlety across the full range of musical fre-
quencies. We call it "high definition." We've
also got the speaker that does justice to the
finest components - the MAGNEPLANAR*
Tympani Series, based on a design so unique
it won a top award in a national inventors'
competition.

Audio Research equipment has more to offer
the demanding audiophile than any other com-
ponents on the market. Arrange for a demon-
stration at your dealer. Once you've heard
what Audio Research innovations mean to
music reproduction, you won't be satisfied
with anything less.

'TM MAGNEPAN,INC.

audio research
corporation
Box 6003/Minneapolis, Minnesota 55406

Tel: (612) 721-2961

discs pressed during World War II were inferior to their
predecessors because the supply of shellac was terminated by
the Japanese embargo of India. Scrap drives were instituted
to collect any old solid -stock discs which were mixed in
with whatever pure shellac was still on hand. As time pro-
gressed and the supply of shellac became depleted, the discs
became progressively worse. They are amongst the most
difficult types of discs to restore.

Another facet of the early recording technology was re-
sponsible for the noisy surfaces. Carborundum, a mineral
almost as hard as diamond, was deliberately introduced into
the record mixtures so that the needles would be ground down
to conform to the geometry of each discs' grooves. Even with
the advent of electrical recording, it was not economically
feasible to market a lightweight magnetic cartridge with a
semi -permanent stylus as we know them today. Other than
Edison's enduring diamond styli which could not be used
for lateral discs, all phonographs utilized a reproducing
mechanism which required the insertion of a new needle for
each playing. As you'll see later on, the concept of customized
needles was in fact precocious. If a 78 from that era is not
virgin, then it will contain the ground remnants of the needles
which had previously played it. These obviously contribute
to the disc's noise and even if a method were developed to
remove them, the impressions they made within the grooves
would still add to the noise problem.

Prior to its acquisition by CBS in 1938, Columbia un-
doubtedly made the most superior mass-produced discs.
Around 1910, the firm pursued technological advances to
offset the marketing blitzkreig achieved by Victor, then the
world's largest recording company. One of these was the two-
sided record which had the advantage of two selections for
the price of one-a concept which Victor at first steadfastly
resisted. The other was probably the world's first flexible and
almost non -breakable record. Marketed as the "Marconi-
Velvetone" line', these were shellac laminated upon some kind
of paper base. They were only slightly abrasive and, despite
their superiority to any other discs at that time, failed in
the marketplace. Sales resistance might have been due to
their thin, flimsy appearance and relative lack of durability.
In mid 1923, Columbia again attempted to market a superior
"New Process" record which was a conventionally thick,
lavishly manufactured platter. Essentially two "Marconi-
Velvetone" discs mounted upon a common tar base, these
five layered discs outperformed any others in their day.
Whether pressed as 78s or 331/2 radio transcriptions and film
soundtracks, their easy superiority is conspicuous as soon as
they are heard.

if your fields of interest extend to working with recordings
of old broadcasts, and you succeed in gaining access to the
actual discs, then you will encounter those which may differ
radically from the 78s with which most people are familiar.
"Electrical Transcription" described a pre-recorded commercial
or program. "Aircheck" denoted a recording whose source
was an actual broadcast signal picked out of the air. "Line -
check" indicated that the recording was made from a point
on the studio or network line prior to the transmitter. Even-
tually, the three terms became synonomous, and I mehtion
this because the labels on many of these discs might not
accurately indicate the nature of the recordings' origins. A
broadcast recording might be pressed or an instantaneous
disc. A pressed transcription was manufactured as were
commercial releases, except that few were usually made
due to a limited number of possible customers. Manufactured
out of plastics, solid or laminated stocks, these could be cut
outside -in or inside -out (i. e. the first groove being the inner -
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NcaihNil igital Color ¡Y...
Tomorrow's TV design today!
Digital technology comes to TV with the
new Heathkit GR-2000 Color TV. It has
on -screen channel numbers and a digital
clock... programmable digital channel
selection, all electronic varactor tuning,
and an IF that never needs alignment! So
advanced, it's like nothing you've ever

seen before.

The electronic on-
screen readout puts

channel number
and an optional

digital clock into
the picture.

Change channels,
or touch the "re-
call" button and

you have instant,
highly visible sta-

tion identification.

Digital logic circuitry selects channels.
You program up to 16 sta-
tions, in any sequence,
for automatic re-
call - intermix
UHF with VHF,
even repeat a
station in the
cycle. You'll never switch through a
"dead" channel again. A solid-state UHF -
VHF varactor tuner takes the place of the
noisy mechanical "thunker", corroding
contacts, humming motors and mechani-

cal linkages. It's completely silent, and
never needs cleaning.

Yet another "first" is the
unique fixed -filter

IF amplifier that
never needs instru-

ment alignment! The
picture retains its bril-
liance and clarity year

after year, without peri-
odic IF servicing. And you

get truly superior reception,
even in urban areas where the

high density of stations causes adjacent
channel interference.

The 100% solid-state chassis uses more
integrated circuits than any other TV
around. The 25" (diagonal) matrix picture
tube is the most advanced available.
There's even a volume controlled hi-fi
output jack, so you can reproduce TV
audio through your separate amplifier.

Plus, the Heathkit Digital Color TV comes
with a complete complement of self-serv-
ice instruments. And a service manual
that shows you how to use them all.

The Heathkit GR-2000 Digital TV is also
an easier kit -form TV to build. More mod-
ular circuit boards, plus more prefabri-
cated wiring harnesses and cables, hold
point-to-point connections to a minimum.
It may well be the most rewarding kit -
building experience of your life.

You can order the Heathkit GR-2000 Dig-
ital Color TV with the optional on -screen
digital clock (it can be set for 4- or 6 -digit
readout), ultrasonic digital remote con-
trol, and any of four beautiful factory as-
sembled and finished cabinets. Mail

order price for chassis and
tube, $649.95.

Remote Control,
$79.95 mail or-

der. Clock,
$29.95 mail or-

der. Cabinets
start at $139.95.

(Retail prices
slightly higher).

Send the attached card for your FREE
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Digital Color TV in detail.
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Dept. 41-4, Benton Harbor,
Mich. 49022.
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most one). Their speeds and sizes were often determined
by program formats. For example, a 16 -in. side cut at 33'//
could contain 15 minutes of programming. Both sides could
contain two quarter-hour shows or one half-hour show, with
pre-recorded provisions for a locally made live announcement
while the disc was being turned over and cued. If sequential
sides were pressed on two different discs, then a segue was pos-
sible without any live-micing. Contrary to popular belief, most
radio stations in those days depended upon pre-recorded
programming; live entertainment originated mostly from the
networks. Interestingly, the people credited with creating
the syndication business are Freeman Gosden and Charles
Correll, creators of Amos 'N Andy. In the late 1920s their
NBC shows were heard from discs in certain markets. 12 -in.
wide and recorded at 78, each side could hold up to five
minutes of material. Locally originated openings, closings,
and mid -show breaks enabled the simulation of a complete
15 minute program.

By contrast, the "instantaneous" disc was analogous to pres-
ent day tape and designed for the capability of playback with-
out having to resort to the time and expense of the pressing
process. The first such discs were highly polished aluminum
platters into which the grooves were directly inscribed. They
were improved upon by the late Cecil Watts by the addition of
acetate coatings into which the grooves were cut. Higher
frequencies could be recorded with less noise on the more
modern blanks. Ironically, the older uncoated ones are today
easier to restore than those acetates used during the transition
period from about 1932 to 1935. Given that an unmutilated
samples of both types is available, the acetate, due to chemical
deterioration, will sound worse despite its originally having
a wider dynamic range. The early coated blanks were poorly
manufactured; they had relatively bumpy surfaces and exces-
sive instability. If it has been stored properly, without exposure
to excessive heat or humidity, an acetate dating back to the
middle thirties has the potential for impressive, brilliant sound.

During World War II, recording blanks as well as pressings,
were affected by changes in the availability of materials.
Defense priorities included aluminum, so most of the blanks
produced from 1941 through 1945 had glass bases. Yes,
fragile, easily -destroyed glass! These are extremely difficult
to work with and, even if not already cracked, might be so
delicate that merely carrying them to the turntable results
in their destruction. They are usually stamped "glass" and
should obviously be handled with extreme care. Never carry
them with support from only one point and never subject
them to stress by weight: they should be stored vertically
and not permitted to lie diagonally within shelves amongst
other discs. As a precaution, I "criss-cross" the backs of single
sided ones with masking tape. Additional support is thus
provided and should a crack occur, breakage does not result.
Cracked glass discs can be salvaged if the acetate layers are
still intact. Should you observe a crack beginning to form,
a narrow piece of masking tape placed over it at the rim and
corresponding area between the label and innermost groove
will usually hold the disc together-at least long enough to
withstand handling while you're trying to get it on tape! If a
disc has fallen apart, only the most enduring patience might
reclaim it. If you suspect that a disc might be glass, its base
type can be determined safely by scraping the insides of
the center or eccentric stabilizing holes. The centers of many
glass discs had cardboard inserts which prevented the formation
of cracks by missing the spindle when placing the disc on the
turntable. Consequently, when any paper from the labels is
scraped away, you will observe either glass or cardboard
surrounding those holes. Additionally, you can see a strong
light through the blue, red or green acetate coatings.

The most extraordinary equipment requirements will occur
if you intend to tape cylinders because (I assume!) there's

just no audio dealer who stocks state-of-the-art cylinder
players. The least effective way to transfer them is to place
a microphone in front of an old phonograph's reproducing
horn. Remember that in those days, the technology of recording
was always superior to that of playback and you'd be restrict-
ing the results to the primitive capabilities of the device. What
is required is a player which enables use of modern stereo
cartridges. There are two ways that this can be accomplished,
building a completely new mechanism or cannibalizing an
old one. What results is probably the most curious -looking
sound instrument which any reader of AUDIO has ever seen.
A straight tracking arm such as the one made by Rabco can
be mounted in place of the old reproducing head. Whether
or not this can be affected without permanently mutilating
the old mechanism depends upon your mechanical talents.
Prior to making the investment, the arm's manufacturer should
be consulted to verify that the mechanism will permit the
cartridge to travel across the length of your longest cylinder.
A possibly less expensive alternative is to use a conventional
tone arm, preferably the longer ones used for 16 -in. discs.
Minimal tracking error will be achieved by mounting the arm
so that at the record's center grooves, the rear -front axis of
the cartridge is perpendicular to the length -wise axis of the cyl-
inder.

A turntable with the 78 speed is obviously required for most
old commercial discs. Automatic changers will often jam up
due to inconsistent hole diameters and prove very trying when
you're attempting to play an inside start platter. The tedium
of easing the arm into that first groove without it defiantly
flying back up can tax the most patient personality. Discs
larger than 12 in. require an oversized turntable and arm.
Geometry dictates that optimal tracking can only be achieved
with the longer arm. Variable speed control is necessary for
old discs because the heavier, larger ones can slow down some
turntables. Stylus drag, a slowing down due to the friction
produced by exceptionally heavy tracking, also requires speed
correction capabilities. Turntables which enable limited or
infinitely variable speed adjustments are widely available and
can be selected to fulfill the requirements dictated by the
kinds of discs you collect. Units such as my semi -fixed Thorens
TD-124II can be internally adjusted to achieve radical speeds,
so an occasional offbest disc might not necessitate the borrow-
ing or purchasing of another machine. Should a disc cover a
turntable's built-in strobe device, the only way to verify a
correct playing speed is to place a strobe disc over the record
and check it while the stylus is actually tracking the grooves.
Different surfaces produce varying degrees of friction and this
technique eliminates any guesswork.

You might occasionally be able to acquire an old, massive
studio turntable, such as those once made by Gates and RCA.
If you are mechanically inclined and feel that you can service
it and shrewdly dress the inevitable holes from its previous
arm(s), then buying it would be worthwhile. They are less
susceptible to slowing down effects due to their great inertia,
and the giant platters eliminate overhang with 16 -in. discs and
afford more protection to the large glass discs. The old arms,
frequently without variable tracking force and always lacking
anti -skating facilities, should be replaced. If you're curious,
I use a Thorens TD-124II turntable equipped with a Shure
SME 3012 arm.

The initial step in restoration of discs and cylinders is clean-
ing those which might be dirty. We all know that styli inter-
pret dirt as unnecessary noise and distortion, non-abrasive,
non -ammoniated soaps and warm (not hot) water will suffice
for both pressings and acetates. A forceful, diffused flow of
water will wash out any soap and lint which should have been
rubbed ONLY in circular motions corresponding to the groove
patterns. Once acetates have been washed, they should be
played while still wet. In some cases, substantial noise re -
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Heathkit AR -2020 A -Channel
Am -Fm Receiver

A
minimum
inveitment in
maximum audio
enjoyment ...only 221995*

The enjoyment of 4 -channel sound is now within almost everyone's
budget. The new Heathkit AR -2020 4 -Channel AM -FM Receiver was
planned from the start to give more 4 -channel performance for your
dollar than you can get anywhere else. And the kit -form components
go together so easily you'll wonder why you ever considered costly
ready-made gear.
The conservatively -rated four -section amplifier delivers a clean 25 watts
IHF, 15 watts continuous, per channel into 8 ohms. The AR -2020 is de-
signed for maximum versatility with individual level controls for precise
adjustment of each channel, a master gain control, and built-in SQ
circuitry so you can reproduce matrixed 4 -channel material as well as
discrete 4 -channel, stereo or even mono through four separate amps.
A versatile rear panel phone socket arrangement provides inputs for
.Phono, Tape, Auxiliary - plus outputs for "Tape Out". Front -panel push-
button switches give you fingertip control of on -off, speakers, and all
modes of operation. Two front panel headphone jacks are provided for
private listening.
The tuner section boasts two integrated circuits and two ceramic filters
in the IF to produce a selectivity greater than 60 dB, with superior am-
plifying/limiting characteristics. A phase lock multiplex demodulator
offers 40 JB typical channel separation at less than 0.75% distortion.
The FM tuner, providing 2µV sensitivity with a 2 dB capture ratio,
comes preassembled to make kit -building even easier.

The Heathkit AR -2020 - one of
the most outstanding quality/price
values on the 4 -channel market.
Kit AR -2020, includes cabinet, 31 lbs.....249.95*

AR -2020 SPECIFICATIONS
AMPLIFIER SECTIONS - Dynamic power output per channel (Music Power
Rating): 25 W (8 ohm load), 30 W (4 ohm load), 14 W (16 ohm load). Contin-
uous power output per channel: 15 W (8 ohm load), 20 W (4 ohm load), 10 W
(16 ohm load). Power bandwidth for constant .5% total harmonic distortion: 5
Hz to 30 kHz. Frequency response (1 W level): ±1 dB 7 Hz to 50 kHz. ±3 dB 5
Hz to 70 kHz. Harmonic distortion: Less than 0.5% from 20 Hz to 20 kHz @ 15
W output. Less than 0.25% @ 1000 Hz with 1 W output. Intermodulation distor-
tion: Less than 0.5% with 15 W output. Less than 0.25% @ 1 W output. Damp-
ing factor: Greater than 30. Input sensitivity: Phono: 2.2 mV. Tuner, Aux, Tape:
200 mV. Input overload: Phono: 35 mV to greater than 5 V. Tuner, Aux, Tape:
Greater than 3.0 V. Hum and noise: Phono: -60 dB. Tuner, Aux, Tape: -70 dB.
Tape output: 0.4 V out with 0.2 V in. TUNER SECTION - FM (mono) - Fre-
quency response: ±1 dB, 20 to 15,000 Hz. Sensitivity: 2µV. Selectivity: 60
dB. Image rejection: 50 dB.* IF rejection: 75 dB.* Capture ratio: 2 dB.' AM
suppression: 50 dB. Harmonic distortion: 0.5%. Intermodulation distortion:
0.5%. Hum and noise: 60 dB. Spurious rejection: 70 dB. FM (stereo) -
Channel separation: 40 dB typical. Frequency response: ±1 dB from 20 to
15,000 Hz. Harmonic distortion: 0.75% @ 1000 Hz with 100% modulation. 19
kHz and 38 kHz suppression: 60 dB. SCA suppression: 55 dB typical. GENERAL
- AC outlet sockets: 2, 1 switched and 1 unswitched. Dimensions: 5" H x 20"
W x 14" D. *Rated IHF Standards.

New Heathkit 4 -Channel Amplifier divides 100 watts
IHF into any format you choose
Our AA -2005 4 -Channel Amplifier will reproduce any discrete or matrixed 4 -channel ma-
terial on the market today. You can use it as a monophonic amplifier, stereo amplifier or
as four individual amplifiers. Performance is impressive - 25 watts IHF, 15 watts contin-
uous per channel; power bandwidth 5 Hz to 30 kHz for 0.5% THD; intermodulation distor-
tion less than 0.5%; hum and noise, -60 dB for phono, 670 dB for tuner, auxiliary and
tape. Complete specs are given in the amplifier section of the AR -2020 above. For quality,
performance and price, you can't find a better 4 -channel amplifier value.
Kit AA -2005, includes cabinet, 28 lbs. 179.95*

HEATHKIT ELECTRONIC CENTERS Free '74 Heathkit CatalogUnits of Schlumberger Products Corporation
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ductions will be observed. If an acetate is so chemically de-
teriorated that it is covered with a white, frost -like coating,
residue buildups will occur so quickly that within minutes the
stylus will be incapable of tracking the grooves properly. Only
in such cases should you resort to full-strength ammoniated
cleaning liquids which will eliminate the troublesome coating
temporarily. Unfortunately, these chemicals also have the
capacity to jar the acetate layers from their base. Only experi-
ence will enable you to predict the advisability of this measure.
If you have developed a talent for editing, a more conservative
way to attack this problem is to track the disc in short sections,
cleaning the stylus at frequent intervals and then splicing out
the interruptions. Uncoated aluminum discs can be effectively
cleaned by a remarkable substance known as Aluminum Jelly.
(It is not to be confused with Naval Jelly.) Both are non-
abrasive and the former makes aluminum oxides and dirt, such
as those which mar old storm doors, water soluble. If you are
concerned about the possibility of ruining labels, there is

usually enough ungrooved area around the centers to mask
them with waterproof adhesive tape and any household plastic
wrap.

Other treatments which you might have to perform upon
old discs are de -warping, groove scraping, and hole center-
ing. Creased acetate -coated discs whose surfaces have peeled
away from the base are usually impossible to repair. Bent ones
can be straightened out by the continual application of weight
over long periods of time. Pressed records are most easily
flattened out by heating them uniformly.(in an oven) to NO
MORE than 200° Fahrenheit. The plyability of the warming
discs can be tested at their rims. Once in this state, they should
be removed at least as carefully as you would extract a prize-
winning pizza from its oven! Clean, non -textured Formica
sheets, which extend over the total area of the disc, will pro-
tect the softened record from damage. The heated disc should
be carefully slid onto the face -up bottom piece, covered with
the second, and then weighted down long enough to permit
gradual cooling.

Hole eccentricities, which are usually due to manufacturing
errors should be corrected to minimize wow. Discs may be
reamed, filed or even drilled to establish their centers. Should
locked grooves or loud clicks be encountered, they might be
due to coagulated foreign substances which could possibly be
scraped out manually with the assistance of a powerful mag-
nifying lens and steel needle. Practice these techniques on
unimportant discs before performing them on the irreplace-
able ones!

Phasing Out Noise
Vector isolation with magnetic stereo cartridges is the first

electronic step in noise reduction of records. From a stylus'
eye view, the surfaces of all old records are rough and produce
movement in unwanted and irrelevant directions. Vertical
grooves will have lateral noise and lateral grooves will have
vertical noise. By phasing out the unwanted signals, an optimal
S/N can be obtained (minimal noise prior to any filtering or
expanding). With selective wiring, a magnetic stereo cartridge
can play four kinds of grooves: stereo, lateral, vertical, and
hybrid. A pure lateral vector is produced by wiring both chan-
nels in parallel; the two hots are jumped together and these
become the hot leads into the phono preamp's inputs and the
two grounds are jumped together, becoming the shields. A
pure vertical vector is extracted by jumping the left hot to
the right ground, this pair becoming the hot leads into the
phono preamp's inputs. Similarly, the right hot and left ground
are tied together and these become the shields. Hybrid grooves
are neither vertical nor lateral. Supposedly cut at 45°, discs
such as these will require some experimentation for each case.
A characteristic that is a perfect 45° should be played out of

either side (but not both) of the cartridge. A groove cut more
towards the lateral characteristic will play better with lateral
wiring. Similarly, a characteristic resting between 45° and 90°
might play better with the vertically wired configuration.
Additionally, an arm, such as the SME 3012, which enables
the cartridge shell to be rotated about its axis can be immensely
valuable. Turning the stylus towards the rim or center of the
disc can also improve the tracking of these peculiar grooves.

Vertical vectoring requires isolation of the two ground leads
coming from the cartridge. An arm whose wiring provides
common grounding of the left and right shields will short out
when vertical circuitry is introduced. Therefore, a check with
an ohm -meter or consulting the arm's manufacturer would be
in order prior to making any wiring alterations.

The thin, delicate leads in tone arms and cartridge shells can
obviously not withstand continual changes; sometimes they
don't even survive original installation! A mechanically effi-
cient and safe way to provide a choice of isolated vectors is
to set up individually wired shells and cartridges, three of
which could handle any kind of groove: stereo and hybrids,
lateral and vertical. Fitted with a microgroove stylus, the lateral
shell would improve S/N on monaural LPs and 45s. Similarly,
the stereo shell would serve the dual functions of playing both
old and the most modern discs. If your tone arm does not pro-
vide interchangeable shells or you wish to work with only one
cartridge, then a switched circuit which would enable all three
wiring configurations can be inserted between the cartridge
and the phono preamp's inputs. The functional advantage of
this switch is that it enables instantaneous comparisons against
the three possibilities without tedious cartridge or shell changes.

Styli Considerations
If 60 years ago it was recognized that the customizing of

styli was necessary, then the drastically increased transparency
of modern equipment intensifies the importance of that ap-
proach. No filters, equalizers, noise gates or other signal treat-
ing devices can compensate for less than perfect tracking. Not
only are the discs' grooves sized differently from the 2.5 mil
"standard," but justifications exist for using styli which barely
conform to them at all! For example, if in a lateral groove
mutilation has occurred towards or at its bottom, then a stylus
which has the capacity to ignore that region would presumably
produce better results and, in fact, it does! Analogous to trying
to avoid potholes when driving, the idea is to select a stylus
which can offer a smoother ride through those spiral -shaped
Grand Prix courses we call old records.

There are two kinds of stylus alterations which are effective
for improving the tracking of grooves: truncation and extraor-
dinary sizing. For these techniques I am in debt to Robert
B. Carneal, Acting Chief Engineer of the Record Music Di-
vision of The Library of Congress, and Martin L. Kite of
Woodbridge, Virginia. The ensuing recommendations are
based upon Kite's assiduous research into original technical
data and Carnéal's stereo -microscopic evaluation of grooves.
The Library, having had the budget to purchase the necessary
experimental equipment and expensively priced (e.g. $80 per
stylus!) customized Stanton styli, proved the importance of
this aspect of restoration.

A truncated stylus is one with its tip ground down so that
its height is disproportionately shorter than its diameter. As
if a ball having a given diameter were placed in a slightly
narrower hole, a truncated stylus which perfectly fits a lateral
groove will not reach the bottom. Resultantly, less offensive
information is fed into the system. An obverse demonstration
of this effect can be evaluated with most 78s by comparing
their sound when played with both microgroove and "standard"
styli. The former, due to their small size, will emphasize
lower altitude information and produce more distorted, noisier,
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and lower level signals. (With a small number of discs, the
microgroove stylus will produce a better sound.) On vertical
grooves, a truncated stylus will function as a noise gate by
tending to ignore the more minute indentations which cause
high frequency noises. Careful observation of this effect must
be made to insure that an incorrectly chosen stylus is not
ignoring low level passages as well!

Extraordinary sizing further enables the audio archaeologist
to discriminate against parts of grooves and to contend with
unusually wide, narrow or mutilated ones. For example, the
most useful parts of a particular groove might be so close to
the surface that even normally sized truncated tips will not
produce optimal results. Returning to that ball in the hole,
given that the ground rules induce us not to alter the size of
the opening, the only' alternative is to change the sphere. Some
discs' grooves are so wide that normal styli play too much of
their floors: these are over -modulated (too loudly recorded)
signals made by conventional sized cutter heads and correctly
leveled signals inscribed by abnormally large cutter heads.
Over -modulated discs rarely occur among commercial pressings
and abnormally wide grooves seem to be most common
amongst acoustical discs. Exceptionally narrow grooves are
usually found amongst transcriptions, including Victor's
notoriously noisy long playing records issued in the 1930s.
Contrary to most collectors' assumptions, they were not cut
with the conventionally wide grooves of that era and will
sound unnecessarily noisy when played with "standard" styli
because too much of the usually mutilated groove ceilings are
picked up by them. Edison discs and cylinders, especially
those elusive 12 -in., 20 -minute high speed Diamond Discs also
have particularly narrow grooves.

A variety of styli is often necessary to play one recording.
Mutilation, over -modulation, or sub -velocity grooving' will

mean that as the recording is played, the characteristics of
the grooves are changing. The object of having a choice of
styli, whether to play one disc or an entire collection, is to
establish a compromise amongst noises, distortions, and sig-
nals. International Observatory Instruments' sells special styli
from stock on Shure assemblies for the M44 cartridge body
(they seem to work equally well on the M90 series). I.O.I.'s
offerings include a truncated Shure N44-3 2.5 mil diamond as
well as assemblies for Edison vertical grooves and the "ball
cut" Pathés which have wide, shallow modulations. Their
workmanship is impeccable, but I question the advisability of
supplying these useful styli in assemblies which start to col-
lapse as tracking forces are set to exceed three grams. Perhaps
heavy by contemporary standards, this weight is too light to
resist the inertia developed by styli speeding along those
bumpy grooves at about 78 rpm. What results is continual
launching of the stylus not out of, but just enough above the
grooves' correct playing altitude to cause inconsistent noise.
Due to psycho -acoustic reasons which prevent us from adjust-
ing to rapid and continual noise fluctuations, this kind of
interference is, at least to me, unbearable.

The Stanton 500 cartridge fitted with their D5127 stylus
assembly is a stereo unit which tracks satisfactorily up to
7 grams. Splendid for playing new or old discs, its only draw-
back is that the 2.7 mil stylus produces too much noise on
every kind of old groove on which I have tested it. Similarly,
G.E.'s monaural VRII9 cartridges have heavy tracking capa-
bilities which extend up to 30 grams. The intimate tracking
capabilities at such high weights produce spectacular results
with older acetate recordings and are required in cases which
dictate manual manipulation of the arm through and past
points where grooves have become locked due to mutilation.
No other stylus assemblies I have worked with can withstand
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that kind of abuse. Additionally, the G.E. 4G -02D and
4G -03D 2.5 and 3.0 mil diamonds are particularly useful in
both conventional and truncated formats. The terrific aspect
about the G.E. single or dual stylus cartridges is that they are
so inexpensive. Priced at about $5.00 without styli, their cost
makes feasible a truly professional cartridge set-up: one stylus
assembly per cartridge per shell .° I have learned the painful
lesson that even with cartridges designed for this capacity,
continually changing stylus assemblies jeopardizes their
delicate structures and wears out the cradle parts into which
they are inserted.

Since no cartridge manufacturer I know of will cooperate
to the extent of supplying stylusless assemblies, we are re-
quired to pay an expensive premium for the ability to order
customized styli. The Stanton 2.7 mil assembly (the last time
I purchased one) costs $12.00. G.E. assemblies can be pur-
chased for about $2.00 by ordering the cheapest sapphire
points; G.E. or Recoton replacements are equally acceptable.
For vertical and lateral discs, the minimum library of sizes
should be 2.5, 3.0, and 3.5 mil truncated. Should you work
with transcriptions, then a 2.0 mil truncated will often be
useful. Frequent encounters with old acousticals will probably
warrant styli ranging from 4.0 to 5.0 mil. Increments in size
by tenth mils, instead of half mils, conceivably would be
justified but economics of cash and time leave me inclined to
settle for the sizes I have listed. Vertical discs which are not
mutilated might require non -truncated versions of the indicated
sizes. Custom mounting and grinding of all the styli I have

discussed is available from either I.O.I. or Expert Pickups
Ltd.' I I suggest that prior to placing any orders, you obtain
comparative estimates for the same items. The costs for these
services are reasonable. Expert Pickups charges approximately
$9.00 for a first-class diamond installed in a customer's
assembly. I believe that both firms' rates are competitive.

Signal Treatment
Whether working from your own originals or taped

duplicates from other sources, equalizing and filtering are
the least difficult aspects of restoration. The results you
achieve at these stages are predicated upon what you have
first done to prevent noise and distortion (i.e. optimal track-
ing). Additionally, factors such as the effectiveness of your
signal treating equipment, the transparency of your playback
equipment, the listening environment in which you work,
and the state of your hearing will affect the caliber of your
endeavors. Psycho -acoustic factors such as masking and
phase re -enforcement also affect your perception of signals.
Interestingly, when high frequency noises are superimposed
upon programs, the recordings sound more crisp. Resultantly,
their removal unnecessarily accentuates muffling effects.
Similarly, noise is not so easily perceived in a noisy environ-
ment and there are days when due to illness or attitude, you
find yourself "not hearing right" and unable to make qualita-
tive audio evaluations.

Broad and narrow band noises are the two fundamental
categories into which most sonic disturbances fall. Unfortu-
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Conceptual drawings showing various
commonly found filter curves.
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nately, most occur (are loud enough to be heard) amongst
the same frequencies which contain the recorded sound. Clicks,
scratching, rumbling, and multiple harmonic distortion are
broadband noises. Hums and whistles are usually very narrowly
banded. Regardless of their type, the objective is to diminish
them with as few adverse side effects as possible. With varying
results, both equalizers and filters can be used to reduce
broadband noises. The distinctions between these two kinds
of devices are conceptual and, I think, subjective. When their
characteristics are plotted, filters are usually identified by
straight graphs as compared to the curved ones of equalizers.
Indeed, some devices are capable of producing either kind of
pattern. The terminologies used to describe filter and equalizer
effects are derived from geometric descriptions of their
response curves. An equalized characteristic is also defined by
the frequency at which it is most pronounced. Curiously,
much of the industry labels filter coordinates by the fre-
quencies at which they are down 3 dB from a reference level:
rather anachronistic considering the 50 dB attenuation capa-
bilities of the new generation of filters! A slope of X dB/
octave is also a vague means of reference: I think that filter-
ing functions are more easily understood by citing the attenua-
tion achieved at the frequencies with which one is concerned.
The diagrams demonstrate the kinds of frequency effects
which are produced by filters and equalizers.

Theoretically, the device most ideally suited for contending
with any kind of noise and equalization problems is a third -
octave equalizer which is actually a set of narrow band-pass
filters whose effectiveness can be individually adjusted. The
third -octave -wide bands are approximately the most subtle
frequency widths whose changes can be detected by the human
ear12. When devices such as these are manufactured with
adjacently mounted sliding potentiometers, they are often

called graphic equalizers because the control's knobs simulate
a graphic representation of the response curve produced by
the unit. Certainly more glamorous, interesting and expensive
than units with rotary pots, their only advantage is the instan-
taneous plotting capability. A graphic equalizer is not neces-
sarily more effective or desirable simply because of its mode
of operation. The value of such a device depends upon the
filtering capabilities of its filters and the durability of the pots
used in its construction. The functional depth of a notch is
measured from its bottom to the system's reference level, so
each filter's output should be set to maximum. Resultantly,
the greatest possible filtering effect will occur. Once an
optimal set of adjustments for all noises and distortions has
been made (these will usually be narrow notches for hums
and whistles, and severe low passing after certain frequencies),
then additional corrections for tonality should be attempted.
Most of the tonal adjustments you will find necessary are due
to the old discs having been recorded with curves which do
not correspond to modern RIAA standards. Depending upon
the characteristics of noise and signal, some settings for
optimal noise reduction will preclude correct tonality and
some kind of compromise will have to be established. For
example, bumping the curve on the left side of a notch or
prior to a low pass slope will help to minimize muffling when
contending with severe amounts of noise in the 5-10 kHz
range. Narrow band disturbances can usually be eliminated by
this kind of device without affecting tonality. A newly touted
application for these units is the flattening out of the response
characteristics of listening environments. That kind of adjust-
ment is made very infrequently; after original installation it
is only necessary when the environment has been changed. The
caliber of pots used in some of these units acknowledges the
fact that you don't redecorate your room as frequently as you
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Enclosure: Oiled walnut airtight
cabinet having a volume of
approximately 2.5 cu. ft.

Contour control with
four distinct settings
permits precise
acoustic matching of
the WDDS-12 to the
acoustic require-
ments of almost any
listening room.

Angled dome tweeters. generate a uniform sound
field over 120° dispersion. Location of all
drivers in the same curved plane, creates a
Wide Dispersion Discrete Source (WDDS),
vital for realistic stereo location and
making the most of the speaker's
outstanding transient response.
WDDS avoids spurious sound
scatter and infuses the sound field
into the listening room in a pattern
virtually analogous to that of a stage or
auditorium performance. As a result,
the listener remains unaware of the
speaker-the music seems "simply there:

Heavy 12 -inch acoustic -suspension woofer
with massive magnet and low -resonance
cone produces powerful true bass to the
very lowest regions of musical sound.
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WDDS 12
12" WOOFER
W 30° 459 OFF ASS
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Woofer response, on and off axis, shows effective output below 30Hz, reaching the
lowest range of musical sound.

WDDS 12

DOME
0° 30°60° 90' OFF 4XI5

10.000 20.000

3/4 -inch Mylar dome tweeter
projects uppermost highs
with exceptional clarity
over broad arc, resulting in
"open" sound with accurate
stereo space image.

Optional base in
handsome matte black

WDDS-12
NOMINAL IMPEDANCE:

FREQUENCY
RESPONSE:

LOW FREQUENCY
DRIVER:

HIGH FREQUENCY
DRIVERS:

CROSSOVER
FREQUENCY:
DISPERSION:

GUARANTEE:

PRICE:

11 -inch Mylar dome
tweeter assures smooth
frequency transition
into midrange while
providing wide
dispersion and crisp
transients in the
crucial"presence
range"

SPECIFICATIONS
6 ohms

30Hz: 25KHz ' 2 db. Average over 120°
lateral radiation field and anechoic
conditions above 300Hz.

12" high compliance, heavy duty.
Two 142" dome radiators and two 3/4"
dome radiators.
Crossover takes place gradually between
600Hz and 5KHz.
Frequency Response varies by no more
than 3db from the "on axis" response
over a 120° lateral field.
5 years, as detailed in our guarantee form.
All service to be carried out by authorized
dealer or agent, eliminating need to return
speaker to factory.
8350.00

Woofer tone burst at 45Hz and supertweeter tone burst at 16 and 4 k Hz attest
remarkable clarity of transients throughout audible spectrum.
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Tweeter response curves on and off axis almost coincide, proving uniformity of sound
spread in listening space.

Supertweeter response curves off axis also closely parallel on -axis response, showing
superior sound dispersion.


