Toward an Optimum Stereo

Cartridge

HERBERT H. HOROWITZ*

The subminiature application of the ages-old principle of the gimbal results
in an interesting and effective design for a stereo cartridge which com-
prises two d’Arsonval “meter” movements for its generating elements.

NDUSTRY AGREEMENT on the selection
of the 45/45 cut for stereo dise re-
cording, the release of demonstration

dises, and the alaerity displayed by com-
mercial recording companies in making
stereo pressings available to the con-
sumer, gave impetus and direction to
engineering development of an optimum
playback unit consistent with:

(a) the design previously used for mono-

phonie pickups;

(b) feasibility of manufacture;

(e) eventual comsumer cost; and

(d) a release target date—based upon a

multiplicity of considerations, includ-
ing: materials and components avail-
ability, required tooling change-overs,
publicity timing, and established mar-
keting channels.
These factors were undoubtedly accorded
varying degrees of prominence in es-
tablishing organizational policy regard-
ing the final product—consonant with
the attitude of manufacturing, man-
agement, and sales divisions—toward
what the public would accept. The prime
motivator—eonsumer demand—had al-
ready, in large measure, been estal-
lished.

Certainly, it had to be determined
whether release was to be delayed until
design effort had reached the ultima
Thule, or limit engineering effort to the

* Chief Engineer, Electro-Sonic Labora-
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Fig. 2. (A) Diagram of a typical d’Arson-

val meter movement, and (B) its adap-

tation as a phonograph pickup—the ESL
C-60.

creation of a deviee adequate for the

reproduction of present offerings by the

recording industry—trusting that im-

Fig. 1, Comparison
in size between
moving elements
and book-type
paper match,
about 2-1/3 times
actual size.

yohiohistory:

provement in the quality of the re-
corded material would not obsolete the
produect within its probable life-span.
Each manufacturing organization re-
solved the guestion according to its own
experience and consecience.

Although both aesthetic and techniecal
eriticism have been leveled at some
stereophonie pressings released within
recent months, the improvement in both
areas is already apparent. With the
many types of stereo playback car-
tridges now available to the enthusiast
(piezo-eleetric, moving magnet, moving
coil, moving vane), the consumer may
select a pickup compatible with his
budget, or reflecting his listeniug tastes.

Evaluating the Design

To evaluate justly the design ap-
proach and the subsequent performance
of a stereophonic cartridge, one ought
to begin with an inherently perfect re-
cording. Any inadequacy in the test disc
would invalidate the test results’ or re-
quire “allowance for” when comparing
several pick-up units. Assume that by
some engineering sorcery, a flawless test
recording could be prepared. The foi-
lowing technical eonditions will have
been met:

(a) The material of the disc will have
been infinitely plastic during cutting
and will have attained surpassing
hardness at the exact instant that
the cutting stylus passed to the next
point to be inscribed. The first con-
dition is necessary to ensure that each
miniseule excursion of the stylus is
faithfully recorded, while the second
requiremient ensures that no subse-
quent distortion of the recorded un-
dulation can ever result through sty-
lus frietion.

(h) There is no unwanted coupling be-
twveen input chanmels in any portion
of the recording equipment.

(e) As a corollary to item (b), no mo-
tion of the cutter stylus toward one
groove wall has in any manner af-
fected the opposing groove wall;

(@) Aeccurate and properly balanced
depth of cut represents precise in-
fensity of channel information sup-
plied.

Now, given a recording, faithful in all
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Fig. 3. Two d'Arsonval movements set at 45 deg. from the vertical and connected
with the Gyro /Jewel coupling system.

details, will the playhack result equal the
quality of the recording? It should if
the pickup is equally good.

Gyro/Jewel Design Approach

The ESL Gyro/Jewel stercophonic
cartridge is, first of all, not simply a
marketable redesign of a reproducer sys-
tem origmally developed for mono-
phonie recordings. Design configurations
which were eminently suitable to play-
bick of monophonic recordings, when
paired and rotated 45 deg. from the ver-
tical, were found to have hecome con-
siderably less competent performers on
stereo recordings than their prototypes’
rendition of monophonic dises.

Although we were convinced that the
d’Arsonval generating movement offered
the most desirable characteristics as the
transducer element(s) for stereo repro-
duction as well as monophonie, the de-
signs of many other domestic and for-

—eign laboratories were scrutininzed to

determine the
products.

Experunental models of competitive
units were earefully constructed by ESL
engineers and technicians and were then
exhaustively tested, measured, an evalu-
ated both by the use of lahoratory test
gear and in listening tests.

Not to be stampeded into prelimiuary

capabilities of their
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Fig. 4. Simplified mechanical diagram of
coupling system.
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freezing of production designs, the en-
tire organization agreed that no stereo
pick-np would be released until the valid
approach had been determined: one
which would embody all the desirable
features necessary to an ideal system,
and would yield a device that could be
produced with consistent quality. BEarly
experimental units were devised with
two d’Arsonval movements mounted at
45 deg. from the vertical (thus forming
an angle of 90 deg. with each other). In-
cidentally, throughout the development,
the aceuracy of this angle was found to
bt an exceedingly eritical factor in
maintaining satisfactory inter-channel
separation and conslancy of generator
output. The two armatures were yokod
together and fitted with a stylus. Much
valuable intorimation was derived from
this approach before the scheme was dis-
carded as furnishing a fallacious soln-
tion, Figure 6 shows one early model.
In  our opinion, every indicalion
pointed to the d’Arsouval movement as
the superior generating element for the
application. The movement counld he
built to have an exceedingly small mass;
it is inhevently linear, as a characteristic
of the constant loeation of the coil in
the flux concentration between the mag-
net pole-pieces and its rotational motion
about its own axis in the fixed magnetic
field; and it could be made to generate
adequate output with the necessarily
small rotational wovements of the coil.
In Fig. 2, (A) is a stmplified line
diagram of a typical d’Arsonval move-
ment, while (B) shows the application
of the principle to a monophonic pick-
up, the BSL-C60 Series cartridge. Two
similar systems were devised, and
mounting assemblies designed to hold
the armature axes at exactly 45 deg.
from the vertical and at precisely 90
deg. from each other. The functioning
of the movements is shown in Fig, 3.
As shown in the diagram, latex mount-
ing blocks hold the armature core so that
only rotational motion of the coils can
oeeur. This mountiog not only exhibits

of the constant. lol.'-ati(fu_ of the coil in
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mechanical stability, but further, inhibits
any possible eleetrical non-linearities re-
sulting from coil shift out of the maxi-
munt flux density area between the wmag-
net pole-pieces. As the latex blocks do
not slide on the armature, votational
friction is non-existent.

In order to provide generating ele-
ments which would be of sufficiently
small mass and yet develop a nsable out-
put, a wire having cross section diame-
ter of approximately 1/1000 in. was
nieeded. Obviously, copper “magnet” wire
could not be used for this application—
a copper filament of this diameter would
have almost no physical rigidity, and
would probahly disintegrate npon han-
dling.

In order to wind coils using a wire
of this diameter, a special precious-metal
alloy eonductor was developed. This al-
most wieroscopic conducting filament—
about one-third the diameter of a human
hair—could not he mounted in the pick-
up on a bobbin. Kven the smallest of
hobbins would have inereased the mass
and physical dimensions of the system
to intolerable limits. The 60-twn coils
are wound, shaped, and mounted directly
on a rigid armature shaft, which is then
assembled in the armature holder be-
tween the latex holding bloeks.

A solid apmature shaft was selected
in preference to a tnbnlar component.
The difference in effective mass between
the two would have heen completely
negligible. The probability of eneounter-
ing concentrieity problems in nanufac-
turing and mounting would have been
disproportionally inereased, while the
flux saturation of the smaller cross-see-
tional area of the armature material
would have restricted output.

The magnet/pole-piece assembly is
worthy of note, too, in that preeision
grinding is employed at the avea of junc-
ture. The pole-picces are serew-clamped
rather than soldered, as the possibility
exists in production that during solder-
ing, capillary flow of the solder might
resulf in an air gap—materially reduc-
ing the effective flux density through
the coil mounting area.

Coupling the stylus to the two arma-
tures requires a reliable linkage having
the ability to differentiate completely be-
tween stylus motion in the two planes
of motion. The linkage design must be
such that instantaneous motion m the de-
sived direction is unrestricted. Mechani-
cal coupling between systems must be
prevented or made ineffective. A short,
rigid stylus bar would be desirable to
further reduce system inertia (the effec-
tive mass increases as the square of the
distance from the point of applied
foree). The linkage should be free of
any self resonance within the audible
frequency range to prevent distortion in
frequency linearity.

The development of a stylus arm and
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coupling “shoe” along with the attach-
ing yokes for converting the angular
motion of the stylus to rotational motion
for the d’Arsonval generators resulted
in a straightforward, essentially frie-
tionfree design, with inherently low mass
and minimum response to any but the
desired motional mode.

The final design adopted employs four
Jeweled pivots for attaching the stylus
shoe to the armatures of the d’Arsonval
generators. Figure 4 is a simplified me-
chanieal diagramm of the assembly.

As the stylus is influenced by the un-
dulations of the record groove—in Fig.
3—angularly, to the left, the arma-
ture of generator A is caused to desecribe
a corresponding rotary motion, while
that of generator B, restrieted by the
armature mountings is unaffected by this
excursion of the stylus.

By reason of the friction-free jewel
pivots attaching the shoe to system B,
mno restrietion is offered to the movement
of the system A armature, nor is any of
the angular motion of the stylus as il
moves to the left transmitted to the ar-
mature of system B.

‘When the excursion of the stylus is to
the right, the opposite effect takes place
and the armature of system B is eaused

tu rotate. In this instance, no motion is
coupled to system A.

The yvokes—which serve the dual pur-
pose of coupling stylus motion to the
armatures of the generators and sup-
porting the stylus shoe assembly (the
universal ghnbal fingers at the jeweled
pivot points)—possess the necessary
qualities of rigidity to prevent deforma-
tion under stress, and the hardness to
resist wear at the pivet points,

The clamping action of the gimbal
fingers on the jeweled pivots—a quality
of the resilieney and mechanical design
of the yokes—provides a mounting
which will remain secure even under
conditions of unusual mechanieal shock,
yvet retain the ahility to swing freely.

Cartridge Performance

Response tests of the ESL Gyro/
Jewel cartridge show that no mechani-
cal resonmances occur in the audible
ronge. This condifion, coupled with the
natural linearity of the generator sys-
tem, permits the over-all response of the
cartridge to remain flat within £2 db
over the frequeney range from 30 to
15,000 c¢ps on presently available sterso
test dises, whieh are restricted to this
range. When playing conventional mi-

crogroove test records, the frequency
response extends to well beyond 20,000
cps.

The complex motion to which the sys-
tem must respond in the 45/45 system
is applied at an angle of 45 deg. to the
vertieal. To achieve unrestricted response
to this angular mode of motion, the
measured vertical and lateral compliance
should be essentially equal (the resultant
veetor angle of two equal forces aecting
at right angles being 45 deg). By accu-
rate assembly methods and precision
manufacture, the produection ecartridge
has vertical and lateral compliances
equal, with a value of 5x10-% em/dyne
or greater.

By reason of the extreme miniaturiza-
tion of the moving components of the
reproducer system(s), the dynamie mass
of the ESL Gyro/Jewel stereo cartridge
is held to a value of 2 mg. The high
compliance and low dynamie mass con-
tribute greatly to reduced record wear.

A stylus force of six grams on the
0.7 mil stylus used for stereo playback
results in record wear as great as a
tracking force of twelve grams on the
1.0 mil stylns used for monophonie
pickups. In an arm of proper design, a
tracking force of two or three grams is

(Continued on page 58)
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5. Exploded view of the complete cartridge.
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This Man is Using an
Electronic Crystal Ball

The H. H. Scott advance development team must
foresee the future. They must design new producls
so that they stay current for many years. Hermon
Hosmer Scolt insisls on this as a protection to
your invesiment.

The new 130 Stereo preamp is an example of the
way Scolt engineers work ahead. Engineering of
this brand new product was started when stereo
was nothing more than a hobbyist's delight. This
allowed lime for thorough festing of its many
advanced fealures.

Every H. H. Scolt cornponeni is designed to defy
lescence. Careful pi fine eng
exceplional quality mean your investment in \he
new H. H. Scolt stereo-preamp . . . or any H. H.
Scott product . . . is an in\restment in a companent
that will still be up-lo-date many years fram now.

17 reasons why you should buy the

New H. H. Scott
Stereo-Preamp

3 131112 166 4a 8 5 18 7 15

1 Visual signal light display panel shows mode of opera-
tion at a glance. 2 Completely separate bass and treble
controls on each channel so that different speakers may be
malched. 3 Play slereo from any source — Records, FM-
AM Tuner, Tape. 4 Reversa channels instantly, or play
monaural from any source through both ch Is douk
your power. 5§ Play Trereo — a center channel oulput
lets you use your present speaker as a middle channel.
& Special circuitry lets you balance channels quickly and
accurately, 7 Reverse the phase of one of your channels
180 degrees instantly. Lets you correct for improperly
recorded tapes. 8 Separate 12 db foctave rumble and
scratch fillers. 9 Complete record equalizer facilities,
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\ KNS

10 Use as an electronic crossover at any lime, 11 Two
stereo low-level inputs. You can connect both a stereo phono
pickup and stereo tape head. ¥2 Stereo tape recorder in-
puts and outpuls. 13 Provision for operaling stereo lape
heads without external preamps. 14 Quick-set dol con-
trols allow any member of your family to use equipment.
15 Loudness-volume switch. 16 Sterec tape monitor
switch, 17 The exceptional quality of all H, H. Scolt
compenents . , . PLUS all the features and specifications
long associated with H. H. Scott monaural preamplifiers.

Sensitivity 114 millivolls on tape head input, 3 milli-
volts on phono for full cutput. Hum level 80 db below full
output on high level outputs.
Size in accessory case
1534w x 5h x 1213d. Model
130. Price $169.95 (S172.95,
West of Rockies).

Write for complete technical
specifications and
new catalog A-10.

H. H. 5COTT, INC., 111 POWDERMILL RD., MAYNARD, MASS.
EXPORT: TELESCO \NTERNATIONAL CORP,, 36 W, J07TH 5T, 8. Y. C.
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CARTRIDGE

(from page 48)

sufficient to permit the Gyro/Jewel
stereo pick-up to follow all groove un-
dulations aceurately. The manufacturer
recommends that tracking force should
not exceed four grams, as greater verti-
cal force not only increases record wear,
but set up mechanical biasing effects
leading to unbalance in the response
pattern.

Channel Separation

If stereophonic reproduction is to be
effective, separation of channels must
be as complete as possible throughowd
the entire frequency range. In stereo
reproducer systems which depend upon
elastic damping of any sort to remove
mechanical resonances, the danger ex-
ists that at one end of the frequency
spectrum or the other (possibly both),
or at indeterminate frequencies else-
where in the spectrnm, some mechani-
cal coupling between channels may take
place.

Early efforts at recording showed evi-
dence of this undesired interchannel
coupling. Where channel separation of
abont 20 db was measurable at fre-
quencies from 1000 to 5000 cps, this
separation had dwindled to some 5 db
at 10,000 eps.

The undamped design of the ESL
Gyro/Jewel stereo cartridge system pre-
cludes such variations in channel separa-
tion/frequency response ratio. Channel
separation is maintained at a constant
20 to 25 db over most of the andi-
ble range. Moreover, the design is such
that factory adjustment of the two
d’'Arsonval movements, by means of ec-
centrie serews, permits optimum ecross-
talk ratios.

A mean output level ot approximately
two millivolts per channel is developed
at a stylus velocity of ten centimeters
per second. Highest quality voltage step-
up transformers fo the stereo preampli-

Fig. 6. An early design having direct

channel separation by means of a bifur-

cated stylus shoe. Discarded because of
inadequate separation above 8 kec.
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Weathers
Originals

set new highs
in performance

Weathers products are not copies, adaptations, or mere
improvements over other Hi Fi components or systems.
Unfettered by precedent, Weathers equipment is design-
ed on bold new principles which add astonishing quality
and brilliance to Hi Fi reproduction.

Weathers Pickups

FM Monaural « FM Stereo - Ceramic Stereo - All Weath-
ers pickups play both monaural and stereophonic records
without damage. All are available with diamond or sap-
phire styli. FM Monaural and FM Stereo cartridges are
designed only for the Weathers Tonearm in which an
oscillator develops the signal. They track at 1 gram ...
cannot damage records, They have exceptionally wide
frequency range, low intermodulation, low cross modula=-
tion, and low harmonic distortion. The Weathers
Ceramic Stereo Cartridge fits all other tonearms
and is superior to any magnetic pickup. Tracks at
2 grams. Complete absence of hum. 25 db separa-
tion between channels.

The Weathers Micro Touch

Tonearm is designed exclusively for the Weathers
FM Pickups. It.is light and so perfectly balanced that
accurate levelling of turntable is unnecessary. Shock
mounting isolates it from outside vibrations. Viscous
damping prevents tonearm resonance down to 15 cps.

The Weathers Oscillator-Modulator
Transforms the impulse from the pickup and pro-
duces the FM signal. Signal-to-noise ratio is con-
siderably higher than that of the best magnetic
pre-amps.

The Weathers Turntables unquestionably
one of the World’s finest. Exceptionally light construction
eliminates the mechanical noises inherent in heavy turn-
tables. Noise level is 25 db lower than that recorded on
today's best records. Shock mounting eliminates floor
vibrations. A cool running 12-pole synchrenous motor
brings the platter up to correct speed in % of a revolution
and maintains correct speed regardless of variations in
load or line voltage. Cueing features make theWeathers
Turntable ideal for broadcasting station use. $59.95. Also
available in kit form, without base or mounting plate,
$34.50.

The Weathers Discushion suspends any size
record on its outer rim and protects playing sur-
faces from dust and contamination. Only $2.95.

Weathers Stylus Gauge

A simple and accurate way to measure and control
exact tracking force, Makes records last longer—
sound better. Priced at only $2.00.

Four Superb Speaker Systems
| The Fiesta, Decorator, Monte Carlo, and Barrington fill
every need from den to concert hall. From $59.95 to $510.00.

See your dealer or write for booklet number 658A.

Weatters - Industries

DIVISION OF ARDVANCE INOUSTRIES, INC,
66 E. Gloucester Pike, Barrington, N. J.
Expor!: Joseph Plasencia, lnc., 401 Broodway, New York, N. Y.

WEATHERS TECHNICAL MAGIC IS SOUND

lurntable ideal tor broadcasting station use. $59.95. Also

available in kit form, without base or m!l_ntipgvplate_
B Pl WAt amerteanradioiietony cnrd

fier inputs prevent degradation of the
signal quality.

Installation Factors

An adaptor plate is supplied as a part
of the mounting hardware for the ESL
Gyro/Jewel cartridge so that it ean be
mounted in any standard phono arm or
record changer. For optimum results, it
is recommended that the arm used be
rotationally balanced as well as laterally
balanced. Lateral and rotational balance
can be achieved only in an arm whose
stylus force adjustment is independent
of the arrangement for ecounterbalanc-
ing the mass of the cartridge in the arm
head.

A perfectly level turntable is not un-
attainable, and is desirable in order to
reduce any tendency for one side of the
stereo groove to be favored over the
other. Even with a perfectly level turn-
table, slight warp in a dise can create
similar problems on playback.

Because of the complicated series of
motions deseribed by the stylus in sterco
playback, more serious reproduction
faults are detectable when playing
warped records than under similar eon-
ditions during monophonic playback. In
stereo reprodunetion, interchannel sepa-
ration is degraded, IM distortion rises,
frequency response characteristies are
likely to bounce out of specifications,
and listening pleasure is markedly re-
duced.

A new playback arm has also been de-
veloped: one which throngh its design
permits realization of the advantages of
the Gyro/Jewel stereo ecartridge. In
order to reduce the need for exact level-
ing of turntables and to prevent degra-
dation of the output signal quality when
encountering warped dises, the tubular
member of the ESL Gyro/Balance arm
is displaced laterally. This configuration
permits rotational balance through the
point of effective mass of the head as-
sembly, the lateral pivot, and the eoun-
terbalance weight.

Actually, with the Gyro/Balance arm,
it is quite possible to play dises at any
angle to the horizontal up to 90 deg.
without degrading the stereo channel
separation ratio. All vertical and hori-
zontal pivots are preeision ball bearings.

The zero-balance counterweight 1is
used to accomplish exactly that for any

" eartridge used. Stylus foree is then sepa-

rately adjusted, by rotating a knurled
kuob on the side of the bearing gimbal
against a spring. This arrangement al-
lows for infinite stylus foree adjustment,
within the recommended range for the
cartridge in use. Although developed
for stereo use, this arm also works im-
provement on the playback of mono-
phonic dises.

Enhanced Stereo Listening

The advent of sterco dis¢ recording is
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perhaps as great a step forward in re-
creating the effeet of “presence” when
bstening to recorded musie, as was the
introduetion of the full-fidelity miero-
groove recording a few years ago. The
listening public has become accustomed
to the experience of clean full-range—
both frequeney and dynamic—reproduc-
tion from good ronophonie dises, and is
sure to demand equal quality from
stereo dises.





