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While the 45/45 stereo cutter can be fed directly from the right and left chan-
nels without matrixing, it is equally possible to employ a 0/90 cutter—when
designed especially for the operation—to obtain exceptionally fine results.

OR THE LONGEST TIME efforts have

been directed towards the ability to

store stereophonic sound. In magnetic
systems, such as tape or film, a satisfac-
tory solution has been found by dividing
the available magnetic track width. The
modern phonograph record, however, is
one recording medium which already has
the highest known ratio of playing time
to available surface area. Approximately
30 seconds of sound can be stored on one
square inch of its surface, while tape at
334 ips twin-track, requires at least fif-
teen times the surface area to accommo-
date the same amount of sound. This is
one of the reasons why it is nigh onto im-
possible to apply principles analogous
to magnetic recording to dise. As a re-
sult, early attempts at recording two
channels on disc approached the problem
not by dividing the track width, but
rather by cutting the available surface
area in half.

The Double-Groove Principle

There have been, for example, disc
recordings (Cook Laboratories) which
are so recorded as to separate the two
recording channels into two separate
groups of normal mierogrooves situated
next to each other on the same side of
the record. This type of disc must be
played back using a double tone arm
with two separate pickup cartridges.

This method has two distinet disad-
vantages. The first is the demand for
double the surface area needed for mon-
ophonic recordings, and the resulting
short playing time available per record.
The second, and even more serious, is the
extreme diffiecnlty of maintaining the
necessary phase synchronism between
channels. The degree of accuracy of the
phase relationship between the two chan-
nels, is dependent on the alignment of
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the recording and reproduecing styli.
Aside from this, the phase alignment of
the two channels must remain fixed from
the outermost to the innermost groove
of the record, requiring the same tan-
gential or arc-type motion for both the
recording and reproducing mechanism.
All of these problems would be avoided
if 1t were possible to use a single groove,
as in monophonic recording, which is
recorded with a single stylus and is
played back with a single stylus. There
are two possible solutions to the problem
of how two separate signals can be ac-
commodated in such a single groove.

The Carrier-Frequency Method

This is essentially a method similar to
that employed in ecarrier telephony.
Here is one type of carrier system: The
first channel is fed directly to the record-
ing cutter through a high-pass filter net-
work of, for instance, 12 ke. A carrier
frequency lying directly above the first
channel is then used to modulate the
contents of the second channel. The
upper side-hand (f,+ fope) s filtered out
and is recorded together with channel 1
and a synchronizing frequency. The re-
corded band width, therefore, is some-
what more than twice the width of each
channel alone. With a frequency range
of 12 ke in each channel, a recorded
bandwidth of about 25 ke is required.

The reproduction requires a playback
system capable of an upper frequency
limit of 25 ke. After preamplification,
the first channel is filtered out by means
of a low-pass filter. A high-pass filter
then isolates channel two, which is de-
modulated in a ring modulator by addi-
tion of the carrier frequency. This fre-
quency is generated by a multivibrator
which is triggered by the synchronizing
pulse originally recorded on the disk.
This synchronizing pulse is necessary in
order to achieve flawless demodulation
even when the turntable speeds of the

recording lathe and reproducing turn-
table do not agree.

The above described system was de-
veloped over a long period of time in
the Laboratories of English Decea. De-
spite the difficult demands on the band-
width of the recorded dise, the Dececa
engineers had achieved a very excellent
solution to the problem of two-channel
recording in a single groove. They
achieved a reproducing quality in every
way equal to today’s highest accomplish-
ments in the electroacoustical field.

The major disadvantage in this sys-
tem is the relatively high equipment
contribution which the consumer must
make to achieve demodulation. It is for
this reason that another solution to the
problem of two-channel, mono-groove
recording was sought.

The Two-Component or Vector System

While the foregoing method achieves
single-groove recording and channel
separation by eleetronic means, a me-
chanieal alternative to this is possible.
The recorded groove contains the two
information channels as two excursions
lying at right angles to each other
(orthogonal system). The actual orienta-
tion of this set of crossed motions with
respect to the surface of the dise is im-
material, however practical considera-
tions make two particular orientations
preferential: one vertical-lateral; the
other in which each channel is oriented
at 45 deg. to the surface of the dise.
The resulting groove may be compared
to a street which runs over hill and dale
while at the same time winding and
curving. The motion of a car on such a
road may be analyzed by separation into
two components lying at right angles to
each other, which may then be in turn
assigned to channel one or two.

The recording of such signals requires
a transducer capable of translating the
signals of channels one or two into
excursions of the stylus in the proper
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direction. The reproducing transducer
does the reverse. The complex mechani-
cal motion of the reproducing stylus is
resolved into excursions lying at right
angles to each other which are then con-
verted into electrical impulses. Of utmost
importance is the accuracy of the angle
which the “motional cross” has to the
surface of the disc in both recording and
reproduction, and the true perpendicular
relationship which the components have
to each other. Only in this manner can
maximum separation between channels
be achieved.

The first experiments with this type
of stereophonic recording were made by
A. D. Blumlein, engineer with E.M.I.
Ltd., England. Since these experiments
and his patent go back to the early
thirties, it must be ascertained how this
type of recording is adaptable to the
present-day microgroove recording tech-
niques. Experiments of TELDEC (Tele-
funken-Decca) go back to the years 1954
and the first cutterhead utilizing feed-
back in both channels was built in the
summer of 1955.

Quality Considerations in the Vectoral
System of Recording

Provided we assume the necessity of
preserving the full stereophonie effect
in two channels, each of which are of
equal quality, then each of them should
have a degree of quality, with respect to
frequency response and distortion equal-
ing the highest attained level of today’s
electroacoustical knowledge. Further-
more, we must aim at the highest degree
of interchannel separation. The degree
of interchannel separation necessary to
preserve the full sound-width of the
original is subjeet to much theorizing
and discussion. We have conducted nu-
merous listening tests in an effort to
arrive at some reasonable fizure and on
the basis of these tests we feel that the
high quality of a stereophonie recording
can only be maintained if the separation
between channels stays above 20 db. Both
the original recording on tape as well
as the disc mastering and reproduction
separations are included in this figure.
The recording alone should be consider-
ably better than the 20 db quoted, in
order to allow for a greater tolerance
spread in mass-produced reproducing

Fig. 1. Mechanically coupled two-compo-
nent cutterhead.

equipment. A separation figure of more
than 30 db should be the aim of the dise
recording industry. This degree of sepa-
ration requires of the cutting head a
very high degree of motional accuracy.
To translate this into conecrete figures:
the deviation from the preseribed two
paths of the stylus by all influences may
not exceed 1.5 deg. At higher frequen-
cies, as for instanece 10 ke, this is an
actual physieal displacement of only
0.001 mil. Such magnitudes can no
longer be measured by mechanical means.
In other words, we demand of a mechani-
cal system degrees of aceuracy which
cannot be controlled by mechanical or
optical means. The only possible ap-
proach in our development of such a
cutter was to ufilize a system of electro-
motional feedback for the stabilization
of stylus motion. This type of feedback
control also made possible the other re-
quired quality demands for wide fre-
quency response and low distortion,
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Fig. 2. Diagram of feedback and driving
coils in the TELDEC cutterhead.

which are favorably influenced by mo-
tional feedback. There are, however,
further problems of non-linear distor-
tion in such a two-component system,
which will be covered in a later para-
graph.

A Double-Motion Feedback Cutting Head

The integration of the individual com-
ponents info a resulting double-motion
of the recording stylus can be accom-
plished in two hasic ways.

The first way is to use two normal
single-motion  transducers connected
through a lever system as shown in Fig.
1. The motion of system 1 leads to mo-
tion of the stylus in a vertical direction,
while motion of system 2 produces a
lateral excursion. Motion of both sys-
tems simultaneously produces a veetoral
resultant of the two motions, whose di-
rection and amplitude is the resultant
of the applicable amplitudes of the two
directions as well as their phase relation.
ship.

Experiments carried on with such a
system demonstrate its feasibility, as
shown by a similar type of drive found
in the Westrex Type 3B cutterhead. The
required degree of accuracy of motion

A = Vertical Component

B~ Lateral Component}

Fig. 3. Transformation of a vertical-
lateral recording into a 45/45 recording
by sum and difference formation.

is, however, extremely difficult for such
a system to attain, even if the quality
and stability of the individual motional
components are of the highest accuracy.
The motional feedback applied to each
of such systems cannot include the stylus
suspension system itself due to the lever-
type connection between the systems and
the stylus, whose self-generated inter-
ference cannot be compensated. It
seemed therefore desirable to devise a
cutter in which the armature is of ex-
treme stiffness in itself, and which is so
suspended as to permit free motion in
only one plane, Only in this way is it
possible to use two feedback systems
which interact to produce stabilization
of motion between the two channels.

The feedback loops are so arranged as
to produce at the same time a complete
feedback system within each motion
(Fig. 2). The feedback voltages are pro-
duced in two separate feedback coils
situated near the stylus itself, and are
fed back to the appropriate eutting am-
plifier. This kind of arrangement pro-
duces a linearity compensation within
the two loops, and furthermore serves to
negate any mechanical outside influence
which would tend to displace the stylus
motion from its assigned path. Let us
take an example where a mechanical re-
sistance diverts the stylus from its in-
tended motional direction. This produces
a voltage in the opposite feedback loop
which is proportional to the diversion.
Since this feedback voltage is applied
with reversed polarity through the driv-
ing amplifier to the drive coil placed at
right angles to it, a motion equal and
opposite to the mechanieal diversion is
created which offsets it and maintains
linearity.

The result of such a feedback system
is the assurance that the two motions of
the stylus are maintained accurately per-
pendicular to each other. Such perpen-
dicularity is absolutely essential, for
only in this way ean the minimum degree
of interaction between channels be as-
sured. The relative position of the “mo-
tional eross” should be either vertical-
lateral, or at 45 deg. to the disc surface.
The selection of one or the other system
simply requires a different placement of
the driving and feedback coils on the
armature of the cutter. It is also possible
simply to “turn” the “motional cross”
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by 45 deg. To do this one must form the
sum and the difference of the two driv-
ing signals, as in Fig. 3.

Positioning of the Driving and Feedback
Coils in the Magnetic Field

For distortion-free transduction of
electrical energy into mechanical motion,
it is desirable to utilize an electro-dy-
namic system. For a two-motion dy-
namie feedback system it is necessary to
provide one driving and one feedback
coil for each motional direction. How

@

Fig. 4. Diagram of driving-coil arrange-
ment.

such a coil arrangement is placed on a
thimble-shaped armature is shown in
I'ig. 4.

The drive coil 1 (eireular shape) moves
the armature in a ring-shaped magnetic
gap in a vertieal direction. The two half-
coils 2 and 3, on the other hand, are so
interconnected, that the conductive parts
of those coils which are situated in the
same concentrie magnetic field as coil 1,
produces a rotational motion of the
armature. By selecting the point of rota-
tion, this rotating motion imparts to the
stylus, for all practical purposes, a
lateral excursion. Therefore the motions
resulting from eoil 1 and a combination
of coils 2 and 3, stand at the tip of the
stylus at the right angles to each ather.

The wiring pattern of a 45/45 cutter
consists of a further combination of
these two coil windings.

The two feedback coils are loeated
near the stylus end of the armature,
since the motions at this end are per-
pendicular to each other and are not,
like those at the driving coil point, com-
posed of a vertical and a rotational
motion. At the feedback ecoil location,
therefore, a different magnet structure
is necessary. The ring-shaped magnetic
gap is so constructed as to produce lines
of force running at an angle of 45 deg.
to the motion of the armature. One can
picture these lines of force as heing
separated into two components, as shown
in Fig. 5. Vertical motion of the arma-
ture permits its ring-shaped winding, 1
to cut the lines of force shown as dashes.
This produces a voltage proportional to
the velocity of the vertical motion.
Lateral motion of the armature produeces
a cutting of the dotted lines of force,
but an emf of equal magnitude and op-
posite polarity is generated by the two
sides of winding 1 therefore producing
no output voltage for this motion. The
exact opposite takes place in the figure-
eight windings 2 and 3. A horizontal
motion produces an emf proportional to
lateral velocity, while vertical motion
produces cancellation in those windings.
All this is true provided complete sym-
metry is maintained. The potentiometer
shown in Fig. 5 permits balancing of the
coils 2 and 3, thereby insuring motions
perpendicular to each other. Channel
separation in the stylus motion exceeds
40 db. Should a motional cross of 45 deg.
to the record surface be desired, a com-
bination of conneetions of the feedback
coils will also be necessary.

The arrangement just deseribed works
with a concentriec magnetic system. The
ring-windings are always assigned to the
vertical motions of the armature, while
the bucking half-windings are always
assigned to the lateral motions of the
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Fig. 5. Feedback coil winding arrangement.

armature. This holds true for both the
driving coils as well as the feedback coils.
Should the concentrie placement of mag-
nets be substituted by a transverse one,
a reversal of the coil funetions will take
place. We have chosen the concentrie
arrangement because of weight consider-
ations. A magnetie field of tremendous
strength is necessary (B is greater than
12,000 gauss) and the resulting small
dimensions of gap and armature require
extreme accuracy in the parts which
comprise the magnetic path. It was
nevertheless possible to maintain the
gross weight of the cutterhead at 12.8
ozs. In a cutter system using a diagonal
arrangement of magnets, this weight
would be almost impossible to maintain,
since the gaps on the left and right must
be arranged with alternating N and S
poles, requiring a considerable increase
in magnet size.

One of the major difficulties en-
countered in the design of this double
feed-back, two-motion eutterhead was
the shielding of the feed-back coil from
its driving coil to prevent induetive cou-
pling between them. The close physical
location of these coils to each other, the
high driving currents and the small
order of feedback voltages, made this
task very diffieult. It is to be noted that
the necessary amount of feedback lies
somewhere between 40 and 50 db, and
that econsequently the inductive coupling
must be smaller than that. A detailed
desceription of the measures taken to
ensure shielding between drive and feed-
back coils would be too extensive for
this article, but the basie difficulty should
be noted. Tremendous demands are also
made on the heat tolerance of the driving
coils and their necessarily tight attach-
ment to the armature. Reason for this
are the tremendous acceleration magni-
tudes (or braking magnitudes) and the
driving currents associated with them,
especially at high frequencies. Current
flow of 200 to 300 amperes per mm?
under transient conditions are not un-
common.

The Armature and its Suspension

In order to permit the recording of
vectoral signals in a single groove, the
stylus point must be capable of circular
motion. Motion in the direction of groove
travel is, on the other hand, not toler-
able. The armature therefore must be so
suspended as to permit motion in only

one plane. In the system developed by
Teldec, the thimble-shaped armature is
suspended using two parallel leaf
springs. These two springs are shaped
in such a manner as to place the point
of rotation at the center of gravity. The
design of these springs was further in-
fluenced by the consideration of the
resonant frequencies of the springs and
the desire that their resonances fall into



a purposeful frequency range, as well as
close to one another. As already de-
scribed, the armature is so driven as to
produce a vertical motion during which
the two leaf springs execute a simple
bending motion. When driven to a rota-
tional motion, spring A produces a trans-
verse deflection while spring B executes
a like deflection in the opposite direetion.

Aside from these two motions, an un-
wanted vibrating motion is also pro-
duced. In this third motion, the springs
deflect also in the direction of their maxi-
mum stiffness. But even this motion has
its resonanee placed within the maxi-
mum feedback range wheve it is largely
corrected. Decisive in the selection of the
resonant frequency were two considera-
tions. For reasons of output, the reso-
nance should be placed at the point
where the greatest velocities are to be ex-
pected. This point has heen determined,
on the basis of amplitude statisties, to
lie near the center of the usable fre-
queney band. This region is also most
favorable to electromotional feedback,
sinee in this way the frequency range to
be recorded can most readily be stabi-
lized. Feedback in this eutter is effective
in a region from 414 ocfaves helow to
4145 octaves above the resonant point.
Besides the two prineipal resonances
which are caused by the elasticity and
the mass of the armature, there are also
some secondary resonances. It is at the
point of these secondary resonances that
the feedback coils are no longer in phase
with the drive coils and therefore pro-
duce positive rather than negative feed-
back. To avoid this instability, the first
secondary resonance must lie well out-
side the reproduced frequeney range; as
a matter of fact it should be removed by
at least one octave from the highest re-
produced frequency. The secondary reso-
nances can be influenced by a choice of
material and shape for the armature. We
chose a material with a relatively large
sound transmission coefficient (K.=33,-
000 ft/sec.). The use of this material
placed the first secondary resonance well
above 40 ke. For all practical purposes
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Fig. 7. Distortion in the vertical channel

due to pinch effect. Recorded lateral

velocity for 0-db reference is 8 cm/sec.

Stylus-tip radius, 0.6 mil; high-frequency

pre-emphasis, 50 u-sec. Disc speed, 45
rpm; groove diameter, 12 in.

back system, almost wholly independent
of the stylus dimensions.

The Double-Component Cutting Method

The mechanieal recording characteris-
tic of a two-component system differ-
entiates itself sharply from the normal
lateral method, in that the ever-present
vertical component produees an ever-
changing cutting mode of the stylus.
Distortion referred to the motion of the
stylus itself nevertheless stays extremely
low due to the large amount of motional
feedback employed. Care must be taken,
however, to ensure that no plastie
changes (spring-back) oceur in the
groove. This requires great care in the
grinding of the stylus itself and in the
selection of lacquers for mastering. The
stylus burnish must be selected as the
optimum for the mechanical properties
of the acetate material used, and the
temperature of the heated sapphire be-
comes more critical.

If we now play this recording with a
reproducing sapphire which has a ball-
shaped tip, we meet up with further
causes of distortion, some of which are
not found in lateral recording. The main
canse of this distortion is the pinch
effect, which produces second harmonie
distortion in the vertical channel eaused
by excursions in the lateral direction. A

this produces an extremely stable feed-
HOI
|
i 0
r‘L“) 10
i ! | &
Vil i i) L
i | ] EVEL IN OPPOSITE CHANNEL| | 15
r""”} 2 _sla —
,_\ I ! i —'--.._...Q.. ”‘_‘
oL =40 =
H ; ’,A % o
=50 =% rig
—0 PIINCT EIFllc Sﬁ:i:mn Hlumlm c;l
T e e
FREQUENCY IN CYCLES PER SECOND
TRACING ERROR

Fig. 6. Section of vertically modulated
groove to show how tracing error is
caused.

Fig. 8. Channel separation measured

with a double-dynamic pickup, 0.6-mil

tip radius. Recorded velocity, 2.5 cm/sec.
for 0-db reference.

second distortion-producing problem re-
sults from the vertically recorded com-
ponent. Since the reproducing stylus has
a finite size, an exaet tracing of the
vertical groove component is impossible
(I'ig.- 6). Here as well, the second har-
monie is produced with effects in the
same direction as the excursion, i.e. in
the vertical direction.

These distortion figures are symmetri-
cal only if the modulation-eross is in-
clined at an angle of 45 deg. to the
record surface. The amplitudes of the
vertical component then assume a magni-
tude in each of the 45-deg. directions of
only 0.7 or a reduetion of 3 db. In a
vertical-lateral system, on the other hand,
only the vertical channel is adversely
affected by this distortion although in
the full measure. If a reasonable rela-
tionship is maintained in the dimensions
of the groove, recorded level, groove
veloeity, and reproducing stylus, these
interferences can be held to a minimum,
and reproduction ean attain the demands
which are made in today’s state of the
electroacoustical art. Figure 7 shows a
plot of the distortion imparted to the
vertical component by the pinch effect
as related to frequeney. The curve
reaches its maximum around 7.5 ke. The
reason for this is the dropping playback
equalization curve (RIAA) which tends
to suppress this form of distortion at
higher frequencies. Furthermore, the
second harmonic of 7.5 ke lies already
at 15 ke where reproduction falls off
rapidly in most systems. These data were
obtained using a Neumann “DST”
double-dynamic reproducer. Figure 8
shows the channel separation. Here again
we can see the typical interference of
the second harmonie caused by the pinch
effect.

These quality limitations, when ex-
amined in the light of the above factors,
produce the limit of the innermost groove
diameter.

Conclusion

The transducers described here were
developed in the Laboratories of
TELDEC (Telefunken-Decea) in Berlin,
Germany. They have been in use for over
a year now for the purpose of providing
practical knowledge in the ecutting of
stereophonie disks. As a result of this
considerable experience it has been
proven that stereophonie recordings may
be transferred to dise in such a manner
as to make differentiation between the
original tape and the dise impossible
even for trained ears.

We wish especially to acknowledge the
contributions of Georg Neuman Labora-
tories, Berlin, whose practical construe-
tion of the eutting head have made our
developments possible. Z



