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ABSTRACT: A stereo pickup having an arm for carrying a
stylus at one end and an armature comprising a flat magnet
magnetized in the direction of its thickness attached to the
other end of the arm and the pickup supported so that the ar-
mature has its center of gravity at substantially the center of
vibration of the vibration system and a magnetic pickup coil
supported relative to the armature so-as to pick up the vibrato-
ry signals from the pickup.

03
, P
318 '
106 G
7 = = -—X
e e s S
SSEZ=ZZZ g
S | X
6 N g
WA X
P 2 B 702 101
AR &3




PATENTED BEC14 81 3.627,931
CHEET 1 OF 4

INVENTOR.

Stoshs Malsuda

BY mf A"M % @W ATTORNEYS



PATENTED 0EC1 4197 3.627.931
CHEET 2 OF 4

F/G. 34 F16. 368 F1G.3C

3R NG 33p) |
P w2 & Py 2 B By R

il “dPoOR ! I “ig? ¥|5

q 4 ' ” K |
N iPeL) ! o——},“(gm ” QT’@M
Um0 T e

B, dtd) @) A B, k) By

3| N FI6.6
N\
O\
22 NG
FI6.58 | « |, s, 0 \
S BT -
INVENTOR.

roshr Marsudla

Iibegilig, w’rk‘w‘ IO ‘ I ()I\’NIZ‘}QS




PATENTED 0EC14 137 3,627.931
SHEET 3 OF 4

INVENTOR.

Al oshr Masswada

o ATTORNEYS




PATENTED DEC 1 4 137 3,627.931

SHEET 4 OF 4

04 13 7

FIG. 10 Lfg/}?“
106_ G T /
== e & st g U N |
e Vi =
109 N’[j
“’4} |
A P07 0T
PRI Eg t-o/af{ (19,)

Lk

FIG. 11C
0 'y

INVENTOR.

T 70SH Matsuada

BY ‘%f &M % @W’A'/"/nl\’/\ugm
7 I 7



3,627,931

1
MOVING MAGNET TYPE STEREQ PICKUP
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a novel stereo pickup for use with
45°—45° stereo records and more particularly refers to a mov-
ing msving-magnet-type stereo pickup.

2. Description of the Prior Art

In a conventional moving-magnet-type stereo pickup a can-
tilever arm is mounted on one.end of a bar magnet, a stylus is
fixedly mounted on one end of the cantilever arm and the bar
magnet is supported by a damper in a casing of a substantially
square cross section. With such a construction, when the sty-
lus vibrates in sound grooves during playing a record the ful-
crum of the vibration is likely to shift to introduce distortion in
the reproduced sound. '

A moving-coil type, namely Ortofon-type stereo pickup has
been proposed as an improvement of the aforementioned
moving-magnet-type pickup. In this moving-coil-type pickup,
its center of vibration is definitely settled in the vicinity of the
center of gravity of the armature to thereby eliminate one of
the problems encountered in the moving-magnet-type pickup.
However, this moving-coil-type pickup has great mass which is
a disadvantage.

SUMMARY OF THE INVENTION

This invention is to provide a novel stereo pickup which is
free from the drawbacks experienced in the prior art, and in
which a vibration system consists of a flat armature magnet
magnetized in the direction of its thickness and a cantilever
arm having a stylus and secured to the armature magnet, the
center of vibration is settled in the vicinity of the center of
gravity of the armature magnet and specific signal-generating
means are provided in relation to the armature magnet,
thereby reducing mechanical impedance relative to the stylus,
minimizing crosstalk and distortion and facilitating the manu-
facture and replacement of the stylus.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is an enlarged front view schematically illustrating
one example of the stereo pickup produced according to this
invention;

FIG. 2 is an enlarged cross-sectional view taken along the
line lI—11 in FIG. 1;

FIGS. 3A to 3C are schematic diagrams for explaining the
principle of this invention; .

FIGS. 4A and 4B are schematic diagrams for explaining the
principle of generation of the stered pickup of this invention;

FIGS. 5A and 5B are similar schematic diagrams for ex-
plaining the principle of generation of the stereo pickup of this
invention;

FIG. 6 is a graph showing the relationship between the posi-
tion of an armature and magnetic flux;

FIGS. 7 and 8 are enlarged front views illustrating other ex-
amples of the stereo pickup of this invention;

FIG. 2 is an enlarged side view illustrating one example of a
magnetic core usable in the stereo pickup of this invention;

FIG. 10 is a side view showing another example of the stereo
pickup of this invention;

FIGS. 11A to 11C are enlarged front views illustrating other
examples of the armature usable in the pickup of this inven-
tion; and

FIG. 12 is a perspective view schematically illustrating the
pickup of this invention and one part of its attachment por-
tion.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In FIGS. 1 and 2 reference numeral 1 indicates a cantilever
arm carrying at one end a stylus 2 and fixed at the other end to
a flat armature 3 magnetized with north and south magnetic
poles in the direction of its thickness. The armature 3 is
designed so that its center of gravity lies centrally of its center
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axis Z—Z, and is shaped in such a configuration as to be sym-
metrical relative to two assumed straight lines X—X and Y —
Y intersecting with the center axis Z—Z and each other at
right angles and relative to an assumed line O—O crossing the
lines X—X and Y—Y at an angle of 45° thereto and intersect-
ing with the center axis Z—Z. As illustrated in FIGS. 1 and 2,
the armature 3 may be made in the form of a plate having a
thickness of, for example, approximately 0.5 mm. and a
square Cross section measuring 2 mm. by 2 mm.

The cantilever arm 1 is mounted on the armature 3 atsuch a
location that the center axis. Z—Z of the armature 3 in the
direction of its thickness is substantially in agreement with the
axis of the cantilever arm 1 in its lengthwise direction, that the
center G of gravity of the armature 3 lies at or near the center
of vibration of a vibration system and that the line O—O runs
in substantially the same direction as that of the stylus 2.

A pair of magnetic cores 4R and 4L are disposed on the ex-
tensions of the lines X-—X and Y~—Y symmetrically relative to
the line O—Q in opposing relation to the peripheral surface of
the armature 3. In the illustrated example the magnetic cores
4R and 4L are positioned under the armature 3.

The magnetic cores 4R and 4L are, for example, the so-
called E-shaped cores, as exemplified in FIG. 3, which have
three platelike magnetic poles P;, P, and P; equally spaced
from adjacent ones and interconnected at one end with one
another. The relative position of each of the magnetic cores
4R and 4L to the armature 3 is such that where the stylus 2 is
not subjected to vibration, namely in its stationary condition,
the central magnetic pole P, lies on a line L—L passing the
center of gravity of the armature 3, namely the center G of
vibration of the vibration system and intersecting with the
center axis Z—Z of the cantilever arm 1 at right angles
thereto. The central magnetic poles P, have wound thereon
windings 5R and 5L respectively.

Reference numeral 6 designates a fine core wire formed of,
for example, a flexible metal material, which is positioned to
pass through a cylindrical caulking member 102 inserted into
an aperture 101 formed through the support 7 and is secured
at one end to one end of the caulking member 102 by means
of, for example, an adhesive binder or the like. The caulking
member 102 is fixed by a setscrew 104 threadably engaged
with a female screw 103 formed in the support 7. While, the
other end of the core wire 6 is secured, by means of, for exam-
ple, an adhesive binder or the like, to a ring 106 fixed in the
cantilever arm 1, passing through a central aperture of a
damper 8 disposed between the armature 3 and the support 7
and through an O-ring 105.

In the absence of the core wire 6 in the vibration system of
the above construction, when recorded signals on the record
become large the damper 8 is shifted in the axial direction of
the cantilever arm 1, namely in the direction of the line Z—Z.
As a result of this, the center of vibration of the vibration
system is also caused to shift in the direction of the line Z—Z.

In the present invention, however, since the core wire 6 is
secured at both ends to the cantilever arm 1 and the support 7
respectively, as previously described, shifting of the vibration
system in the direction of the line Z—Z such as mentioned
above is prevented. However, the core wire 6 is flexible and
fine, and hence it does not obstruct vibrations of all directions
about the center of vibration of the vibration system except
that of the direction of the line Z—Z.

The principle of generation of the present invention pickup
of the above construction will hereinafter be described in
detail. Let it be assumed that the stylus 2 is subjected to vibrat-
ing forces proportional to right and left signals from directions
at an angle of 45° to the vertical axis O—O passing the center
axis of the armature 3, namely on the lines X—X and Y—Y.
The vector R of the right signal applied to the stylus 2 on the
line X—X is decomposed into a horizontal component R, and
a vertical component R,. The vector —R is likewise decom-
posed into —R, and —R,.

Referring now to FIGS. 4 and 5, a description will be given
in connection with the manner in which the armature 3 is dis-



3,627,931

3

placed by the vectors R and —R. With the vertical component
Ry of the vector R, the armature 3 and the cantilever arm 1
are displaced as shown by dotted lines in FIG. 4A. If the dis-
placement of the armature 3 from its full-line position to the
cantilever side is defined to be minus (—) displacement, upper
corners 3C and 3D of the square-shaped armature 3 are dis-
placed by +A and the lower corners 3A and 3B are displaced
by —A. With the horizontal component Ry of the vector R, the
armature 3 and the cantilever arm 1 are respectively displaced
as indicated by dotted lines in FIG. 5A. In this case the dis-
placements of the corners 3B and 3C of the armature 3 are
+A, while the displacements of the corners 3A and 3D are —A.

Accordingly, the vector R causes the corner 3A of the ar-
mature 3 to be displaced by —2A from its neutral position and
the corner 3C to be displaced by +2A from its neutral position.
While, the displacements of the corners 3B and 3D by the ver-
tical and horizontal components Ry, and R, are opposite in
direction, so that the displacements are cancelled and the cor-
ners 3B and 3D are not displaced.

With the vertical component —Ry of the vector —R, the ar-
mature 3 is displaced as indicated by broken lines in FIG. 4A,
namely the corners 3A and 3B of the armature 3 are displaced
by +A and the corners 3C and 3D are displaced by —~A. With
the horizontal component —R, of the vector —R, the armature
3 is, in turn, displaced as shown by broken lines in FIG. SA.
Namely, the displacements of the corners 3B and 3C are —A,
while those of the corners 3A and 3D are +A. Thus, the vector
~R provides displacement of the corners 3A and 3C by +2A
and —2A from their neutral positions respectively.

Briefly stated, when a force vibrating in the direction of the
line X—X is applied to the armature 3, its corners lying on the
line X—X are vibrated but the corners on the line Y—Y are
not vibrated. In other words, the force vibrating in the
direction of the line X—X causes the armature 3 to vibrate
about the line Y—Y. :

It will readily be understood that when a force vibrating in

the direction of the line Y—Y, namely a vector L of the left
signal is applied to the pickup, the corners of the armature 3
lying on the line Y—Y are vibrated about the line X—X.
. When a force is exerted to the armature 3 in the direction of
the line X—X, the corners 3A and 3C vibrate as described
above. The corners 3A and 3B are respectively disposed op-
posite to the magnetic cores 4R and 4L, as illustrated in FIGS.
1and 3.

When the armature 3 is in its stationary condition, the
corner 3A (or 3B) of the armature 3 assumes a position op-
posite to the central magnetic pole P, of the magnetic core 4R
(or4L), as depicted in FIG. 3B. In this case, a magnetic flux
@, starting from the armature 3, passing through the magnetic
poles P, and P, and returning to the armature 3 and a mag-
netic flux @, starting from the armature 3, passing through the
magnetic poles P, and Py and returning to the armature 3 are
equal in magnitude in the central magnetic pole P, but is op-
posite in direction. Therefore, no electromotive force is
generated in the winding SR (or SL) wound on the central
magnetic pole P,.

A discussion will be made in connection with the case where
the armature 3 is subjected to the aforementioned forces
R(—R) and L(—L), in particular only R and —R for the sake of
simplicity. Applying the force R or —R to the armature 3, the
corners 3A and 3C are displaced by 124 | about their neutral
position. Accordingly, in this case the relation between the
corner 3A of the armature 3 and the magnetic core 4R varies
as shown in FIGS. 3A and 3C. That is, when the corner 3A of
the armature 3 is displaced toward the left-hand magnetic pole
P, of the magnetic core 4R as illustrated in F1G. 3A, if the ar-
mature 3 is magnetized in the direction of its thickness with
polarities indicated, the magnetic flux ®, increases and when
the corner 3A lies midway between the magnetic pole P, and
. the central magnetic pole P, the magnetic flux &, reaches its
greatest value. This introduces variations in the magnetic flux
of the central magnetic pole P,, providing an electromotive
force in the winding 5R.
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Having returned to its initial position such as depicted in
FIG. 3B, the armature 3 stands opposite to the central mag-
netic pole P;. Under such conditions, the magnetic fluxes &,
and ®, are equal in magnitude in the central magnetic pole P,
and is opposite in direction, so that these magnetic fluxes are
cancelled. As a result of this, no magnetic flux flows through
the central magnetic pole P, and a magnetic flux flows from
the magnetic pole P, to the magnetic pole P; as a whole.
Therefore, no electromotive force is generated in the winding
SR.

Further, when the corner 3A of the armature 3 has shifted
from its position in FIG. 3B to a position midway between the
central magnetic pole P, and the right-hand magnetic pole P,
as depicted in FIG. 3C, the magnetic flux ®, flowing from the
central magnetic pole P; to the magnetic pole P; reaches its
maximum value. Electromotive forces is generated in the
winding SR in response to the variations in the magnetic flux
passing through the central magnetic pole P,.

The foregoing will be described in detail only in connection
with the magnetic flux flowing from the magnetic pole P, to
the central magnetic pole P,. Let it be assumed that the mag-
netic core is not provided with the right-hand magnetic pole P,
and hence is composed of the left-hand magnetic pole P, and
the central magnetic pole P, in the form of a U. In this case,
the magnetic flux @, is at its maximum value when the corner
3A of the armature 3 lies at the center between the magnetic
poles P, and P;, as depicted in FIG. 3A, and the magnetic flux
®, gradually decreases as the corner 3A moves from the cen-
tral position. FIG. 6 illustrates the relationship between the
magnitude of the magnetic flux ®, and the relative position of
the comner 3A of the armature 3 to the magnetic core, in
which the ordinate represents the magnitude of the magnetic
flux &, and the abscissa the position of the armature 3 relative
to the magnetic core. In this graph a curve 9 indicates the
magnetic flux ®,, points a, b and ¢ on the abscissa indicating
the positions of the armature 3 depicted in FIGS. 3A, 3B and
3cC.

Now, the magnetic flux ¢,, flowing from the central mag-
netic pole P, to the right-hand magnetic pole P;, will be
discussed similarly in connection with a U-shaped magnetic
core consisting of the magnetic poles P; and P;. The magnetic
flux @, reaches its maximum value when the armature 3 lies at
the center between the magnetic poles P; and P;, and the mag-
netic flux &, gradually decreases as the armature 3 leaves the
central position. The characteristics of the magnetic flux &, is
as indicated by a curve 10 in FIG. 6.

In practice, since the magnetic core 4 is not U- but E-
shaped, a magnetic flux ¢ flowing through the central mag-
netic pole P, having wound thereon the winding SR(5L) is
composed of the magnetic fluxes &, and ®,, which is indicated
by a full-line curve 11 in FIG. 6. That is, the magnetic flux ¢
flowing through the central magnetic pole P, is zero when the
armature 3 assumes a position opposite to the central mag-
netic pole P,, as shown in FIG. 3B. When the armature 3 is dis-
placed from the above position toward the left-hand magnetic
pole P, the magnetic flux ® flows through the central mag-
netic pole P; from the bottom to the top, and when the arma-
ture 3 is displaced from the central magnetic pole P, toward
the right-hand magnetic pole P; the magnetic flux ® flows
through the magnetic pole P, from the top to the bottom.

As indicated by the curve 11 in FIG. 6, the magnetic flux @
flowing through the central magnetic pole P, varies linearly
about the point b close the points a and ¢ where the magnetic
fluxes @, and @, reach their maximum values. Consequently,
the magnetic flux @ is in direct proportion to the displacement
of the armature 3 to ensure that a distortionless output voltage
is abtained from the winding wound on the central magnetic
pole P, through which the magnetic flux ® flows.

Further, when the stylus is subjected to a vibration of only
one direction, the relative position between the magnetic core
and the armature disposed vertically to the direction of the
vibration is not altered, as described above. Accordingly, in
this case no voltage is praduced in the winding wound on the
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magnetic core, thus preventing crosstalk which is harmful to
stereo sound. Therefore, the pickup of this invention exhibits
excellent performance as a pickup for use with stereo records.

In accordance with this invention the use of flat armature 3
and positioning the vibration center of the vibration system on
or above the center G of gravity of the armature 3 reduces the
mechanical impedance from the stylus 2 and eliminate distor-
tion and crosstalk in the reproduced sound.

In addition, since the flat armature is magnetized in the
direction of its thickness, the magnetization can readily be ef-
fected to enhance efficiency of manufacturing operations.

Although the magnetic cores 4R and 4L are disposed op-
posite to the underside of the armature 3 in the foregoing ex-
ample, it is also possible to arrange the magnetic cores 4R and
4L above the armature 3 on the lines X—X and Y—Y in the
same relation as that described above, as shown in FIG. 7, or
to dispose four magnetic cores 4R, 4R’ and 4L, 4L’ opposite
to all the corners of the armature 3 respectively in the same
relation as the above-described one. In the latter case,
windings 5R and SR’ wound on central magnetic poles P, of
the magnetic cores 4R and 4R'are connected in series to each
other, and windings 5L and 5L’ wound on the magnetic cores
4L and 4L’ are similarly connected in series to each other.
Further, these windings are connected together in such a
manner that their outputs are added together to provide a
large output.

The foregoing example employs the platelike E-shaped
magnetic core 4 having the magnetic poles P,, P, and Py, but it
will be apparent that the top end portions of the magnetic
poles P, and P; can be bent inwardly as shown in FIG. 9. The
E-shaped magnetic core may also be formed in the shape of a
cylinder with the poles P, and P; forming the outer walls of a
cylinder and with a center pole P, extending upwardly at the
center of the cylinder.

Further, in the above example the winding is wound on the
central magnetic pole P; of the magnetic core 4 for leading out
an electrical signal. In some cases, however, windings 15R and
15L and 15R’, 15L' are wound on the magnetic poles P, and
P, of the magnetic core 4 as illustrated in FIG. 10 and in this
case the windings 15R and 15R’ are connected in series to
each other and the windings 15L and 15L’ are similarly con-
nected in series to each other. In this case the turning
directions of the windings and their connections are selected
so that when the armature 3 stands opposite to the central
magnetic pole P, outputs induced in the windings 15R and
15R’, 15L and 15L' by the magnetic fluxes ¢, and @&,
produced in the magnetic poles P, and Py may be cancelled by
each other. With such an arrangement, it is also possible to
provide an output which is distortionless and free from cross-
talk, as in the foregoing.

Although the foregoing examples employ the armature 3 of
a square configuration, it is also possible to use circular, cross-
shaped, octagonal or like armatures so long as they are flat
and magnetizable with north and south magnetic poles in the
direction of its thickness, as depicted in FIGS, 11A, 11B and
11C. That is, the requirements imposed upon any of the arma-
tures are such that its center of gravity lies on the central axis
and that its shape is symmetrical relative to the two straight
lines X—X and Y—Y running in the direction of its plane and
intersecting with each other at right angles. Further, in this
case the armature 3 is mounted on the cantilever arm 1 in such
a manner that the lines X—X and Y—Y respectively form an
angle of approximately 45° with the plane including the exten-
sion of the stylus 2 and the axijal direction of the cantilever
arm 1. It is preferred in practice to position the armature 3 as
close to the magnetic cores 4R and 4L as possible.

In FIG. 12 there is illustrated one example of a support S for
supporting the pickup of this invention. As depicted in the
figure, a support rod R is fixed on the support 7 and a hole H
for supporting the rod R fitted therein is formed in the support
S. Insertion of the rod R into the hole H leads to supporting of
the support 7 and consequently the stereo pickup on the sup-
port S. A groove conforming to the configuration of the sup-
port 7 is provided in the support S.
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This facilitates attachment and detachment of the pickup of
this invention and hence replacement of a damaged stylus with
a new one is extremely simple.

It will be seen that reference to the exemplified shapes of
the armature should not be construed as limiting this invention
specifically thereto.

Further, a plurality of cylindrical members 1, 1,, can
be mounted about the cantilever arm 1, as shown in FIG. 2 by
dotted line in a manner to gradually increase its diameter as
the fixed portion of the cantilever arm 1 to the armature 3 is
approached. This prevents vibration of the cantilever arm 1 it-
self due to its slenderness and hence prevents generation of
noise.

It will be apparent that many modifications and variations
may be effected without departing from the scope of the novel
concepts of this invention.

I claim as my invention:

1. A moving-magnet-type stereo pickup comprising a cantil-
ever arm carrying at one end a stylus, an armature attached to
the other end of said cantilever arm, said armature comprising
a flat permanent magnet which is magnetized in the direction
of its thickness and longitudinally of the arm, said cantilever
arm fixed to said armature so that the longitudinal direction of
said cantilever arm crosses the plane of said armature at right
angles, means for supporting the armature in such a manner
that the center of vibration of the vibration system including
said stylus, cantilever arm and armature lie substantially at the
center of gravity of said armature, E-shaped magnetic path-
forming means comprising core means for forming a plurality
of magnetic paths in cooperation with said armature, said E-
shaped magnetic core means mounted adjacent said armature
and disposed relative to said armature so that the legs of said
E-shaped magnetic core means are arranged one after another
along an axis parallel to the north and south poles of said ar-
mature, and the center leg of said E-shaped magnetic core
means is adjacent said armature, and windings wound on said
E-shaped magnetic core means for detecting movement of
said stylus in two direction normal to each other and the
response of said windings being linear as a function of move-
ment of said armature so that distortionless response is ob-
tained.

2. A moving-magnet-type stereo pickup comprising a cantil-
ever arm carrying at one end a stylus, an armature attached to
the other end of said cantilever arm; said armature comprising
a flat permanent magnet which is magnetized in the direction
of its thickness and longitudinally of the arm, said cantilever
arm fixed to said armature so that the longitudinal direction of
said cantilever arm crosses the plane of said armature at right
angles, means for supporting the armature in such a manner
that the center of vibration of the vibration system including
said stylus, cantilever arm and armature lie substantially at the
center of gravity of said armature, E-shaped magnetic path-
forming means comprising core means for forming a plurality
of magnetic paths in cooperation with said armature, said E-
shaped magnetic core means mounted adjacent said armature
and disposed relative to said armature so that the legs of said
E-shaped magnetic core means are arranged one after another
along an axis paralle! to the north and south poles of said ar-
mature, and the center leg of said E-shaped magnetic core
means is adjacent said armature, and windings wound on said
E-shaped magnetic core means for detecting movement of
said stylus in two directions normal to each other and the
response of said windings being linear as a function of move-
ment of said armature so that distortionless response is ob-
tained, wherein the cantilever arm is composed of a plurality
of nested cylindrical members each having different lengths,
the plurality of cylindrical members disposed around the out-
side of the cantilever arm along its base portion, and the
smaller cylindrical members having lengths which are greater
than the larger cylindrical members and said stylus mounted at
the end of the arm at its smallest diameter.

3. A moving-magnet-type stereo pickup as claimed in claim
2 in which said windings are wound on the center leg of said E-
shaped magnetic core means.
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4. A moving-magnet-type stereo pickup as claimed in claim
2 in which said windings are wound on both outside legs of
said E-shaped magnetic core means.

5. A moving-magnet-type stereo pickup as claimed in claim
2 wherein the armature is square.

6. A moving-magnet-type stereo pickup as claimed in claim
2 wherein the armature is circular.

7. A moving-magnet-type stereo pickup as claimed in claim
2 wherein the armature is cross-shaped.

8. A moving-magnet-type stereo pickup as claimed in claim
2 wherein the armature is polygonal-shaped.

9. A moving-magnet-type stereo pickup as claimed in claim
2 wherein said magnetic path forming means comprise a pair
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of magnetic detectors, each disposed adjacent the armature.

10. A moving-magnet-type stereo pickup as claimed in
claim 2 wherein said magnetic path forming means consist of
two pairs of magnetic detecting means mounted adjacent the
armature and windings on each pair of the detecting means
connected together so that their outputs add together.

11. A moving-magnet-type stereo pickup as claimed in
claim 2 comprising a first support means for supporting said
vibration system, a pin attached to said first support means,
and a second support means formed with a hole into which
said pin is inserted to support said stereo pickup.

* * * * *




