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1
- PHONOGRAPH PICKUP STYLUS
BACKGROUND OF THE INVENTION

This invention relates to a phonograph pickup stylus,
and more particularly to a phonograph pickup stylus
for reproducing sound from a record disc. The stylus is
capable of contacting each of the two walls of a sound
groove of the record.disc with a contact surface figure
which" is short in the longitudinal direction of the
groove and long'in the transverse or depth direction ex-
tending toward the bottom of the groove.

Among the phonograph pickup styluses known here-
tofore, there have been those called round styluses and
clliptical styluses. A round stylus has a tip of spherical
shape. For this reason, the perimeter of the contact sur-
face of the stylus and each record groove wall has a cir-
cular contour. The term ‘“‘contact surface contour™ is
herein used to designate the surface contour where the
stylus contacts the groove wall when it is held in the
groove with a specific stylus pressure. This pressure
causes the part of the groove wall thus contacted to un-
dergo a plastic deformation, whereby.the stylus is in a
state wherein it is pressing into the groove wall. In the
case of a round stylus, the contact surface contour is a
relatively large circular figure. For this reason, a round
stylus cannot reproduce, in a fully satisfactory manner,
signals of relatively high frequencies recorded in the
form of small waveforms in the groove walls.

To overcome this disadvantage of round styluses, an
elliptical stylus has been proposed .and used. This ellip-
tical stylus has a shape produced by grinding the front
and rear sides of a round stylus thereby giving the cross
section thereof an elliptical shape. The term ““front and
rear sides” is herein used to designate the front side and
rear side of the stylus advancing relatively to the sound
groove. When this elliptical stylus is placed in a record
groove, the length of the contact surface contour in the
groove longitudinal direction is short, whereby the sty-
lus is capable of reproducing signals of relatively high
frequencies. However, the area of the above mentioned

contact surface figure also becomes small. For this rea-

son, the elliptical stylus can-easily bite into the groove
walls. Consequently, the wall surfaces tend to be dam-
aged after'several uses. Furthermore the recorded 51g-
nals cannot be reproduced with good signal to noise
ratio (S/N). Particularly in a four-channel record which
the present applicant has previously proposed, in which
a high-frequency component of from 40 to 50 KHz is
recorded. Therefore, when a record of this character is
played back or reproduced with a conventional ellipti-
cal stylus, the parts of the groove walls with small wave-
form -undulations are partlcularly subject to severe
damage, whereby the signal to noise ratio of the repro-
duced signals becomes small.

As one measure to overcome this dlsadvantage, the
contact surface contour of the stylus and each groove
wall is made an elongated ellipse with its shorter dimen-
sion in the longitudinal direction of the groove. Its
longer dimension, in the transverse direction or the
depth direction extending toward the. bottom of the
groove along the groove wall (hereinafter referred to
simply as depth direction), and the area of this contact
surface contour is made large. Hence, the stylus does
not bite into the groove walls. By the use of the stylus
which forms a contact surface figure of the above de-
scribed shape, it is possible to reproduce signals of high
frequency with excellent signal to noise ratio.
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One example of such a stylus is the gramophone. nee-
dle proposed and disclosed in the specification of Brit-
ish Pat. No. 768,414, filed Apr. 13, 1955, entitled “‘Im-
provements in and relating to Gramophone Needles”.
In this specification, however, it is merely indicated

theoretically that the shape of the needle (stylus) de-

scribed therein is desirable. In actual practice, it is diffi-
cult to form the shape by grinding a curved part of a
large radius of curvature in the vertical section. Ac-
cordingly, the reduction into practice of this proposed
pickup has been impossible.

SUMMARY OF THE INVENTION

Accordingly, it is a general object of the present in-
vention is to provide a novel and useful phonograph
pickup stylus' wherein the above described disadvan-
tages accompanying prior art styluses and the above
described proposed needle are overcome.

Another object of this invention is to provide a pho-
nograph pickup stylus of a shape whereby it can con-
tact each wall of the sound groove of the record disc
with a contact surface contour of a shape which is short
in the longitudinal direction of the groove and long in
the depth direction.

A further object is to provide a phonograph pickup
stylus, having a curved surface part for making contact
with a record groove wherein the surface is made by
merely subjecting it to a plane cutting. These curved
parts have a large radius of curvature in the vertical
section of the stylus in its state of use. The phonograph
pickup stylus according to the invention .can be pro-
duced easily and at low cost.

Other objects and features of the invention will be
apparent from the following detailed description when
read in conjunction with the accompanying drawings,
in which like parts are designated by like reference nu-
merals and characters.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
FIG. 1 is a side view of the tip of a stylus, showing

how it is cut during fabrication, for illustrating. a first

embodiment of a phonograph pickup stylus accordmg
to the invention;

FIGS. 2A and 2B are respectively a side view 'and a
front view showing a'fabricated ‘stylus of the first em-
bodiment;

FIG. 3 is a side view of the tip of a stylus, showing .

how it is cut during fabrication, for illustrating a second

embodiment of a stylus according to the invention;
FIGS. 4A and 4B are respectively a side view and a

front view showing a fabricated stylus of the second

‘embodiment;

FIGS. 5 and 6 are respectively side views of the tip
of a stylus showing how it is cut during fabrication, for
illustrating a third embodiment of a stylus according to
the invention;

FIGS. 7A, 7B and 7C are respectively a side view, a
front view and a bottom view of the fabricated stylus of
the third embodiment; and

FIGS. 8A and 8B are respectively a vertical cross sec-
tion showing the stylus of the third embodiment in the
state of contact with the walls of a sound groove of a
record disc, and a developed cross-sectional view of a
section of the stylus of the third embodiment taken per-
pendicularly to the groove walls at the contact surface
between the stylus and the groove walls.
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DETAILED DESCRIPTION

Referring first to FIGS. 1, 2A and 2B, the first em-
bodiment of the stylus according to the present inven-
tion, is fabricated by first grinding the extreme end of
a diamond stylus body of the initial shape of a square
bar into a cone of a vertex angle of 60°. The tip of the
conical part thus ground is shown in FIG. 1. The coni-
cal stylus body 10 thus obtained is orientated by tilting
its axis 12 so that the plane 11 along which it is to be
cut is vertical.

The cut plane 11 is inclined by a specific angle 6 (less
than 90°) relative to the axis 12. Plane 11 then passes
through a point 14 which is offset by a distance in the
order of from 12 to 15 microns on the profile line 10a
on one side, as shown in FIG. 1. This distance is mea-
sured from the vertex 13 of the conical stylus body 10.
At the same time, plane 11 passes through a point 15
spaced apart by a substantial distance from the vertex
and disposed on the conical profile line 100 on the
other side of the stylus body 10. The portion of the con-
ical stylus structure including the vertex 13 and parti-
tioned by the cut plane 11 is then ground off and re-
moved.

As a result of this cutting operation, a stylus 17 is
shaped as indicated by the side view of FIG. 2A and by
the front view of FIG. 2B. As indicated in FIG. 2B, the
shape of the resulting contour along the cut plane 11
on the stylus body is an ellipse. An elliptical edge line
18 is thus defined by the cut plane 11 and the conical
outer surface of the stylus. In and along the lower por-
tion of this edge line 18, the edge thereof is rounded
with a small, constant radius of curvature of the order
of from 5 to 10 microns, for example, in planes perpen-
dicular to the edge, whereupon the phonograph pickup
stylus 17 is completed.

This pickup stylus 17 is placed in a sound groove 20
of a record disc 19 with an orientation such that the cut
plane 11 is vertical and perpendicular to the groove as
shown in FIG. 2B,. Points P, P, and the parts in the vi-
cinity thereof on the two sides in the lower portion of
the elliptical edge line 18, make contact against the two
opposite walls of the sound groove 20. The angle
formed by the tangent lines at the points P, P of the sty-
lus 17 is substantially equal to the angle between the
two walls of the groove 20. The radius of curvature of
the curve of the edge line 18 at each point P and the
parts in the vicinity thereof is large, being of the order
of 75 microns, for example. Accordingly, the stylus 17
contacts each wall of the groove 20 with a contact sur-
face figure of a shape which is short in the longitudinal
direction of the groove and long in the depth direction
thereof.

Next the second embodiment of the pickup stylus,
according to the invention, will be described with refer-
ence to FIGS. 3, 4A and 4B.

A stylus body 10 is first prepared with a conical end,
in the same manner as described above with respect to
the first embodiment. Then it is orientated by tilting its
axis 12 as that a plane 30 is vertical. The stylus struc-
ture is-to be cut along this path. The cut plane 30 is in-
clined relative to the axis 12 by a specific angle 6’
(equal to % of the vertex angle of the stylus, namely 30°
in this embodiment). Furthermore, this cut plane 30
passes through a point 31 which is offset by a distance
in the order of from 12 to 15 microns on the profile line
104 on one side from the vertex 13 of the conical stylus
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body 10. At the same time, cut plane 30 is parallel to
th profile of 10b on the other side of the stylus body.
The portion of the stylus body including the vertex 13
is cut off where partitioned by the cut plane 30. The cut
off is preferably removed by grinding. As a result of this
cutting operation, a stylus 33 as indicated by the side
view of FIG. 4A and the front view of FIG. 4B is ob-
tained. As indicated in FIG. 4B, the shape of the result-
ing figure along the cut plane 30 on the stylud body is
a parabola. A parabolic edge line 34 is thus defined by
the cut plane 30 and the conical outer surface of the
stylus. In and along the lower portion of this edge line
34, the edge thereof is rounded with a small, constant
radius of curvature in the order of from 5 to 10 mi-
crons, for example, in planes perpendicular to the edge,
whereupon the phonograph pickup stylus 33 is com-
pleted.

There is a large radius of curvature of the parabolic
edge line 34 at the points P, P and the parts in the vicin-
ity thereof of contact with the groove walls of the re-
cord disc. This is substantially the same as that of the
radius of the same parts in the case of the preceding
first embodiment.

An extremely important feature of the present inven-
tion is that in both of the above described first and scc-
ond embodiments, the curve of large radius of curva-
ture including the points P, P and the parts in the vicin-
ity thereof of the edge lines 18 and 34 can be obtained
by the very simple procedure of making a single plane
cutting with respect to the cut planes 11 and 30 of the
stylus body 10.

In order to cause the edge line portions at the points
P, P and the parts in the vicinity thereof of the styluses
17 and 33 in the above described two embodiments to
conform to the record groove walls in the depth direc-
tion thereof, it is necessary to orientate the styluses so
that the cut faces 11 and 30 are vertical. For this pur-
pose, it is necessary to use the styluses in a state
wherein their axes 12 are inclined as indicated in FIGS.
1 and 3, and when the styluses are to be installed in
their pickups, the setting of the inclinations of these
styluses presents a difficult problem.

The present invention solves this problem in a third
embodiment thereof as described below.

As indicated in FIG. 5, a stylus body 10 with a conical
end of a vertex angle of 60° is prepared similarly to the
above described embodiments and is disposed so that
its centerline axis 12 is vertical. Next, similarly as in the
first embodiment, the portion 16 including the vertex
13 is cut off along the line partitioned by the cut plane
11 passing through the pdints 14 and 15. The cut off
part is removed by grinding, whereupon a cut face 11
is obtained on the stylus. A resulting stylus 40 appears
as shown in FIG. 6 when it is rotated toward the viewer
through an angle of 60° from its state as shown in FIG.
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The stylus 40 is then subjected to another cutting op-
eration. A part 43 thereof is cut off and removed by
grinding along a cut plane 42 passing through a point
41 of the same height as the point 15 on the profile line.
10c as shown in FIG. 6. The two cuts form a dihedral
angle of 60 degrees with the extrapolated extension of
the cut face 11. As a result, there is obtained a pickup
stylus 44 as shown in side view, front view and bottom
view in FIGS. 7A, 7B and 7C, respectively."

This stylus 44 is rounded as indicated at its lower tip
45, and the lower parts of the edge lines 46 and 47
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formed as intersections of the cut faces 11 and'42. The
conical outer surface of the stylus structure are
rounded therealong with a constant small radius of cur-
vature of the order of from 5 to 10 microns with curva-
ture centers lying in planes perpendicular to the edge
lines, whereupon the stylus is completed. A two-plane
section of this stylus 44, taken along dihedral planes
perpendicular to the contact surfaces at points Q, Q as
shown in FIG. 8A, appears as shown in FIG. 8B when
developed flat in a single plane. This section has a
somewhat fan-like shape.

The edge lines 46 and 47 are symmetrical with. re-
spect to the intersection line between the cut planes 11

and 42. When the stylus 44 is lowered into the groove’

20 of the record disc 19, as indicated in FIG. 8A, the
two side points Q, Q and the parts in the vicinity
thereof, on these edge lines 46 and 47, make contact
with the opposite walls of the groove. The radius of cur-
vature of the curved edge lines 46 and 47 at these
points Q, Q ‘and_the parts in the vicinity thereof is
greater than, for example, the corresponding radius of
curvature {(approximately 75 microns) in each of the
preceding embodiments. Of course, it is also greater
than the radius of an imaginary circle 49 tangentially in
contact with tangent lines passing through the points Q,
Q as viewed in FIG. 8A. Accordingly, the stylus 44
makes contact with the record groove 20 along a con-
tact surface contour which is short in the longitudinal
direction of the groove and long in the depth direction
thereof. ‘

As indicated in FIG. 7A, when the centerline axis 12
of the stylus 44 is in a state wherein it is perpendicular
to the record disc, the tangent to the edge line 46 (or
47) at the point Q is perpendicular to the record disc
and parallel to the axis 12. Accordingly, in order to
cause the stylus ‘44 make contact with the record
groove, in a manner which conforms to the groove
walls in the depth direction thereof, without tilting the
points Q, Q and the parts in the vicinity thereof of the
edge lines 46 and 47, the stylus is held in a position
wherein its axis 12 is vertical.

Therefore; the stylus 44 of this third embodiment dif-
fers from the styluses 17 and 33 of the preceding em-
bodiments in that the procedure of installing the stylus
44 in the pickup cartridge is greatly facilitated since the
points Q, Q and the parts in the vicinity thereof con-
form accurately to the groove wall contour in the depth
direction thereof when the stylus is used with its axis
vertically orientated.

In this third embodiment, two plane cuttings are
made to produce the cut faces 11 and 42 respectively
inclined relative to profile side lines of the stylus body.
Alternatively, the cutting procedure of the second em-
bodiment may be applied to cause a cut fact to be par-
allel to a side line of the stylus body. In this case, the
edge line formed by the cut face and the outer conical
surface of the stylus body constitutes a part of a parab-
ola.

By the practice of the invention according to this
third embodiment thereof as described above, it is pos-
sible to obtain a curve of large radius of curvature in
the vertical section of the stylus at its part where it con-
tacts the record groove. Moreover, the stylus can be
used with its centerline axis in vertical state.

In each of the foregoing embodiments, the plane cut-
ting of the stylus body can be accomplished by any suit-
able known grinding method. That is, for example, the

-6
grinding can be carried out by applying the stylus body
against a rotating grinding disc on which an abrasive
such as powdered diamond has been deposited.

The principal features of the phonograph pickup sty-
lus according to the present invention may be enumer-
ated as follows.

1) By merely making a simple plane cut only once or
twice with respect to the conical end part of the stylus,
a pickup stylus can be very easily produced with a
curve of large radius of curvature in it$ parts in contact
with a record groove in a vertical section.

2) Since the pickup stylus makes contact with the walls
of the record groove with a contact surface -contour
which is short in the longitudinal direction of the
groove and long in the depth direction thereof, the sty-
lus can reproduce even high-frequency signals with a
large signal to noise ratio. Moreover, since the contact

. area is large, there is little possibility of damage to the
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record groove, whereby the serviceable life of the re-
cord disc is prolonged.

3) Since the area of the contact surface contour be-
tween the stylus and the groove walls is relatively large,
the result is equivalent to an increase in the stiffness of
the record disc, and the resonance frequency of the vi-
brator becomes a high frequency. Accordingly, the fre-
quency characteristics capable of  reproducing re-
corded sound. in an excellent manner are extended to
a high frequency band.

4) As is known, the record disc softens when its tem-
perature becomes high, and the above mentioned reso-
nance frequency fluctuates greatly with temperature.
For this reason, in the case of a conventional stylus, the
resonance frequency is readily affected by the tempera-
ture since is is a relatively low frequency. In contrast,
in the case of the stylus of this invention, the resonance
point which fluctuates with temperature is outside of
the frequency band used and, as a result, is not subject
to the effect of temperature variations.

Further, this invention is not limited to these embodi-
ments but various variations and modifications may be
made without departing from the scope and spirit of the
invention. : :

What I.claim:is:

1. A phonograph pickup stylus comprising a conical
stylus body having at least one plane cut face formed
by removing material from said conical body along at
least ‘a single cut portion of the stylus body, the re-
moved material including the conical vertex thereof
and being partitioned from the remainder of the body
by at.least one intersecting plane inclined at a specific
angle 6 (less than 90°) relative to the centerline axis of
the body passing through the vertex, an edge line being
formed at the intersection between said plane cut face
and the outer conical surface of the body, the angle be-
tween tangents at two side points of said edge line near
the tip part thereof being substantially equal to the di-
hedral angle between the opposed side walls of a record
disc groove in which the stylus is placed in operation
whereby said side points and the parts in the vicinity
thereof contact said groove, and the radius of curvature
of the edge line at the side points and the parts in the
vicinity thereof being greater than the radius of an
imaginary circle tangentially inscribed between the
edge line at the two side points.

2. The phonograph pickup stylus as claimed in claim
1 in which at least one cut face passes through a point
disposed near said vertex and on one of the side profile
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lines of the stylus body as viewed laterally and perpen-
dicularly relative to the direction of its travel, said cut
face also passes through a point disposed remotely
from the vertex and on the other side profile line, and
said edge line between said cut face and the outer coni-
cal surface of the stylus body outlines a substantially
elliptical figure.

3. The phonograph pickup stylus as claimed in claim
1 in which at least one cut face passes through a point
disposed near said vertex and on one of the side profile
lines of the stylus body as viewed laterally and perpen-
dicularly relative to the direction of its travel, said cut
face is parallel to the other side profile line, and said
edge line between said cut face and the outer conical
surface of the stylus body outlines a substantially para-
bolic figure.

4. The phonograph pickup stylus as claimed in claim
1 in which the stylus body at least at said two side
points and the parts in the vicinity thereof of said edge
line is rounded along the edge line with a constant ra-
dius of curvature with centers of curvature lying in a
plane perpendicular to the edge line.

5. A phonograph pickup stylus comprising a conical
stylus body having two cut faces formed by removing
a portion of the stylus body, the removed portion in-
cluding the conical vertex thereof and being parti-
tioned from the remainder of said body by two inter-
secting planes inclined at a specific angle 8 (less than
90°) each relative to the centerline axis of the body
passing through the vertex, said two intersecting planes
forming a dihedral angle therebetween at their inter-
section, the intersections between the two edge lines
formed by said two cut faces and the edge lines at the
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outer conical surface of the body having a symmetrical
shape with respect to said intersection between said
two planes, the angle between tangents at two side
points of said edge lines near the tip part thereof being
substantially equal to the dihedral angle between the
opposed side walls of a record disc groove in which the
stylus is placed in operation whereby said side points
and the parts in the vicinity thereof make contact with
said groove, and the radius of curvature of the edge
lines at the side points and the parts in the vicinity
thereof being greater than the radius of an imaginary
circle tangentially inscribed between the edge lines at
the two side points.

6. The phonograph pickup stylus as claimed in claim
5 in which said conical stylus body has a vertex angle
of 60°, and the angle between one of said two cut faces
and the extrapolated extension of the other cut face is
60°, the stylus being used in operation with the center-
line axis thereof maintained perpendicular to the re-
cord disc.

7. A phonograph stylus comprising an initially coni-
cal tip having a portion of the cone removed, said por-
tion having at least one flat surface forming an elliptical
conical section dividing the vertex of said cone from
the stylus.

8. The stylus of claim 7 wherein there are two of said
flat surfaces set at an angle with respect to each other
so that the two edges created by the intersections of the
flat surfaces with the conical surface tangentially con-
form to the angle made by the walls of a phonograph

groove.
* * * * *



