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‘Application filed June 3,19:16, Serial Fo. 101,550.

To all whom it may concern.:

Be it known that we, Earte W. Jonzs, a
citizen of the United States, residing at
New York city, in the county of New York
and State of New York, and Epwarp R.

Hagris, a subject of the King of England,-

residing at Arlington, in the county of Hud-

‘son and State of New Jersey, have invented

certain new and useful Improvements in
Phonographic Records, of which the follow-
ing is a specification. o

This invention relates to improvements in
sound records of either cylindrical or disk
type, and specifically to those records in
which the record groove is laterally undula-
tory as distinguished from record grooves
which are “up and down,” that is, in which
the record is made by a stylus vibrating at
right angles to the face of the record.

The general object of this invention is to

‘attain a greater clarity of reproduction than

has been heretofore possible, and further to
very greatly increase the number of record
lines to the inch, thus increasing the length
of the record which can be placed upon any
one record tablet or disk. =~ = -

Still another -object is to eliminate as
much as possible the scraping or frictional
engagement of the needle with the wall or
walls of a record groove, and a still further
object in this connection is to so form a
record groove that the reproducing stylus
may oscillate on a seat in this groove and
yet have absolute engagement therewith at
all times in the manner of a ball within a
socket of a ball and socket joint.

Other objects will appear in the course of
the following description.

This invention is illustrated in the accom-
panying drawings, wherein:

Figure 1 is a fragmentary elevation of the
ordinary form of reproducing stylus;

Figure 2 is a fragmentary cross sectional
view of a vecord tablet showing the shape of
the ordinary groove formed therein;

Figure 3 is a cross sectional view of a
record tablet showing a groove of substan-
tially the same character as that illustrated
in Figure 2, with a stylus point of ordinary
construction in place therein:

Figure 4 is a sectional view of a record
tablet showing the shape of the improved
record groove formed therein and also show-
ing in dotted lines the completed cylinder
of which the groove is a segment; :

Figure 5 is an enlarged section of Figure
4 but showing an ordinary stylus in engage-
ment with the groove, and in dotted lines
the positions to which the stylus may rock
without losing its disengagement with the
groove;

Figure 6 is a plan view of a record disk
showing the groove spirally arranged upon
the surface thereof; and -

Figure 7 illustrates a part of the record
showing a single record groove greatly mag-
nified to disclose the lateral undulations of
the groove corresponding to the sound vibra-
tions; and Figures 8 and 9 are sectional
views showing different forms of néedle.

In order that this invention may be un-
derstood, it is necessary to refer briefly to
the character of the reproducing stylus used
with practically all commercial records hav-
ing a laterally undulatory record groove as
distinguished from an “up and down”
groove, and to the form and assumed action
of the laterally undulatory record grooves
as formed in the commercial records of
today.

The stylus which has been found to be
most effective for reproduction, taking all
things under consideration, is the stylus
shown in Figure 1. This stylus 10 is sub-
stantially conical in form but its extremity
11 is a perfect hemisphere with every part
of its hemispherical surface an equal dis-
tance from the center upon which the arc
of the hémisphere lias been struck. The di-
ameter of the hemisphere has been carefully
measured and is .005 of an inch.-

This stylus was originally used with the
record groove which is illustrated in the
patent to J. W. Jones, No, 763,903, patented
June 28, 1904. The record groove shown in

this patent is a groove having a semi-cireu--

lar bottom and parallel side walls perpen-
dicular to the surface of the record, the
groove being deeper than it is wide and
deeper than the radius of the curved bottom.
The stylus illustrated in Figure 1 is at pres-
ent used with a record having a record
groove thereon formed in the manner de-
scribed in the patent to E. R. Johnson, No.
896,056, and also illustrated particularly
clearly in the patent to Johnson, No. 778.975.
Such ‘a record groove is illustrated in Fig-
ure 2, where 12 designates the record tablet

‘and 18 designates the groove itself, the

groove being shown in section. This groove

- Patented Aug. 8, 1922. -
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18 is relatively deep, about .007 of an inch,
and the width of the groove at its mouth is

about .007 of an inch, the groove gradually

diminishing in width toward the bottom
thereof. The groove in cross section has the
shape of the segment of an ellipse, widest
at the mouth of the groove and gradually
diminishing toward the bottom thereof,

As above referred to, this record groove
is relatively deep and one reason for the
depth of this groove, as found in all com-
mercial records, is due to the necessity of
cutting the master record in a wax tablet.
Tt is 1mpossible to cut a shallow vecord
groove in wax as the cufting or recording
tool will swing clear of the wax unless the
groove is relatively deep. This is due to
the fact that the cutting tool in making the
lateral oscillations swings in an are, and
strong' notes will cause the cutting tool or
recarging stylus to swing vp and out of its
Line of cut. As a matter of fact, which is
well known to all those skiiled in the art of
making master records, it is impossible to
get “trackage” where it is attempted to make
a shallow groove in wax. »

According to the theory advanced in the
Johnson patents above referred to, the form
of the groove as shown in the patent to
Jones, also before referred to, was in effec-

tive and deterrent to true tone reproduction

because the conical stylus shown in Figure
1 would éngage with the parallel side walls
of the groove and wear the side walls away
and also wear away the needle.
more, the groove gripped the stylus too
closely and prevented the free play of the
stylus whi¢ch was necessary to secure proper
reproduction. ' To avoid this, Johnson de-
vised the record groove illustrated in his

- patents and above referred to, and also illus-

trated in Figure 2, that is, a groove having

‘the form of a section or -a segment of an

ellipse having as a consequence a rounded
bottom with a curvature approximately the
same as the curvature of the extreme end of
the reproducing stylus but having diverging
side walls, the walls being relatively flat and
extending at a tangent to the arc of the bot-
tom. - The advantages alleged by Johnson
for this form of groove are, firsi, that the
groove so cut in the wax has s smooth and
well defined wall, and second, that the re-
producing stylus has greater freedom of
oscillation and free swing to the full extent
of its movement. - As a matter of fact, how-
ever, as has been demonstrated by careful
Iaboratory experiments and microscopic ex-
amination, the reproducing stylus when used
with this record groove, bears against the
side wall of the groove and the friction so
produced impairs the purity of tone, par-
ticularly in those cases where the range of
oscillation of the reproducing stylus is rela-
tively great. ‘

Further- -

1,485,018

Again, commercial records having a
groove which is the segment of an ellipse
are not of even depth. This is caused by the
fact that the stylus is a lever pivoted in-
termediate its ends so that its free extremity
moves in an are, or would so meve if the
recording head were rigidly supported at
a fixed' distance from the disk or tablet on
which the record is being made. The re-
cording head is not so fixed, however, but

drops and rises to compensate for the arc:

over which the needle moves, but due to the
fact that the vibrations are at the rate of

.hundreds and even thousands of vibrations

to the second, the recording head cannot re-
act quickly enough so as to level all the
swings or oscillations of the stylus and
hence the lateral cuts of the recording tool
must of necessity be unequal in depth, & facs
which has been demonstrated by careful mi-
croscopic examination and measurement.

This causes the reproducing stylus to grind

as it travels on the bottom of the groove.

“Thus the reproducing stylus wears unevenly,

the groove wears unevenly, and grinding and
scratching sounds are caused which impair
the purity of the reproduced tone. This-is
obviously true because in cutting in wax
the point of the tool must rise nearer the
surface when the tool is laterally inclined
to the vertical than where the tool is verti-

_cal. Tt follows that the width of the groove

will vary with the angle of the stylus, as
the stylus swings laterally. If the stylus
be at right angles to the record surface, that
is, in a plane at right angles to this surface
which plane is disposed at a tangent to a
circle concentric to the center of motion of
the record, the groove will have a width
equal to the diameter of the stylus at the
surface of the record. If, however, the
stylus be lateraily inclined, a cross section of
the stylus will be an ellipse, assuming that
the stylus is circular in cross section, having
its major axis longer than the minor axis,
and the minor axis being equal to the di-
ameter of the stylus. This variable width
and the variable depth which is hereafter
adverted to makes it impossible to secure a
ball and socket joint between the reprodue--
ing stylus and the record groove in the man-
ner secured by us as hereafter stated.

Again in making a laterally undulatury
record of the character already discussed, it
the stylus is not disposed exactly in {rans-
verse alinement with-the axis ef rotation of
the tablet, the stylus in moving inward from
the outer edge of the record disk or tablet
toward the center of the tablet will cut more
deeply against one side or tends to cut more
deeply in one direction than in the opposite
direction. Thus if the recording stylus be
disposed between said iransverse line cut-
ting the axisof the tablet and the pivot point
ot the stylus carrying arm, then the styius
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will cut against the inside wall of the record
groove more strongly than against the out-
side wall and if on the contrary the stylus
be disposed beyond said diametrical trans-
verse line, then the stylus will tend fo cut
more strongly against the cutside wall of the
groove made by the stylus. Thus it is ob-
vious that in the complete record the lateral
oscillations will not be of even amplitude
from a neutral line but will extend to a
greater distance on one side than om the
other; and also it will be seen that unless the
reproducing stylus is disposed in alinement
with a transverse line cutting the axis of the
record, the reproducing stylus will also bear
with greater strength against one wall of the
greove than against the other, thus giving
an untrue reproduction. 1t has been deter-
mined by very careful examination, as be-
fore stated, that the record grooves of com-
mercial records of the laterally undulatory
type are not substantially of even depth nor
substantially cf even width, but on the con-
trary the bottom of the groove is very un-
even and the width of the groove is very un-
sven so that the walls at the intersection of
the walls with the surface are not parallel.

In this connection it is important to point
out-that the main lateral undulations of the
record grooves are not the complete sound
vecord _but that the undulating line of the
groove is itself undulatory, that is, the record
line is undulatory but the line between the
main undulations is jagged. It is these
minor undulations which give tonal quality
to the music and differentiates the music
of one instrument over the music of another,
as Tor instance, the music of a violin from that
of a flute. Microscopic examination shows
that where the recording tool cuts strongest
in one direction, as above referred to in the
previous paragraph, these “partials” will be
recorded more strongly against one wall
than against the other, or be recorded en-
tirely on one wall and not on the other, and
that if the reproducing stylus contacts with
only one wall, or mainly with one wall, as it
does to a very large extent in playing com-
mercial records having relatively deep and
wide grooves as above stated, the recording
stylus will jump across the minor undula-

. tions or irregularities and that the “partials”

will as a consequence be lost. The reproduc-
ing stylus is not, therefore, positively guided

or gripped so as to cause a positive vibration’

of the stylus in both directions from a truly
vertical or median position, and will not

therefore give the full amplitude of vibra--

tion to the diaphragm, but that the dia-
phragm ill vibrate inward from its median
position under the posiiive action of the
groove and needle but will spring outward
under its own resilience. With our record

7 o J p : s
groove as hereafter described, the point ox
the reproducing stylus is positively gripped

@

and held and as 2 consequence the stylus
and the diaphragm are moved positively in
both directions from a median or normal
position. ,

Again, with commercial records, which are
records made in conformity with the John-

‘son patent, the record groove is .007 of an

inch wide at-the surface of the record and
sherefore only one hundred to one hundred
and sixteen of the grooves can possibly be
made to the inch. This greatly limits the
amount of music which the record can con-
tain inasmuch as a record disk for practical
reasons well known fo those skilled in $he
art cannot be over i4 inches in diameter.
Furthermore, in actual practice the record-
ing stylus has ifs cuiting edges so formed
that the cub or groove is mearly V-shaped,
but round at the bottom. The groove is 007
the r

[
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of an inch at the surface of the record and
tapers to .001 of an inch at the botiom,
whereas the end of the reproducing stylus, as
illustrated in Figure 1 and as commercially
used, is a perfect hemisphere with & diameter
of about .005. As a consequence this repro-
ducing stylus fits into the groove, as iilus-
trated in Figure 3, but the lower end of the
reproducing stylus does not fit on the bot-
tom of the groove but travels on the side wall
of the groove. Furthermore, though the
record groove is relatively wide at the face
of the record due to the relatively great di-
vergence of the sides, yet this does not per-

mit the stylus to have free swing to the

full extent of its movement. The reproduc-
ing stylus bears against the side wall of the
groove and is limited in its movement by
contact with the side walls while the friction
so produced impairs the purity of tone.

In order to avoid these objections and
after a long series of very careful experi-
ments, we have determined that the form of
the record groove should be of the particular
shape shown in Figure 4. In this figure, 14
designates the record tablet or disk having
the usual laterally undulatory record groove
15. This groove in cross section is an are of
a true circle, or, in other words, the groove
is a segment of & cylinder instead of being
the segment of an ellipse, the center 1* of this
circle on which the arc is struck being lo-

cated above the surface of the disk in which

the groove or cut is formed. The distance
between this imaginary center from which

the arc is prodiced and the surface of the

record is about .002 of an inch.
Now in comparing this groove as illus-
trated in Figure 4, with the groove shown

in the pateni to Jones, it will be seen that

the side walls of the groove are not parallel

‘but have a uniform upward and lateral

curvature to the surface of the record. Com-
paring this groove with the Johnson record,
it will be seen that this groove is not a sec-
tion of a come or elliptical in cross section;
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but the segment of a cylinder and that the
width of the groove at the face of the record
is about .0005 of an inch greater than the
depth of the groove, and this width is ap-
proximately .001 against an extreme width
of .007 for the groove of Johnson, and fur-
thermore, that the shallower the groove is,
the narrower is its width,

In Figure 5, we show the regular repro-
ducing stylus in engagement with a record
groove of the form devised by us and show
in dotted lines the swing of which this stylus
is capable when in place within the record
groove. Now, as before stated, this stylus is
formed at its lower end so as to provide a
hemispherical extremity having an extreme
diameter of .005. Now it will be obvious
that inasmuch as the record groove in cross
section presents the form of a: segment of a
circle having the same radius as the hemi-
spherical end of the stylus, then the curved
extremity of the stylus must fit exactly in
this groove so that the extremity of the
stylus and the groove coact with each other
in the same manner as does the ball with:
the socket in a ball and socket joint. If the
groove had a depth equal to the radius of
the hemispherical end of the stylus it is
plain that the stylus could not oscillate with-
out being lifted from the groove by engage-

ment with the corner formed at the inter--

section of the face of the record with the
side wall of the groove. But by making the

. depth of the groove less than the radius of

86

40

the hemispherical end of the stylus, the

‘needle has free oscillation to a very consid-

erable degree as shown in dotted lines in
Figure 5, and yet the hemispherical end of
the stylus, fitting as it does the arc of the
groove, is at all times in full contact with
the surface of the groove and thus neither
rises out of the groove nor rides up on the
side wall as the stylus oscillates laterally.

. Instead of the stylus acting as a lever, there-
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fore, with the corner or side of the groove
as a fulerum, the stylus has a rotative en-
gagement within the groove, which, while
permitting the free and untrammeled oscil-
lation of the stylus, in a manner acts to grip
the stylus and hold it in the groove even
though this groove be extremely shallow.

Ag before stated, it is impossible to make
these shallow record grooves in wax, but we
have devised a method whereby these shal-
low record grooves may be made in the form
described, which method forms the subject-
matter of a separate application filed coin-
cidentally herewith Serial No. 101,548, this
method being such that the record groove is
made of absolutely even width throughout
its entire extent and an absolutely even
depth and so shallow that the width of the
groove can be made as narrow as .00075 and
yet at the same time secure perfect trackage
for the reproducing stylus. ’

1,425,018

Attention is particularly called to the fact
that with the groove illustrated in Figures
4 and 5 the reproducing needle or stylus
wears evenly because of the fact that it has
transversely the same curvature of surface
that the groove has so that the oscillations
of the needle simply act to rotate it in this
groove and thus all portions of the lower
end of the needle or stylus are worn an equal
amount. Therefore, the stylus may be used
longer than with the ordinary record and
the record groove itself does not become
defaced by wear and its 'irregularities
smoothed down. Again, and this is a most
important feature of this invention, by using
the form of groove illustrated in Figures 4
and 5 as heretofore deseribed, we have found
in practice that it is possible to make abso-

lutely perfect records with a far greater

number of grooves to the inch than is pos-
sible with the form of groove illustrated in
Figure 2, and it has been actually demon-
strated that it is possible to make thoroughly
good records in which every partial is prop-
erly recorded having grooves ranging from
200 to 300'to the inch. Now it is plain that
the reduction in the width of the groove
means a like reduction in the depth of the
groove, but because of the peculiar shape of
the groove and of the “ball and socket” en-
gagement of the stylus with the groove the
stylus will track perfectly even in a shallow
groove. The shallower the groove the
greater the freedom of oscillation of the
needle and the less friction the less wear

“there is. * We have succeeded in making

grooves having a width of only .00075 as
against .007 of the ordinary commercial
record and dispose 300 of these grooves per
inch of radius of the plate where, using the
form of groove illustrated in Figure 2, it is
impossible to place more than 100 grooves
to the inch on the record.

Again reverting to the record groove of
the form shown in Figure 2 and cut in wax,
it is, theoretically at -any rate, the bottom of
the cut which is the record and the side walls
of the cut would not and cannot form
the record so long as the stylus has the free
swing which is described in the Johnson
patent. These walls, therefore, are so much
waste as far as reproduction is concerned
and serve no useful purpose, but on the con-
trary in actual practice frictionally engage
the point of the stylus, impede its free move-
ment and generate extraneous noises. Kven
where the recording stylus makes its record
upon one side of this groove, the groove
itself at this junction with the surface of
the tablet does not form the means whereby
the stylus is given this lateral oscillation.
The recording stylus is not gripped by these
walls because the width of the groove at the
intersection with the surface is greater than

the width of the stylus itself. With our
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record, on the ‘con'frdry; ithe whole surface -

of the groove is a true and accurate record
from the intersection of the-surface of the

record tablet with the groove to the very’
bottom of the groove, and yet the reproduc-
ing stylus is allowed to freely vibrate lat--

erally which is not the case with the record

made in accordance with the Jones- patent.
-and previously adverted to.  Furthermore, -
it will be obviously impossible for. the-
‘corners of the record groove formed by the -

intersection of the surface of the tablet with
the groove to have a form corresponding
truly to ‘the sound vibrations where “the

_groove varies in width as it does for the
previously in' this speeifica- -
’ o S the tablet 14, This. groove is the same as

teasons stated
tion. :

It is also tobe pointed out'thét vav ﬁair-ro,ﬁr
record groove has another advantage over.

20 g wide groove. Assume that the recording

25
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- crests or valleys will be radially arranged.
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stylus swings laterally so as to trace an
arcuate line or groove, that is a groove whose
direction is not, except in a general way,
concentric to the rotative axis of the record,
and that in this length of ‘groove there are
various minor deflections, indicating “ par-
tials.” Now it will be obvious that both the

inner wall and the outer wall of the groove.

will have corresponding crests and valleys,

but inasmuch as this portion of the groove is’

arcuate, the lines cutting the corresponding

and that the crests or valleys upon the

outer wall will be longer than the corres-
ponding crests or valleys on the inner wall

and that the crests or valleys on the inner
wall will be relatively crowded or close to-
gether. Tt will be obvious that the wider
the groove, the greater will be the dis-
crepancy between the lengths of the crests
and valleys on the inner and outer walls. In
reproducing, the stylus bears against the
inner wall and, as a consequence, these rel-
atively adjacent crests and valleys cramp the
over-fones and partials. Now the im-
portance of a narrow groove will be realized.
The wide groove cramps the over-tones or
partials into a small space, making these
corrugations or waves very liable to wear
and making these minor undulations too
small to have a full effect on the needle.
This small vibration in the inside curve of
each sound wave forces the needle out of its
central position on either side and .unless
they are perfect and sufficiently large to en-
gage the needle point perfectly, the fact that
the outside wall of each sound wave has cor-
responding crests and valleys controlling

" over-tones ‘or partials, means nothing, as

60

66

there is nothing to force the needle to enter.

them.

While we have referred to the use of the
ordinary needle or stylus which has-a taper-
ing body and a hemispherical extremity, it is
obvious that other needles besides the needle

illustrated in Figure 1 might be used and

that these needles need mnot be tapered.
Thus in Figure 8 we show a record tablet 14

having therein a semi-cylindrical groove 15*.
which differs from the groove 15 in that it is

4 segment of a circle which is equal to one-

‘half the circle instead of being equal fo.
less than one-half, and we have illustrated a °

stylus 10® which is- formed with a nearly
spherical extremity 11° - It is obvious in this

.case, that the stylus may have free lateral

movement without losing 'its engagement

“with the record groove. In Figure 9 we
‘show 4 slightly different form of stylus with
“a relatively’ shallow record groove, the

groove being designated 15 and formed in

that shown in Figure 5 but the stylus 10°
has a hemispherical ‘extremity 11* which
is formed by reducing the end of a cylin-

" drical needle 10°, The form of needle shown

in Figure 9 -would give great volume while

“the form of needle shown in Figure 8 would
permit a cut to be made of a width equal to-

the diameter of the globular head 11° It
is obvious also that the reproducing stylus

might be made of saphire or other precious:

or semi-precious stone with an extremely
small spherical head formed upon its ex-
tremity. ' N

While we have described the record as
being formed in a tablet having essentially
the composition of tablets already on the
market, we have found by experiments that
it is possible, by means of the process de-
scribed in my pending application before

.referred to, to make the record groove in

celluloid, by imprinting. by means of a
proper die the record upon the celluloid,
this very thin celluloid facing being backed
up by commercial stock or other backing.
Again referring to the Johnson patent
and the record grooye formed in accordance
therewith, it may he observed that theo-
retically in the Johnson patent the record,

as before remarked, is formed by the bottom -

of the groove and the side walls of the
groove would not form a record. It was
also noted previously in the specification that
this groove at its bottom was about .001 in
Widtﬁ
ward therefrom, and that the extremity of
the stylus was approximately .007. Now
it is obvious that with the diameter of the
stylus .005 either the groove must be rela-
tively wide or if it is narrow the stylus will
be supported upon the inclined walls of the
groove and only sometimes engage the bot-
fom of the groove which theoretically con-
tains the record. As a matter of fact, un-
der ordinary circumstances, the reproduc-
ing stylus often rides upon the sides of the
groove and does not rest entirely and firmly
upon the bottom of the groove.

We find in practice that a groove .00025 of

with walls extending upward and out-:
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an inch deep gives better results than a a record having a laterally undulatory 55.

deeper record groove and practically elimi-
nates all surface noise.
of the groove, as herein referred to, we
mean the opposite faces of the groove ex-
tending from the intersection of the groove
with the face of the tablet to the lowermost
portion of the groove and by “face” of the
groove we mean the surface of the groove
extending down one wall across the bottom

of the groove and up the other side of the

groove. v
~Having described the invention, what we
claim is: , ; :

1. A sound record having therein a later-
ally undulatory record groove having the
form in cross section of the segment of a
true. circle. . , -

2. A sound record having therein a later-
ally undulatory record groove having the
form in cross section of the segment of a

true circle, the depth of the groove being -

less than 1ts width at the surface of the
record. :

8. A sound record having therein a
laterally undulatory record groove, the face
of the groove being an arc of a true circle,
the radius of which circle is equal to the ra-
dius of the hemispherical extremity of. a
reproducing stylus.

4. A sound record tablet having therein
a laterally undulatory record groove, the
face of the groove describing an arc of a true
circle, the surface of the tablet intersecting
said groove on the chord of said arc, the
are being concentric to a center disposed
above the face of the record tablet.

5. A sound record having a laterally un-
dulatory groove, the lateral walls of the
groove curving uniformly in opposite direc-
tions from the bottom of the groove to the
surface of the record. ,

6. A sound record having formed there-
in a spirally disposed laterally undulatory
groove of substantially even depth, said
groove in cross section being a segment of a
true circle. .

7. A sound record having formed therein
a spirally disposed laterally undulatory
groove of substantially even depth, said
groove in cross section being the segment
of a true circle, the axis of which is above
the surface of the record.

8. In a sound record reproducing device,

By the “side faces”"

groove therein of substantially constant
depth and width, and a eross section. of
which has the configuration of a segment of a
true circle, the said: segment being sym-

metrical and of maximum: width at the

mouth of the groove. .

- 9. A sound record tablet for talking ma-
chines having formed therein-a laterally un-
dulatory groove, the surface of the groove
being the arc of a true circle, the plane of
the surface of the tablet intersecting. the
groove on a chord of said circle. - .

- 10. A sound record tablet for talking ma-

‘chines having formed therein a.laterally un-

dulatory groove, the side walls of the groove
describing an arc of a true circle, the plane
of the surface of the tablet intersecting the
groove on a chord of said circle, the axis of
the circle being above the plane of the sur-
face of the tablet. :

11. A sound record tablet for talking ma-
chines having upon its face a laterally undu-

‘latory record groove of a uniform width and

having a width at its widest part less than
the diameter of the hemispherical extremity
of a coacting reproducing stylus and having
a- uniform depth. along its entire extent.
12. In a sound reproducing machine, the
combination with a record tablet having
formed therein a laterally undulatory
groove, said groove having the form of the
segment of a true circle, the axis of which
is disposed above the surface of the tablet,
of a stylus having its extremity formed in
cross section as one half of a circle of the

.same diameter as. the circle of which the

record groove is a segment.

13. The combination with a record tablet
having formed therein a laterally undula-
tory groove, said groove having the form of
the segment of a true circle, the axis of which
is disposed above the surface of the tablet,
of a stylus having its extremity formed in
cross section as one half of a circle of the
same. diameter as the circle of which the
record groove is a segment.

In testimony whereof we affix our sigiia-
tures in the presence of two witnesses.

: EARLE W. JONES.
EDWARD R. HARRIS.
Witnesses :
Freperic B. WrienT,
Eveene C. Smirw.
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