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Electro-mechanical translating devices dre
used to change mechanical vibration into corre-
sponding electrical impulses.. The embodiments
of my invention specifically described are directed
to translating devices especially adapted for use
as phonographic reproducers, but the general
principles may also bhe applied to many other
types of electro-mechanical translating devices
such as, for instance, a. microphone.

The performance of a phonographic reproducer
may, in general, be judged upon three funda-
mentalcharacteristics. © Thesecharacteristicsare:
first, the range and uniformity of response
to the various frequencies which are impressed

upon the reproducer; second, the sensitivity of

the device; and third, the mechanical impedance
at the stylus point.

The range and uniformity of response of a re-
producer to various frequencies gives a-measure
of the exactness with which the reproducer will
translate mechanical vibrations into electrical
vibrations. It is nearly always desirable that the
range be as great as possible and that the response
be uniform to frequencies over substantially the
entire range in order that the voltage generated
in the reproducer may closely correspond to the
vibrations engraved upon, the record.

The second, characteristic mentioned, namely,
the sensitivity of the device, may or may not be of

great importance in any particular application.-

It is, of course, always possible to employ a ther-
mionic amplifier to magnify the current gener-

- ated by the reproducing device, but in any specific

case, the degree of amplification required is deter-
mined by the sensitivity. of the- reproducer.
With a reproducer of high sensitivity, it is possi-
ble to employ very simple amplifying apparatus
or to eliminate amplifying apparatus entirely with
a consequent reduction in the cost, complexity,
distortion, and likelihood of failure in the system.
High sensitivity is therefore, in most cases, an ex-
tremely desirable feature. : '
The third characteristic, namely, the mechani-
cal impedance of the reproducer as viewed from
the stylus point, is'the factor which determines
the extent of destruction of the record groove and
of the stylus in the operation of a reproducer. I
is always desirable that the wear on the record
and the reproducer stylus be very small to insure
long life. It is extremely important in the case
of wax records that the mechanical impedance
of the reproducer be kept very low to prevent se-
rious damage to the record groove during thi
process of reproducing. :

The range and yniformity of response of a phos

(CL 179—100.41)

nographic reproducer are determined by the ar-
rangement and the values of the masses and com-
pliances of the various moving parts of the re-
producer and by the compliance of the record
grooves. The compliance of the record grooves 5
is usually a predetermined factor and limits the
design of the moving parts of the reproducer.- In
most cases, if the reproducer is to translate the
higher frequencies without distortion, it is neces-
sary that the mass of the moving parts of the re- 10
producer be held to the lowest possible value. In
most types-of reproducers, this desirable low
mass cannot be attained without an accom-
panying low' sensitivity . and -in many cases
it may be impossible to attain a sufficiently low 15
mass to reproduce frequencies of the order of
4000 to 5000 cycles without reducing the sensitivi-
ty to & point where an impracticably high degree
of amplification is necessary to raise the sound to
the desired level. ) i 20-
The sensitivity of an electrical reproducer is
determined by a number of factors, of which
probably the most important is the translating
medium which actually generates the voltages
corresponding to the mechanical vibrations im- 25
pressed upon the device. The medium most com-
monly used in electrical reproducers is that of an
iron vane vibrated in a magnetic field and sur-
rounded by a coil wherein such voltages are gen~
erated. This type of translating medium has, in 30
practice, a fundamentally low sensitivity which
it is not practical to increase when the range of
frequency response and the mechanical imped-
ance are considered. On the other hand, the
granular carbon cell is normally a relatively high 35
sensitivity device since it draws energy irom an
external source and, in consequence, acts as an
amplifier of the electrical energy derived from the
mechanical vibrations. The granular carbon cell
will produce a voltage many times that of the 40
magnetic translating medium for an equivalent
displacement under ordinary phonographic con-
ditions. However, the granular carbon cell is not
suited for direct connection to the vibrating stylus

~of a reproducer as is the magnetic medium. 45

Phonographic records are cut with the so-called
constant velocity characteristic—that is, assum-
ing a sinusoidal wave form, the product of the
maximum amplitude of each cycle of the groove
multiplied by its frequency is a constant for uni- 50
form loudness through the range of frequencies
recorded. In such a record, the maximum veloc-
ity in éach cycle imparted to a stylus driven
thereby will be a constant for all frequencie_s
while the maximum amplitude in each cycle is 55
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inversely proportional to the frequency for con-
stant loudness. The granular carbon cell, how-

~ ever, is independent of the velocity of motion, the

voltage generated being determined by the am-
plitude only of vibration. It is therefore ap-
parent that if a granular carbon cell were vi-
brated with the amplitude proporticnal to that
engraved upon the phonograph record, the re-
sulting response would not be uniform for all
frequencies, but would rather exaggerate the
lower frequencies in comparison to the higher fre-
quencies. If a granular carbon cell is to be used
as a translating medium, it is therefore essential
that some form of compensation be introduced in
order to secure uniform response to all frequen-
cies from a recording of the constant velocity
type. While the granular carbon cell has been
employed in phonographic reproducers in the
past, such reproducers necessarily produced a
certain amount of distortion since the compensa-

tion used therein was not operative over a wide ..

range of frequencies.

“The mechanical impedance of a reproducer as
viewed -from the stylus should always be as low
as possible in order to minimize the wear of and
damage to both the stylus and the record groove.
This requires particularly that the stiffness of

. the reproducer as viewed from the stylus be made -

as small as possible, and, coupled with the re-
quirement- of a large frequency range, necessi-
tates the use of extremely small effective masses.

It is an-object of this invention to provide an
electro-mechanical translating device which will
have substantially uniform response to a wide
range of frequencies.

Another object of this invention is to attain

high sensitivity in a translating unit without the
introduction of serious distortion.
- It is a.further object of this invention to pro-
vide a phonographic reproducer having extremely
low mechanical impedance as viewed from the
stylus.

It is a further object of this invention to pro-
vide a phonographic reproducer having the com-
bination of a wide frequency range, substantially
uniform response through the frequency range,
high sensitivity, and low mechanical impedance
at its stylus.

It is still a further object of this invention to
provide a translating device wherein the trans-
lating medium produces a voltage proportional to
amplitude of vibration only, and wherein a trans-
mitting and compensating means is provided to
actuate said translating medium and to produce

_an amplitude of vibration at said franslating me-

dium proportional to the velocity of vibration im-
pressed upon the device.

It is to be understoed that the translating de-
vice of this invention may be applied to many uses
other than to that as a phonographic reproducer,
as herein described. As is well understood, de-
vices which are applicable for use in phonographic
reproducers may also be used for microphones
and similar devices. In this specification, two
embodiments of my invention are disclosed to

illustrate the principles involved therein. One of .
these embodiments is a reproducer for vertically -

cut records, and the other, a reproducer for lai-
erally cut records.

The devices shown herein as illustrative of my
invention, may be generally described as a sys-
tem comprising, first, a pair of relatively movable
spaced plates separated by a viscous fluid and
so designed as to spacing and area that the prin-
cipal reaction to relative movement of the plates

is-one of viscosity, wherein the force opposing the
impressed motion is directly proportional to the
velocity of the motion; second, a stylus or other
means arranged to transfer the vibrations en-
graved in a phonographic record or other me- 3
chanical vibrations to one of the above mentioned
spaced plates; and, third, a translating medium
having a movable element which is connected to
the other one of the above mentioned pair of
spaced plates and which is so designed that its 10
chief mechanical impedance over the range of
frequencies to be reproduced, is one of compliance.
If, then, a vibration is impressed by the stylus or
other vibration transferring means upon the as-
sociated plate, a force proporticnal to the veloe- 15
ity of the vibration will be transmitted to the
other plate. The latter plate is connected to the
said movable element of the translating medium,
the principal reaction of which part, over the
range of frequencies of interest, is one of compli- 20
ance. . Since a force applied to o compliance will

. result in a displacement directly proportional to

the force, it is-obvious that when a constant sinu-
soidal velocity is applied to the stylus a con-
stant sinusoidal amplitude of motion in the said 25
movable element of the translating medium will
result. If the translating medium, therefore, is
onie of a type which produces a voltage propor-
tional to its amplitude only, it will produce a
voltage proportional to the velocity of the siylus 30
or cther vibration transferring means.

For a clearer understanding of my invention,
reference may be had to the drawings accom-
panying and forming part of this specification,
wherein: 35

Figure 1 is an elevational view, with parts
broken away, of one form of my invenfion as

‘embodied in a reproducer for vertical cut records;

Fig. 2 is a section taken on the line 2-—2 of
Fig. 1; . 40
‘Pig. 3 is a rear view, partly in section, of the
translating unit shown in Fig. 1, a schematic
diagram of the circuit employed with the unit
also being shown;
. Pig. 4 is a front view, partly broken away, of ¢5
the translating-unit shown in Fig. 1;

Fig. 5 is a sectional view of the translating unit

" shown in PFig. 1 with the cover removed;

Fig. 6 is the equivalent electrical circuit of the
mechanical vibratory system of the translating 50
unit shown in Fig. 1;

Fig. 7 is a plan view of ancther form of my
invention as embodied in a reproducer for lat-
eral cut records;

Fig. 8 is a plan view, partly broken away, of the 55
translating unit shown in Fig. 7;

Fig. 9 is a longitudinal vertical sectional view
of the translating unit shown in Fig. 7; and

Fig. 10 is a fragmental side view of the reptro
ducer shown in Fig. 7. 60
. In Fig. 1, one form of my improved translat-
ing unit is shown as embodied in a reproducer

~applied to a dictating machine having an arm

| adapted to be fed transversely across a cylin-
'drical record.2 by means of a feed screw or other 65
suitable mechanism (not shown). Tie arm ! is
provided with an cpéening 3 in which the repro-
ducer is suspended. At its outer end, the arm |
has a bifurcated projecting lug 4. A bracket 5
is pivotally mounted within the fork of the lug 70
4 by means of a pin 6. Brackel § has a U-shaped
projection of ‘which the upper arm is suitably
drilled to receive the upper conical end of a short
shaft T fixedly mounted in a block 1’ which is
secured to a mounting bracket 8’. A lower pivot 75
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bearing for the shaft 7 is formed in a set serew
(not shown) threaded in the lower arm of the
U-shaped bracket 2 and held in place by a lock
nut 9, so that the pressure on the pivots may
be adjusted.

A base plate 8 is secured to the mounting brack-
et 8’ and serves as a support for the parts of
the reproducer. A granular carbon cell of well
known construction is mounted ¢n the base plate
8 by means of a bracket {1 which is held in place
by a screw [T threaded into the base plate. .The
granular carbon cell comprises -a-cup 10 secured
to the bracket 1 by a screw (2 and a nut i4
which are insulated from the bracket and the
cup by means of an insulating bushing 16 and
an insulating washer 5. The screw 12 is pro-
vided at its inner end with a head 13 forming
an electrode which may be carbon faced. A ter-
minal 18 is provided for connection to the rear
electrode 3. The inside of the cup 0 is in-
sulated by paper or other insulating material 9.
A diaphragm 28 is held against and electrically
connected to the cup {19 by means of a threaded
shouldered annulus 22. A washer 2i of paper is
provided between the shoulder of annulus 22 and
the diaphragm 28 to clamp the diaphragm firmly.
Electrical connection is made to the diaphragm
20 through the cup {0 and a terminal 23 which
is insulated from the- bracket {1 by a washer
24 of fiber or other insulating material. The
interior of the cup 1§ is filled slightly more than
half-way by carbon granules 25 similar to those
in common use for microphones.

To the front of the diaphragm 28 is Iastened
a small cup 26 which may be secured by soldering:
or other suitable manner. 'To the cup 26 is fas-
tened a bent arm 27T of decreasing and circular
cross section. The arm 27 and the cup 26 are
preferably formed of light thin metal and may
be constructed by electroplating on a suitable
form with nickel to a thickness of .002 to .003
inch. The lower end of the arm 27 is closed
and forms a small flat horizontal plate.

The right hand end, of the base plate 8 is
provided with a circular opening 28 having a
shoulder 29. A diaphragm 31 is mounted within
the shouldered opening 28. A washer 30 is dis-
posed on each side of diaphragm 3i1. This dia-
phragm is secured in place by -a threaded an-
nulus 36 which is screwed into a threaded collar
31. The collar 87 is held in place on the base
plate 8 by means of suitable screws 38. =~ A washer
or gasket 39.is provided between the collar 37
and the base plate 8.  The diaphragm 31 cairies
a stylus. holding member 33 preferably made
of ‘a strong alloy of aluminum or magnesium.
Stylus holder 33 has a flange 34 bearing against
the lower side of the diaphragm and an upward-
ly extending portion (not shown) which is se-
cured to a washer 35 on the upper side of the
diaphragm. A gap 40, which in this case is of
the order of .010’’ in thickness is formed between
the upper side of the diaphragm and the lower
flat end of the arm 27. A stylus 32 is provided
for engagement with the record groove of the
cylinder 2. The cup formed by the annulus 26
and the diaphragm 31 is filled with a suitable
liguid 41 of desired viscosity. 'This liquid may,
for example, be composed of a thick vegetable
oil and a solvent.

The whole translating umt may be protected by
means of a cover 42 which is arranged to make
the entire unit oil-tight. A limit pin 43 fas-
tened in the arm | cooperates with a V-shaped
limit loop 44 on the case 42 in a well known man-

3

“ner so that as the arm 1 is raised, the repro-

ducer is centered and raised from the surface
of the record. The terminals 23 and 18 of the
granular carbon cell are respectively connected
to terminals 45 and 46 in cover 42. The circuit
in-which the unit is connected, as shown in Fig. 3,
is from the terminal 23 to terminal 45, to a bat-
tery 41, to the primary of a suitable transformer
48, to terminal 48, and to terminal 18. The sec-
ondary of the transformer may be connected to a

10

head phone 48 or to any other desired device for -

relaying the impulses.

° The operation of the device above described is
as follows: The stylus 32 is pressed against the
record groove on the cylinder 2 by the weight of
the translating unit.” As the cylinder is revolved
the stylus ‘is vibrated in accordance with the
depth of the groove and consequently causes the
diaphragm 3! to vibrate in the same manner.
The vibration of the diaphragm results in a re-
action proportional to the velocity of the vibra-
tion, due to the viscosity of the fluid disposed
within the cup-shaped member 36 and acting in
the gap 40 formed by the diaphragm 3f and the
adjacent end of the arm 21. The force acting
on the end of the arm 27 will, therefore, be pro-
portional to the velocity of the stylus. This vi-
bratory force acting upon the flattened end of the
arm 27 tends to move the arm 27 about a hori-
zontal line through the center of the diaphragm
20. As will be seen from Fig. 5, if the force on the
end of the arm 27 is in an upward direction the

. diaphragm 20 will be deflected outwardly below

the said central horizontal line and inwardly
above such line. If the force on the end of the
arm 271 is downward, the opposite action will
take place and the lower portion of the dia-
phragm 28 will be deflected inwardly and the up-
per portion deflected outwardly. With this ar-
rangement, the carbon granules within the cup
i0 will be compressed and relieved in accordance
with the motion of the arm 27. It is to be under-
stood that the construction consisting of arm 27
and diaphragm 20 acts as a bell crank or similar
structure pivoted on a horizontal line through the
center of the diaphragm 28 and that the motion
imparted to the diaphragm 20 will have a smaller
amplitude than the motion of the lower end of

15

25

arm 27 by reason of the differences in the lever:

arms from the center of rotation fo the points
of application of the force.

Change in pressure on the carbon granules 28
changes the electrical resistance of the path
through these granules, and consequently changes
the current flowing through the circuit and sup-
plied by the battery 41, The vibratory current

-60

[

55

generated will be proportional to the displace--

ment of the diaphragm 28. Ii is to be understood
that the mechanical impedance of the structure
comprising the diaphragm 20 and ifs projecting
arm 27 is to be made chiefly compliance through-
out the band of frequencies to be reproduced. In
other words, the effective mass of these parts
must be made low enough and the stiffness high
enough so that their resonance occurs at or near
the highest frequency which is to be reproduced.

It is extremely important therefore that the mass

of the arm 27 be kept as low and the stiffness
thereof as great as possible. The diaphragm 28
should be made of such stiffness that its effective
value when viewed from the end of the arm 27
is sufficient to cause.resonance with the effective
mass of the arm 27to occur at a frequency near
the upper limiting frequency of the system’,

%
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Furthermore, it is extremely desirable to hold
the mass and the stiffness of the diaphragm 31
to the lowest possible values. In the particular
embodiment shown the diaphragm preferably
has a free diameter of approximaitely %% inch and
is preferably formed of aluminum alloy .002"’
thick. The stylus holding member is formed of
one of the strong alloys of aluminum or magne-
sium and is given the minimum possible dimen-
sions consistent with safety in view of accidental
stresses to which it may be subjected. The effec-
tive mass of the stylus, stylus holder and di-
aphragm as described in this embodiment is pref-
erably approximately .012 gram.

In order to operate most effectively, certain
limitations must be placed upon the design of the
various parts. For best results, it is important
that the reaction resulting from the two spaced
plates, formed by the diaphragm 31 and the end
of the arm 27, with the intervening viscous me-
dium, be proportional to the velocity of the im-
pressed motion only. If the gap is made too
small and/or the opposed areas of the plates is
too large, the reacticn will to some extent be one
of compliance, while if the gap is made too large
there will be an appreciable mass reaction. How-
ever, by properly dimensioning this gap, the re-
action can be made substantially proportional to
the velocity of motion only. It is furthermore
desirable that the impedance of the structure
comprising the arm 2T and the diaphragm 20 be
higher than the impedance of the pair of spaced
plates with the: intervening viscous fluid at all
frequencies which are to be reproduced. If this
is not true, the reaction of the spaced plates and
the interposed fluid will not control the motion
of the diaphragm 20 as described above, and the
response of the device to different frequencies
will not be uniform.

The operation of the device above described
may also be explained by using the electrical
analogs of the various parts comprising the struc-
ture. Fig. 6 shows an electrical circuit which is
equivalent to the mechanical structure of the
translating unit of Fig. 1. In this figure the ca-
pacity ¢l represents the compliance of the rec-
ord groove; the inductance ml represents the
effective mass of the stylus, stylus holder and di-
aphragm; the capacity c2 represents the com-
pliance of the diaphragm 3f; the resistance R
represents the impedance of the two spaced plates
formed by the diaphragm 31 and the lower end
of arm 27 with the intervening viscous fluid; the
inductance m2 represents the effective mass of
the arm 27 and the diaphragm 20 as viewed from
the lower end of arm 27; and the capacity ¢3
represents the compliance of the diaphragm 20
as viewed from the lower end of the arm 21. It
will be understood that the mechanical struc-
ture of the arm 21 with the diaphragm 20 is
equivalent to an electrical transformer which is
not shown, but which does not affect the fre-
quency characteristic of the unit. In the above
description, therefore, by the effective values of
the inductance m2 and the compliance c3 are
meant the values as seen on the primary side
of such a transformer. Now it may be consid-

ered that the record is sending an alternating

current of constant amplitude through the net-
work at all frequencies of interest. If the im-
pedance of the circuit through the inductance
ml, the capacity c¢2, and the resistance R, is
made lower at all frequencies of interest than
the impedance of the path through the induc-
tance mi, the capacity c2, the inductance m2,

- 2,020,139

and. capacity ¢3 or the circuit through the ca-
pacity cf, most of the current flowing into the
network will flow through the resistance R.
Since this current is assumed of constant ampli-
tude, the voltage across the resistance R will be
of constant amplitude throughout the range of
frequencies. The voltage of constant amplitude
across the resistance R is therefore applied across
the inductance m2 and the capacity c3. Since
the capacity ¢3 is made to have a higher im-

pedance at all frequencies of interest than the .

inductance m2, it is the limiting impedance in
this branch circuit and in consequence the am-
plitude of the current flowing through this cir-
cuit will be principally determined by it. The
impedance of a capacity decreases with fre-
quency and in consequence the amplitude of the
current through this branch circuit will increase
in proportion to the frequency of the applied
voltage. If we have a current flowing through
a condenser which has an amplitude proportional
to the frequency we may define the current math-
ematically as
i=Aw sin of

where A is a constant and « is 2= times the fre-
quency. If then we integrate ¢ with respect to %,
we will obtain Q, the charge. Then

Q= Sidt=—A cos wt

Now the charge in an electrical cireuit is anal-

ogous to displacement in a mechanical system
and from the above equation it is obvious that
the amplitude of the displacement of the dia-
phragm 2@ is independent of the applied fre-
quency and constant under the conditions dé-
scribed above where a vibration having a velocity
of constant amplitude is applied to the stylus.

Figs. 7 to 10 show a modification of my inven-
tion indicating in a general form the applica-
tion thereof to a reproducer for laterally cut disc
records. A disc record 6t is carried on a rotat-
able turntable 60. An arm 62 mounted on a ver-
tical pivot (not shown) is provided for support-
ing the reproducer. The reproducer comprises a
casing 63 which is suitably fixed to the arm 62.
At its left hand end the casing 63 is threaded to
receive a flanged ring 64, On its lower side the
ring 64 is provided with two lugs 85 and 66. A
small light shaft 68 is pivoted between the lugs
65 and 66. The lug 65 is provided with a cone
bearing surface and the lug 66 is provided with a
screw Ti drilled to accept the conical end of the
short shaft 68, thus allowing adjustment of the
pressure on the pivots.
lock the screw Tl in desired position. The short
shaft 68 is drilled vertically to receive a stylus
61: It is also drilled and threaded axially to re-
ceive a stylus holding screw 710 which locks the
stylus 67 rigidly in place. At its upper end the
stylus 67 coacts with a V-shaped notch 73 in a
light hollow cylindrical member 69. Member 69
may be riveted or otherwise suitably fastened to
a diaphragm 74. The diaphragm 74 is held in
place by the flanged ring 64 and a shouldered
cylindrical member 15. A washer 16 is provided
between the diaphragm 74 and the member 15 to
securely hold the diaphragm and to render the
construction oil-tight. At its right hand en-
larged end, the cylindrical member 15 is thread-
ed to receive a cup T71 of a granular carbon cell.
A diaphragm 18 is clamped tightly in place be-
tween the cup 17T and the shoulder of member
15, as shown in Fig. 9. A soft washer 19 is pro-
vided between the diaphragm 78 and the member

A nut 12 is provided to :
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15 to clamp the diaphragm evenly around its pe-
riphery and-to provide an oil-tight joint. A ta-
pering cup-shaped member 80 is fastened to the
front of the diaphragm 78 by means of a small
attachment member 8¢ which may be soldered
or otherwise fastened to the diaphragm 718 and
said member 80. The flat end of the member 88

_is placed opposite the center of the diaphragm

74 and is spaced about .010 inch away. The
space between the diaphragms 14 and 78 is par-
tially filled with a viscous material as described
hereinbefore. - The two spaced plates, formed by
the end of member 88 and the opposed portion
of diaphragm 74, together with the intervening
viscous material, serve as a means of transmis-
sion ‘of the vibrations from the stylus to the
granular carbon cell. The construction of the
granular carbon cell is similar to that previously
described hereinbefore and comprises a threaded
stud 85 having a head 84 constituting a rear elec-
trode, internal insulation 92 within the cup 17,
carbon granules &3, terminals 85 and 87, a flanged
insulating bushing 88, and a nut 89. Connec-
tions to the granular carbon cell are brought out
through a two conductor cable 90 fastened in an
insulating bushing 9{ in casing 63.

The operation of this reproducer for lateral cut
records is equivalent to that of the reproducer
for vertical cut records previously described. - The
only substantial difference in the operation is that
the diaphragm of the carbon cell has the same
amplitude of vibration as the driven plate formed
by the ends of the member 88, whereas, in the
previous case, a step-down ‘leverage was used
so that the -amplitude of vibration of the dia-
phragm was less than the amplitude of the plate
formed on the lower end of the arm 27. In this
case also the applied forces tend to move the dia-
phragm as-a whole, that is, these forces on the
diaphragm tend to translate it rather than to ro-
tate if. The eguivalent electrical circuit of Fig. 6
may also be applied to this form of reproducer
wherein the capacity ¢l represents the compliance
of the record groove; the inductance mi rep-
resents the combined effective mass of the stylus
61, the shaft 68, the projecting member §9, and
the diaphragm 74; the capacity c2 represents the
compliance of the diaphragm 74; the resistance R
represents the impedance of the two spaced plates
formed by the diaphragm 74 and the opposed end
of the member 88 with the intervening viscous
fluid; the inductance m2 represents the effective
mass of the member 80 and the diaphragm 178,
and the capacity ¢8 represents the compliance
of the diaphragm 18. It is to be understood that
the various limitations applied to the design of
the reproducer for vertical cut records previously
described should preferably be applied to the
design of this reproducer.

The structures hereinbefore described for trans-
mitting vibrations- from sound records to the
translating medium may also be applied to many
other forms of translating mediums than the
granular carbon cell.
are other forms of translating mediums wherein
the voltage produced is independent of the
velocity of motion and depends only upon- the
amplitude of the vibrations.  Any of these devices
therefore are applicable for use in this type of
reproducer and may be substituted for the granu-
lar carbon cell of the embodiments described
herein. ' As examples of other devices which
might be substituted for the granular carbon cell,
I may mention the condenser and the piezo-
electric crystal. Any such device may replace

It is well known that there -

5

the granular carbon cell as shown herein without
departure from my invention.

Since in any case the mass and the stiffness of
all the moving parts in the system have very
low effective values, the input impedance of the
translating unit will be very low and in conse-
quence in the case of a phonograph reproducer
there will be very little destruction of the walls
of the record grooves. Consequently those forms
of my invention specifically disclosed herein are
particularly applicable for reproducing records
engraved on wax wherein the stiffness of the
record walls is very small. Furthermore, because
of the high sensitivity of the granular carbon cell
as a translating medium, the sensitivity of these
translating units has been found under equivalent
conditions to be very much higher than a simi-
lar device' using electro-magnetic translating
medium and having approximately the same input
impedance.

The value of the resistance R may vary con-
siderably due to changes in viscosity of the fluid
used and to expansion or contraction of the
metallic parts of the translating unit. However,
such’ variations will not greatly affect the fre-
quency characteristics of the device if the limita~
tions set forth herein are conservatively met.
Such changes, however, will somewhat affect the
sensitivity of the unit but sensitivity changes can

be readily compensated and are therefore usually S

unimportant. If it is so desired, any of a num-~
ber of various arrangements may be employed for
compensating for the change in viscosity or the
change in dimensions of the parts. Such com-
pensating arrangements are disclosed in prior art
relating to damping devices and are not there-
fore described herein.

Having thus described my invention, I claim:

1.- A device for translating mechanical vibra-
tions into corresponding electrical current com-
prising a member for receiving mechanical vi-
brations, translating means having a movable ele-

‘ment, said means having an output voltage pro-

portional to the displacement of said movable ele-
ment, and transmitting means between said mem-
ber -and said movable element for vibrating the
latter with a sinusoidal displacement of constant
amplitude over a range of frequencies when said
member receives a sinusoidal vibration having
constant maximum cyeclic velocity.

2..In a device for translating mechanical vi-
brations into corresponding electrical currents, a
vibration receiving member, and transmitting
means actuatable by said member, which means
is adapted to transmit sinusoidal force of constant

‘amplitude over a. range of audio frequencies when

said member receives sinusoidal vibrations hav-
ing constant maximum cyclic velocity.

3. In a translating device, vibration receiving
means, translating means comprising a movable
element and having an output voltage propor-
tional to the displacement of said element, and
means for transmitting vibrations from said re-
ceiving means to said element, said transmitting
means having a force reaction directly propor-
tional to the velocity only of the Vlbra,tlons im-
pressed thereon.

- 4."An electrical phonographic reproducer com-
prising a vibration receiving member, means co-
operative with said member and consisting of a
substantially pure mechanical resistance for
transmitting vibratory forces, and translating
means having a movable element to receive said
vibratory forces and having an impedance higher
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than that of said transmitting means over most
of the range of frequencies to be reproduced.

5. An electrical phonographic reproducer com-
prising a stylus for engagement with a record
groove, a member resiliently supporting said
stylus, translating means having a movable ele-
ment, and transmitting means between said
member and said element, said transmitting
means impressing forces on said element pro-
portional to the velocity of said member when
the member is driven at sound frequencies.

6. An elecirical phonographic reproducer com-
prising a stylus for engagement with a record
groove, a member resiliently supporting said
stylus, translating means comprising a movable
element and having an output voltage propor-
tional to the displacement of said movable ele-
ment, and transmitting means between said
member and said element, said transmitting
means impressing forces on said element pro-
portional to the velocity of said member.

7. A translating unit comprising vibration re-
ceiving means including a vibratile member, a
translating medium having a movable element,
and transmitting means between said member
and said element, said transmitting means im-
pressing forces on said element proportional to
the velocity of said member when the member
is driven at sound frequencies.

8. A translating unit comprising vibration re-
ceiving means, translating means having a mov-
able element and having an output voltage pro-
portional to the displacement of said movable
element, and transmitting means between said
receiving means and said translating means, said
transmitting means displacing said element in
proportion to the velocity of said receiving means.

9. An audio frequency translating unit com-
prising resilient vibration receiving means, trans-
lating means having s movable element, and
transmitting means between said receiving means
and said translating means having a gap filled
with viscous material, sald gap being bounded on
one side by a portion of said receiving -means
and on the other side by a portion of said mov-
able element, said portions being arranged to co-
act with said viscous material to form a me-
chanical impedance comprising chiefiy resistance,
said resistance having a smaller value than the
impedance of said movable element over most
of the range of frequencies to be transmitted.

10. A translating device comprising resilient
vibration receiving means, a granular carbon cell
having a movable electrode, and transmitting
means between said receiving means and said
cell, said transmitting means displacing said elec-
trode in proportion to the velocity of said vibra-
tion receiving means.
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11.'Tn a translating unit, resilient vibration
receiving means, a granular carbon cell having
a movable element comprising an electrode, and
transmitting means between said receiving means
and said element having a gap filled with viscous
material, said gap being bounded on one side
by a portion of said receiving means and on the
other side by a portion of said element, said por-
tions being- arranged to coact with said viscous
material to form a mechanical impedance com-
prising chiefly resistance.

12. In an electrical phonographic reproducer,
a resilient member, a stylus having connection
with said member, a granular carbon cell hav-
ing a movable element, and transmitting means
between said member and said element having
a gap filled with viscous material, said gap being
bounded on one side by a portion of said dia-
phragm and on the other side by a portion of
said element, said portions being arranged to
coact with said viscous material to form a me-
chanical impedance comprising chiefly resistance.

13. An elecirical phonographic reproducer
comprising a stylus, a translating medium hav-
ing a movable element, transmitting means hav-
ing a smaller mechanical impedance than said
element over most of the range of frequencies
to be reproduced and comprising a pair of rela-
tively movable spaced plates, the space between

said plates being filled with viscous material, said 2

spaced plates being arranged to coact with said
viscous material to form a mechanical impedance
due principally to the viscosity of said material,
one of said spaced plates being connected to said
movable element, and means to transmit vibra-
tions from said stylus to the other plate.

14. In a translating unit, vibration receiving
means, a movable element, and a coupling means
therebetween which when actuated by vibrations

having a constant maximum cyclic velocity char-

acteristic, produces vibrations in said element
having a constant maximum cyclic amplitude
characteristic.

15. A phonographic roproducer comprising a

diaphragm, a stylus connected with said dia- «

phragm, a granular carbon cell having a vibrat-
able diaphragm, a light, stiff arm fastened to
the latter diaphragm and having an end portion
opposed to and spaced from said first named dia-
phragm, said arm rocking said carbon cell dia-
phragm about a diameter thereof when force is
applied to said end portion, and viscous mate-
rial filling the space between said end portion
and the opposed diaphragm.

ORVILLE M. DUNNING.
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