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This invention relates to the transfer of
mechanical vibrations from one medium to
another, and more particularly to the con-
version of sound energy. It has for its pri-
mary object to improve the efficiency of such
energy-transfer throughout a wide band of

acoustic frequencies, whereby the fidelity of

- transformation of complex or simple sounds

having a great variety of frequencies may be
improved. Further objects ‘are to attain a

high degree of uniformity of space distribu-

tion of the effects involved, and to produce a .

device both simple in manufacture and simple
and reliable in use.

" One of the largest uses for such a device is
as a reproducer or so-called “Joud speaker”
for the conversion of audio frequency electric
currents into mechanical vibrations in a rela-
tively dense medium, such as an iron arma-
ture, and the transfer of these vibrations to a
less dense medium such as air. Another use

1is as a so-called “pick up” or telephone trans-

mitter device, in which air waves of sound
frequencies are caused to produce similar
mechanical vibrations in a relatively dense
medium and these vibrations act in the sys-
tem to produce or cause electric currents hav-
Such elec-

~ trie currents may be used for a variety of pur-
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" vibration-transfer devices as
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poses, such as (1) the operation-of a tele-
phone, receiver or other reproducer, (2) the
modulation of ultra-audible electric currents
in a radio or “carrier current” line telephone
system, or (3) the operation of a phono-
graph-record cutting device for the record-
ing of sound or other vibrations.
earing in mind the various uses of such
that which I
have invented, together with the fact that
much the same criteria of excellence apply to
the performance of the system in any of its
the discussion of this invention may be
simplified by considering the structure from
the viewpoint of converting audio frequency
currents to sound waves in air. This is the
funetion of the “loud-speaker” sO largely
used in connection with radio telephone re-
ceiving apparatus. :
T have discovered that in order to convert
electric currents into equivalent sound waves

with the highest degree of effectiveness, both
as to quality of reproduction and volume of
tone, the following criteria should be met.

(1) The efficiency of the reproducer, meas-
ured by the ratic of sound wave energy pro-
duced to electric wave energy applied at any
instant should be a maximum.

(2) The efficiency as above defined should
be a constant quantity as a function of fre-
quency throughout the useful sound range of
say 25 to 10000 cycles.

(8) The efficlency,
tween the efficiencies at various frequencies,
should remain constant as the
vibration varies. ' _ .

- (4) Provision should be made for free vi-
bration of the moving system through the
maximum amplitude desired. :

(5) The distribution of the sound effect
should be as nearly spherical as possible.

‘As to the first criterion set forth above, one
of the greatest problems has been to apply

the mechanical forces produced by the (usual-

ly magnetic) action of the varying currents
in such a way as to vibrate effectively a large
volume of air. A small diaphragm may be

loaded. to act upon relatively great masses of

air by the use of a megaphonic horn, but such

practice violates the second . requirement

above for the reason that the horn or equiva-.

Jent sound passage in general introduces con-
ditions that prevent a uniform efficiency over
a wide band of acoustic frequencies.

The second criterion is of the maximum im-
portance, for upon it depends the fidelity of
reproduction or conversion of sounds cover-
ing the audible range. To attain substantial
perfection of conversion the relations of ef-
Yective inertia, mechanical restoring force
and mechanical damping should be so chosen
that operation at no one frequency within the
operating range is favored (in the production
of response) above any other /frequency in
that range. Preferably the mechanical peri-
ods introduced by inertia and restoring
force should be lower than 1/25 second or
higher than 1/10000 second, or their effects

amplitude of
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and the relation be-
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should be minimized by high damping in the -

vibrating system. Such high damping ma
be introduced, where required, by the wor



performed by the device and this usually will
contribute to increasing its efficiency. Other-
wise it may be introduced artificially, as by
friction or mechanical hysteresis. ‘

The third criterion is also important, Since

unless it is met there -will be a difference in

- the fidelity of ‘production of or ‘response to

10

sound waves aving different intensities.

The foufth criterion needs no extended dis.
cussion, since’it is simply a design require-

. ment that prevents the production, by the de-
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‘magnetic armature

vice itself; of foreign noises such as buzzes
or scratches when operating at high ampli-
tudes. o

The fifth criterion is of
having a direct bearing upon the practical
value of the device. Horn type reproducers
have a substantially conical sound distribu-
tion, the diameter of the section of the cone
being relatively small compared to the dis- -
tance of the section from the diaphragm.
Other reproducers of the prior art, utilizing
enlarged plane or conical diaphragms, also
have distribution patterns that are in general
conical, though the section-diameter distance
ratio is greater than in the cases where horns
are used. With all these prior art reproduc-
ers, however, there are large volumes of the
surrounding space where the sound effect is
8 minimum,—as for instance in the plane of
the enlarged diaphragm or cone or behind the
orifice of the horn. =

By my invention I can combine the five
controlling criteria of g perfect sound or vi-
bration converting device in such g way that
they are more fully attained than in any prior
art device of which I have knowledge.” =

The ilvention may be understood from the
following description taken in connection
with the drawing, in which ,

Fig. 1 shows, partially in section, a simple
embodiment containing the invention.
. Fig. 2 shows in section a preferred struc-
ure, ' '

Fig. 3 illustrates the device used as a re-
producer -of received radio si als.

Flfg 4 illustrates the device used as s “pick-
up” for radio telephonic transmission. ‘

Referrihg specifically to Fig, 1, the element
5 is a relatively flexible or resilient and sub-

great importance,

-stantially complete sphere of celluloid, paper

or other suitable ‘material. This surface is
preferably substantially homogeneous in
when some materials such
s paper are used the sphere may be con-
structed of gored sections united in “orange
peel” fashion and preferably with the joints
or overlaps between gores running longitudi-
nally from pole to pole. It is 'su ported at
one pole by a relatively rigid or fixed mem-
ber 6 and at the antipodal pole carries a link
7 suitably attached (as by means of a pair of
cup-shaped washers 8—8’ and clamp nuts
9—9’). The link or drive-rod 7 extends to a
14 10 which is arranged to -

-under a definite initial
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act upon or be acted upon by an electro-mag- .

netic system including the coil 11 with ter-
minals 12, 18, the pole Diece 14 (which is pref-
erably laminated) and the polarizing mag-
net 15, ‘ S

It will be understood that the structure of
Fig. 1 is not complete in- detail, but that the
drawing is intended to illustrate certain spe-
cial features of the invention. In practice
a number of modifications are desirable, such
as the substitution of a bipolar polarized
magnetic system with pivoted armature or a
driving coil

magnetic field for the simple system shown.

In operating the device as a reproducer
the jalternating or pulsating currents repre-
senting the sounds to be generated are ap-
plied to the coil 11 via its terminals 1218,

The polarizing magnet 15 acting upon the

armature 10 places the “speaking sphere” 5
axial stress tending
to elongate the sphere into a prolate spheroi-
dal form having its major axis through the
poles at 6 and 7. en varying currents
pass through the ‘winding the magnetic stress
acting on the sphere through the drive-rod 7
is varied in accordance with the current
changes, and the body 5 is therefore caused
to vibrate as its polar extremity attached
to 7 is
to change the body 5 from an approximately
true sphere to a prolate spheroid of varying
length, or if a magnetic system producing
compression upon the sphere is used the
forms assumed in action may include that
of an oblate spheroid. The changes of form
produced by the driving current result in

moved axially, These vibrations tend .
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suspended so as to move in an .
-annular space across which exists a radial
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substantially similar and equal movements

of the surface of the sphere, such movements
having a substantial radial ‘component and
resulting in a movement of ajr molecules in
contact with the surface to produce the de-
sired sound waves which pass off-in all di-
rections, » :

In uwsing the device as a sound “pick-up”
the reverse cycle of operations takes place.
Sound waves Impinging upon the surface of
the ‘sphere from any direction cause it to
move, the motions resulting in an axial mo-
tion of the push rod 7 and consequent varia-
tions in the air gap between armature 10 and
pole-piece 14. These variations produce cor-
responding 'alternating electromotive forces
in the coil 11, and current conveying such
variations may be led. away by means of
terminals 12—13. n :

It‘will be observed that the ‘production of
sound by this device involves g symmetrical
operation and that the generated sound waves
may be expected to pass outward from the
sphere in.all directions with substantiall
uniform .or at ledst an extremely wide ef-
fective distribution. When used as a “pick-
up”, however, sound waves are often applied
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from a single direction, so tending to cause
an unsymmetrical movement of the sphere.
In such cases it may be noted that the pick-
up from certain directions (and in particular
along the axial line) may be somewhat more
officient than that from other directions.
This feature may be utilized by turning the
sphere as desired, and in the interception of
complex multiple sound waves (as in orches-

‘tral music) may be availed of for equalizing

or controlling the electrical response to sound
waves from various points or directions.

Tt will be understood that the movements
referred to, and the consequent changes of
form of the vibrating sphere, may be very
minute in magnitude. Effective sound waves
of large intensity may be generated by (or
may result in) motions that are almost of
microscopic size.

In Fig. 2 the sphere 5 is supported at one
pole by the pedestal 16, a hole in the sphere
being cut to permit the push-rod 7 to extend
to the antipodal pole at 17. The lower end
of the push-rod is attached to the electromag-
netic system 18, whose driving coil terminals
are brought out to the insulated binding posts
19 and 20. The operation of the device in
this form is as described in connection with
Fig. 1. For the magnetic system I prefer
the moving coil type above referred to.

Fig. 3 shows a receiving antenna and
ground system 21-—22 passing through a tun-
or and detector 23, whose output is connected
to an audio amplifier 24. The audio fre-
quency electric power delivered from the am-
plifier passes to the reproducer 25, which may
be of the form shown in Fig. 1 or Fig. 2.

Fig. 4 shows the device 25 operating as a
pick-up, in which case its terminals may be
connected to an audio amplifier 26. - The out-
put of this amplifier may be conveyed elec-

by means of line wires 21,
to a radio telepilone transmitting station
comprising audio amplifier 28 and modula-

5 tor-oscillator 29. The modulated radio fre-

quency currents produced by 29 may be led
to a radiating antenna-ground system 30—31,
from which radio waves are transmitted.
Although I have shown and described the
vibrating surface of my acoustic device as a
sphere, I wish it understood that the surface
need not be mathematically or even practi-
cally spherical in order to obtain many of
the advantages of the invention. An oblate

or a prolate spheroid, for instance, may be

satisfactorily used and other variations in
form which do not depart from the spirit of
the invention as expressed in the appended
claims will occur to the user. In general the
vibrating body is preferably a substantially
closed envelope with respect to the main ac-
active surfaces, though it will be understood
that orifices may be provided for entrance of
the drive-rod, insertion of the magnetic driv-

ing unit, provision of pressure nodes to min-

3

imize air-chamber resonant periods where
they occur at disturbing frequencies, etc.

Neither do I wish to be understood as limit- -

ing my invention to the specific forms shown,
for many modifications of structure as to the
supporting and driving mechanism may ob-
viously be made. For example the push-rod
7 may be replaced by & practically inertialess
filament under tension, or may be shortened
by placing the magnetic system 18 partly or
entirvely within the surface 5. The magnetic
system may be centrally supported within the
sphere, and the vibrating surface suspended
upon two oppositely-acting drive-rods so that

mechanical vibrations are applied directly’

and in opposing directions to both antipodal
polar points. Where the reproduction of
phonographically recorded sounds is desired
the mechanical vibrations caused by the rec-
ord may be applied directly to the push-rod
or its equivalent without the interposition in
the system of electro-mechanical means.

What I claim is:

1. An acoustic device comprising a substan-
tially spherical non-metallic wall of paper-
like material, the polar dimension of which
is adapted to increase and decrease simul-
taneously with equatorial contraction and
expansion in- combination with a support
at one point of said wall and an electromag-
netic system comprising 2 movable element
connected mechanically to another point of
said wall in combination with a support for
<aid device at one pole thereof and vibrat-
ing means connected to the opposite pole.

5. An acoustic device comprising a sub-
stantially spherical wall of inelastic ma-
terial having substantially uniform thick-
ness and flexibility in combination with a
support at one point of said wall and an
electromagnetic system comprising a mov-
able element connected mechanically to an-
other point of said wall in combination with
a support for said device at one pole thereof
and vibrating means connected to the op-
posite pole.

3. An acoustic device comprising a sub-
stantially spherical homogeneous
formable as a whole in combination with a
support at one point of said body and an
electromagnetic system comprising a mov-
able element connected mechanically to an-
other point of said body in combination with
a. support for said device at one pole there-
of and vibrating means connected to the op-
posite pole. :

body de-
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4. An acoustic device comprising an ap- -

proximately spherical body formed entirely
of non-magnetic material in combination
with a support at one point of said body and
an electromagnetic system comprising a
movable element connected mechanically to
another point of said body in combination
with a support for said device at one pole
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thereof and vibrating means connected to -

the opposite pole.

5. A hollow spherical acoustic device of

- non-metallic inelastic material ‘subjected to
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balanced internal and external air pressures
In combination with g Support at one point
and an electromagnetic system comprising
a movable element connected mechanically
to another point in combination with a sup- -
port for said device at one pole thereof and
vill)rating means connected to the opposite
ole.

P 6. A hollow approximately spherical
acoustic device composed of segmenta) areas
of non-metallic material of approximately
uniform thickness united along polar great
circles in combination with a support at one
point and an electromagnetic system com-
prising a movable element connected me-
chanically to another point in combination
with a support for said device at one pole
thereof and ' vibrating means connecte to
the opposite pole. \

7. hollow approximately spherical
acoustic device equatorially deformable,
means for supporting said device at one pole,
and means for applying power axially at

-the opposite pole to Increase and decrease

its polar dimension, said means comprising
2 support for said spherical device and an -
electromagnetic system mechanically con-
nected to said device.

8. An acoustic device comprising a sub-
stantially spherical wall, mechanical con-
nections thereto. at substantially diametric
portions- thereof, said wall being supported
by said mechanical connections only, where-
by said wall is capable of free movement gt -
all points remote from said connections,

JOHN V. L. HOGAN.



