R i )

o
T )

LS

G. H. BRODIE 2,857,461

Oct. 21, 1958 G
‘ : SPEAKER DIAPHRAGM CONTROLLED CAPACITOR

FOR NEGATIVE FEEDBACK CONTROL
Filed Sept. 3, 1954

otz
5 26 4

. 7 |
) b Asmrrrer /

o | | /? .

78

ol e

5y

0

N .
9043
8

N
Al

1 l?'/// 74
3T ‘

S SN
oy ,;\; Yy
[25SS
2SS
o,

&
|
]

R

e —

—"“I K

Ay
Jr- .

o5t
S

ST
B
S
2% .

>
\4//’
7

Yo izt

= Jrzrerzlor

Croecs /7. Beoore



»

United States Patent O

2,857,461

Patented Oct. 21 1958

;o
11CC

2,857,461 -
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2 Claims. (CL 179—1)

This invention relates to a speaker diaphragm con-
trolled capacitor for negative feedback control! by which
greatly improved fidelity of sound reproduction is
achieved.

Inverse or negative feedback has been extensively ap-
plied with respect to audio amplifiers to achieve an am-
plified output corresponding very accurately to the input
signal. Such systems have been so good that the limit-

ing factor on sound reproduction has been the electro--

acoustical means or speaker utilized to transform the
electrical output signal into a sound wave, and consider-
able difficulty has been encountered.in attempting to de-
sign a speaker which will produce a sound wave ac-
curately corresponding to the electrical signal ®applied
thereto.

According to this 1nvent10n, means are provided for
developing an electrical signal in response to movement
of the speaker diaphragm and such electrical signal is

- applied to the amplifier in phase opposition to the input

signal to the amplifier,. so as to provide a negative or
inverse feedback which not only compensates for distor-
tions produced in the amplifier but also compensates for

distortions produced in-the means for driving the ampli-

fier from the -electrical signal at the output of the"ampli-
fier.

Any form of electro- acoustical dev1ce may be utilized

to develop a signal in response to movement of the
speaker diaphragm -but preferably, and in accordance
with a specific feature of the invention, such means may
comprise a plate of conductive material carried by the
speaker diaphragm so as to be movable therewith and a
fixed plate of conductive material in spaced registering
relation  to the movable plate. With this arrangement,
the capacitance between such plates varies in accordance
with movement of the diaphragm.
_To -develop an electrical signal in response to the
varying capacitance between such plates, one of the
plates may be connected to one end of an impedance
and the other end of the impedance and the other plate
may be connected to a voltage source. With this ar-
rangement, variations in the capacitance between the
plates will, produce variations in the voltage across the
plates, or the voltage -across the impedance. . One of
such voltages, preferably the voltage across the capaci-
tance defined by the plates, may be connected in the
input circuit of the amplifier in a phase relation such
as to produce inverse or negative feedback. ‘

In a preferred embodiment of the invention, the

"speaker may be of conventional construction including a

metallic frame with a conical diaphragm of a felted ma-
terial mounted in such frame, the diaphragm carrying
a voice coil connected through the amplifier output and

.movable in a constant magnetic field. A ‘thin plate of

conductive material such as a metallic foil may be dis-
posed on such diaphragm and may be connected through
a flexible lead to the frame of the speaker, which may be
at ‘ground potential. Another plate may be supported
in fixed insulated relation from the frame in spaced op-
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posed relation to the plate on the diaphragm and may
be connected through a resistor to a point at a relatively
high potential relative to ground.. The fixed plate may
be coupled to the amplifier input, preferably through a
capacitor-resistor coupling circuit.

It will be appreciated that this invention provides a
negative feedback system which compensates for dis-
stortions not only in an amplifier but also in the speaker
to provide greatly improved reproductlon of sound, and
the system,at the same time, is very simple and readily
applied to speakers 6f conventional construction. .

An object of this invention, accordingly, is to pro-
vide an improved inverse feedback: system which com-
pensates not only for distortions in an amplifier but also
for distortions in a speaker.

Another object of this invention is to provide an im-
proved negative feedback system utilizing a speaker
diaphragm-controlled capacitor.

A further object of this invention is to provide an
improved speaker diaphragm controlled capacitor which
is particularly advantageous when used for negative feed-
back control.

This invention contemplates other objects, features
and advantages which will become more fully apparent
from the following detailed description taken in con-
junction with the accompanying drawing which illus-
trates a preferred embodiment and in which:

Figure 1 illustrates in side elevation a speaker incor-
porating a diaphragm controlled capacitor in accordance
with this invention, and also illustrates diagrammatically
a preferred circuit arrangement for achieving the nega-
tive feed back control of this invention; and

Figure 2 is. a sectional view, on an enlarged scale,
taken substantlally along line II—II of Figure 1 and il-
lustrating in detail one preferred construction of the
speaker diapragm controlled capacitor.

Reference numeral 10 designates a speaker which may
be of conventional comstruction and may comprise a
frame 11, usually of metal, including a central portion
12 and spoke-like arms extending radially and - axially
from the central portion 12 to a-rim portion 14. A
conical diaphragm 15, usually of a felted material may
be supported for vibratory movement in the frame 11
by having its periphery flexibly supported from the rim
14 of the frame 11. The diaphragm 15 may carry a
voice coil movable in a fixed magnetic field produced

"by a magnetic sttucture 16 on the central portion 12’

of the frame 11, the ends of the voice coil being con-
nected through flexible leads 17 and 18 to terminals 19
and 20 on an insulator plate 21 secured to one of the
arms 13 of the frame 11.

The voice coil terminals 19. and 20 may be connected
to output terminals 22 and 23 of an amplifier 24 having
a pair of input terminals 25 and 26 connected to termi-
nals 27 and 28 which may be connected to any desired
Signals applied to the terminals 27 and
28 will, of course, be amplified by the amplifier 24 and
applied to the voice coil of the speaker 10 to produce
vibratory movements of the speaker diaphragm 15.

According to this invention, means are provided for
producing an electrical signal varying in accordance with
vibratory movement of the diaphragm 15, and such sig-
nal is differentially compared with the input signal and
the resultant signal is then applied to the amplifier 24
in phase opposition to the input signal applied to.the
terminals 27 and 28 in a manner such as to produce an
inverse or negative feedback so as to compensate for
inherent distortions produced .in both the amplifier 24
and the speaker 10. ‘

- The means for producing an electncal signal in accord-
ance with vibratory movement of the diaphragm 15
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may preferably comiprise a plate 29 of conductive mate-
rial carried by the diaphragm 15, and a plate 30 fixedly
carried from the frame 1% of the speaker 10 and dis-
posed in spaced opposed relation to the plate 29, the
plate 30 being also of a conductive material. It will
be appreciated that the plates 29 and 39 define a parallel
plate capacitor in which the spacing between plates and
hence the capacitance varies with vibratory movement
of the diaphragm 15.

The plate 29 may be an integral part of the diaphragm
15, but the diaphragm 15 will usually be of a felted or
similar material having insulating ‘properties so that
the plate 29 may be non-integral with the diaphragm 15.
The plate 29 may, for example, be of a very thin metallic
foil or a layer of flexible conducting metallic paint, should
be so located as to avoid nodes or anti-nodes at critical
frequencies, and is preferably of such a material so as
to have minimum effect on movement of the diaphragm
15. The plate 30 may also be of a metallic material, but
may be substantially thicker than the plate 29, since it
is not movable. Since the plate 30 should be in relatively
closely spaced relation to the plate 29 to obtain maximum
capacitance, there is a possibility that the plates may
define a non-compliant ‘acoustical reactance opposing
movement of the diaphragm 15. To minimize this effect,
the plate 30 may preferably be apertured, or it may of
a screen material.

The variable capacitor defined by the plates 292 and
30  may be coupled in the input circuit of the amplifier
24, as will ‘be described in detail hereinafter, and any
voltages induced across the plates 29 and 30 by stray
fields may be amplified by the. amplification factor of
the amplifier 24 to produce undesirable hums and noises.
To minimize such effects, the plates 29 and 30 may be
effectively shielded from stray fields. For this purpose,
a generally cup-shaped member of a conductive material,
preferably metal, may enclose the plate 30 with the rim
of the member 31 being spaced ouiwardly from the
peripheral edge of the plate 30 in closely spaced relation
to the peripheral portion of the plate 29. The cup-
shaped member 31 may be secured to one of the arms
13 of the speaker frame 11, which may be grounded as
diagrammatically illustrated in Figure 1 and the plate
29 may be electrically connected to the member 31
by means of a flexible lead 32 having one end connected
to the plate 29 with its other end connected to a lug
33 on the outside of the member 31. With this arrange-
ment, the plate 30 may, except for the small opening
between the peripheral edge portion of the plate 29 and
the rim of the member 31, be completely enclosed by
the plate 29 and member 31, both being at ground
potential, so that an effective shield is provided.

To support the plate 30, the central portion thereof
may be secured by a screw 34.to one end of a post 35
of insulating material, the other end of the post 35 being
secured by a screw 36 to the bottom portion. of the
cup-shaped member 31.

To develop an electrical signal in response to varia-
tions in the capacitance between the plates 29 and 30,
the plate 30 may, as diagrammatically illustrated in Fig-
ure 1, be connected through an impedance in the form
of a resistor 37 to a circuit point 38, which may be at
a relatively high positive potential with respect to ground,
the plate 29 being connected to ground as previously
indicated. With this arrangement, variations in the ca-
pacitance between the plates 29 and 30 caused by vibra-
tory movement of the diaphragm 15 will cause corre-
sponding variations in the voltage across the plates 29
and 39.

The signal developed at the junction between the plate
30 and the resistor 37 may be coupled to the input
terminal 26 of the amplifier 24, but is preferably coupled
to a separate input terminal 39 as illustrated and differ-
entially composed with the input signal with the resultant

signal acting to compensate for distortions in the ampli-
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fier and speaker. A direct connection might be used but
since the average potential of the plate 39 will be equal
to the potential of the point 38 and hence at a rela-
tively high potential with respect to ground, the con-
nection may be made through a coupling capacitor 40
with a resistor 41 being connected between the input
terminal 39 and the input terminal 23, or ground.

To shield the connection between the plate 30 and the
amplifier 24 from stray fields, a shielded cable 42 may
be utilized with a plug 43 at one end of the cable 42
being connected to a jack 44 mounted on the cup-
shaped housing member 31, the outer conductor, or
shield, of the cable 42 being connected to the housing
member 31 and hence to. ground, and the inner conductor
of the cable 42 being electrically connected to a lug 45
on the jack 44. The lug 45 may be connected through
a wire 46 to a lug 47 secured between the plate 30 and
the post 35 in both mechanical and electrical contact with
the plate 30.

Any capacitance in parallel with the capacitance de-
fined by the plates 29 and 3¢ will lower the proportional
change in capacitance caused by vibratory movement of
the diaphragm 15, so as to lower the electrical output.
It could happen that the capacitance between the inner
conductor of the cable 42 and the outer conductor or
shield may be so high as to lower the electrical output
below the desired value. In such event, the amplifier 24
may include a vacuum tube or the like located closely
adjacent the plate 36 with a short direct connection be-
tween the plate 30 and the grid of such vacuum tube.
The tube might, if desired, be located within the cup-
shaped housing member 31. Such tubes may preferably
act as a cathode follower having a low output impedance
so that the shunt capacitance of the connecting cable
will have negligible effect.

From the foregoing, it will be appreciated that this
invention provides an inverse feedback system which
compensates not only for distortions within an amplifier
but also for distortions in a speaker, the system being
very simple, efficient and reliable and being readily con-
structed from a minimum number of component parts.

Tt will be understood that modifications and variations
may be effected without departing from the spirit and
scope of the novel concepts of this invention.

I claim as my invention:

1. In a sound reproduction system, a diaphragm, first
electro-acoustical means for driving said diaphragm in
response to an electrical signal, and second electro-acousti-
cal means for developing an electrical signal in response
to movement of said diaphragm, comprising: a movable
plate of conductive material on said diaphragm, a fixed
plate of conductive material in spaced registering relation
to said movable plate to define therewith a capacitance
varying in accordance with movement of said diaphragm,
means connecting said movable plate to ground, resistance
means. connecting said fixed plate to a point at a rela-
tively high positive potential with respect to ground, and
amplifier means having an input connected between said
fixed plate and ground and having an output connected
to said first electro-acoustical means.

2. In a sound reproduction system, a diaphragm, first
electro-acoustical means for driving said diaphragm in
response to an electrical signal, and second electro-
acoustical means for developing an electrical signal in re-
sponse to movement of said diaphragm, comprising: a
movable plate of conductive material on said diaphragm,
a fixed plate of conductive material in spaced registering
relation to said movable plate to define therewith a capac-
itance varying in accordance with movement of said
diaphragm, means connecting said movable plate to
ground, resistance means connecting said fixed plate to a
point at a relatively high positive potential with respect
to ground, amplifier means having an input connected
between said fixed plate and ground and having an output

-
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connected to said first electro-acoustical means, and means
for shielding said plates from stray fields.

References Cited in the file of this patent
UNITED STATES PATENTS

1,689,564

Thorington

Oct. 30, 1928

1,772,198
1,822,758
2,145,288
2,194,175
2,352,711
2,485,405

6
Andersson o eooceeee o Aug. 5,
Toulon el Sept. 8,
Bohm et al. oo Jan. 31,
. Wilhelm oo Mar. 19,
Hasenberg - __ July 4,
Olney et al. ——_____ wmmm— Oct. 18,

1930
1931
1939
1940
1944
1949



