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Application November 12, 1929, Serial No. 406,571
/25 Claims, (CL 179—100.4)

This invention relates to an automatic moni-
toring system, and more particularly to a system
for automatically controlling the amplification
ratio of an electron discharge amplifier in accord-

5 ance with the volume and frequency of the
signal.

The invention is particularly applicable to an
amplifier for use with an electric phonograph
pick-up or photoelectric pick-up and will be par-

16 ticularly described with reference thereto. It is
obvious, however, that it is capable of various
other uses. )

" The volume of an orchestral production from

full volume to low may vary as much as one hun-
15 dred thousand to one, whereas the maximuimn ratio
obtainable in a phonograph record ordinarily
does not exceed one-fifth of this amount. It is
evident, therefore, that the volume of the repro-
duced music from such record is considerably dis-
20 torted and that the true distinctions between the
various sound intensities is not obtained. Pur-
thermore, when the intensity of the signals in a
phonograph amplifier or other sound producing
device is high or low, the high and low frequency
25 tones do not maintain the same audible relation
to the intermediate frequency tones. For exam-
ple, extraneous noises, such as film noises or
needle scratch, are ordinarily of comparatively
high pitch and are more obvious when the signal
80 intensity is low and the bass notes such as a kettle
drum predominate when the signal intensity is
high.

This invention provides means for varying the
amplification of the system .in accordance with

835 the strength of the impressed signal whereby the
volume' ratio is caused to approximate that of
the original production.

The invention also provides for varying the
ratio of the high and low frequency notes in ac-

49 cordance with the output volume of the am-
plifier so that the higher frequencies are dis-
criminated against when the output signal is
small and the lower frequencies are discriminated
against when the output signal is large.

The invention further provides means for lim-
itirg the output of the amplifier so that the tubes,
loud speaker and other equipment do not become
overloaded, with consequent distortion.

Means is also included for preventing instan-
53 taneous operation of the monitoring system

whereby the effect of sudden percussive sounds is
minimized. The various monitoring devices are
also provided with frequency discrimination char-
acteristics whereby the monitoring effect may be
55 controlled both as to volume and as to frequency.

25

This is accomplished in accordance with the
present invention by providing means for varying
the impedance of one of the electron discharge
ampliflers in accordance with the volume of the
input and output signals. For this purpose a re-
sistance is inserted in the circuit with the control
element of the electron discharge device and a
current is passed thrcugh the resistance propor-
tional to the average value of the intensity of the
impressed signal. The voltage drop thus obtained
is caused to decrease the normal bias of the con-
trol element in accordance with the applied sig-
nal whereby the amplification characteristics of
the amplifier are varied in similar proportion.

In order to prevent the output signal from ris-
ing to a volume which would overload the ampli-
fler and cause distortion, a second resistance is
inserted in the control circuit and a current is
caused to pass therethrough which is propor-
tional to the volume of the output signal when the
signal exceeds a given value. The voltage drop of
the second resistance is opposed to that in the
first resistance and prevents the bias of the con-
trol element from being reduced below s prede-
termined value.

As a further means for preventing overload in
the output circuit amplifier, a volume control tube
may be inserted in the plate circuit of the elec-
tron discharge device, and utilized for cutting
down the impedance external to the plate circuit
and thereby lowering the amplification of the
electron discharge device as the output intensity
increases.

In order to control the ratio of amplification
for different tone frequencies, a filter is included
in the input circuit of the amplifier and means
is provided for varying the characteristics of the
filter in accordance with the volume of the output
signal. Said means is so arranged that the filter
is caused to discriminate against high frequen-
cies when the output volume is low and to dis-
criminate against low frequencies when the out-
put volume is high.

The invention also  consists in certain new
and original features of construction and com-
binations of parts hereinafter set forth and
claimed.

Although the novel features which are believed
to be characteristic of this invention will be par-
ticularly pointed out in the claims appended
hereto, the invention itself, as to its objects and
advantages, the mode of its operation and the
manner of its organization may be better under-
stood by referring to the following description
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taken in connection with the accompanying
drawings forming a part thereof, in which

Fig, 1 is a curve illustrating the relation be-
tween the input signal and output signal at dif-
ferent frequencies;

Fig. 2 is a curve illustrating the gain ratio of
an amplifier. necessary to produce the relation
of output signal to input signal illustrated in
Fig. 1;

Fig. 3 is a schematic diagram of an amplifying
system for a phonograph pick-up constructed in
accordance with the present invention;

Fig., 4 is a schematic diagram of a system for
controlling the potentiometer setting; and

Fig. 5 is a schematic diagram of a modified -

form of the invention.

Like reference characters denote like parts in
the several figures of the drawings.

In the following description and in the claims
parts will be identified by specific names for
convenience, but they are intended to be as
generic in their application to similar parts as
the art will permit.

Referring to Fig. 1, the relation between the
input signal and the output signal of an amplifier
operating in accordance with the present inven-
tion is illustrated. It is to be noted that for high
frequencies at low intensity the output signal does
not increase so rapidly with increase of input
signal as does the output signal for low fre-
aquencies. This gives better proportioning of tone
intensities for good quality with weak volume
and further aids the elimination of scratch or
stray sounds of high pitch when the volume of de-
sired sounds is weak and scratch would otherwise
be noticeable. At high input intensities, the out-
put signal is limited so that tube coupling devices
and loud speakers are not overloaded. The over-
load device may have a frequency characteristic
so that low tones, for example, will cause limiting

- action at lower output power for low frequencxes
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than for high frequencies.

The curves of Fig. 2 illustrate the gain ratio
of the amplifier required to produce the relation
of output signal to input signal shown in Fig. 1,
showing a maximum amplifier gain for output
voltages of the amplifier just a little less than the
maximum permissible.

Distortion due to curvature of characteristics
is prevented by the use of time lag and time
average devices. The curves shown do not rep-
resent instantaneous characteristics as do usual
curves of vacuum discharge tubes, but the change
of gain ratio requires time and sustained effect.

Further, in some of the simpler types of instru-
ments in accordance with this invention, the gain
ratio of the amplifier may be actuated by tone
averages as well as by energy averages, so that
a sustained increase in 800 cycle tone may pro-
duce an increase in the gain ratio for 100 cycles
and also for 6000 cycles. In more complex appa-
ratus, however, the gain ratio in the vicinity of
100 cycles may be determined from energy only
in the vicinity of 100 cycles, that for 800 cycles
from energy in the vicinity of 800 cycles, and
that in the vicinity of 6000 cycles from energy
in the vicinity of 6000 cycles.

A schematic arrangement of an amplifier in
accordance with this invention. incorporating all
three features, is shown in Fig. 3. It is to be

- understood that the circuit is adaptable to sys-

75

tems in which voltages are supplied by rectifiers
or other power pack devices, and with common
sources for supplying plate filament and bias
voltages and to systems using separate heater

1,879,035

tubes rather than the conventional three elec-
trode tube. )

In this arrangement, the source of electrical
currents is shown to be a phonograph pick-up
device 1, and the device for converting from elec-
trical energy to sound is the loud speaker 2 in-
cluding voice and ﬁeld windings 3 and 4,
respectively.

The invention is also shown as applied to a

‘photoelectric pick-up comprising a photoelectric

cell 80 which is energized by a battery 81 and

coupled with the amplifier through transformer
- 82. The photoelectric cell may be operated by

light rays from light source 83 which are focused
by lens 84 through an aperture 85 in plate 86
onto the sound record carried by film 87 in a
manner well known in the art. Light source 83
may be energized from a suitable current source
88. Double pole, double throw switch 89 may be
used to connect the amplifiers to either phono-
.graph pick-up 1 or photoelectric pick-up 80. It
is obvious that the current may be suitably am-
plified before being applied to the system herein
disclosed or additional output amplifiers may be
employed as required.

Interposed between switch 89 and loud speaker
2 is an amplifier including tube devices 5, 6 in
cascade, followed by tubes 7 and 8 in a push pull
arrangement. The control of the amplifier op-
eration is solely by the operation of tube 5, which
is actuated by the weak signals from the pick-up
device 1. ‘This is controlled as to intensity char-
acteristics by direct voltage inserted into the grid
circuit of tube 5. Resistor 9 inserts voltage into
the grid circuit depending on the intensity of
input to the amplifier, determining especially the
gain characteristics for .low intensities. The
voltage impressed here is in such 2 manner as to
decrease the bias or potential of the control ele-
ment, thereby decreasing the internal impedance
of the tube. Resistor 10 on the other hand in-
serts voltage into the grid circuit depending upon
the output of the amplifier, determining the
characteristics for high signal intensities. This
voltage is inserted into the grid circuit in such a
manner as to increase the bias, thereby increasing
the internal impedance of the tube. The tube
is confrolled as to frequency characteristics in
part by the nature of the circuits supplying D. C.
voltage to resistors 9 and 10, and further di-
rectly by means of variable condensers 11 and
12, which in connection with choke 13 constitute
a wave filter with variable characteristics. This
wave filter is controlled by solenocid device 14.

The control of direct current through 9 involves
an amplifier 15 actuated also from vo}tage source
1 prior to tube 5, so that amplified power is avail-
able fcr actuating rectifier device 18. Interposed
between the tube and rectifier is a transformer
16 and suitable filter network 17, whereby if de-
sired, high pitch electrical tones originating in
device 1 actuate device 18 more easily than low
pitch electrical tones. Across the output of the
rectifier is incorporated a condenser 19 which in
connection with the resistor 9 and the rectifier
circuit controls the timing of change of voltage
across resistor 9. With increasing intensity due
to pick-up 1, the rectifier 18 must supply charge
for increasing voltage across condenser 19, as
well as for supplying the current conduction
through 9, so that extremely sudden effects may
be smoothed out. Similarly when the intensity
due to 1 is reduced, the voltage across 9 does not
drop immediately because when less charge is
supplied by rectifier 18, the condenser 19 dis-
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charges through resistor 9. A further function
of condenser 19 is to prevent any tone frequency
from being present in 9, thereby avoiding.all
effects other than change of bias on the tube.

The operation of the circuit as regards re-
sistor 10 is quite similar to that as regards re-
sistor 9. The energy for the direct current
through 10 is supplied from transformer 20 sub-
sequent to amplifier tube 5, and in this case the
output transformer of the entire amplifier cir-
cuit. Energy from the output circuit is fed
through windings 21 and 22 through resistors
23 and 24 and filter network 25 if desired, so
that low frequency energy passes more readily
than high frequency energy, and limiting action
for low frequencies may occur for lower energy
values in transformer 20 than for high fre-
quencies. The energy passed actuates rectifier 26
which supplies direct current to resistor 10. A
bias 27 may be supplied for the rectifier 26 so
that rectification does not accur until the output
voltage of the amplifier has reached a desired lim-
it. Thus there may be no bias due to 10 what-
soever until the current through 9 has reached a
considerable value. For higher inputs, the cur-
rent through 10 rapidly opposes the effect of cur-
rent through 9 to cut down the amplification. of
tube 5. An additional filter 28 may be supplied
subsequent to rectification to cut down on any
residual audio tone currents which might other-
wise get into the grid circuit of tube 5.

The channel for control of frequency char-
acteristics of gain of tube 5 is also shown as con-
trolled by output power of the entire amplifier.
This control may be from windings 21 and 22
which supply control current for resistor 10, a
separate winding may be used however. Asshown,
control power passes through resistors 29 and 30,
actuating rectifier 31 which produces direct volt-
age across condenser 32 and resistor 33 which
are included in the grid circuit of three electrode
rectifier 34, the plate circuit of which is actuated
by an A. C. source 35 operating through trans-
former 36. The impedance of the rectifier 34
is controlled by the bias on the rectifier control
circuit due to current in resistor 33, and with
large intensities in the amplifier output circuit,
the impedance of the tube is low and large
currents are rectified by device 34. The rectified
output is filtered by devices 37 and passes
through the windings of solenoid 14, the plunger
of which drives variable condensers 11 and 12.
The action will normally be such that increased
intensities in the output lower the capacities of
the condensers, thereby permitting high notes to
pass well, but with the intensity of output weak,
the capacity of condensers 11 and 12 will be

-increased, with nearly complete elimination of

scratch or other high frequency sounds not de-
sired.

" The operation of tube 5 is adjusted by means
of potentiometer 38 to give a low reading of me-
ter 39 with pick-up device 1 inoperative. Then
with weak and low intensities, the bias thrown
into the circuit by resistor 9 increases the read-
ing of 39, because of the lessened bias. For high-
er intensities, the reading of the meter dimin-
ishes because of the reverse bias due to re-
sistor 10.

A bias control which may be used if desired is
shown in Fig. 4, in which the meter 39 is of a
relay type so that the bias due to potentiometer
38 will set itself automatically to cause the tube
to pass a certain amount of current. Here there
is a contact 392 which is closed when the meter

3

current is less than the desired minimum amount,
This contact operates a controller device 39b
to move the potentiometer 38 until the plate

" . current exceeds the desired minimum value, when

no further change will be produced.

Fig. 5 shows a modified form of monitoring
system for controlling the amplification of sig-
nals derived from phonograph pick-up 1, am-
plified by tubes 5, 6, 7 and 8 and applied to loud
speaker 2. The varlous elements which are
similar to those shown in Fig. 3 have been given
similar reference numerals. The grid potential
of tube 5 is controlled by the current passed
through resistance 9, which varies in response
to variations in the applied signal. This is op-
posed for high signal outputs by the current in
resistance 10 in the manner described in con-
nection with Fig. 3. -

For preventing overload of the amplifying
system, the grid circuit of tube 5 is provided with
2 high resistance 40, for example, 5 megohms
shunted by by-pass condenser 41 having a ca-
pacity, for example, of .1 mf. The current drawn
in the grid circuit of tube 5 when g large signal is
impressed causes a potential drop in resistance 40 100
which prevents an abnormal reduction in the grid
poéentia.l, thereby avoiding an overload of the
tube.

For further controlling the amplification with
loud output signals there is provided a volume 105
control tube 42 in the plate circuit of tube 5. The
impedance of tube 42 is controlled by the current
flowing through resistance 60 which is included in
the grid circuit thereof. The current in resistance
60 is controlled in accordance with the output 110
signal through secondary winding 61 of trans-
former 20 which is connected through a filter 62
to a rectifying device 63. Rectitying device 63
may have a source of biasing potential 64 asso-
ciated therewith to prevent the device from oper- 115
ating when the output signal falls below a given
intensity. With signals above this given intensity
a current is produced in resistance 60 which
lowers the impedance of tube 42, thereby cutting
down the impedance external to the plate eircuit 120
of tube 5 and lowering the amplification of the
system as the output intensity increases.

The impedance of tube 42 is also controlled by
the voltage drop in resistance 71 in the plate cir-
cuit thereof which operates to vary the impedance 125
in accordance with the current flowing in said
plate circuit.

The circuit for controlling tone on high in-
tensities and low intensities is of a vacuum tube
control type instead of the electro-mechanical 130
type shown in Fig. 3. Here tubes 43 and 44 are
in series with filter condensers 45 and 46 respec-
tively from terminals of choke 13 to grid return
circuit of tube 5. The plates of these tubes are
shunt fed by suitable high impedance chokes 47
and 48. The impedance of the tubes from plate
to filament is controlled by bias resistor 49 and
condenser 50, which are supplied by direct current
derived from the final amplifier output.

When g large intensity of signal occurs in the
output to the loud speaker, current passes through
resistor 49 in such a manner as to decrease the
A. C. conduction of tube 43 and therefore the
A. C. conduction through condenser 45 to the grid
return circuit of tube 5. Tube 44 similarly con-
trols the conduction through condenser 46. As a
result on weak signals, the filter network com-
prising chokes 13, 47, 48, condensers 45 and 46,
and tubes 43 and 44 automatically changes with
signal strength to.cut out high tones on weak 150
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output signals, thereby reducing scratch dis-

turbances most under the conditions for which

they are most objectionable. )

Current is applied to resistor 49 through a

§ suitable rectifier 65 and filter net work 66 asso-
ciated with resistances 29 and 30 which are con-
nected to the output circuit amplifier in the
manner pointed out in connection with Fig. 3.

Potentiometer 70 may be connected in the grid
circuit of amplifier tube 6 to provide a manual
volume control which operates solely on the out-
put current and does not interfere with the
efficient operation of the automatic monitoring
system.

In the preceding description various devices
have been referred to as tubes, but it is obvious
that any type of electron discharge device may be

10

employed. Furthermore, the rectifiers have been

shown as tubes for purpose of illustration only and
are not to be limited thereto. The various elec-
iron discharge devices have associated therewith
suitable sources of potential which are connected
in the manner well known in the art and which
accordingly have not been described in detail.
25 - In the operation of the above described moni-
toring system the amplification characteristics of
amplifying tube 5 is primarily controlled by the
potential- drop in resistance 9. This . varies in
accordance with the strength of the impressed
" signal whereby the amplification ratio of the tube
is increased for large signals and decreased for
weak signals. A suitable filter net work 17 is pro-
vided which preferably discriminates against high
frequencies so that extraneous noises of high
- pitch, such as needle scratch and film noises, will
be largely suppressed when the signal intensity is
low.
The potential drop in resistance 10 is utilized
for preventing the output volume from becoming
" excessive and -also for preventing predominant
notes of low frequency from affecting the opera-
tion of the system. This is accomplished as above
pointed out by causing a current to flow in re-
sistance 10 which is proportional to the strength
of the output signal when the output signal ex-
ceeds & given minimum, thereby increasing the
bias of tube 5 and cutting down its output cur-
rent. Filter net work 25 is made to discriminate
against low frequency notes so that the predomi-
nant effect of such mnotes at high intensity is
minimized. .
Condenser 19, which is connected across re-
sistance 9, introduces a time delay into the con-
_trol circuit and prevents the current in resist-
55° ance 9 from changing in response to instanta-
neous changes in input signal intensity. This
also prevents a sudden concussion, .such as the
sound of a kettle drum, from disrupting the en-
tire system. Tube 42, which is connected in the
plate circuit of tube 5,-serves as a further limit-
ing device and is operated in response to high
intensity output signals for limiting the ampli-
fication of the entire system.
The variable impedance filter net work, com-
” prising condensers 11 and 12 in Fig. 3 and tubes
43 and 44 in Fig. 5, provides automatic means for
monitoring so that the predominant notes of the
various frequencies will be discriminated against.
This assists in minimizing the effect of needle
seratch or film noises when the signal is weak and
the effect of the bass notes when the signal is
strong. The above system, accordingly, comprises
an amplifying means which is capable of repro-
ducing a complicated sound, such as an orchestral
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selection, in substantially its true ratio of in-
tensity and tone.

Certain types of control have beerr disclosed as
applied to the various tubes for determining their
amplification characteristics. It is obvious, how- -80
ever, that other control systems may be employed
if desired without departing from the present
invention. ' .

While certain novel features of the invention
have been shown and described and are pointed
out.in the annexed claims, it will be understood
that various omissions, substitutions and changes
in the form and details of the device illustrated
and in its operation may be made by those
skilled in the art Wwithout departing from the
spirit of the.invention.

What is claimed is: :

1. In a system for reproducing sound from a
sound record an electron discharge amplifier, an
automatic control system therefor comprising
means controlled by the signal strength for vary-
ing the amplification characteristics of said am-
plifier in accordance with the strength of the
impressed signal, and means controlled by the
output volume for preventing said amplifier from
being overloaded when strong signals are ap-
plied thereto. '

2. In a system for reproducing sound from a
sound record an electron discharge amplifier, an
automatic control system therefor comprising
means controlled by the strength of signal for
causing said amplifier to discriminate against
high frequencies when the signal strength is
small and against low frequencies when the sig-
nal strength is large.

3. In a system for reproducing sound from a
sound record an electron discharge amplifier, an
automatic control system therefor comprising
means controlled by the strength of signal for
causing said amplifier to -discriminate against 115
high frequencies when the signal strength is
small.

4, In a system for reproducing sound from a
sound record an electron discharge amplifier, an
automatic control system therefor comprising
means controlled by the strength of signal for
causing said amplifier to discriminate against
low frequencies when the signal strength is large.

5. In a system for reproducing sound from &
sound record an electron discharge amplifier, an
automatic control system therefor comprising
means controlled by the signal strength for vary-
ing the amplification characteristics of said
amplifier in accordance with the strength of the
impressed signal, and means controlled by the
output volume for varying the amplification
characteristics of said amplifier inversely as the
output volume of said amplifier when said output
volume exceeds a predetermined value.

6. In a system for reproducing sound from a
sound record an electron discharge amplifying
system including an electron discharge device,
an automatic control system comprising means
controlled by the signal strength for decreasing
the internal impedance of said deviee-inversely 140
as the signal strength until the oulput volume
reaches a predetermined value and means con-
trolled by the output volume for increasing said
impedance when the output signal exceeds said
predetermined value.

7. In a system for reproducing sound from a
sound record an electron discharge amplifying .
system including an electron discharge device,
an automatic control system comprising a filter
system associated with said devices and means 156
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controlled by the signal strength for controlling
said filter system whereby said amplifier dis-
criminates against high frequencies when the
signal volume is low and discriminates against
low frequencies when the signal volume is high.

8. In a system for reproducing sound from a
sound record an. electron discharge amplifying
system including an electron discharge device
having a control element, an automsatic control
system comprising means controlled by the sig-
nal strength for decreasing the bias of said ele-
ment in accordance with the strength of the in-
put signal until the output volume reaches a pre-
determined value, and means controlled by the
output volume for increasing said bias when the
output signal exceeds said predetermined value.

9. In a system for reproducing sound from a
sound record an amplifying system including an
electron discharge device having a control ele-
ment, a resistance included in the circuit of said
control element, means controlled by the signal
strength for passing a direct current through said
resistance varying in accordance with the volume
of the input signal, a second resistance in the
circuit of said control element, and means con-
trolled by the output volume for causing a direct
current to pass through said second resistance
varying in accordance with the output volume of
#said amplifier, said resistances being so arranged
that the voltage drops produced therein are in
mutually opposing relationship.

10. In a system for reproducing sound from s
sound record an amplifying system, a fllter in
the input circuit thereof, and means controlled
by the signal strength for varying the character-
istics of said filter in accordance with the signal
intensity in the output circuit of said amplifler
whereby said filter is caused to discriminate
against high frequencies when the output in-
tensity is low and to discriminate against low
frequencies when the output intensity is high,
and a limiting device included in said amplifier
and controlled by the intensity of the output
signal to limit said signal to a predetermined
value.

11, In a system for reproducing sound from g
sound record an amplifying system, g filter in
the input circuit thereof having a variable im-
pedance, and means controlled by the signal
strength for varying the impedance of said filter
in accordance with the signal intensity of said
amplifier whereby said filter is caused to dis-
criminate against high frequencies when the out-
put intensity is low and to discriminate against
low frequencies when the output intensity is high,
said means comprising a solenoid associated with
said variable impedance and operated in accord-
_ance with the signal strength in the output cir-~
cuit of said amplifying system.

12. In a system for reproducing sound from a
sound record an amplifying system, a filter in
the input circuit thereof including a variable
impedance space discharge device, and means
controlled by the signal strength for varying the
impedance of said device in accordance with the
signal intensity in the output circuit of said
amplifier so that said filter is caused to dis-
criminate against high frequencies when the out-
put intensity is low and discriminate against low
frequencies when the output intensity is high.

13. In a system for reproducing sound from a
record including an electric pick-up, an ampli-
fying system therefor and a sound propagating
device associated therewith, means controlled by
-the signal strength for automatically controlling

the amplification characteristics in accordance
with the strength of the impressed signals where-
by the volume ratio between strong and weak
signals in the sound propagating device exceeds
the volume ratio produced by the electrical pick- 80
up, and means controlled by the output volume
for limiting the amplification characteristics of
said amplifier when the output signal exceeds a
predetermined value whereby the rated capacity
of said system will not be exceeded. 85

‘14.-In a system for reproducing sound from a
record including a pick-up device, an amplifier
and a sound propagating device, an automatic
control system comprising means controlled by
the signal intensity for causing said amplifier to 90
discriminate against high frequency tones when
the signal intensity is low whereby the effect of
needle scratch, film noises and other extraneous
noises is reduced.

15. In a system for reproducing sound from a o8
record including a pick-up device, an amplifier
and a sound propagating device, an automatic
control system comprising means controlled by
the signal intensity for causing said amplifier to
discriminate against low frequency tones when 100
the signal intensity is high.

16. In an amplifying system for use with a

‘sound record, a main amplifier, means for im-

pressing energy due to the sound variations from
said record on said amplifier, means for control- 108
ling the gain ratio of said amplifier by and in
accordance with the changes in the average in-
tensity of the sound energy obtained from said
record in such manner that the gain ratio of the
amplifier increases with increase in input sound 319
strength up to a given limiting value within the
capacity of the amplifier and means whereby the
gain ratio of said amplifier decreases with further
increase in input sound strength.

17. In a sound reproducing system, a sound 118
record, a pick-up device therefor, & sound propa~-
gating device fed by said pick-up device, and
means controlled by variations in the signal vol-
ume picked up by said pick-up device for varying
the discrimination against undesired tone fre- 19
quencies.

18. In a sound reproducing system, a sound
record, a pick-up device therefor, & sound propa-
gating device fed by said pick-up device, and
means controlled by variations in the signal vol- 108
ume received from said pick-up device for dis-
criminating against high frequency notes with
small signal volume and against low frequency
notes with large signal volume.

19. In a sound reproducing system, a sound 130
record, & pick-up device therefor, a sound propa-
gating device fed by said pick-up device, and
means controlled by variations in the signal vol-
ume received from said pick-up device for dis-
criminating against high frequency notes with 135
small signal volume,

20. In a sound reproducing system, & sound
record, a pick-up device therefor, a sound
propagating device fed by said pick-up device,
and means controlled by the variations in signal
volume received from said pick-up device for dis-
criminating against low frequency notes with
large signal volume.

21. In a sound reproducing system, a sound rec-
ord, a pick-up device therefor, a dynamic ex- 145
panding amplifier fed by said pick-up device, &
sound propagating device fed by said amplifier,

a variable load fed by said amplifier, and means
controlled by the output of said amplifier for de-
termining the value of said load. 159
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22. In a sound reproducing system, a sound rec~
ord, a pick-up device therefor, & dynamic ampli-
fler fed by said pick-up device, a sound propagat-
ing device fed by said amplifier, a control device
fed by the output of said amplifier and responsive
only to low frequency tones for limiting the gain
ratio of said amplifier.

23. In a sound reproducing system, a sound
record, a pick-up device therefor, a variable filter
fed by said pick-up device, a sound propagating
device fed by said filter, and means controlled
by variations in the volume of low frequency tones
only for varying the frequencies passed by said
filter. )

24. In a sound reproducing system, a sound
record, a pick-up device therefor, a varigble filter

56 . .
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70
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1,879,085

fed by said pick-up device, a sound propagating
device fed by said filter, and a control device fed
by said filter and responsive to low frequency
tones only for operating the variable filter to pass
more freely the higher frequencies when the low
frequency tones are strong and to pass more free-
ly the lower frequencies when the low frequency
tones are weak.

25. In a sound reproducing system, & sound
record, a pick-up device therefor, a variable filter
fed by said pick-up device, & sound propagating
device fed by said filter, and means controlled by
the amount of energy from said pick-up device
for varying the frequency transmission charac-
teristics of said filter.

JOHN HAYS HAMMOND, J&.
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