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This invention relates to sound reproducing
systems, and more particularly to an improved
system for automatically expanding the dy-
namic range of sound energy.

5 An object of this invention is to provide an im-
proved method of controlling the volume expan-
sion in dynamic multipliers.

Another object is to improve the sharpness of
cut-off at low volume and to obtain the desired

10 amount of expansion without critical adjust-
ments.

Various other objects and advantages will be
apparent as the nature of the invention is more
fully disclosed.

15 A feature of the invention consists in the use
of amplifier tubes having a plurality of electrodes,
at least one of which is positively biased, and
two of which are negatively biased. The control
voltage is impressed on both the positively biased

2g electrode and a negatively biased electrode.

In one embodiment of the invention, the con-
trol voltage is impressed on the positively biased
electrode by coupling from an electrode located
between said first electrede and the anode. As

25 applied to a triple grid tube, the signal is im-
bressed upon the first grid, the control voltage
upon the third grid and the change in space cur-
rent to the second grid caused by variations in
voltage on the third grid is used to - control the

30 bias of the second grid in such manner that the
control effects of the second and third grids are
additive, : :

In another embodiment as applied to a penta-
grid tube, the negative bias of the third grid is

¢3 decreased and the positive bias of the second and
fourth grids is increased in accordance with an
increase in control voltage and vice versa. In
this way the control effect of all of the grids is
utilized.

40 Although the novel features which are believed
to be characteristic of this invention will be more
particularly pointed out in the claims appended
hereto, the invention itself, as to itg 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
taken in connection with the accompanying
drawings forming a part thereof, in which,

50 Fig. 1 illustrates diagrammatically the system
as applied fo the repreoduction of sound from the
sound record of a talking, moving picture and
phonograph;

Pig. 2 is a series of curves illustrating the ex-

55 pansion characteristics of the system;

(CL 179—171)

Fig. 3 is a curve illustrating the selectivity
characteristics -of the control circuit ;

Fig. 4 shows a modified circuit arrangement
using pentagrid tubes; and

Fig. 5 is a series of curves showing the change 5
of potential of the electrodes occurring during the
operation of the system. of Fig. 4.

In the following description and in the claims
various parts will be identified by specific names
for convenience, but they are intended to be as 10
generic in their application to similar parts as
the art will permit.

Referring to the accompanying drawings, and
more particularly to Fig. 1, a phonograph pick-
up 10 is shown which is connected to two con- 15
tacts of a double pole double throw switch i,
the other contacts of which are connected to the
circuit of a photoelectric cell 13 including bat-
tery 15. Light from a lamp 16 is focused by
means of a lens {7 through an aperture 18 in an 90
aperture plate {9 upon the sound record of s
moving photographic film 20. The light which
basses through this film impinges upon . the
photo-electric cell 13. )

The blades of the switch {1 are connected to o
the primary of an input transformer 2!, one
terminal of the secondary of which is connected
to. ground and the other terminsl of which is
connected to the grid of a triode space discharge
amplifier tube 22 of the separate heater type. zp
Between the cathode of the tube 22 and ground
are connected in parallel a cathode bias resistor
24 and a bias resistor by-pass condenser 28a.
The plate of tube 22 is connected to one ter-
minal of the primary of coupling transformer 23, 35
the other terminal of which is connected to the
positive side of plate battery 25, the negative side
of which is grounded.

The terminals of the secondary of transformer
23 are connected to the first grids 27 of two 40
triple-grid amplifier tubes 26 of the separate
heater type. These tubes may be of the type
commonly used in radio frequency amplifiers,
and in addifion to the usual heater, cathode and
anode have three grid structures, 27; 28, and 29. 45
Although in radio frequency amplifiers these
grids are usually termed signal, screen and sup-
pressor grids, they are here termed for audio
amplifier purposes, first, second and third grids.
The center tap of secondary of transformer 23 50
is grounded, and ballasting resistors 23q¢ and 235 -
are bridged from each terminal to the center tap..

The third grids 29 of tubes 26 are joined to-
gether and connected to one end of resistor 56.
The potentials of these third grids are normally 55
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2

negative with respect to ground, but are varia-
bly negative in accordance with the signal energy
jmpressed upon tube 22 in a manner to be de-
scribed later. A by-pass timing and filtering con-
denser 56a is connected between these third grids
and ground. ) :
Plate currents for tubes 26 are. supplied by
plate battery 36, the negative end of which is
grounded, and the positive end of which is con-
nected to center tap.of the primary of coupling
transformer 32. The terminals of this primary
are connected to the plates of tubes 26. Bridged
across from plates of tubes 26 to the center tap
of primary of transformer 32 are two terminating
resistors.34. These are of the same order of mag-

" nitude as the internal output impedance of the

20

30

40

tubes which transformer 32 is designed to match,
and are desirable because of the very high inter-
nal cutput impedance characteristic of triple
grid tubes such as would usually be used in this
arrangement. Battery 36 also serves other pur-
poses than supplying plate power. Between the
positive terminal of this battery and ground are
connected in series, bleeder resistor 33 and cath-
ode bias resistor 31, to the junction of which are
connected the cathodes of tubes 26. These two
resistors are so chosen that during the operation
of the system with variable space currents within
the tubes to the cathodes, the voltage across re-
sistor 31 does not change by more than 25 to 50
per cent. The cathode is maintained positive
with respect to. the grid by the amount of the
voltage drop through the resistance 3{. Hence
the first grids 27, which.are at ground potential,
and the third grids 29, which are negative with

respect to ground, are both negative with respect -

to the cathodes. . The second grids 28 of tubes 26
are connected together, and to one end of a cou-
pling resistor 35, the. other end of which is con-
nected to the positive terminal of battery 38. "The
second grids 28 are thus positively biased by the

potential of the battery 36, minus the. voltage:

drop in the resistance 35 due to the current drawn
by said grids. The constants of the various parts
are so chosen that with the third grids of tube’ 26
shorted to the cathodes for ‘test purposes, -the

. potentials of and currents to thé various elec-

trodes will be substantially those values for which
the tube is designed to give best amplification.
The secondary terminals of transformer 32 are

connected to the grids of two triode-type power”

amplifier tubes 31. The filaments of these tubes

are connected in parallel, and bridged across the’

filaments is a center tapped resistor 31aq, the cen-

ter tap of which is grounded. The center tap of

the secondary. of transformer 32 is connected to
the negative terminal of grid bias battery 38, the

~ ‘positive terminal of which is grounded. From

GO

terminals - to - center tap of the secondary are
pridged resistors 34a which cooperate with: pri-
mary resistors 34 in producing satisfactory tonal
transfer. :
The plates of tubes 37 are connected to the pri-
mary terminals. of output transformer 41, the
center tap of which is connected to the positive
side of plate battery 39, the negative - side of
which i§ grounded. The secondary winding ot
transformer 41 is connected to the voice coil of a
joud speaker 42, the field winding 43 of which is
connected across battery 39. SR :

A condenser 56a is connected between the third
grids of the-tubes 26 and ground. . )

“For controlling and varying the voltage across

condenser 56a, blocking, coupling and filtering .

condenser. 45 is connected: between the plate of

- of the separate heater type.

2,096,759

tube 22 and the grid of a triode amplifier tube 46
Between the grid
and ground of this tube is connected a filtering
and grid bias fixing resistor 49. Between the
cathode of tube 46 and ground are connected in
parallel a cathode bias resistor 47 and a bias re-
sistor by-pass condenser 48. The plate of the
tube 46 is connected to one terminal of the pri-
mary of the filtering coupling transformer 51, the
other terminal of which is connected to the posi-
tive terminal of battery 50, the negative terminal

- of which is grounded.

One terminal of the secondary of transformer
51 is connected to the plate and grid of a triode
rectifier tube 52 of the separate heater type. The
other terminal of the secondary of transformer
5{ is connected to the adjustable contact of a
potentiometer 57 which is connected across bat-
tery 38. Between the cathode of tube 52 and the
adjustable contact of potentiometer 57 in parallel
are connected rectifier output resistor 53 and first

10

20

filter condenser 55. Between the cathode of tube- -

52 and the third grids of tubes 26 is a filtering and
timing resistor 56, and as above described between
the third grids of tubes 26 and ground is con-
denser 56a which serves as a second rectifier filter
and timing condenser.

In the operation of the embodiment of the
invention shown in Fig. 1, the energy received by
the transformer 21 from either the phonograph

pick-up 10 or the photo-electric cell 13, passes tor

the amplifier 22 where it is amplified and the
major portion is fed through the transformer’23
to the push-pull amplifier tubes 26. Here the
energy is reproduced in the plate circuit, ampli-
fied to a more or less degree depending upon the
potentials of the various grids with respect to the
cathodes. ‘Thereupon it is impressed through

transformer 32 upon the grids of push-pull power

amplifier tubes 31, where it is further amplified

and impressed upon loud speaker 42 which pro-
duces sound vibrations in accordance with the
electrical energy impressed thereupon.
For producing control voltage across condenser
56z, some of the energy amplified by tube 22 is
transferred from the plate of tube 22 through the
filtering coupler 45 and 49, which discriminates

-against the low frequency ‘tones, to amplifier 46,

where - it is amplified "and impressed - through
transformer 51 upon the rectifier 52.  In addi-
tion to the filtering actions of elements 45 and 49,

. the transformer 51 and the bias devices 47 and 48

sre also of such characteristics as to aid in the
selection of tones for operating the rectifier by
discriminating against lowest and highest fre-
quency tones. As a result the energy. impressed
upon rectifier- 52 more nearly represents the
acoustical volume level of the sound record than
the electrical volume level. o . k
The potentiometer 57 is so adjusted that in the
absence of tonal signal there is a large negative
bias due to battery 38 impressed upen the third

erids of tubes 26, there being substantially no.
_currents.in the resistors 53 and 56. With signals

impressed upon the- rectifier, rectified current is

30

s

35
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60
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produced in the resistor 53 in the direction of the -

arrow, decreasing the negative bias on the third
grids. In case the signal is so.strong that the
third grids become positive with respect to the
cathodes, current passes from these third grids-to
the cathodes within the tubes, and direct current

‘fiows upwardly through resistor 56 thereby limit-
" ing the ability of rectified current to further in-

crease the third grid potential:

The effects of the decrease of negative bias of.

70
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the third grids, which may also be considered as
an increase of the electrical potential, are two-
fold. It increases the ability of the first grid to
control the plate current, thereby increasing the
first grid to plate conductance and increasing the
gain ratio of the amplifier stage for the tonal
signals. Also it causes the current to the second
grids to change, due to the resistance coupling
action of resistor 3% supplied with current from
battery 36 as will be later described. By the bal-
anced push-pull arrangement this current
through resistor 385 follows fluctuations in the
control voltage impressed upon the third grids,
and not the fluctuations due to the signal voltage
impressed in a balanced manner upon the fiyst
grids. The effect of this resistance coupling for
the control voltage is to make the normally posi-
tive second grid more positive as the third grid
becomes less negative as explained below. The
absolute potentials of the third grids and second
grids become algebraically greater or less in uni-
son, in accordance with greater or less energy im-
bressed upon the rectifier. In general, in a multi-
grid tube, with electronic induction, an increase
of absolute potential of one electrode only in-
creases the space current to the plate or to any
other positively biased electrode between it and
the plate, but on the other hand decreases the
current to any positively biased electrode between
it and the cathode. As a result, in the present
instance increased absolute potential of the third
grid due to increased signal, and therefore, de-
creased negative bias, causes increased current to
the plate, but decreased current to the positively
biased second grid. Decreased current to the sec-
ond grid in turn causes less drop through the
coupling resistor 35 and increases the potential of
the second grid. As a result of this increased po-
tential of the second grid, the first grid is caused
to exercise increased control of the plate current,
thereby increasing the gain of the amplifier stage
over and above the increase of gain due to the
control by the third grids alone.

For purposes of illustration, Fig. 2 shows the

decibel gain of the amplifier stage from grids of

tubes 26 to grids of tubes 37 of a typical circuit
constructed in accordance with this invention, as
a function of the potential of the third grids 28.
Curve 61 relates to the gain with the second grids
maintained at a fixed potential in accordance
with the previous art. Curve 62 relates to the
gain with the second grids caused to vary in
synchronism and in phase with the third grids
in accordance with the present invention. In
both cases the potential of the second grids is the
same with the third grid at ground potential.
The much greater control effect of the third grid
upon the gain of the amplifier stage due to the
cooperative action of the second grid is. clearly
evident, as well as the increased sharpness of cut-
off of transmission at the .lower volumes. This
not only permits a wide range of volume expan-
sion to be achieved in a single amplifier stage, but
also permifs smooth expansion characteristics to
be cbtained.

For illustration also, in Fig. 3 is shown g trans-

mission curve relating the rectified voltage de-
veloped across resistor 853 to the frequency of
voltage impressed upon the grid of amplifier tube
22. This curve is approximately correct for con-
verting electrical volume level to acoustical vol-
ume level. ‘

In the modified circuit arrangements of Fig, 4,
the dynamic multiplier circuits only are shown.
It will-be understood that the primary of trans-

former 23 is cohnected to and driven from a

_source of sound and a preamplifier such as the

phonograph pick-up 10, photoelectric cell i3, am-
plifier tube 22 of Fig. 1, and that the secondary of
transformer 32 is connected to a power amplifier
and loud speaker such as afforded by tubes 37 and
loud speaker 42 of Fig. 1.

In Fig. 4, the secondary terminals of trans-
former 23 are connected in a balanced fashion to
the first grids of a. pentagrid mixer tube of the
separate heater type, which serve as the expander
tubes of g dynamic multiplier. These tubes con-
tain a plurality of grid structures 67, 68, 69, 19,
and 71, between the cathodes and plates, desig-
nated as first, second, third, fourth and fifth grids;
Within the tube the fifth grids T are connected
to the cathode and the second and fourth grids
68 and 10 are connected together. The plates of
these tubes are connected to the terminals of the
brimary of a coupling transformer 32, the center
tap of which is connected to the positive terminal
of supply battery 15, the negative side of which
is grounded. Input resistors 32¢ are connected
between the terminals of the primary of trans-
former 32 and the center tap. Three resistors 187,
12 and 73 are connected in series between the
positive side of battery 75 and ground. The cath-
cdes, and therefore also the fifth grids 1f of tubes
68, are connected together and to the junction of

resistors 107 and 72. Hence they are maintained :

Dositive with respect to ground by the voltage
drop in resistances 72 and 73. The center tap of
the secondary of transformer 23 is connected to
the junction of resistors 12 and 73 to bias the first
or signal grids 87 negative with respect to the
cathodes by the amount of the voltage drop in the
resistance 12. The third grids 69 are connected
together, and between them and ground are
connected the resistors {00 and 8% in series.
When no current is drawn, these grids are a$
ground potential and are thus negative with re-
spect to the cathedes. 'The second and fourth
grids of both tubes are connected together and
to the plate of triode control repeater tube 102

of the separate heater type, which in turn is <

connected to one end of resistor {086, the other
end of which is connected to the positive end of
the battery 15. These grids are thus positive by
the potential of the battery 75 minus the voltage

drop in resistance {86. Between the positive end ¢

of the battery and ground are connected in series
a bleeder resistor {05 and a cathode bias resistor
103, to the junction of which is connected the
cathode of the tube 182. The circuit is so ar-
ranged that the potential of the cathode does
net change more than 25 to 50 per cent during
the operation of the tube. Between the grid of
tube 182 and ground are connected in series re-
sistors 18! and 9i. Bypass condenser T8a is

connected from cathodes of tubes 66 to the cen-

ter tap of the secondary of transformer 23, by-
bass condenser T4b from cathodes of tubes §§ to
ground; and bypass condenser 184 from the cath-
ode of tube #82 to ground. Smoothing and tim-
ing condensers Tde, 74d and 184a are connected
between second and fourth grids and cathodes
of tubes 68, between third grids and cathodes
of tubes-86, and between grid of tube 162 and
ground, respectively. o

For controlling the potentials of the thirds grids
of tubes 66 and the grid of tube | 82, between

one terminal of the secondary winding of trans<

former 23 and ground are connected a coupling,
blocking and filtering condenser 11, and a filter-
ing and bias fixing resistor 78, the junction of

973
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which is connected to the grid of a triode ampli-~
fietr tube "80 of the separate heater type. In
parallel with resistor.78 is high audio frequency
bypass condenser 19. Between the other termi-
nal of the secondary of transformer 23 and ground
are connected in series a balancing condenser
860 and resistor 85¢. Between the cathode of
tube 80 and ground -are connected in parallel a

cathode bias resistor 81 and high audio frequency '

bypass condenser 88.. Between the plate of tube
80 and the positive terminal of battery 15 are
connected in series a coupling resistor 83 and a
feed resistor 89, between the junction of which
and ground is connected a high audio frequency
bypass condenser 82. Between the plate of tube
80 and ground are connected in series a D. C. and
low frequency. blocking condenser 81 and gain
control potentiometer 84, the adjustable contact
of which is connected to the grid-of a triode am-
plifier tube 85 of the separate heater type. Be-
tween the cathode of tube 85 and ground are
connected in parallel a cathode bias resistor 98

_and high frequency bypassing condenser 98. Be-

tween the plate of tube 85-and- the positive side
of battery 75 are connected in series a coupling

resistor 99 and a feed resistor 92, between the.

" junctions of which and ground is connected a

40

50

55

60

Ligh frequency -by-passing condenser 8Ta. Be-

tween the plate of tube 85 and ground are con-
nected in series a high frequency coupling con-
denser 86 and a rectifier discharge resistor 89q,
and also between the plate of the tube 85 and
ground are connected in series a high frequency
coupling condenser 88a¢ and a rectifier discharge

= resistor 91. The junction between condenser 86

and resistor 89¢ is connected to the first cathode

93 of a dual rectifier tube 85, and to one end of .

a filtering and timing resistor 100 the other end
of which is connected to the third grids of tubes
66. < The junction between condenser 88a and
resistor 91.is connected to the second plate 97
of tube 95, and to one end of a filtering and tim-
ing resistor ‘101, the other end of which is con-
nected to the grid of tube 102. The first plate
94 and the second cathode 96 of tube 95 are
connected to ground. o

The filaments of all tubes are heated by means
not shown, preferably from a secondary winding
of a power transformer, the center tap of which
is connected to ground or to the cathode of the
tube which it heats.’ S

In the operation of the circuit of Fig. 4, signals
from-a sound record, pick-up, and preamplifier
are impressed through transformer 23 upon the
first grids of tubes 66 in a balanced fashion. Here
the signals are amplified-in a degree depending
upon - the potentials of. the second, third and

fourth grids with respect to ground, and are im--

pressed through transformer 32 -upon the grids
of power amplifier tubes which in turn operate a
loud speaker to produce tonal signals correspond-
ing to the electrical signals impressed thereupon.

Some of the ‘energy delivered through trans-

former 23 is diverted tothe grid or amplifier tube

580, where it is amplified and impressed upon the

grid of tube 85 to a degree depending upon the
setting of the potentiometer 84.: Here again the
energy is amplified and impressed through con-
densers 86 and 88a upon the first and second
plate-cathode branches of the rectifier .tube 95.
The constants of the circuits between transformer
23 and the rectifier 95 are so chosen that the en-

ergy impressed upon the rectifier represents the:

acoustical level instead of the electrical level of

the signal impressed upon the first grids of tubes

- as will appear to a person skilled in the art.

2,008,759

$6.  The energy impressed upon rectifier 95 pro-
duces rectified current in -resistors 89a and 9i
in the direction of the arrows, causing control
voltages which are smoothed out by resistors 100
and 101, and the condensers T4d and 104a. The
voltage impressed upon the third grids of tubes
66 due to the rectifier 95 increases its potential
in an algebraic sense, that is reduces its negative
bias, and increases the ability of the first grid to
control the plate current. As a.consequence in-

10

creased rectified energy causes increased gain of

the amplifier stage of which tubes 66 form a
part. The increased potential upon ‘the “third
grid increases the space current to the positively
pissed fourth grid which is between the -third
grid and the plate, but at the same time decreases
the space current to the positively biased second
grid which is between- the . third grid and the
cathodes. As a-result the third grid potential
produces -little or no effect upon the current
through resistor 106, and therefore upon-the pos-

itive potential of the second and fourth grids.

However, the current through resistor 106 is con-
trolled by the rectified voltage across resistor 81,
which produces increased bias upon the grid of
the tube 102. The cathode resistor 103 and
bleeder resistor 105 having been originally chosen
so that a relatively large current passes through
resistor 106 to the plate of ‘tube 102 and to the
second and fourth grids of tubes 66, it is clearly
evident that increased bias upon the grid of tube
102 due to increased rectifier energy reduces the
current flow through resistor 106, and increases

‘the positive potential upon the second and fourth -
As a result, through the agency:

grids of tubes 66.
of two rectifiers, and the auxiliary tube 102, the

-positive bias potential of the second and fourth

grids are increased simultaneously with increase
of potentidal of the third grids which decreases
their negative bias, and produces an increased
control effect upon the gain ratio of the amplifier

stage.

For purposes of illustration, in Fig. 5 is shown

" how the potentials of various electrodes change in
accordance with the acoustical- volume. The

main control upon the third grids causes a poten-
tial change from 0 to +11.4 volts, while the con-
trol upon the second and fourth grids due to op-
eration of tube 102 causes.a potential change from
60 to ‘120 volts. 'The potential of the  plates
changes negligibly, while the potentials of the
cathodes and first grids increase slightly. The
increase of the first grid bias with respect to the
cathode is small, producing small -control effect,
and at any rate no greater effect than if the con-
trol were only upon the third grid. s

The effect of the second, third and fourth grids
is additive in .controlling the mutual conductance
and impedance of the tubes 66 and produces a
control similar to that obtained in the tubes 26

- described in. connection with Fig. 1. In Fig. 4,

13

-20
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30
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however, -the control on the second and fourth -

grids is direct, whereas in Fig. 1 the control is ob-

tained indirectly by electronic. coupling from the:

negative -control grid.

Although certain specific embodiments of the

invention have been set forth in detail for pur-

poses of illustration, it is obvious that various

changes and modifications may be made therein

invention is only to be limited in accordance with

the following claims when.interpreted in view

of the prior art.
‘What is claimed is: - : R
1. Tn a sound reproducing system, an amplifier

The
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stage comprising an amplifier tube having. a
cathode and a plurality of other electrodes, at
least one of said other electrodes being biased
positively with respect to the cathode and at least
two of said other electrodes being biased hega-
ively with respect to the cathode, an audio fre-
quency circuit connected to impress audio fre-
quency energy upon one of said negatively biased
electrodes, means deriving sub-audio frequency
control energy from said audio frequency energy,
means impressing said control energy upon an-
other of said negatively biased electrodes and
means for changing the potential of said posi-
tively biased electrode in phase with the change
of potential of said last mentioned negatively
biased electrode to produce a control effect in
the same sense.

2. In a sound reproducing system, an amplifier
stage comprising an amplifier tube having a
cathode and a plurality of grids, at least one of
said grids being biased positively with respect to
the cathode and at least two of said grids being
biased negatively with respect to the cathode, an
audio frequency circuit connected to impress
audio frequency energy upon one of said nega-~
tively biased grids, means deriving sub-audio fre-
quency control energy from said audio frequency
energy, means impressing said control energy
upon another of said negatively biased grids and
means for changing the potential of said positive-
ly biased grid in phase with the change of poten-

‘tial of said last mentioned negatively biased grid

to produce a control effect in the same sense.

3. In a sound reproducing and recording sys-
tem, an amplifier stage comprising an amplifier
tube having a cathode, at least one power con-
suming electrode and at least two non-power
consuming electrodes, an audio frequency ecircuit
connected to impress audio frequency energy
upon one of said non-power consuming electrodes,
means deriving sub-audio frequency ' control
energy from said audio frequency energy, means
impressing said control energy upon another of
said non-power consuming electrodes and means
for changing the potential of said power consum-
ing electrode in phase with the change of poten-
tial of said last mentioned non-power consuming
electrode to produce a control effect in the same
sense. -

4. In a sound reproducing and recording sys-
tem, an amplifier stage comprising an amplifier
tube having a cathode, at least one power con-
suming electrode and at least two non-power con-
suming electrodes, an audio frequency circuit
connected to impress audio frequency energy
upon one of said non-power consuming electrodes,
means deriving sub-audio frequency control
energy from said audio frequency energy, means
impressing said control energy upon another of
said non-power consuming electrodes and means
responsive to the change in space current to the
bower consuming electrode produced by change
in potential of the last mentioned non-power
consuming electrode to vary the bias of sai
power consuming electrode, :

5. In a sound reproducing system, an amplifier

stage comprising an amplifier tube having a -

cathode and a plurality of other electrodes, at
least one of said other electrodes being biased
positively with respect to the cathode and at least
two of said other electrodes being biased nega-
tively with respect to the cathode, an audio fre-
quency circuit connected to impress audio fre-
quency energy upon one of said negatively biased
electrodes, means deriving sub-audio frequency

5

control energy from said audio frequency. energy, -
means - impressing said control energy @ upon )

another of said negatively- biased electrodes, a.

resistor in the lead from the source of positive
bias to said positively biased electrode and means
utilizing the potential drop across said resistor,
produced by a change in space current to said
last mentioned electrode, to change the positive
bias thereof so as to produce a control effect in
the same sense as that produced by the last men-
tioned negatively biased electrode.

6. In a sound recording and repreducing sys-

tem an amplifier stage comprising an amplifier
tube having a cathode and a plurality of grids,

said grids being connected to constitute a nega-.

tively biased signal grid, a negatively biased con-
trol grid and a positively biased control grid,
means applying signal energy to said signal grid,
means deriving control energy from said signal
energy and applying said - control energy to
said negatively biased control grid and means
changing the potential of said vositive control
grid in phase with the change in potential of said
negative control:grid to produce a control effect
in the same sense. :

7. In a sound recording and reproducing Sys-
tem, an amplifier stage comprising an amplifier
tube having a cathode and a plurality of grids,

‘said grids being respectively connected to oper-

ate as a signal grid, a positively biased control
grid and a negatively biased control grid respec-
tively, said positively biased control grid being
disposed in the space current path between said
negatively biased control.grid and said cathode,
whereby a reduction in the negative bias of said

negatively biased control grid will decrease the’

space current drawn by the positively biased con-
trol grid, means applying signal energy to said
signal grid, means applying control energy de-
rived from said signal energy to said negatively
biased control grid and means utilizing . the
change in space current to the positively biased
control grid thus produced for changing the bias
thereof in phase with the change in bias of said
negatively biased control grid. -

8. In a sound recording and reproducing sys-
tem, an amplifier stage comprising an amplifier
tube having a cathode and a plurality of grids,
said grids being respectively connected to operate
as a signal grid, a positively biased control grid
and a negatively biased control grid, said posi-
tively biased control grid being disposed in the
space current path between & said negatively
biased control grid and said cathode whereby a
reduction in the negative bias of said negatively
biased control grid will decrease the space current
drawn by the positively -biased control grid,
means applying signal energy to said signal grid,
means applying control energy derived from said

signal energy to said negatively biased control

grid, a resistor connected in the lead from the

‘source of positive bias to the positively biased

control grid, and means utilizing the potential
drop in said resistor produced- by a change in
space current drawn by said last grid to variably

oppose the positive bias of said grid so-as to pro-.

duce a change in bias in phase with the change
in bias of said negatively biased control grid so
as to effect a control in the same sense.

9. In a sound recording and reproducing sys-

tem an amplifier stage comprising a -pair of-

amplifier tubes connected in push-pull relation-
ship, each of said tubes having a cathode and a
plurality of grids connected respectively to con-

stitute a signal grid, a positively biased control-
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6
grid and a negatively biased control grid, means
applying signal energy to said signal _grids, . a
control channel, means applying a portion of the

signal ‘enérgy to said control channel, a rectifier
in said control channel adapted to rectify said

control erergy so as to produce a control voltage -

praportional to the moving average of the signal
energy, means applying said control voltage to
said negatively biased control grids for control-
ling the amplification characteristics of said tubes
and means operable by electronic coypling of said
positively biased control gridsto produce a change
in the bias thereof in phase with the change in
bias of said negatively biased control grids.

10. In a sound recording and reproducing sys-
tem, an amplifier stage comprising a pair of
amplifier tubes connected in push-pyil relation-
ship, each of said tubes having a cathode and a
plurality of grids connected respectively to con-
stitute a signal grid, a positively biased control
grid and a negatively biased control grid, means

-applying signal energy to said signal grids, a

control channel, means applymg a portlon of the
signal energy to sa1d control channel, a rectifier
in said ‘control channel adapted to rectify said
control energy so as to produce a control voltage
proportlona.l to the moving average of the sig-
nal energy, means applying said control voltage

to said negatively biased control- grids for con-*

trolling the amplification characteristics of said
tubes, a resistor connected in the lead from the
source of positive bias to said positively biased

control grids and means utilizing the change in

potential drop.across said resistor ‘produced by

change in power drawn by said last grids for .

varying the bias-thereof in-phase.with the bias
change of said negatively biased control grids.
11. In a sound recording  and reproducing sys-
tem, an amplifier stage comprising a pair of am-
plifier tubes connected in push-pull relationship,
each of said tubes having.a cathode and a plu-
rality of grids connected respectively to con-

stitute a signal grid, a positively biased control-

grid and a negatively biased. control grid, said
positively biased control grids being disposed in
the space current path between said negatively
biased control grids and: the cathodes whereby a
decrease in the negative bias of said negatively
biased control grids causes the space current of
said positively biased control grids to decrease,
means applying signal energy to said signal grids,
a control channel, means applying a portion of the
signal energy to said control channel, a rectifier

‘in said control channel adapted to rectify said

control energy so as to produce a control voltage

proportional to the moving average of the signal -

energy, means applying said control voltage to
said negatively biased control grids for control-
ling the amplification characteristics .of said
tubes, a resistor connected in the lead from the
source of positive bias to said positively biased
control grids and means utilizing the change-in
potential ‘drop across said resistor produced by
change in power drawn- by said last grids for
varying the bias thereof in phase with the bias
change of said negatively biased control grids.
12. In a sound recording and reproducing sys-
tem, an amplifier stage comprising an amplifier
tube having a cathode and a plurality of grids,
said grids being connected to constitute a nega-
tively biased signal grid, a negatively-biased con-
trol grid and a- positively biased. control gmd
means applying signal energy to said signal grid, a

" control channel comprising a control -amplifier

75.

and a rectifier circuit fed thereby, a resistance

2,006,759

coupling supplying signal energy to said control
amplifier, means associated with said rectifier to
produce a control potential proportional to the

average signal energy, means applying said poten=:

tial to control the negative bias of said nega-
tively biased control grid and means utilizing the
mutual conductance. effect of the negatively bi-
ased control grid upon the space current drawn by

the positively biased control grid. for changing

the positive bias of said last grid in phase with

the change in bias produced on said negatively

biased control grid.

13, In a sound. recording or reproducing sys-.

tem an amplifier stage comprising an amplifier
tube having a cathode and a plurality of grids

connected respectively to. constitute a negatively -

biased signal grid, a negatively biased control grid
and a pair of positively biased control grids, said

16—

last mentioned grids being disposed on opposite - ’

sides of said negatively biased control grid with

respect to the space current: path, means apply-

ing signal enérgy to said signal grid, a control

channel actuated by said sighal energy, said con-

trol channel having means 'to produce a control
voltage varying. in accordance with the average
signal energy, means applying said control volt-
age to vary the hegative blas of said negatively
biased control grid and additional means applying
said control voltage to said positively biased sig-
nal grids so.as to produce a change.in bias there-
of in phase with the change in bias of said nega-
tively biased control grid.

14. In a sound recording-or reproducing sys-
tem an amplifier stage comprising an amplifier
tube having a cathode and a plurality of grids
connected to constitute .a negatively biased sig-
nal grid, a negatively biased control grid and a
pair of positively biased control grids, said last
mentioned grids being disposed on opposite sides
of said negatively biased control grid with respect
to the space current path, means applying sig-
nal energy to said signal grid, a control channel
actuated by said signal energy, said control chan:
nel having means to produce a control voltage

varying ‘in accordance with the average signal

energy, means applying said control voltage: to
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vary.the negative bias of said negatively biased - :

control grid and an additional:control channel
applying said control voltage to both of said posi-~
tively biased control grids to produce a change
in bias thereof in phase with the change in bias
of said negatively biased control grid.

15. In a sound recording or reproducing sys-
tem, having an amplifier stage comprising an
amplifier-tube having a plurality of grids, at least
two of which are negatively biased and at least
one of which is positively biased; the method of
automatically varying the characteristics of said
stage which comprises impressing. signal energy
upon one of. said negatively biased grids, and
impressing conirol energy upon. another of said
negatively- biased grids and upon said positively
biased grid so as to produce a control effect in the
same sense by both of said last grids.

16. In a sound recording or reproducing sys-

65

tem, having an amplifier stage comprising an .

amplifier tube having a plurality of grids, at least

two of which are negatively: biased and at least

one of which is positively biased, the method of

automatically varying the characteristics of said

stage ‘which comprises impressing signal energy
upon one of said negatively biased: grids, im-
pressing control energy upon another of said neg-
atively biased grids, and utilizing the change in
current drawn by said positively biased grid.pro-
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tuced by ele¢tronic coupling with said last men-
tioned negatively biased grid for varying the bias
of said positively biased grid in phase with the
bias change of said negatively biased grid.

17. In a sound recording or reproducing sys-
tem having an amplifier stage comprising an
amplifier tube having a plurality of grids, the
method of automatically varying the character-
istics of said stage which comprises applying sig-
nal energy to the first grid, impressing a variable
negative bias on the third grid which varies in
accordance with a control voltage, applying a
positive bias to the second grid, and utilizing the
electronic coupling between said second grid and
said third grid to vary the positive bias in phase
with the change in bias of said third grid.

18. In g sound recording or reproducing sys-
tem having an amplifier stage comprising an
amplifier tube having a plurality of grids, the
method of automatically varying the character-
istics of said stage which comprises applying sig-
nal energy to the first grid, impressing a variable

7

negative bias on the third grid which varies in
accordance with a . control voltage, applying a
positive bias to the second grid and utilizing the
change in current drawn by said second grid in
response to variations in the bias of said third
grid for changing the bias of said second grid in
phase therewith, so as to produce a control in the
same sense.

19. In a sound recording or reproducing system '

having an amplifier stage comprising an ampli-
fier tube having a plurality of grids, the method
of automatically varying the characteristics of
said stage which comprises applying signal energy
to the first grid, impressing a variable negative
bias on the third grid which varies in accordance
with a control voltage, impressing a positive bias
upon the second and fourth grids, and varying
said positive bias in accordance with the control
voltage and in phase with the change in bias of
said third grid. :
ELLISON 8. PURINGTON.
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