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America, New York, N. Y., a corporation of

Delaware

_Application August 10, 1933, Serial No. 684,582

4 Claims.

This invention réldates to :amplifying systems
and particularly to arrangements suitable for
controliing the gain or output level of a voice
frequency amplifier by means of a direct cur-

.5 rent control voltage.
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The invention is especially useful in connec-

" tion with the problem of controlling the audio
output level of a radio receiving system of the

automatic gain control type from a point remote

from the audio amplifier. . Varioys methods have

~‘been proposed as a solution to this problem and,
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in, my copending application Serial No.' 671,771,
filed May 18, 1933, I have described and claimed
a method of audio level control which contem-
plates the control of radio gain in a stage fol-
lowing the automatic gain control system. Other
methods involving the use of gain control at-
“tenuators or passive networks such as poten-
tiometers involve: expensive impedance adjust-
ing networks or, alternatively, complicated and
expensive motor systems if the actual control
point is located remote from the audio amplifier.
Some attempts have been made to control the
gain of '‘an audio amplifier stage by varying the
rdirect current bias between the signal input grid
and the cathode of a vacuum tube but this
method leads to considerable distortion of the

~ coutput audio wave for large signal input voltages
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and high negative -grid -biases. The use of a
space-charge tube has also been attempted as
one solution to this audio volume control prob-
lem, i. e., the signal input was applied to an outer
negatively polarized grid while an inner -grid
polarized with a variable direct current potential
positive to the cathode was used-to control the
gain of the stage. - This latter method suffered
from the distortion introduced when the posi-
‘tive potential on the space charge grid was low-
ered to obtain a substantial reduction in gain,
and was also inadequate from the standpoint of
obtaining a sufficiently wide range of control.
An object of the invention is to provide novel
methods and circuit arrangements-for control-
ling the gain of an audio amplifier by adjust-
ment of a direct current bias applied to a grid

- other than the signal grid.- More particularly,

50

55

an object is to provide an audio amplifier in-
cluding a tube having at least two negatively
polarized grids with an-intervening positive grid
and an outside anode,  and circuits for im-
pressing the signal voltage on one negative grid
and an adjustable gain control bias upon the
other negative grid.

These and other objects and advantages of the
invention  will. be apparent from the. following

(CL 250—20) :
specification when taken with the accompanying

drawing, in which:

Fig. 1 is a somewhat schematic diagram of a
radio receiver including an audio amplifier stage
embodying the invention;

Fig. 2 is a curve sheet showing the plate cur-
rent flow in the amplifier tube for. different
values of the negative bias applied to the gain
coniro! grid; and o

Fig. 3 is a fragmentary circuit diagram of
another embodiment of the invention.

In the drawing, the reference character RF
identifies a radio amplifier including cne or more

‘tube stages for amplifying a desired signal at the

received carrier freqiiency and/or an interme-
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diate frequency. The gain: of the amplifier may °

be controlled automatically by a gain control sys-
tem AGC to maintain an approximately con-
stant radio input to the detector stage D.

The tube 1 of the audio stage working out of
the detéctor has at least three grids serially ar-
ranged between cathode K and the plate P, and
the audio output of the detector is impressed upon
the outer or third grid Gs through an appropriate
coupling, such as that provided by condenser 2.
The grid Gs is placed at a desired negative poten-
tial s with respect to cathode K.by a circuit
including a bias resistance 3 and a tap 4 which is
adjustable along a. diréct current source 5, here
shown diagrammatically for purposes of illustra-
tion as a battery. The resistance 6 of a poten-
tiometer is shunted across the current source 5
and the tap 1 is connected to the inner grid G: to
place a negative bias on that grid. As indicated
by the breaking away of the leads to the potenti-
ometer, this gain control unit may be located at
some  distance from. the controlled tube. Con-
densers 8 are provided to by-pass the leads for
signal frequencies when the potentiometer is lo-
cated at a remote control point, thus insuring that
there will be no pickup and transmission of un-
desired currents of audible frequencies to the con-
trolled stage. The intermediate grid Gz is main-
tained at a desired positive' potential E: with
respect to the cathode by a tapped connection 8
to the plate current source, battery 10. The plate
circuit includes a resistance {1 or-other appro-
priate -impedance to which & succeeding audio
amplifier AF is coupled, the amplifier AF working

into a loud speaker or other appropriate form of

reproducer R. ‘

The method of operation and advantages of the
invention will be apparent from a consideration
of the family of curves showing the relation of

. plate current, ip, to the signal grid bias, Es. Curve;
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'and to the hlgher order derlvatlves

2

A is the plate current grid bias characteristic
obtained when the bias voltage Ei on the inner
grid was reduced to zero, and this will be recog-
nized as having the general form of the charac-
teristic of the usual amplifier tubes. Curves B,
C and D are characteristic curves obtained when
the voltage E: on the inner grid had values of —5,
—10 and —15 volts 1espect1ve1y Pomt X on
curve A is the horthal ‘operating ‘Boint for maxi-
mum gain and, as is well known, the stage gain
may be reduced by making the signal grid bids T3
more negative, for example by shifting the oper-
ating point to one of the positions indicated by
X1, X3, X3. The stage gain for an’ 1mpressed sig~
nal voltage E is proportlona,l to 'the ‘transcon-
ductance or slope of the curve &t the operating
point.
diy
dE;
while the distortion of the signal is proportional to

dip
dE3

Inspectmn

..pomts for reduced stade gam 1s substantlally
. greater than the, curvature at the pomu X and it

is therefore apparent that the distortion increases

‘when the bias Es on the signal grid is adjusted to

reduce the stage gain.

The operating point may be shifted to another
curve by adjustment of the negative bias E1 on the
inner grid and, if bias T3 remains fized, the oper-
ating point will move downward along the ordinate
through point X to the curve B, C, etc. for the
selected value of the inner grid bias ®.. The
series of operating points x1, z2, T3 thus obtained
by adjustment of Ei are located at portions of
curves B, C, D, respectively, which have less slope
and less curvature than curve A at point X. For
purposes of comparison, the points X1, X2 and X3
were located at those regions on curve A at which
the slope was the same as that of curves B, C, D at
points x1, x2, x3, respectively. The stage gain for
small inputs will therefore be the same when oper-
ating at either of the pairs of points, X1, x1 or Xo,
x2, ete., but the distortion is substantially less
when a fixed signal grid bias is used and the gain

"is controlled by adjustment of the inner grid
‘bias Ei.

So long as the operating point is shifted along
curve A by adjusting the signal grid bias, a de-

_crease in transconductance is obtainakle only

with an increase in distortion, while by shifting
the operating point across the family of curves by

different bias voltages Ei, the transconductance is

decreased with an actual decrease in distortion,
since the curvature of successive -curves decreases
for increasing values of Ei.

The control cbtained is quite like that obtained

- with filamentary cathodes by adjustment of the
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) gr1d G,

heating current and is, in fact, based upon a vari-
ation of the electron stream in which the signal
grid Gs is located. The positively polarized grid
G2 atlracts electrons from the cathode K and

those electrons which are thus attracted and pass-

through the grid Gz are in turn drawn toward the
plate P by the more positive potential of the plate.
But the number of electrons which can reach the
region of the grid Gz is controlled by ‘the inner
So far as concerns the control action of
the. ‘signal gnd Gs, the electron source is not the
cathode K but is a virtual cathode which may be
considered as existing in the region of the grid G,
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While this type of control may he obtained
with the usual pentode tubes having an outer
grid of relatively “coarse mesh” or long pitch,

a grid Gz of relatively fine mesh is preferably’

employed to obtain higher maximum gain for the
signal frequencies and, if desired, one or more
turns may be omitted from this grid winding to
obtain a variable mu cliaracteristic.

For g -control over a wide range of input volt-
ages, it may be desirable to increase the signal
erid bias Es, as E1 is increased to lower the gain,
and at any appropriate rate with respect to the
adjustmeént of Ei. 'The Iccus of the operating
points when' béth ‘bias voltages are varied may
pe, for example, as indicated by the dotted line
KY. When tsed as an audio stage in a receiver
of the autommatic'gain control type, it is not neces-

‘sary, in-general, to make any adjustment of the

bias on the signal grid since the input to the
deétector ‘will be maintained approximately con-
stant by the automatic gain control system and
the” adJustment of the bias on the inner grid

‘prov1des ‘a sufficiéent range of control to bring

the receiver output to any desired level.

"As shown in Pig.’3, the controlled stage may
include a tube {’ of the type known commer-
clally as “2A7”, which tube is ordinarily used as
an oscillator- ﬁrst deétector combination in super-
heterodyne receivérs. This type of tube includes
five grids, the grids Gs and Gs being connected
within the tube and brought out to a single tube
terminal. - Except that the signal voltage is ap-
plied to grid Gs, the circuit connections are, or
may be, substantially as shown in Fig. 1, and will
not be again described in detail. Grids Gs, Gs
are connected to a desired point of positive po-

tential on the source 10 through a resistance i2,

and the grids are by-passed to the cathode for
all signal frequencies by a condenser (3. While
the resistance {2 is not essential, it is desirable
to employ one of such value that the reduction in
space current flow to these grids as the control
bias &; is made more negative increases the cath-~
ode to grid voltages (by the decreased potential

drop across resistance 12) to effect a further re-

duction in the curvature of the ip vs Es char-
acteristic.

“As in the case of the Fig. 1 circuit, the bias
voltage E« on the signal Grid Gs may be made
somewhat more negative as the gain control bias
H; is increased negatively.

It is apparent that the invention may be ap-
plied as well to the control of gain in a radioc ire-
quency stage. It is of particular advantage,
however, for the remote control of gain in an
audio amplifier such as might be used in a radio
receiver employing automatic gain control, in
a public address system or in an electrical sys-
tem for phonographic reproduction. The tube
structure beyond the virtual cathode formed by
the inner negatively polarized grid and the ad-
jacent positively polarized grid may be of any
desired type to constitute a tricde, tetrode or
other type of amplifier.

I claim:

1. In the operation of an amplifier stage in-
cluding a tube having a cathode cooperating with
a signal grid and anode, the method of reducing
the transconductance of the tube from signal grid
to anode without increasing the distortion intro-

duced into the amplified output of the tube, com-

prising the establishing of a positive or acceler-
ating field between the signal grid and cathode,
controlling the electron fow from said cathode

‘to the region of the positive field and signal grid
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by a negative field adjacent said. cathode, ini-
tially impressing on the signal grid such a nega-
tive bias which results in substantially maxi-
mum amplification and increasing the signal grid
bias in a negative sense as the negative field is in-
creased in magnitude to reduce the stage gain.

2. An amplifier stage comprising a vacuum
tube having a cathode, a positively polarized
anode and three grid electrodes between said
cathode and anode, means impressing a negative
bias on the outermost and innermost of said three
grids, means polarizing the intervening grid posi-
tive with respect to said cathode, circuit connec-
tions impressing a signal voltage between the
outer of said grids and cathode, an output cir-
cuit between said anode and cathode, means for
adjusting the negative bias on the inner negative
grid, a fourth grid located between the outermost
of said grids and anode, a direct current circuit
between said fourth grid and cathode including
a resistance and a current source establishing a
positive potential on said fourth grid; said re-
sistance having a magnitude such that space
current flow in said direct current circuit pro-
duces a substantial potential drop across the

3

same when the negative potential on said inner
grid is adjusted for maximum gain.

3. An amplifier stage comprising a tube having
a cathode cooperating with a signal grid and an
anode to form an amplifier, an input circuit con-
nected betwen said signal grid and cathode, an
output circuit between said anode and cathode,
means for controlling the gain of the stage and
comprising a pair of oppositely polarized elec-
trodes located between said cathode and signal
grid, and means including a potentiometer lo-
cated at a point remote from said tube and a
contact adjustable therealong for adjusting the
potential between one of said electrodes and the
cathode.

4, The combination defined in claim 3 in which
said potentiometer is connected to said tube
by a pair of long leads and a capacitor having a
low impedance to the signal frequencies to be
amplified is connected across said leads adjacent
said tube whereby undesired induction currents
picked up by said leads are prevented from reach-
ing said electrodes,

PAUL O. FARNHAM.
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