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6 Claims.

This invention relates to new and useful im-
provements in audio-frequency amplifiers.

The object of the invention is to provide a
simple and effective system to control low fre-
quency regeneration by balancing the feedback
to the plate eircuit of a low level amplifler.

Regeneration gt low frequencies arising frum
a plate impedance common fo several stages is
one of the most troublesome problems encoun-
tered in audio-frequency amplifiers. . Such re-
generation arises from the fact that amplified
currents in the final stage of the amplifier will
- produce & voltage across the internal impedance
of the power-supply system. If stages of lower
power level use the same power supply system,
this voltage developed across the internal im-
pedance will then be inserted in the plate circuits
of these low-level stages.  The result is regenera-
tion that causes either a modification of the am-
* plification characteristics, or low frequency oscil-
lations (motor-boating). Troubles of this sort
are especially severe in the case of high-gain
amplifiers having a good low frequency response.

The usual remedies for regeneration arising
from a common plate impedance are to make the
low frequency response of the amplifier poor and
to employ decoupling filters. If these fail, sepa-
rate power supplies are used for the high and
low level parts of the amplifier,

In accordance with the present invention the
feedback to the plate circuit of a low-level am-
plifier stage is balanced by an equal and opposite
feedback: developed across the cathode biasing
resistor of the succeeding amplifier stage. This
halancing system can be applied in addition to
. other means normally used to control low-fre-
quency regeneration, and when properly ad-
Justed will give a very great reduction in the
net feedback.

In the drawings

Fig. 1 diagrammatically illustrates those ele-
ments of an embodiment of the invention which
are necessary for a clear understanding thereof;

Fig. 2 an equivalent circuit of normal regenera-
tion; and

Fig. 3 an equivalent circuit of the compensai-
ing voltage developed according to the present
invention.

Fig. 1 shows three stages of a multi-stage audio
frequency amplifier. T1, T2 and Tt are amplify-
ing tubes in the first, second and final stages
of the amplifier. Additional intermediate stages
may be inserted between T2 and Ti. The cathode
1 of tube T: is biased to ground over resistor Ry,
and the resistor is shunted by the customary bias
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bypass condenser C:. P is a power supply system
for the tubes of all stages and comprises a trans-
former | and a full-wave rectifier 2. 3 is the
customary smoothing filter and & is the output
transformer of the amplifier.

The amplified currents of the final or output
stage Tt develop a voltage Eo across the internal
impedance Z¢ of the power supply system P. This
voltage, after reduction to a value Eo’ by the de-
coupling filter § finds its way over path 8, and
coupling resistor Re into the plate circuit of the
low level first amplifier tube T1. The result is
a feedback voltage over coupling condenser Cc
between. grid 6 and cathode T of tube T2 in the’
succeeding intermediate stage with consequent
regeneration and possibly motor-boating.

In accordance with the present invention the
voltage B, that produces the regeneration, is

-used to develop across cathode biasing resistor
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Rs of tube T2 a voltage equal and opposite to
that developed between grid and cathode of tube
T2 by the normal regeneration process. Since the
bias resistor Rt is in series in the circuit from
grid 6 over grid leak resistor Rg, ground con-
ductor 8, bias resistor R¢, and cathode 7 of tube
T2, the two feedbacks will exactly cancel each
other, entirely eliminating the feedback effect to
the anode of Ti. ;

The balancing process is accomplished by the
connection of a condenser C between feedback
path & and a point between cathode 7 and re-
sistor Ru.

The equivalent circuit by which a feedback
potential Eo’ produces & voltage e1 between grid
and ground in the coupling network between
tubes T1 and T2 of Fig. 1 is given in Fig. 2 (assum-
ing the internal impedance Z:’ of Eo’ is negligible
compared with Re). A straight-forward calcula-
tion of voltage relations gives

., R, 1
e1—E,,IRC+RD.1+£+ 1
Rﬂ ijcRﬂ

6))

The equivalent circuit by which the feedback
potential Eo’ produces a compensating voltage
across Rr is given in Fig. 3. A solution of the
voltage relations in this circuit yields

61’=E' C 1

SE @

Je(C+CnR;

The tendency for the feedback o’ to affect
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stage T1 will be eliminated when the circuit ele-
ments satisfy the relations

()0 £)-1)

R
C.=(C+Cp-"x

(3)

H

where

R,= plate resistance

R=

Rff;ac—_-.resistance formed by R, and R. ir.l
parallel and the remaining notation is as shown
in Fig. 1. In the case of pentode tubes Rp>>Re,
and these equations are approximately

R, .
)= C(ﬁ‘;) 3a)

- B _ofs
Ce=(C+ O R, R~ O,

When Equations 1 and 3 are satisfled, then
e1’=e:1 and the balance is complete and inde-
pendent of frequency.

The equations assume that the impedance Zc’
is small compared with the coupling resistance
Re of the amplifier, and also that the screen grid
bypass condenser Csg is of adequate size to re-
turn substantislly all of the screen current di-
rectly to the cathode. In practical amplifiers,
these assumptions are almost perfectly realized,
and to the extent that this is the case, the bal-
ance is independent of frequency.

In a typical example, one might use the values
of 0.50 megohm for coupling resistor Re, 0.5 meg-
ohm for grid leak resistor Rg, 1700 ohms for
bias resistor Rt and 4.2 mfd. for bias bypass con-
denser, i. e., the same values that would be se-
lected on the basis of usual considerations. The
required value of balancing condenser C and cou-
pling condenser C. are then computed by Equa-
tions 3 and 4, respectively. The résulting nu-
merical values are (assuming that Rp is infinite) :
C=4.2 mfd., and C.=0.014 mfd.

It will be seen, therefore, that my novel ar-
rangement of eliminating regeneration caused by
a common plate impedance is both simple and
_effective. It requires the addition of only one
new circuit element, a condenser C of reasonable
size, together with control of the proportions of
certain other circuit components. This balanc-
ing arrangement will reduce the regeneration by
30 to 40 db. without difficulty, and even greater
reduction can be achieved by careful adjustment
of circuit constants.

A system such as herein described for re¢duc-
ing regeneration arising from. a common’ plate
impedance is also effective in reducing the hum
voltage that an incompletely filtered power-sup-
ply system will introduce into an amplifier stage.
This is so because the balancing arrangement
acts to prevent voltage Eo’ existing in the power-
supply system P from producing a potential be-
tween the grid and cathode of the tube T2. Thus
the above discussion, although carried out on the
assumption that Eo’ is a regeneration voltage,
actually applies equally well when this is a hum
voltage, and the hum will be reduced to the same
extent as regeneration.

‘What I claim is:

1. In a multi-stage audio frequency amplifier,
an amplifier tube in each stage having a cathode
and an anode, & path over which both the sup-
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ply voltage and a voltage developed by ampli-
filed currents in the flnal stage are fed to the
anode of the tube in the first stage, a cathode
biasing resistor for the tube of the second stage,
and means for developing across said resistor a
voltage equal and opposite to said first men-
tioned voltage to balance the latter, said means
including two condensers of predetermined value
connected in series with one another between the
two sides of said voltage feeding path, and a
connection from the common junction point of
said condensers and the cathode of said second
stage tube,

2. In & multi-stage audio frequency amplifier,
an amplifier tube in each stage having a cath-
ode and an anode, a power supply system for all
said tubes, a path over which a voltage developed
by amplified currents in the final stage across
the internal impedance of said power system is
fed back to the anode of the tube in the lowest
level stage, a cathode biasing resistor for the
tube of the intermediate stage succeeding the
last mentioned tube, and means for developing
across sald resistor a voltage equal and opposite
to said first mentioned voltage to balance the
latter, said means including two condensers of
predetermined value connected in series with one
another between the two sides of said voltage
feeding path, and a connection from the com-~
mon junction point of said condensers and the
cathode of said intermediate stage tube.

3. In a multi-stage amplifier, an amplifier tube
in each stage, a power supply system for all said
tubes, a feedback path to the anode of the tube
in the first stage over which is transmitted the
voltage developed by amplified currents in the
final stage across the internal impedance of said
power system, a decoupling filter in said path,
a connection including a coupling condenser be-
tween the tube In the first stage and the tube
in the second stage, a biasing resistance for the
tube in the second stage, and means including a
condenser for developing across said biasing re-
sistance a voltage equal and opposite to said first
mentioned voltage to balance the latter, said
1ast mentioned condenser being connected from
the positive side of said path of said power sys-
tem to the cathode end of said biasing resist-
ance, whereby the feedback voltage reaching said
anode of said first stage tube and passing through
said coupling condenser is effectively balanced
out.

4. In a multi-stage audio frequency amplifier,
an amplifier tube in each stage having an anode,
a cathode and a grid, a power supply system for
all said tubes including a transformer and a rec-
tifier, a path from said power supply system to
the anode of the tube in the first stage and over
which is transmitted the voltage developed by
amplified currents in the final stage across the
internal impedance of said power system, a de-
coupling filter and a coupling resistance in said
path, a connection including a coupling condenser
between the anode of the tube in the first stage
and the grid of the tube in the second stage, a
connection between the cathode and grid of the
second tube including a grid leak and a biasing
resistance, a bias bypass condenser shunted across
said biasing resistance, and a balancing con-
denser connected from the connection between
the biasing resistance and the cathode of the sec-
ond tube and the positive anode-feeding side of
said feedback path developing across said bias-
ing resistance a voltage equal and opposite to
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said first mentioned voltage to balance the lat-
ter. :
5. In a multi-stage amplifier, an amplifier tube
in each stage having an anode, a cathode and a
grid, a power supply system for all said tubes,
a path from said power supply system to the
anode of the tube in the first stage, a connec-
tion including a coupling condenser between the
anode of the tube in the first stage and the grid
of the tube in the second stage, a connection
between the cathode of the second tube and
ground including a biasing resistance, and a cori-
denser connected between the biasing resistance
and sald path developing across said biasing re-
sistance a voltage equal and opposite to the hum
voltage of the power supply system to balance
the latter. ' . ’

5

10

15

6. In a multi-stage amplifier, an amplifier tube
in each stage, a common power supply system
for all of said tubes, a feedback path from the
power supply system to a2 lower level tube over
which parasitic voltage developed across said sys-
tem is transmitted to the grid of said lower level
tube, a connection between the cathode and grid
of said lower level tube including a grid leak, a
biasing resistance and a bypass condenser shunt-
ed across said biasing resistance, and a balanc-
ing condenser conneciing the cathode of  said
tube and the feedback path, developing across
said biasing resistance a voltage equal and op-
posite to said parasitic voltage to balance the
latter.




