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This invention relates to electrical systems em-
ploying three-electrode vacuum tubes as repeat-
ers or amplifiers,

The system herein disclosed is a multi-stage
signal receiving system, employing a detector
stage followed by several stages of audio fre-
quency amplification, and each of the audio fre-
quency stages is coupled to the preceding stage
by a so-called impedance coupling; the last audio
frequency stage serving to operate a loud speaker
of other signal-translating device.. Each stage
of the system includes a three electrode vacuum
tube, the plate circuit of which is energized from
a source of fluctuating direet current, such for

example as from an alternating current supply

system through a rectifier and filter. The fila-
ments of the several tubes may be supplied with
direct current from any suitable source, such
as a battery or if desired means may be provided
for maintaining the battery charged from the
same source of alternating current as supplies
the plate circuits. I may, however, if desired,
supply the filament of the tubes with alternating
current.

The use of alternating current as a source of
supply for the tube circuits tends to create dis-
turbing current variations in the output-circuit
of the last tube, thus interfering with the satis-
factory reception of signals. With the plate cir-

cuits of the tubes supplied from a source of alter--

nating current through a rectifier and filter the
current supplied to the tube circuits, although
unidirectional, is-subject to variations of low
frequency which tend to produce a disturbing
noise in the loud speaker, This effect is more
pronounced in systems employing a plurality of
stages arranged in tandem and coupled to one
another by audio frequency couplings, as in the
case of a multi-stage audio frequency amplifier,
because the low frequency hum variations in the
plate circuits of the first stages are readily car-
ried over through the audio frequency couplings
to the grid circuits of succeeding stages and are
amplified in the succeeding -stages.
when alternating current is employed in the fila-
ments of the tubes, the alternate heating and
cooling of the filament as well as other effects
caused by the alternating current in the fila-
ment, tends to cause disturbing current varia-
tions in the tube plate circuits, which tendency
is more pronounced in the case of multi-stage
audio frequency amplifiers.

One important object of the present invention
is to provide a system of this general character
wherein a. source of fluctuating current is em-

Similarly

ployed for energizing one or more of the tube
circuits and wherein disturbing current varia-
tions in the plate circuit of the last stage are
substantially reduced or eliminated.

A further object of my invention is to pro-
vide - a receiving system with the parts so con-
structed -and- arranged that the tube circuits
may be- supplied from a source of fluctuating
current or potential and the disturbing effects
caused by the fiuctuations in the supply will be
balanced. out in the receiving system so that
little or no disturbing variations will occur in
the plate circuit of the last tube. ‘

In systems constructed in accordance with my
invention, which are designed to eliminate hum,
I make use of an interstage coupling so con-
structed and -arranged that disturbing current
variations in an earlier stage are reversed in
phase and-the reversed variations are caused to
oppose- in: their. effect, the effect of similar dis-
turbing current variations in a later stage.
that form of invention disclosed I employ as
couplings between successive stages, reactance
couplings or the so-called impedance couplings.
These couplings serve to impress on the grid of
the following tube, potential variations which
are dependent upon potential variations at some
part of or point in the plate circuit of the pre~
ceding .tube. By proper construction and ar-
rangement of the couplings or of the circuits
with which they are connected I am able to cause
variations occurring in a preceding stage to op-
pose similar variations arising-in the following
stage, and a further object of my invention is
to provide a system of this character wherein
the opposing - variations are of substantially
equal magnitude and substantially 180 degrees
out of phase with one another, whereby the op-
posing variations substantially balance and neu-
tralize one another, as will .be more fully ex-
plained hereafter.
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Further features of my.improved signal re- -

ceiving system include high selectivity in tuning
for the reception of signal waves of different fre-
quencies, a maximum amplification of the re-
ceived signals, a minimum expenditure of power
in the receiving circuits, the reproduction of the
received "signals without substantial distortion
and the elimination of disturbing current vari-
ation due to regenerative or similar effects.
Other objects and advantages of my invention
will appear from the following description taken
in connection with the accompanying drawing
which shows a circuit diagram of a'signal receiv-
ing system embodying one form of my invention,
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In the drawing reference character 10 repre-
sents an antenna adapted to receive signal waves.

" The antenna is grounded at 1 { through a winding

12 positioned in inductive relation to a winding
13 included in the:grid circuit of a detector tube
16.  Connected across the terminals of the wind-
ing 13 is a condenser 18 which is adjustable to
tune the grid circuit of the detector to the fre-
quency of incoming signals to be ‘received.  For
the purpose of providing a finer tuning adjust-

ment, I may, if desired, employ a smaller con- _

denser 19 in shunt to the condenser 18. One side

of condenser 18 and 19 is connected to the filament -

of tube 16 and the other side is connected to the
grid of tube 16 through an:adjustable- condenser
20 of small capacity and, in parallel with the con-
denser 20, a high resistance ZI wh1ch 1s a,lso ad-
Jjustable.

Connected in series W1th the plate of the de-

tector tube 16 is a winding 22 positioned in in-

ductive relation to-the grid circuit winding 13.
Wmdmg 22 is adjustable relative to winding 13
50 as.to alter the mutual inductance between the
two windings. The windings 12, 13 and 22 form
& S0-C alled three- circuit tuner and these wind-
as descrlbed in. my copendmg application, Serial
Number 299,680, filed August 15th, 1928, Patent

. No. 1,881,357, October 4, 1932.
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The plate circuit of tube 16 is coupled to the
grid circuit of the first audio frequency ampli-
fying tube 30, through an impedance coupling
31 consisting of an inductance or inductive im-
pedance-32 in the plate circuit of tube 16, a re-
sistance 33 :in the grid circuit of tube 30 and a
condenser 34 connecting similar terminals-of the
impedance and resistance, as shown.

The grid circuit .of the .second :audio fre-
quency -amplifying tube 40 is:coupled to -the plate
circuit of the tube 30 by:an impedance coupling
41 comprising an impedance 42, resistance 43
and--condenser- 44, connected as shown. - ‘Simi-
larly the grid of the amplifier tube 46, which in
the system shown, is:in the last stage of ampli-
fication, is coupled to the plate circuit of tube 40
by an impedance coupling 471 comprising an im-
padance 48, resistance 49 and condenser 58. The
highly aniplified currents in the plate -circuit of
the final amplifier tube- 46, serve to operate a
loud speaker, or other signal translating device
52. The loud speaker may be shunted by a con-
denser 53 of small capacity. ~If desired, the re-
sistance 49 of the coupler 47 may ‘be shunted
by a resistance 55 which is adjustable to control
the volume of sound in the loud speaker.

Heating current for the ‘fllaments ‘of the de-
tector and amplifying tubes is supplied .from a
source of current connected to the terminals A
and —A. This source:of current may be a bat-
tery or direct current lighting mains. In cer-
tain cases also I may employ .alternating cur-
rent in the filament heating circuits. -

The A terminal is connected to the positive
terminal ‘of each filament through a conductor 61
and the —A terminal is connected to the negative
terminal of each filament through a conductor 62

. and a rheostat 64 in each local filament circuit.

70
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It will be seen, in the particular circuit arrange-
ment -shown, that the filaments of the several
tubes are connected with the source of supply,
in parallel with one another and the current
through. each filament can be controlled by a
rheostat 64, independently .of the currents. in the
other filaments.

_The grids of the amplifier tubes are connected
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to the negative side of the filament supply
through conductors 69 and 70. I find when em-
ploying 301 —A tubes and using a five volt source
of supply for the filaments, that with adjust-
ment of the rheostats 64 to include several ohms
in the filament circuits, the arrangement shown
gives a satisfactory grid biasing voitage for the
amplifier tubes. It will of course be understood
that I may, if desired, to secure the grid biasing
voltage, employ a potentiometer across the fila-
ment supply with a tap or taps to the respective

‘grids. Also I may, if desired, employ a grid bias-

ing battery.  The systemr shown, however, has
the advantage that such additional grid biasing

‘means is-unnecessary: The grid of detector tube
" 16 is connected to the positive terminal of the

filament of this tube through the winding 13 and

the. grid -biasing -resistance 21.

Connected across the inductance 32 and source
of filament supply is a condenser 106 of small
capacity, which forms a path of low impedance
for the high frequency -components of. the de-
tector tube plate current.

For the purpose of supplying direct current for
energizing the plate circuits .of the tubes, I pro-
vide a rectifier 80, adapted to be energized from
a source -of alternating current indicated at 81,
which source may be the usual alternating cur-
rent house:lighting mains, and connected :with
the output circuit of the rectifier 808 is a. filter 82.

Reference character 83 represents the primary
of an alternating current transformer, supplied
from the mains 81. Reference characters 86.and
81 represent respectively low -and high voltage
secondaries.of the transformer. The rectifier 80

in ‘the form of invention shown comprises a

vacuum tube 89; the plate and grid of which are
connected with one. terminal of the secondary
winding 871 and the filament of which is con-

nected across the secondary winding 86 ‘through

a - current controlling rheostat: 91. - The - other
terminal of the secondary winding 871 is con-
nected to the positive terminal of ‘the. filament
supply through a conductor 93 which forms the
negative supply .conductor :for the plate circuits
from the rectifier and filter. ‘One ‘terminal of
the secondary 86 is connected ‘through a react-
ance coil 94 of relatively high impedance to:the
conductor 95 which forms the positive terminal
conductor ‘of ‘the filter. . :Connected across. the
filter output circuit at opposite sides.of the react-
ance 94 are high capacity :condensers 98 and 99,
of .say approximately 2 mfd. capacity each, more
or less; and also connected :across the ‘'output -cir-
cuit between the conductors 98 and 95, are three
parallel. circuits, each icomprising an adjustable
resistance, 100, 101 .and 102, respectively, of rela-
tively high value, stuch for :example as 10,000 to
100,000 ohms, and in.series ‘with each resistance a
high capacity condenser, 103, 104 and 105, re-
spectively. ‘Condensers {03, {04 and 105 will
ordinarily be of considerably Jless :capacity than
the condensers 98 and :89. .All condensers em-
ployed may, if desired, be the usual by-pass con-
densers .of relatively low voltage test.

Leading ‘from a point between the resistance
102 and condenser ‘105 is a:conductor {10 which
connects ‘through the reactance 32 and winding
22 with the plate of the detector tube. The plates
of the remaining tubes are .connected to a point
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between the resistance 10# and condenser 104 by o

a conductor 112,
The tap or conductor {0 supplies ‘current to
the plate :of the -detector tube at relatively low

voltage, such for example :at 15 volts.. Tap .or 75
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conductor 112 supplies to the plate circuits of the
amplifier tubes a relatively higher voltage, such
for example as 75 volts... The conductor 95 or the
tap. 120, which connects with a point between the
resistance 108 and condenser {03 may, with the
resistance (00 properly adjusted, be employed,
when-higher plate voltages are required, as for
example when a power tube is employed in the
last stage of amplification. When the detector
stages are preceded by one or more stages of
radio-frequency amplification, I may energize the
radio-frequency tube plate circuits from the tap
120 or tap 112. It will be understood that ad-
justment of the resistances 100 to 102 permits
adjustment of the voltages of the taps over a
relatively wide range to satisfy the requirements
of the various tubes. - While I have shown three
taps in addition to the positive terminal con-
ductor 85, it is obvious in certain cases that this
number of taps is not necessary. Thus with the
rectifier and filter designed to give proper volt-
age, I may supply the plates of one or more of the
tubes, taking a higher voltage, directly from the
terminal conductor §5.

The condensers 103 to 105 may also be adjust-
able to vary their effective capacities. Thus, in
place of each of these condensers I may substi-
tute a fixed condenser and a variable condenser
in parallel therewith. :

The rectifier and filter as above described may
be built as a separate unit and designed to be
connected with the receiving system by a con-
ductor cord or cable containing the various out-
put conductors.

In considering the operation of my improved
system, in eliminating hum due to variations of
current supplied by the filter to the tube circuits,
it is to be noted that the hum current variations
in the plate circuit of any tube except the first,
are the result of two effects, that of filter voltage
variations applied directly to the plate circuit of
that tube and that of filter voltage variations
supplied to plate circuits of preceding tubes, and
carried over to the grid of that tube. Thus a
momentary rise in voltage applied by the filter to
the plate circuit of the last tube, would, if acting
alone, cause an increase in current in the plate
circuit. If, however, simultaneously with the in-
crease of the voltage applied directly to the plate
circuit of the last tube, the effect of the increase
in filter voltage as applied to the plate circuits of
the preceding tubes is to cause the potential of
the grid of the last tube to become less positive,
these two effects will oppose one another and re-
duce the resultant current variations in the plate
circuit of the last tube. If the amplitude of the
variations of grid potential and filter voltage
variations applied directly to the plate circuit are
properly related in value, these two effects may
be caused to cancel one another. It is one fea-
ture of the present invention to secure this result
or to so fix or control the relative values of these
two effects with respect to amplitude and phase,
that current variations in the plate circuit of the
last tube are maintained at such low amplitude as
not to mask or materially interfere with the
reception of signals.

Referring to the drawing the couplings shown
are reactance couplings, comprising coupling con-
densers 34, 44 and 50. These couplings serve to
transfer to the grids of the succeeding tubes
potential variations which are proportional to
the potential variations of that point of the
preceding tube plate circuit which is connected

3

to the coupling condenser. Thus, due to a rise in
the filter voltage applied to the detector tube
plate circuit, there is a rise in potential at the
point 34’ and a resulting increase in the poten-
tial of the grid of tube 30. The increase in poten-
tial of the grid of tube 30 causes a decrease in the
internal impedance of the tube tending to allow
more current to flow through the plate circuit of
this tube and also tending to decrease the poten-
tial of the point 44’ in the plate circuit, which
is connected to the coupling condenser 44. Due
also to the rise in the filter voltage, this voltage,
applied directly to the plate circuit of tube 30
causes an increase in current in the plate circuit
and a tendency to increase the potential of the
point 44’. The point 44’ is thus subject to two
effects, one tending to raise its potential and one
tending to lower its potential. If these two effects
are equal and opposite, there will be no change
of potential of the point 44’ because of variations
in this filter voltage and therefore no variations
from this source will be passed on to the grid
of tube 40. If the effect of variations in the grid
of tube 30 predominates over the effect of filter
voltage variations applied directly to the plate
eircuit of tube 30, the potential at the point 44’
will decrease. If on the other hand, the filter
voltage variations applied directly to the plate
circuit of tube 38 predominate over the effect
of the grid variations of tube 30, the potential
of point 44’ and consequently the potential of the
grid of tube 40 will increase due to the rise of
filter voltage.

It will thus be seen that by control of the am-
plitude of the voltage variations delivered direct-
ly to the plate circuit of tube 30, or of the am-
plitude of the variations in the grid potential of
tube 30 and by control of the phase displacement
of one of these variations relative to the other,
the effects of these two variations may cancel
one another or the two may combkine to pro-
duce a resultant effect in phase or out of phase
with one or the other of the two effects.

In considering the potential variation st the
point 34’ due to variations of filter voltage, it is
to be noted that these variations lag with respect
to the variations in filter voltage, due to the in-
ductance of the coupling impedance 32. Sim-
ilarly the voltage variations af the point 44’, due
to filter voltage variations applied directly to
the plate circuit of tube 30, lag with respect to
these filter variations, due to the inductance of
coupling impedance 42. Also it is to be noted that
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variations of the grid potential of tube 30, caused .

by potential variations of the point 34’, lead with
respect to the potential variations of point 34’,
due to the capacity of the coupling condenser 34.

The potential variations at the point 58’ in the
plate circuit of the tube 48 are likewise dependent
on variations of potential of the grid of tube 40
and variations of filter voltage applied directly
to the plate circuit of this tube, and whatever
variations result from the combined effects of the
two former variations are carried over to the grid
of the last amplifier tube. )

The quantitative values of the potential varia-
tions at points 347, 44’, and 50’ may be ex-
pressed very closely as follows:

Neglecting the effect of the small condenser 106,
and letting e be the voltage variations of the
filter output circuit, that is, the variations be-
tween conductors 93 and 95, 7o the value of re-
sistance 102, Co the capacity of condenser 105, rq
the impedance of the detector tube, Zi the im-
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4
pedance 32, then the potential vanatmns at the
point 34’ will be

dV1 _ erg

1‘0[1+j27fCa(rd+Z1)]+Id+Zl (1)

and if dVi’ represents the potentlal variations of
the grid of tube 30, then

dV/=dV;

rlg

Vo ()
la_ 21l'fC1 -

where  r1g represénts -the value of the resistance
33 and Ci the capacity of condenser 34.

The voltage variations dVi’ on the grid of tube
30 will ‘be amplified by the tube 30, and cause
varying potential effects at the point 44’ in the
plate circuit of tube 39. These latter effects will
combine ‘with the varying potential effects at this
point, caused by the varying filter voltage applied
direcily to the plate circuit of tube 38.  The direct
offects at the point 44’ may be expressed quanti-
tatively by an equation similar in form to Equa-
tion- (1). Assuming that the resistance 101 is
adjusted to a low value so that substantially the
entire filter voltage is applied to the plate circuit
of tube 20, the direct effect at the point 44’ may
be expressed quantitatively, as

&)

Ty

2p+ Z, ®

where 72p is internal 1mpedance of tube 30 and Z2
is the value of impedance 42. With the assumed
conditions the actual potential variations, dVe,
at the point 44’ which is the sum of the direct
and indirect effects at this point will be

dVy,=

dVy=——r-(ery,— w2dV1'Zs) “)

Top +Z
where g2 is the amplifying factor of tube 30.
Similarly, under these conditions the resultant
variations at the point 56’ in the plate circuit of
tube 49 will be

dV;= (et3p—p3dV’2Z3)

1
ot Z ®
where 73p -is the impedance of tube 40, Zz the
value of impedance 48, u3 the amplifying factor
of tube 42 and dVs the potential variations of
the grid of tube 40 caused by the varying filter
voltaze applied to the preceding tubes.

For complete elimination of hum the -direct
and indirect effects from the filter should intro-
duce equal and opposite E. M. F.’s in the loud
speaker circuit. Calling the indirect effect
—usndVs where n is a factor dependent on the
capacity of condenser 59 the condition for no
hum is .

e—undVi=0 (6)

By preperly relating the electrical quantities
in the system as expressed generally in the above
equations, variations may be introduced.into the
grid of the last tube, the effect of which when
combined with the effect of variations in the
filter voltage applied directly to the plate cir-
cuit of the last tube, will so reduce the current
variations in this plate circuit that no audible
hum will be produced in the telephone or loud
speaker. The system above described represents
one embodiment of my invention wherein this
result is attained and wherein sighals may be

received by the system and amplified efficiently.

Not only may the opposing variations in the plate
circuit of the last tube be made of equal ampli-
tude, but they may if desired be made opposite
in .phase to the variations which they opposed.

2,056,852

By - proper . -construction phase displacement
caused for example by the coupling condensers
may be compensated for and the potential varia-
tion passed on through one or more of the tubes
be completely neutralized. 'Thus in order to-com-
pensate for the phase displacement of the indi-
rect effects due tothe coupling condensers, differ-
ent coupling impedances may be made of differ-
ent values, so that the direct effects at one or an~
other of the points 44’ and 50’ shall be displaced
from the indirect effects by 180 degrees or more
or less as desired. In this connection it is to be
noted that the plate circuits which are coupled
to a following stage, each.comprises a resistance
at one side of the coupling point, namely the tube
resistance, and a reactance and resistance at the
other side of the coupling. point. The phase
of the direct effects at the coupling :point with
respect to the phase of the filter voltage varia-

tion ‘is -dependent on the relation of the in--

ductance to the total resistance.of the plate cir-
cuit and with a given phase displacement, the
amplitude of the direct effects at the coupling
point, with reference to the amplitude of the
filter voltage variations, depends upon what pro-
portion of the total resistance is at ‘one side. of
the coupling point. -
by properly arranging the resistance at opposite
sides of this coupling point and by properly re-
lating the inductance of the plate circuit to its
total resistance, the direct effects at the coupling
points may be made of the amplitude and phase
required for mneutralization. Furthermore, the
system provides a number of adjustments where-
by these effects may be controlled and at the
same time secure efficient reception of signal.

It is therefore apparent that
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Thus, the rheostats for controlling the currents .

in the individual filaments provide a means for
controlling the internal impedance of the tubes

independently of one another by changing the

grid bias of the tubes and by. controlling the

supply of electrons emitted from the filament.

Also adjustment.of the grid leak resistance 21
controls the internal impedance of the detector
tube and thus controls the direct effect at the
point 34,
control the voltages supplied to the plates of the
several tubes and thus control the direct effects
respectively at the point 34’-and. at the pomts a4’
and 50°.

Inasmuch as variations in the earlier stages’

are amplified in succeeding stages, the same -ad-
justments in the earlier stages produce much
greater effect in the output circuit of the last
tube than corresponding adjustments in the later
stages. The arrangement in the filter circuit of
the resistance 102 in series with'the detector plate
circuit and the condenser 105 across the detector
plate circuit is of decided advantage. The con-

denser which does not permit -the passage of the-

direct component of the filter .current, forms
a by-pass for the varying component, thus acting
to reduce materially the variations applied to the
detector tube circuit and at the same time avoids
excessive consumption of ¢urrent from the filter.
In this connection it is to be noted that the
filter does not comprise any connection across
the filter output which will permit the passage

-of the direct component of the filter current.

It will be seen from an inspection of the fore-
going equations that hum may be controlled by
adjustments other than those above mentioned.
Means ‘may ‘be -provided for ‘varying the values
of the impedances in the plate circuit, adjustable
rheostats may be -placed ‘in ‘the -plate circuit af
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Similarly the rheostats 100 and 101 -
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one or at both sides of the coupling points, thus
providing means for controlling the direct effects
at the coupling points. The circuit disclosed
provides means for opposing the canceling dis-
turbing current variations of altered phase
whether the phase alteration is caused by an im-
pedance coupling, transformer coupling, or cou-
pling of any other type.

The phase displacement of the indirect effects
due to the coupling condensers may be lessened
by employing coupling condensers of greater ca-
pacity. I, however, find certain advantages in
employing coupling condensers of relatively small
capacity. By eliminating the condensers and
employing the so-called direct coupling, I elimi-
nate the phase shift from this source.

Inasmuch as hum is eliminated by causing the
effect of variations in filter voltage applied to one
part of the system to oppose or cancel the effect
of filter variations applied to another part of
the system, the amplitude of the filter variations
may be changed without affecting the hum, thus
making it possible to employ relatively cheap
filters wherein the output voltage is subject to
relatively large periodic variations. In one sys-
tem built by me, the condensers have an aggre-
gate capacity of 5.75 mfds. and I find that I can
reduce this capacity by a substantial amount
without affecting the reception, detection and
amplification of the received signals.

For heating the filaments of the system dis-
closed, I may, if desired, employ alternating cur-
rent and eliminate disturbing current variations
arising not only from the filter variation, but
also from the variations in the filament heating
circuits. One embodiment of such a system
would include an alternating current source of
supply for the filament heating circuits, such
for example as another secondary winding on the
supply transformer which is connected to the
filaments of the amplifier tubes to supply alter-
nating current therethrough, and as a detector
tube I may employ an alternating current tube
of the indirectly heated type. 'The grid circuits
are connected in the usual manner, employing
potentiometers across the alternating current
supply and suitable means is provided for sup-
plying the requisite grid biasing voltages.

The alternating current in the filaments tends
to cause fluctuations in the plate current due to
variations in the supply of electrons and their
flow to the plate. Thus the periodic cooling of
the filament at times of low current tends to
diminish the emission from the filament. Other
effects tend to produce the same result as for
example the magnetic effects due to the change
in current in this filament. When these effects
cause more current to flow in the plate circuit
of a tube coupled to a succeeding tube by an
impedance resistance or other coupling of the
character shown, the potential of the coupling
point in the plate circuit is lowered and as a
result the grid potential of the succeeding tube
is lowered. This tends to cause a decrease in
the plate current in the following tube. If
simultaneously with this tendency to decrease
the plate current in the following tube, there
is a tendency to increase the plate current in
the following tube due to the effect of the al-
ternating current in the filament of the following
tube, these two tendencies will oppose one an-
other, and can readily be controlled so that there
will be no variations in the output circuit of the
last tube. In a system such as that shown any
residual variations derived from the filament

5

heating currents, such as might be caused by
differences in magnitude or phase of the direct
and indirect effects, can be substantially elimi-
nated by introducing from the filter opposing
variations of the proper amplitude and phase
and of the same frequency which frequency will
generally be twice that of the alternating current
which supplies the filaments and rectifier.

I may, if desired, employ in connection with .

the system shown in the drawing one or more
stages of radio-frequency amplification preced-
ing the detector stage. In such case the coil
i2 may be in the plate circuit of the last stage
of radioc frequency amplification. The first stage
may be coupled to the antenna circuit and the
successive. stages of radio-frequency amplifica-
tion may be coupled by radio-frequency trans-
formers constructed as described in my copend-
ing application above referred to.

I preferably include in series with the primary
81 of the supply transformer, a resistance ({5
which is adjustable to compensate for changes in
the voltage of the supply mains 8.

Having now described my invention, what I
claim and desire to secure by Letters Patent is:

1. A multi-stage vacuum tube signal repeating
system, having a detector stage followed by a
plurality of stages of audio amplification, cou-
plings between successive stages, at least one of
said couplings being an impedance coupling, a
means for energizing the plate circuits of the sev-
eral tubes, consisting of a rectifier, a filter con-
nected to said rectifier, said filter offering sub-
stantially infinite shunt resistance to the flow of
direct current and comprising a reactance in its
output circuit, condensers across said output cir-
cuit at opposite sides of said reactance, a connec-
tion across said output circuit beyond said re-
actance, said connection comprising a resistance
and a condenser in series therewith, the plate
circuit of the detector tube being connected across
said last named condenser and connections for
supplying the plate circuits of the amplifier tubes
from said filter, the parts being so constructed
and arranged that disturbing variations supplied
by the filter to the detector plate circuit, when
carried forward through the impedance coupling,
serve to eliminate disturbing variations supplied
to subsequent stages whereby hum is eliminated
from the output circuit of the system.

2. In a multi-stage vacuum tube amplifier, a
loud speaker, a source of current adapted to sup-
ply to the system currents which are subject to
variations which tend to cause hum in the loud
speaker, an impedance coupling connected with
the plate circuit of a tube and adapted to pro-
duce in its output circuit variations which op-
pose in phase variations supplied from said source
to a circuit succeeding said coupling, said cou-
pling comprising a reactance which tends to cause
such opposing variations to differ in phase from
the variations supplied to such succeeding circuit
by an amount other than 180° and impedances

of different values in the circuits preceding and

succeeding said coupling for causing such oppos-
ing effects to differ in phase by substantially 180°
whereby hum in the loud speaker is eliminated.

3. Tn a multi-stage vacuum tube amplifier, a
loud speaker, a source of current adapted to sup-
ply to the plate circuits of the system, currents
which are subject to variations which tend to
cause hum in the loud speaker, an impedance cou-
pling between two of the stages, adapted to pro-
duce at the stage succeeding said coupling, varia-
tions which oppose in phase variations supplied
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from said source to said latter stage, said coupling
comprising a reactance which tends to cause such
opposing variations to differ in phase from the
variations supplied from said:-source to such suc-
ceeding stage by an amount other than 180°
and impedances of different values in said stages
for causing the opposing effects in a succeeding

-stage to differ in phase by substantially 180°,

whereby hum- in the loud speaker is substantially
eliminated.

4, An inductance coupled multi-stage vacuum
tube signal receiving and amplifying system hav-

ing ‘audio frequency amplifying and detector

stages with couplings which serve to reverse the
phase of preceding grid potential variations,
means for energizing plate circuits by current
subject to fluctuations which tend to produce
disturbing variations:in the output circuit, and
means for relating the fluctuations in their re-
spective circuits so as effectively to eliminate dis-
turbing fluctuations in the output; said means
comprising a filter for reducing the fluctuations
supplied to the plate circuit of a detector tube
to a small fraction of those supplied to the plate
of a later tube. ) :

5. An inductance coupled multi-stage vacuum

- tube signal receiving and amplifying system hav-
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35

ing audio frequency.amplifying stages and a de-
tector stage with couplings which serve to re-
verse the phase of preceding grid potential va-
riations, means for energizing plate circuits by
current - subject to fluctuations which tends to
produce disturbing variations in the output cir-
cuit, means for relating the fluctuations in their
respective circuits so as effectively to eliminate
disturbing fluctuations in the output, said means

. comprising. a filter for reducing the fluctuations

40

supplied to the plate circuit of a detector tube
to a small fraction of those supplied to the plates
of later tubes, and means for compensating for
slight phase shifts through the couplings- where-
by variations carried forward from one stage to
another are of substantially opposite phase to
those supplied: directly to a later stage.

2,056,852

6. In a multi-stage vacuum tube amplifier sys-
tem, means for energizing tube circuits from a
source 'of varying potential which causes dis~
turbing variations in_ the plate circuits of said
tubes, couplings adapted to transmit said varia-
tions to subsequent stages in altered phase, two

of said couplings being inductance couplings and.

the inductances of different couplings having pre-
determined different values whereby. the effect

of variations supplied to a later stage through .

a subsequent stage are substantially 180° out of
phase with variations supplied directly to said
later stage and the alteration of phase caused
by said couplings is compensated for and -dis-
turbing variations in the output circuit of the
system are eliminated.

7. In a multi-stage vacuum -tube amplifying
system, means for energizing tube circuits from
a. source of varying potential which causes dis-
turbing variations in the plate circuits of  the
tubes, couplings adapted to transmit said varia-
tions to subsequent stages in altered phase, two
of said couplings being reactance couplings and
the reactances of different couplings having pre-
determined different values whereby the effect of

~variations supplied- to a later stage through a

subsequent stage- are substantially 180° out: of
phase with variations supplied directly to said
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later stage and the alteration of phase caused

by said couplings is .compensated for-and dis-
turbing variations in the output circuit of the
system are eliminated.

8. In a multi-stage vacuum tube -amplifying
system, means for energizing a tube circuit from
a source of varying potential which causes dis-
turbing variations in the plate circuit of said
tube, a coupling adapted to transmit said varia-
tions to a subsequent stage of said system in
altered phase, and means for correcting the ef-
fect in a subsequent stage, of the alteration of
phase introduced by said coupling.

HAROLD R. HAYDEN.

30

35

40



