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neighborhood of 30 in the positions of VT;.

My invention relates generally to electrical
amplifier systems, and has for a particular ob-
ject the efficient amplification of electrical en-
ergy irrespective of its character of move-

g ment.

Another object is to provide an amplifying

system substantially devoid of natural perio-
“Jdicities within the limits of the frequencies of
alternating currents generally encountered in

10 practice, including the very high frequencies
of so-called “short wave” radio signaling, and
thereby eliminate distortion due to circuit dis-
crimination in favor of one frequency over
other frequencies in broad band amplifying,

15 as is required in line and radio telephony and
like practices. o

A further object is to provide a system that
in large part requires no interchanging of

apparatus in shifting its use as an amplifier -

20 from a range of frequencies of one order to a
range of frequencies of entirely different
order, and at the same time employing appa-
ratus that is simple, inexpensive and perma-
nent. o :

25 A particular object is the preservation of
tonal quality in the amplification of sound
conveying currents for sound reproduction
now so extensively in use in numerous ways.

Numerous uses and advantages will be ap-

* 30 parent from the description to follow in con-
nection with the accompanying drawings.

- Fig. 1 diagrammatically illustrates a com-
plete amplifying system including connee-
tions rendering it suitable for use in connec-

35 tion with a radio broadcast receiver or like

use. Fig. 2illustrates the system in modified

form as to one of the control elements. Like
reference characters represent like elements in
the two systems so far as possible.

40 The figures show three electrode vacuum
tubes VT;, VT, and VT, connected in tan-
dem, the filaments being heated from a com-
mon circuit energized in a well known man-
ner from a source indicated as +A, —A.

45 Tubes VT, and VT, preferably have very
high amplifying ability, but may be of low
power with respect to tube VT, at the output
end of the system. For example, I have had
unusually good results in my system with

50 tubes having an amplification constant in the

and VT,, and so-called power tubes having
amplification constants in the neighborhood
of 3 to 8 in the position of VTs. On the other
hand, with tubes having amplification con-
stants in the neighborhood of 8 and below in
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the positions of VT; and VT, the results

have been relatively less satisfactory.

Tube VT, is shown to have its plate cir-
cuit energized in a normal manner from a
source B indicated for convenience as a bat-
tery, and I preferably employ the normal
rated plate potential of the particular type
of tube at this point, Tubes VT, and VT,
are shown to have the unusual arrangement
of plates connected directly to grids of suc-
ceeding tubes through sources of potential,
indicated for convenience as batteries, B, and
B, respectively, the positive terminals of the
batteries being connected plate-wise. High
resistances R, and R; connect the negative
terminals of these batteries to the positive
side of the filament heating current system
asindicated at the points & and ¢ respectively.

The potentials of sources B; and B,, and

“the valnes of resistances R, and Rs, are de-
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termined largely by the nature of the suc-

ceeding tube in the series and more particu-
larly with respect to its grid bias or initial
gird potential characteristic for normal op-
eration. For example, with a tube requiring
a normal grid bias of about —40 volts in po-
sition VT; I employ a potential at B, in the
neighborhood of 67 volts and a resistance at
R. in the neighborhood of 1-4 megohm,
while with a tube requiring a grid bias of
about —1 volt in position VT, I employ a.
potential B, of about 4 volts, and a resistance

~at R, in the neighborhood of 1 megohm.

However, I can alter the values of these re-
sistances over a wide range without corre-
spondingly altering the potentials of the bat-
teries, -but find it desirable to maintain the
ratio of the resistance values substantially
constant in making such variations. In op-
eration the-current drawn from the sources
B, and B, is so small that dry batteries can
be used with an operating life substantially
equal to shelf life. :

It is well to note at this point that the high
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2
amplification tubes I have mentioned as pref-
erably employed in positions VT, and VT,
do -not begin to give any noticeable ampli-
fication when cascaded in the usual manner
s in well-known systems until the plate ener-
gizing potential reaches the- neighborhood
of 100 volts, and in fact are rated for normal
- operation at 180 plate volts; so that the very
~ low potentials I use would render these tubes
10 totally inoperative as amplifiers in such other
~ systems. In fact, I have obtained very good
results without the use.of any source at B;,
but relying entirely upon the potential de-
rived from connecting resistance R, to the
positive side of the filament system, as at
point b. :

For normal operation the filament-plate
impedance of the high amplification tubes I
use in positions VT; and VT, is extremely
20 high; tﬁat is, of the order of several hundred

thousand ohms. At the very small plate cur-

rents in my mode of operation this imped-

ance increases to megohms. B

In; ion of the figures shows as a mat-

25 ter of fact that not all of the abnormally
low potentials of sources B, and B, is applied
between the filament and plate electrodes of

VT, and VT, respectively. - Because of the

presence of resistances R, and R, which have
30 values of the order of the filament-plate im-

pedances of their respective tubes, the total
applied potentials are divided about equally
between the filament-plate impedances and
the associated resistances; or in other words,
36 the potentials on the plate of a preceding
tube and grid of a succeeding tube are near
- equality and about one-half of the total ap-
plied potential. This accounts for the pre-
ceding mentioned requirement that the po-
tential of B, greatly exceed the normal re-
quired grid bias potential of VT,.
The input. circuit of tube VT, is shown to

15
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include a variable circuit L.C, through

which the tube can be selectively energized
43 with currents to be amplified, the currents
- being derived as shown in Fig. 1, from any

source through connections 1 and 2, and be-

ing transferred to the variable -circuit
through the combined electromagnetic-elec-
trostatic coupling including the inductive

relation between coils L; and I, and “the.

. capacitive ' relation through coupling con-
denser C,. The currénts may for instance
be those of radio signals, in which case the
connection 1 may lead to the elevated portion
of an antenna and the connection 2 to
ground ; or the connections may well be the
output of an ordinary radio frequency ampli-
fier whose input’is connected tc an antenna.

The grid of tube VT, is connected for an

‘initial negative bias to point a on the nega-

_ tive side of the filament circuit. The func-
tions of resistance R,, battery B,, and tube

85 VT, in Fig. 1, and resistance R,, condenser

connection for cascaded amplifiers a per-
_manent change in grid bias or initial

1,789,664

C: and choke coil C H in Fig. 2 will be dis-
cussed later. ) :

The output circuit of VT, is shown con-
nected to a loud speaker or translating device
L S through a transformer T in Fig. 1, the 4,
transformer being for the purpose of pro-

tecting the loud speaker winding from the

direct current component in the plate cir-
cuit, though with a proper design of wind-
ing ‘the loud er may be conneoted 75
directly in the plate circuit as shown in Fig.
2 .

"The operation will bé understood from the
following discussion: In the usual form of

ten-
tial of the grid of the first tube will notp:ﬁect
the steady or permanent current flow in the
plate circuit of the last tube, but merely
change the steady or permanent current flow
in the plate circuit of the tube whose grid bias
ismodified. Inmy system a permanent mod-
ification of the grid bias of tube VT, will
carry through the system and permanently
modify the plate current of tube VT,, which
may be accounted for as follows: With the -
grid bias of tube VT, made so highly nega-
tive that no space current flows, with the re-
sult that the plate impedance is practically
infiinite, no current can flow from battery
B, through resistance R, to alter the grid
bias of tube VT,. The grid of tube VT, is
positively biased through the connection of
resistance R, to the positive side of the fila-
ment, as at point b, so-that space current
flows in tube VT, under the potential of
battery B,. This current flows through re-
sistance R, to create a negative difference of
potential overcoming the positive bias on the -
grid of VT,, which bias is derived from the 105
connection of resistance Rs to the positive :
side of the filament, as at point ¢. . This neg-

st
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"ative bias thus produced on the grid of tube

V'T; holds down the current flow in the plate
circuit of this tube, and if the values of the 110
resistances and the potentials of the batteries -
are properly chosen, current flow in the
plate circuit of VT, can be substantially
eliminated by reason of a bias on the grid of
tube VT,. : _

By lessening the degree of negative bias of
tube VT, current is caused to flow in the
plate eircuit of tube VT; in accordance with
the degree of lessening of the negative bias,
and I have found that such.a small change
in this grid bias potential is necessary to
change the current flow in the plate circnit
of tube VT, from zero to 20 milliamperes
that there results a power amplification in
the system of extremely high order. It will
be recognized that this is direct current am-
plification through the over-all system, for so
long as the new bias on tube VT, is main-
tained the current in the plate circuit of VT,
continues to flow. - L
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It is apparent however that if the bias
of tube VT; be set to maintain a given cur-
rent flow in the plate circuit of
any alteration of this bias, no matter how
slow or fast, will correspondingly amplified-
ly alter the current flow in the plate circuit of
VT, so that the system, in addition to being
an amplifier of Airect current, is equally
well an amplifier of alternating current or
varying current of any character. Since the
system is substantially devoid of inductance
and capacity other than that of the distribut-
ed type contained in the necessary wiring
and connections, which for practical pur-
poses is negligible, it is to all intents and

-purposes an aperiodic system, even for the

highest of frequencies in practical use.
In operating the system as an amplifier

of alternating currents it is desirable to in-

20

- ticular tube, this in order that alternating

L1H

itially bias the grid of tube VT, to such de-
gree that the plate current flow of tube V'T;
is maintained at about the middle of the
plate current characteristic curve of the par-

variations will occur on the substantially
straight portion of the curve extending both
ways from this middle point. '

In operating the system as an amplifier
in g radio receiver, as shown in Fig. 1, the
high frequency modulated radio signals are
selectively impressed upon tube VT, by
means of tunable circuit L,C,. It is well to

* bring out at this point that the system is an

Ju
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efficient rectifier in addition to its ability

. as an amplifier, with the result that a con-

tinuous wave, modulated or .unmodulated,
impressed upon tube VT, is rectified and
has the effect of permanently altering the
initial bias of VT, in proportion to the
strength of the incoming continuous wave.
In view of this fact it may be that if the sys-
tem is so initially biased as to bring the
plate current flow of tube V'T; to the middle
of the plate current characteristic, the addi-
tional bias due to an incoming continuous
wave will change this point ‘of operation to
some removed point with respect to the mid-
dle of the characteristic curve, and it is quite

- likely to happen in the case of nearby power-

60

iy

ful stations that this point is moved so far
as to cause the alternating current varia-
tions to operate in the region of one or the
other.of the bends of the characteristic curve,

‘which results in distortion in a well known

manner.

In view of these conditions it is desirable
to be able to alter the initial bias of tube VT,
to permit of bringing the point of operation
on the characteristic curve at about the
middle for any intensity. of incoming signal.
It is a simple matter to provide the grid cir-
cuit of tube VT, with a battery and poten-
tiometer to permit of adjusting the initial
grid bias to a proper value for combination
with the incoming continuous wave, and

T, then.

3

gauge the result by means of a milliammeter
inserted in the plate circuit of tube VT,.
This of course would be a manual operation
requiring readjustment by the operator. for
the different stations to which he might
care to listen. ~

Since manual adjustments, particularly

for unskilled operators, are undesirable, I

have provided means for automatically over-
coming this.difficulty, shown in one form in
Fig. 1 and in another form-in Fig. 2. In
Fig. 1, T provide a vacuum tube VT, hav-
ing its filament in series with the plate cir-
cuit of tube VT;, and choose 2 vacoum tube
VT, of such filament heating characteristics

that the filament just commences to be suffi--

ciently hot to emit electrons at about the
plate current value of VT, which represents
operation at the middle of the characteristic
carve.. However, by means of a resistance
R, in shunt to the filament of tube VT,, I
can adapt commercial tubes not having pre-
cisely- the exact filament heating character-
istics to satisfy the requirements for satisfac-
tory performance.

In series with the plate and filament con-
nection I place a source of potential B, and
a resistance R,, and connect these elements
as shown so that any change in current flow
through the resistance R,, due to electron
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emission in tube VT,, altering the over-all

resistance of the combination will result in
changing the initial bias on tube VT,. Thus
if the plate current of tube VT, tends to
permanently increase for any reason the
filament of tube VT, will heat up to emit
electrons, thereby increasing the conductiv-
ity between filament and plate to permit
more or less current to flow from battery B,
through resistance R,, and thus increase the
negative bias on tube V'T,, which negative
bias will immediately cause the plate cur-
rent of VT, to subside, and in this way to
remain at some predetermined fixed value
irrespective of the strength of the incoming
signal or other cause tending to increase the
plate current. : : ‘

It is to be noted that this arrangement will
not prevent the plate current of tube VT,
moementarily increasing to represent signal
effects, because such signal effects take place
at such high frequency that there is no pos-
sibility of the temperature of the filament of
tube VT, responding. It does, however,
most effectively prevent any effect tending to
produce a permanent change in the plate cur-
rent from accomplishing the undesired
result. ’

‘I show tube VT, as a three electrode tube

converted into a two electrode tube in effect

by connecting the grid directly to the plate.

It so happens that there is available a coin-’

mercial type of three electrode tube having
very nearly the desired filament heating char-
acteristics to be operated in conjunction with
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" a commlercially available t g‘e of power tube T of Fig. 1 may be of high.frequency char-
suitable for the position \; ». In fact, the acter, tuned or not, to transfer high fre- -

10
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particular tube VT, should be operated with
a plate current of approximately 20 milliam-

res. The particular tube VT, requires a
gfament current of approximately 60 milliam-

Eeres for normal operation as an amplifier, -

ut begins to emit electrons at about the 20
milliamperes mentioned. L
. The auxiliary device of -Fig.- 2 for main-
taining constant operation comprises a re-
sistance R, in the grid circuit of tube VT,

so connected that the plate current of tube
VT, must pass therethrough.. The value of .

this resistance is so chosen that when the de-
sired plate current of tube VT, is had the
difference of potential across the resistance
will be correct for combining with any other
difference of potential to give the proper grid
bias to tube VPI‘I. If the plate current of tube
VT, tends to increase for any reason, the
difference of potential across resistance R,
will increase and thereby offset the effect.
To prevent resistance R, t};om producing the
same limiting effect on signal variations a
by-pass condenser C, is connected between
the filament and the plate circuit as shown,
and a choke coil CH is inserted in series with
the plate circuit, thus shunting signal varia-
tions from the resistance R,.

The objection to this arrangement of Fig.
2 is that the use of condenser C; and choke
coil CH introduces elements having frequency
characteristics into the system, which pro-
cedure tends to destroy to some.extent the
aperiodic character of the system. .

The ambplified high frequency modulated
currents arrive at audio frequency trans-
former T in Fig. 1 in rectified form, and this
transformer acts to filter the low frequency
modulations from the rectified high fre-
quency current for delivery to the loud
speaker LS. It is obvious that the trans-

‘former T and loud speaker LS have fre-

gency characteristics and serve to lessen the
aperiodic character of the system, but since
these are the only elements in the system so

acting the frequency discriminating char-.

acteristics are extremely small compared to
existing systems employing & large number
of such transformers. However, loud speak-
ers are now available having such construc-
tion that it is not necessary to prevent the
steady direct current of the plate circuit from

‘flowing" through the winding, so that it is

possible to insert such loud speakers directly
in the output circuit as shown in Fig. 2, and
thus do away with another element tending
to lessen the aperiodic character of the
system. - :

In employing the system for amplifying
high frequency modulated currents as de-
scribed it is not necessary that the rectifying
characteristic of the system be utilized for

detecting the modulations. _The transformer

1,789,664

quency currents to a succeeding rectifying or-

other detecting device. Further amplifica-
tion at low frequency after detection may be
carried out utilizing the type of system
herein described or other well known audio
frequency amplifying systems. Where the
h?g%est standard of tonal quality is -de-
manded I prefer the herein described type of
amplification throughout. : :

I claim: v -

1, An electric amplifier system including
a plurality of three electrode vacuum tubes
connected in cascade, means for applying a

biasing potential to the grid electrode of the -

first tube of the series, means for creating a

substantial current flow in the plate cir¢uit of.

the last tube of the series, means linking said
tubes and cooperating therewith whereby the
effect of said biasing potential is transferred
from tube to tube in the series with alternate-
ly reversed effects to produce a plate current
ﬂy;w in said last tube responsive to said bias-
ing potential, and means for maintaining the
biasing potential to the grid electrode of the
first tube of the series of such polarity and

70
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magnitude that the steady component of the .

plate current flow in the output circuit of said

last tube is maintained at substantially the
midpoint of its plate current characteristic
curve. :

2. An electrical amplifier system including
a plurality of three electrode vacuum tubes

connected in cascade, means for applying a

biasing potential to the grid electrode of the
first tube of the series, means linking said
tubes and cooperating therewith to transfer
the effect of sa1d biasing potential to the grid

of the last tube of the series to produce a plate

current flow in said last tube responsive to
said biasing potential, and means responsive

b3

100

to said plate current flow for determining the

degree of said biasing potential.
3. An electrical amplifier system including
a plurality of three electrode vacuum tubes

connected in cascade, means linking said tubes

whereby a potential bias on the grid electrode
of the first tube of the series eontrols the de-
gree of plate current flow in the last tube ofthe
series, and means responsive to said plate cur-

rent flow for determining the degree of said

biasing potential.

.. 4. An electrical amplifier system including

a plurality of three electrode vacuum tubes
connected in cascade, means for impressing a
fixed biasing potential on the grid electrode
of the first tube of the series, means linking
said tubes whereby a potential bias on said
grid electrode controls the degree of plate
current flow in the last tube of the series, and
means responsive to said plate current flow
for altering the degree of said biasing po-
tential. :

5. An electrical system including & plural-
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itj{ of three electrode vacuum tubes, means

for creating a plate current flow in one of said

- tubes, and means for creating a grid biasing

potential for another of said tubes including
a heated cathode electron discharge device
having its cathode energized by said plate
current flow and means for making a poten-
tial derived from the resulting current flow
in said electron discharge device effective on
the grid of said other tube. oo

6. An electrical amplifier system including
a plurality of three electrode vacuum tubes
connected in cascade, means for creating a
plate current flow in the plate circuit of the
last tube of the series, means for creating a
biasing potential on the grid electrode of the
first tube of the series, means linking said
tubes and ceoperating therewith to transfer
the effect of said grid biasing potential
through the system whereby said plate cur-

rent flow is responsive thereto, means for im-

pressing a modulated carrier current poten-
tial on the grid of said first tube, and means

- for limiting ‘the effect of rectification in the

system of said carrier current on said biasing
potential and plate current flow including
means operated by said plate current flow for
altering said biasing potential. .

7. Anelectricalamplifiersystemincluding a
pair of three electrode vacuum tubes connect-
ed in cascade by means including a direct con-
nection between the plate of the preceding

- tube and the grid of the succeeding tube, and

35
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a source of direct current potential connected
to be negatively impressed on the grid of said
succeeding tube with respect to its cathode by
way of the filament-to-plate impedance of
said preceding tube and said direct connec-
tion, the potential of said source being of the
order of double that required as a grid bias-
ing potential in the normal operation of said
succeeding tube as.an amplifier.

8. An electrical amplifier system including

" a pair of three electrode vacuum tubes con-

65

nected in cascade by means including a direct’

connection between the plate of the preceding
tube and the grid of the succeeding tube, a
source of direct current potential connected
to be negatively impressed on the grid of said
succeeding tube with respect to its cathode by
way of the filament-to-plate impedance of
said preceding tube and said direct connec-
tion, the potential of said source being of the
order of double that required as a grid biasing
potential in the normal operation of said suc-
ceeding tube as an amplifier, and a high re-
sistance directly connecting the grid of said
succeeding tube to its cathode.

9. An electrical amplifier system including
a pair of three electrode vacuum tubes con-
nected in cascade by means including a con-
ductive connection between the plate of the
preceding tube and the grid of the succeeding
tube, a source of direct current potential con-
nected to be negatively impressed on the grid

5

of said succeeding tube withrespecttoitscath-
ode by way of the filament-to-plate imped-
ance of said preceding tube and said conduc-
tive connection, the potential of said source
being of the order of 150 per cent of that re-
quired as a grid biasing potential in the nor-
mal operation of said succeeding tube as an
amplifier, and a high resistance connecting
the grid of said succeeding tube to a point of
positive potential of lesser magnitude than
said first potential. ,

10. An electrical amplifier system includ-
ing a plurality of three electrode. vacuum
tubes connected in cascade including conduc-
tive connections between the plates of preced-
ing tubes and the grids of succeeding tubes,
one or more of said tubes requiring for nor-
mal operation as amplifiers grid biasing po-
tentials different from one or more of the
other of said tubes, means for supplying neg-
atively to the grids of succeeding tubes a di-
rect current potential of the orderrequired for
biasing the grids of said succeeding tubes for
said normal operation as amplifiers by way of
the filament-to-plate impedance of and the
conductive connection to the plates of suc-
céeding tubes, and high resistances connect-
ing the grids of said tubes to their respective
cathodes. -

_11. An electrical amplifier system includ-
ing a pair of three electrode vacuum tubes and
means connecting said tubes in cascade rela-
tion, said means including a source of direct
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current potential and conductive connections -

for energizing the plate electrode of the pre-
ceding tube and the grid electrode of the suc-
ceeding tube therefrom, the potential of said
source being of the order of double that nor-
mally required for energizing the grid elec-
trode of said succeeding tube %oroperation as
an amplifier,
- 12. An electrical amplifier system includ-
ing a pair of three electrode vacuum tubes
and means connecting said tubes in cascade re-
lation, said means including a source of direct
current potential and conductive connections
for energizing the plate electrode of the pre-
ceding tube and the grid electrode of the suc-
ceeding tube therefrom, the potential of said
sourece being so low that its application to the
plate electrode of said preceding tube pro-
duces operation on the plate current charac-
teristic curve of said tube below the lower
bend thereof. .
13. An electrical amplifier system includ-
ing a . plurality of three electrode vacuum
tubes connected for cascade amplification
through comductive connections between the
plate electrodes of preceding tubes and the
grid electrodes-of succeeding tubes, direct
current mneans capable of energizing the plate
electrode of the last tube of the series for
operation at substantially the mid point of the
plate current characteristic curve of said tube,
direct. current means for energizing the grid
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. electrodes of said tubes, said means being con-

10

_point of the plate current characteristic
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nected to said electrodes by way of said con-
ductive connections and in series with the fila-
ment-to-plate impedances of preceding tubes,
the potentials of said means being incapable
of operating said preceding tubes beyond the

lower bend of the plate current characterist_i(clz;
i

curves thereof, and means impressing 4
biasing potential on the grid electrode of the
first tube of the .series of such. polarity and
value as to fix the steady current flow of the
plate circuit of said last tube at about the mid

curve thereof. .

14. In a direct coupled amplifier system,
the combination of a source of energy, a plu-
rality of electron tubes, impedance output
and 1nput circuits coupling said tubes in cas-
cade, and means for energizing electrodes of
said tubes so that the cathode-plate impedance
of each preceding tube is of the same order as
the impedance input to.the next succeeding
tube of said cascade. o .

15. In a direct coupled amplifier system,
the combination of a source of energy, a plu-
rality of electron tubes, impedance output
and 1nput circuits coupling said tubes in cas-
cade, and means for energizing electrodes of
said tubes so that the cathode-plate imped-

ance of each preceding tube is of the same -

order as the impedance input to the next suc-
ceeding tube of said cascade, the cathode-

" plate impedance of each preceding tube and

the input impedance to the succeeding tube
being determined as functions approaching
as a limit, in-so-far as practicable, the cath-
ode-grid impedance of the succeeding tube.
' 16. In a direct coupled amplifier system,
the combination of a source of energy, a plu-

rality of electron tubes, impedance output

and mput circuits coupling said tubes in cas-
cade, means for energizing the electrodes of
‘said tubes so that the cathode-plate imped-
ance of each preceding tube is of the same
order as the impedance input to the next suc-
ceeding tube of said cascade, and ineans series
related between the space current path of the

. last tube of said cascade and said source for

05

determining the grid bias of one or more

tubes of said cascade. .
17. In a direct coupled amplifier system,

the combination of a source of energy, a plu-

‘rality of electron tubes, impedance output and

input circuits coupling said tubes in cascade,
means for energizing electrodes of said tubes
so that the cathode-plate impedance of each
preceding tube is of the same order as the
impedance input to the next succeeding tube
of said cascade, and means series related be-
tween the space current path of the last tube
of said cascade and said source for determin-
ing the grid bias of all of said tubes.

18. In a direct coupled amplifier system,
the combination of a source of energy, a plu-
rality of electron tubes having interconnected

- 1,789,864

cathodes, impedance output and input circuits
coupling said tubes in csacade, and means for

energizing electrodes of said tubes so that the

cathode-plate impedance of each preceding

tube is of the same order as the impedance

input to the next succeeding tube of said
cascade, said means including connections
between the grids of all but the first of said
tubes and a potential point in said inter-
cathode connection more positive than the
connection of the negative terminal of the
cathode of the respective tube thereto.

.19, In a direct coupled amplifier system,

‘the combination of a source of energy, a plu-
‘rality of electron tubes, impedance output and

input circuit coupling said tubes in cascade,
means for energizing electrodes of said tubes
so that the cathode-plate impedance of each

-preceding tube is of the same order as the
‘impedance input to the next succeeding tube

of said cascade, and means series related be-
tween the space current path of the last tube
of said cascade and said source for determin-
ing the grid bias of one or more tubes of said
cascade, said means being substantially non-
responsive to signal current energy
therethrough. :

20. In a direct coupled amplifier system, the
combination of a source of energy, a plurality
of electron tubes, impedance output and in-
put circuits coupling said tubes in cascade,

.means for energizing electrodes of said tubes

so that the cathode-plate impedance of each
preceding tube is of the same order as the
1mpedance input to the next succeeding tube
of said cascade, and means series related be-
tween the space current path of the last tube
of said cascade and said source for determin-
ing the grid bias of one or more tubes of said

cascade, said means consisting of a discharge

tube having a plurality of electrodes, the
cathode of which is series related between the
space current path of said last tube and said
source, another electrode being connected di-
rectly to the grid of one of the tubes of said
cascade, and means for producing a potential
across the space discharge path of said dis-
charge tube.

21. Inadirect coupled amplifier system, the
combination of a source of energy, a plurality
of electron tubes, impedance output and in-
put circuits coupling said tubes in cascade,
means for energizing electrodes of said tubes
so that the cathode-plate impedance of each
preceding tube is of the same order as the
impedance input to the next succeeding tube
of said cascade, and means series related be-
tween the space current path of the last tube
of said cascade and said source for determin-

ing the grid bias of one or more tubes of said

cascade, said means consisting of a discharge
tube having a plurality of electrodes, the
cathode of which is series related between the
space current path of said last tube and said
source, another electrode being connected di-

owing,
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rectly to the grid of the first tube of said cas-
cade, and 1means for producing a potential
across the space discharge path of said dis-

_ charge tube. .
'99.” The method of energizing an amplifier
5 system including an output tube and an am-
plifier tube, which consists in controlling the
average intensity of the space current of the
output tube by the intensity of the space cur-
rent of the amplifier tube, and controlling
the average intensity of the space current of
the amplifier tube by the average intensity of

‘the space current of the output tuLe.

93. The method of energizing an amplifier
system including an odd number of tubes in-
cluding an output tube and a plurality of
amplifier tubes arranged in cascade, which
consists in producing a rise in the average
space current of the output tube by a rise In
the space current of any odd numbered tube
of said cascade, and producing a decrease in
the average space current of said odd num-
bered tube by the rise in the space current of
said output tube. v

94. The method of energizing an amplifier
system including an ‘odd number of tubes in-
cluding an output tube and a plurality of am-
plifier tubes arranged in cascade, which con-.
sists'in producing a rise in the average space
current of the output tube by a rise in the
space current of any odd numbered tube of
said cascade, and producing a rise in the aver-
agse space current of any even numbered tube
of said cascade by the rise in the space cur-
35 rent of said output tube. . .

25. The method of energizing an amplifier
. system including an odd number of tubes in-
cluding an output tube and a plurality of
amplifier tubes arranged in cascade, which
consists in producing a decrease in the aver-
age space current of the output tube by a de-
crease in the average space current of any
odd numbered tube of said cascade, and pro-
ducing a rise in the space current of said odd
numbered tube by the decrease in the space
current of said output tube.
* 26. The method of energizing an amplifier
system including an output tube and an am-
plifier tube arranged: in cascade, which con-"
sists in producing a decrease in the average
space current of the output tube by a rise
in the average space current of said amplifier
tube, and producing a decrease in the average
space current of said amplifier tube by said
55 decrease in the average space current of said
output tube. :
In testimony whereof I affix my signature.
SIDNEY Y. WHITE.
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8 . DISCLAIMER
1,789,664.—Sidney Y. White, New York, N. Y. ELECTRICAL AMPLIFIER SYSTEM.
Patent dated January 20, 1931. Disclaimer filed February 19, 1935, by’
the assignee, Radio Corporation of America. o
Hereby disclaims that part of the specification of said patent which consists of -

- claims 2, 3, 4,10, 22, 23, 24, 25, and 26, which are in the following words:

““2. An electrical amplifier system including a plurality of three electrode vacuum
tubes connected in cascade, means for applying a biasing potential to the grid elec-
trode of the first tube of the series, means linking said tubes and cooperating there-
with to transfer the effect of said biasing potential to the grid of the last tube of the
series to produce a plate current flow in said last tube responsive to said biasing po-
tential, and means responsive to said plate current flow for determining the degree
of said biasing potential. L .

““3. An electrical amplifier system including a plurality of three electrode vacuum
tubes connected in cascade, means linking said tubes whereby a potential bias on the
grid electrode of the first tube of the series controls the degree of plate current flow in
the last tube of the series, and means responsive to said plate current flow for deter-
mining the degree of said biasing potential. :

““4. An electrical amplifier system including a plurality of three electrode vacuum
tubes connected in cascade, means for impressing a fixed biasing potential on the grid
electrode of the first tube of the series, means linking said tubes whereby a potential
bias on said grid electrode controls the degree of plate current flow in the last tube
of the series, and means responsive to said plate current flow for altering the degree of
said biasing potential.” o

“10. An electrical amplifier system including a plurality of three electrode vac-
uum tubes connected in cascade including conductive connections between the plates
of preceding tubes and the grids of succeeding tubes, one or more of said tubes requir-
ing for normal operation as amplifiers grid biasing potentials different from one or
more of the other of said tubes, means for supplying negatively to the grids of suc-
ceeding tubes a direct current potential of the order required for biasing the grids of
said succeeding tubes for said normal operation as amplifiers by way of the filament-
to-plate impedance of and the conductive connection to the plates of succeeding tubes, -
and high resistances connecting the grids of said tubes to their respective cathodes.”

““22. The method of energizing an amplifier system including an output tube and
an amplifier tube, which consists in controlling the average intensity of the space cur-
rent of the output tube by the intensity of the space current of the amplifier tube, and -
controlling the average intensity of the space current of the amplifier tube by the
average intensity of the space current of the output tube. ’

‘“23. The method of energizing an amplifier system including an odd number of
tubes including an output tube and a plurality of amplifier tubes arranged in cascade,
which consists in producing a rise in the average space current of the output tube by
a rise in the space current of any odd numbered tube of said cascade, and producing
a decrease in the average space current of said odd numbered tube by the rise in the
space current of said output tubé. : ’

“24. The method of energizing an amplifier system including an odd number of
tubes including an output tube and a plurality of amplifier tubes arranged in cascade,
which consists in producing a rise in the average space current of the output tube by a
rise in the space current of any odd-numbered tube of said cascade, and producing a
‘rise in the average space current of any even numbered tube of said cascade by the
rise in the space current of said output tube. . ,

“25. The method of energizing an amplifier system including an odd number of
tubes including an output tube and a plurality of amplifier tubes arranged in cascade,
which consists in producing a decrease in the average space current of the output
tube by a decrease in the average space.current of any odd numbered tube of said
cascade, and producing a rise in the space current of said odd numbered tube by the
decrease in the space current of said output tube.

“26. The method of energizing an amplifier system including an output tube .
and an amplifier tube arranged in cascade, which consists in producing a decrease in
the average space current of the output tube by a rise in the average space current
of said amplifier tube, and producing a decrease in the average space current of said
amplifier tube by said decrease in the average space current of said output tube.”

[Official Gazette March 19, 1935.] -



