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 UNITED STATES

GILBERT SMILEY, OF BRIGHTON, MASSACHUSETTS, ASSIGNOR, BY MESNE ASSIGNMENTS,
.TO §. H. COUCH. COMPANY, INC, OF QUINCY, MASSACHUSETTS, A CORPORATION OF

MASSACHUSETTS

‘Application filed July 27,

_“The present invention relates to an ap-
paratus utilizing  thermionic devices = or
vacuum. tubes for amplifying feeble  ¢lec-
tric curvents, electric waves, or signals.

" An object of my invention is to provide a
thermionic electric wave amplifier which is

simple in :construction and low in cost of

manufacture, and which is very efficient in
affording amplification of the signals with-
out the mtroduction of noticeable distortion
or other disturbances resulting from the ac-

tion of the tubes per se in passing signals,.

or as a result of the action imparted to them
by the chiaracter of the source of current
supply.. , '

Another.object of my invention is to pro-
vide an apparatus of this character which
may be operated from a local source of al-

ternating current such as house lighting or

public service circuit mains, without requir-
mg the use of additional apparatus such as
rectifying devices, and the hike, which have
been herctofore deemed necessary for main-
taining steady potentials at the electrodes
of the vacuum tubes. . ' :
A more specific object of the present in-
vention is .to provid]e a novel circuit "ar-

rangemnent for vacuum -tubes, coupled into

& common output, utilizing both the ampli-
{ying and rectifying ‘properties of such
tubes and possessing certain advantages all
of which will be hereinafter described.
Other objects of the invention will be-
come apparent from the following descrip-

tion taken in connection with the accom--

panying drawings in which - Fig. 1 is a
schemafic illustration showing one embodi-
ment of the present invention in a simplified
form; Fig. 2 is an illustration showing ‘a
modified type of apparatus also embodying
the invention; Fig. 8 is a similar illustration:
of ‘a preferred commercial type of circuit;
and Fig. 4 is a diagram showing another
method of illustrating the general idea of

¥ connecting the tubes in pairs.

T have 1llustrated. in Fig. 1 a simplified
embodiment of ‘my invention which com-
prises four thermionic devices which for
the purpose of illustration - are shown as
threc element vacuum tubes but may be any
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conventional ‘or commercial- form of - tabe.
The four tubes shown in the several figures
are indicated by the numerals 1, 2, 8 and 4.
These tubes are as nearly as practical iden-
tical -to one another and,-as will be under:
stood, provide an amplification of an incom-
ing signal delivered at the input terminals
5a and received either from a stage or stages
of preamplificatiton, or directly from'a sig-
nal voltage source such as a pick up, demod-
ulator, microphone ‘transmitter; photo-elec-
tric. cell-or the like. - The respective grids 5

and- 6 of the tubes 1 and 2 are connected to- -

gether by a conductor 10, which is joined to
one end 11-of a secondary winding or input
portion 12 of an input coupling means 14.
The respective. grids 7 and ‘8 of the tubes
3-.and 4 are connected together by a conduc-
tor 15 to.the other terminal 16 of said sec-
ondary . winding 12. - The input coupling
‘may also comprise the primary winding 17.
The ‘secondary winding 12 has anintermie-
diate or -center tap which is preferably con-
nected by a conductor 19 to the point of
grid bias potential for the tubes and to an
optional ‘ground 20. While a transformer
has been illustrated it will be understood
that it is merely representative of a means

for supplying signal voltage in phase oppo- .

sition-to  the

grids ‘of the separate pairs of
tubes. ‘ : S
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The respective filaments 21, 22, 28 and 24

of the several tubes are shown in Fig. 1 as
being connected in parallel and derive their
excitation or heating current through con-

or current-supply portion 27 of ‘a trans-
former or power-supply device 29, the pri-

~mary winding 30 of which is' connected to

the terminals 31 of a source of alternating
current. The mid-point of said secondary

-winding 27 is connected by a conductor 32

to a grid-bias resistance 84, and the latter is

connected by a conductor 35 to conductor 19.-

The respective . plates ‘36 and 38 of the
tubes 1 and 3 are connected by conductors
41 and 43 to the end terminals of an output
‘circuit which ‘may be a winding 46 of a
‘transformer or output coupling means 47.
Likewise the respective plates 37 and 39 of
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. ductors 25 and 26 from a secondary winding -
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the tubes 2 and 4 are connected by conduc-
tors 42 and 44 to the end terminals of a
second output circuit which may be a sepa-
rate winding 49 of the output transformer
47. In the embodiment of the invention
shown, the output coupling means are pro-
vided with a single output portion 50 con-
stituting a secondary winding of the trans-
former 47. ‘The two primary windings are
made identical and have intermediate con-
nections or center taps which are connected
by conductors 52 and 54 to the end terminals
of another secondary winding or voltage-

supply output portion 53 of the power-sup-

ply device 29. It will thus be seen that poten-
tials derived from the alternating current
source terminals 81 are therefore applied to
the plates 36 and 38 through the intermedi-

" ate terminal of the primary winding 46 and

45

68

to the plates 37 and 39 through the inter-
mediate terminal of the primary winding 49.

The secondary winding 55 supplying the
plate current for the several tubes is center-
tapped, and the output or plate circuits of
the tubes 1, 2, 8 and 4 are completed by con-
necting the mid-point or intermediate termi-
nal of the secondary winding 55 through a
conductor 56 to the conductor 19.  In said
conductor 56 I place an inductance or cur-
rent-steadying means 57 which together with
the grid-hias resistance 34 is common to all
of said plate circuits. As will be understood
and further explained hereinafter, the grid-
bias voltage supplied to the grids of the
tubes 1s substantially constant. . The effect
of the pulsating voltage supplied to the
plates of the four tubes causes a fluctuating
change in the impedance and space current
of the individual tubes. Supply-voltage
fluctuations at the plates 36 and 38 of the
tubes 1 and 8 are at any instant equal and
opposite in direction to the supply-voltage
fluctuations at the plates 37 and 39 of the
tubes 2 and 4. Thus the sum of the normal
space currents in the case of tubes 1 and 2
is at any instant substantially constant, and
the sum of the normal space currents in the
cage of tubes 8 and 4 is also at any instant
substantially constant. It will also be seen
that fluctuations in the individual normal

space currents are not transmitted to the

circuit of the output winding 50, i. e., in the
case of tubes 1 and 8 the normal space. cur-
rents in the portions 46¢ and 460 of the
primary winding 46 are opposite and are
therefore not transmitted, and in the case of

‘tubes 2 and 4 the normal space currents in

the portions 49¢ and 4956 of the primary
winding 49 are opposite and are therefore
1ot transmitted.  Since the sum of the nor-
mal space currents for each of the pairs of
tubes (1 and 2) and (3 and 4) is substan-
tially constant, the effective plate impedance
of each of said pairs of tubes, the grids of
each of which are connected n parallel, is
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substantially constant, except as varied by
the signal voltage impressed on said grids.
Hence, each of said pairs of tubes function
to properly transmit a signal therethrough
without: undue distortion.

From the above description it becomes
apparent that a signal proceeding through
the input transformer 14 will produce equal
and opposite potential changes in the grids
5 and 7 of the tubes 1 and 3 and hence equal
and’ co-directional changes in- the ampere
turns of the two portions 46¢ and 460 of the
primary winding 46 to which the respective
plates of said tabes 1 and 3 are connected.
Also, the signal will produce equal and op-
posite potential changes in the grids ¢ and
8 of the tubes 2 and 4 and hence co-direc-
tional changes in the ampere-turns of the two

70

portions 49¢ and 490 of the primary wind-

ing 49 to which said tubes 2 and 4 are con-
nected. Thus the tubes (1 and 3) and (2
and 4) function simultaneously in a manner
to assure balanced amplificaticn. Two tubes,

i. e. one tube of one pair (1 and 3) and one .

tube of the other pair (2 and 4), are always
functioning, and at times, when the voltage
in winding 55 is nodal, all the tubes are
functioning. Stated otherwise, the tubes 1

30

and 3 may at a given instance be operating :

to transmit a signal and are assisted by the
tubes 2 and 4. As tubes 2 and 4 take up the
signal, tubes 1 and 3 gradually cease to
function.

The novel circuit arrangement of the four
tubes provides the effect of two amplifying
stages of balanced amplification piaced in
parallel, the signal being repeated from both
primary windings 46 and 49 into the second-

ary winding 50 and into the load (uot-

shown) attached to the output terminals 51.
The four tubes may each be operated at ap-
proximately full rated average plate current,
allowing only for “form-factor” (the ratio of
heating to average current) to obfain the
same effective heating current ag when simi-
lar tubes are operated in a conventional
manner on steady supply-potentials. Thus,
the power output of the four tubes so em-

_ployed closely approximates the power out--

put which would be available from four

similar tubes employed in a balanced or

symmetrical amplifier, sometines referred to
conventionally as a “push-pull” amplifier,
having in each side two tubes connected in
parallel.

In Fig. 1, the arrows shown in full lines
indicate the path of the amplified output
alternating signal current derived from tubes
1 and 8 at an instant when all of the tubes
are operating. The arrows shown in dotted
lines are an indication of the path at the
same instant of the amplified output alter-
nating signal current derived from tubes 2
and 4. These two output currents are addi-
tive in effect when passing through the
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primary windings 46 and 49. Thus, the
sum . of the signal currents in the primaries
46 and 49 at any instant is the true amplified
signal, which 1s ‘transmitted to the output
winding 50. “Since each of the pairs of tubes
(1 and 3) ‘and (2 and 4) are arranged in a
balanced or. “push-pull” amplifying circuit,
the resultant effect ‘produced by the -four
tubes will be to smooth out any irregular-
ities that may occur due either to the ampli-
fication of the signal in the tubes per se, or
to the operation of said tubes by :reason of
the plate and filament current being derived
from a source of alternating current. It is
noted that these alternating output currents
or ‘their sum do not-flow tlflmugh'that por-
‘tion of the. platé circuits common- to all
four tubes (including the inductance 57 and
the grid-bias resistance 34), said common
plate circuit portion being traversed ‘nor-
‘mally only by such unbalanced, out of phase
is 18
a feature.of balancing the amplification from
a plurality of tubes which'I am able to-ob-

i tain and is an‘advantage in that the induc-

tance 57 may be made high with no detri-
mental effects and because, by reason of the
introduction of a high inductance, undesir-
able “currents may ‘be materially reduced.
Said ecircuit portion- common to all four
plate circuits is also traversed by the normal
space currents of the four tubes, and it is to

_be particularly noted .that, since the sum of

the normal space currents of tubes 1 and 3
and the sim of the normal- space currents
of tubes 2 and 4 are substantially constant
at any instant, the sum of the normal space
currents of ‘all four tubes in said common
plate circuit portion is at any instant sub-
stantially . constant. Therefore, observing
that the inductance 57 functions to prevent
any tendency toward pulsation -or:fluctua-
tions of current therethrough; the current in
said common. plate circuit portion which in-
cludes the grid-bias resistance 34 'is main-
tained substantially steady and the grid-bias
potential impressed on the grids of the four

" tubes, or the supply-potential applied there-
“to relatively to the potentials of the cathodes

of the tubes, is maintained substantially
constant.

It will be observed that I ‘obtain a bal-
anced amplification in an amplifier by utiliz-
ing the general scheme of connection of
tubes 1, 2, 3 and 4. If the primary wind-
ings 46 and 49 be accurately center-tapped
and the tubes on each of said primary wind-
ings be accurately ‘matched, there is a com-
plete cancellation of ‘such portions .of the
normal space currents as would otherwise
magnetize the core of the output transform-
er 47.° This may be understood by observ-
ing that the same supply-voltage value is
applied at any instant to the plates of the
tubes 1 and 3 and that likewise the same

‘grid-voltage

signal voltage.
inherent in ‘the operation of vacuum: tubes’

3

supply-voltage value is applied at any in-
stant to the plates of tubes-2 and 4. There-

fore, the normal space currents in the plate.

circuits of tubes 1'and 3 are at any instant

equal and opposite in direction when flow-
ing, respectively, through portions 46a: and
465 of the primary. winding 46, and their
magnetizing effect on the core of the output
transformer 47 is neutralized. Likewise, the

normal space currents in the plate. circuits

of tubes 2 and ‘4 are at any:instant equal
and -opposite in direction when flowing, re-
spectively, through portions 492 and 495 of
the primary winding 49, and their magne-

tizing effect on the core of the output trans-

former-47 is neutralized.  For similar rea-
sons, there is also a cancellation in the two
portions 46a and 466 of the primary wind-
ing - 46 "and in: the two. portions 49«
and 4956  of the primary winding: 49
of undesirable -currents produced, for-ex-
ample, by hum' pick-up resulting from the
lighting of the filaments of the tubes from a
source of ‘alternating current or from pulsa-
tions in the grid bias potential.

By properly choosing the value of .the
grid-bias potential for the grids of the four
tubes, which is accomplished by establish-
ing the proper-value of the biasing resist-
ance 34, the best results in the amplification
of the received 'signal is obtained. Since
tubes-1 and 2 operate on one portion of the
plate-current - characteristic
curve - (common to all' four tubes) on one
side -of ‘the point on said' curve determined
by the grid-bias potential, while tubes 3 and
4 ‘operate at ‘the same instant on the:other
portion of that curve on the other side of
said point, the apparatus; when employed as

an ampliﬁer, will by reason of said: four

tubes ‘substantially ‘eliminate the  distortion
arising through the action of the tubes and
taking the form of even harmonics of :the
This form: of distortion is

used singly. - e
The circuit ‘ arrangements illustrated in
Figs. 2, 3 and 4 are modifications of the

apparatus shown in Fig. 1, and many of

of the apparatus which has been described.
For the sake of brevity, the similar parts

-shown in these figures will be designated by

corresponding numerals, primed in:Fig. 2,
double primed in Fig. 3, and provided with
the suffix @ in Fig. 4. ‘

- In the embodiment of the invention shown
in Fig. 2, the resistance.of the inductance
common to the plate circuits of all four

60
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their parts are similar or identical to parts:

120

tubes is utilized to obtain the grid-bias po-C326

tential to be applied to their respective grids.
Thus: an inductance 60 is connected at-one
end by the conductor 56" to the center-tap

-of 'the secondary winding: 55’ .of the power

‘supply transformer 29”. The center-tap of 123
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the secondary winding 27/, serving to supply
current to the filaments of the tubes, is con-
nected directly by a conductor 61 to the
ground 20°. The center-tap of the secondary
winding 127 of the input transformer 14’ 1s
connected by a-conductor 62 to one end of
a resistance 64, the other end of the latter
being connected by a conductor 65 to the
conductor 56”. A capacity 66 is connected
at one end to the ground 20" and at the other
end to the conductor 62. Owing to the in-
herent resistance of the inductance unit 60
there is a D. C. potential across this induc-
tance, which potential, if the resistance is
high enough, may be utilized for grid bias
purposes. This voltage exists in addition
to the high pulsating voltage across the in-
ductance 60. The resistance 64 and the ca-
pacity 66 act as a resistance-capacity filter
which reduces the effect of the high pulsat-
ing voltage across the inductance 60 before
the grid-bias potential is applied to the
grids. It is evident that the inductance 60
may be provided; as indicated by dotted
lines, with various taps, so.that the grid-
bias voltage may be adjusted without alter-
ing the current steadying effect of the in-
ductance. - R

The embodiment of the invention shown in
Fig. 3 is particularly advantageous in that
it permits adjustment of the grid-bias volt-
age in the two sides of the apparatus in
which the two pairs of tubes are respective-
ly connected. A power supply transformer
67 is provided with a primary winding 69
connected to the terminals 70 of a source of
alternating current, and with a secondary
winding or voltage-output portion, the end
terminals of which are connected to the con-
ductors 5277 and 54’7 leading to the respec-
tive mid-points of the primary windings 46"
and 49’’ and the intermediate terminal of
which is connected to the conductor 56"
leading to the inductance 57’’. The trans-
former 67 is also provided with two addi-
tional secondary windings or separate cur-
rent-output portions 72 and 74. One wind-
ing 72 serves to supply current through the
conductors 75 and 76 to the filaments 21"
and 297 of the tubes 177 and.2”’, and the
other winding 74 serves to supply current
through the conductors 77 and 79 to the fila-
ments 23’7 and 24’7 of the tubes 3’" and 4"/,
The mid-point of the winding 72 is con-
nected by a conductor 80 to one end of a
resistance 81 the other end of which is con-
nected to one end of a voltage divider or
“potentiometer” 82, and the mid-point of
the winding 74 is connected by a conductor
84 to one end of a resistance 85 the other

_end of which is connected to the other end of

eb

the “potentiometer” 82. The intermediate
or adjustable terminal 86 of the “potenti-
ometer” 82 is in electrical connection through
a conductor. 87 with the grid return connec-

1,000,163

tion of the several tubes. Thus the resist-
ance. 81 and that portion of the “potenti-
ometer” 82 located between its lower end and
the adjustable contact 86 constitute a grid-
bias resistance which permits the proper
grid bias potential to be applied to the
grids of tubes 1”7 and 2"/, and the resistance
85 and that portion of the “potentiometer”
82 located between its upper end and the
adjustable contact 86 constitutes a separate
grid-bias potential to be applied to the
er grid-bias potential to be applied to the
tubes 8/ and 4”/. A variation of the adjust-
able contact 86 permits the grid-bias poten-
tial on the grids of the tubes of one of said
pairs of tubes to be decreased while that on
the grids of the tubes of the other of said
pairs of tubes is increased. This adjustment
provides a means for correcting for such dif-
ferences as occur in the characteristics of
commercially available vacuum tubes, which
frequently vary as much as twenty per cent,
and it has been found to be of particular
value in the reduction of hum in the load at-
tached to the output terminals 51”7, such for
instance as a loud-speaker.

In the description of the circuits of Figs.
1, 2 and 3 the arranging of the tubes in pairs
has for convenience been explained by refer-
ence to the manner in which the plates and
the two output circuits are connected. That
is, one terminal of each of the output coils
is connected to the plates of the first tube of
each pair and the. other terminals of said
coiis are attached to the plates of the other
remaining tubes. This arrangement calls
for a crossing of two of the plate conductors
and the tubes will be paired in the order
heretofore referred to. The same result will
be ‘accomplished by the arrangement de-
picted in Fig. 4 which shows two of the grid
conductors 10 and 15a crossed. Hence, us-
ing the previous nomenclature and following
the order of the tubes shown in the former
figures (and reading from the top of Fig. 3
downwardly), the disposition of the tubes in
pairs is (1 and 3) and (2 and 4) and, as pre-
viously described, the separate output cir-
cuits are each connected at one terminal to
the anodes of one pair of tubes and at
their other terminals to the anodes of the

_two remaining tubes. Therefore, whichever

form of connection is utilized, it will be seen
that, broadly stated, the pairing of the tubes,
irrespective of their physical arrangement, is
that i which the grids are connected to the
same side of the input circuit, and that in
both forms of illustration the signal voltage
is supplied to the grids of the separate pairs
of ‘tubes in phase opposition.

The circuit arrangements which I have
disclosed eliminate the need of separately
rectifying. the supply current for the tubes
when such supply currents are obtained from
an A. C. source, and I am also able to obvi-
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ate. the use of some of the filtering devices

which have heretofore been considered essen-
tial for maintaining steady potentials at elec-
trodes of thermionic devices. :

The form of amplifier I have devised may
be constructed in units, each embracing four
tubes, and may be used separately, or. as a
final stage of power amplification, or as an
intermediate stage in a radio receiving set,
or.as a telephone repeater.

While I have illustrated the invention by
using standard three element thermionic de-
vices, it is to be understood that other forms
of vacuum tubes may be employed possessing
a larger number of elements with appropri-
ate circuit connections.: The term three ele-
ment thermionic device as employed herein
is therefore not to be considered as a limita-
tion, but.as descriptive of any vacuum tube
structure embodying the necessary input and
output electrodes and means for creating an
electron stream, whether or not a plurality
of one or more .of such elements is included
in the assembly of a single envelope or bulb.
I claim: _ S )
1.-In an amplifier, the combination with
two ‘pairs of thermionic devices each com-
prising a cathode, a grid and an anode, and
an input: circuit connected to the grids of
each pair of tubes, of two output: circuits

each connected at one side to the anode:of a -

tube of one pair and at its other side to the
anode of a tube of the other pair, a heating
circuit. for the cathodes of all the tubes, re-
turn conductors for the input -circuit com-
mon to the two pairs of :tubes and return
conductors for the two output circuits, said
conductors being arranged 1n electrical com-
munication -with each: other and 'with the
filament heating circuit.

four thermionic vacuum tubes arranged in
pairs and each comprising a grid, a filament
and a plate anode, and an input circuit con-
nected at its opposite terminals to. the two
grids of each. pair of tubes, of two output
circuits, one terminal of each being: con-
nected to the.anode of one tube of each pair
and connected at its other terminal to- the
anode of ‘a_tube .of the other pair, acircuit
for supplying current for heating.the fila-
ments of all the tubes, electiical connections

from said heating circuit to the iriput circuit

and. to.the output circuits, and means for
supplying a source of potential to said anode
circuits.: : S

3. In an amplifier, the combination with
two pairs of thermionic vacuum tubes each
comprising a filament, a grid and a plate,
and. an input circuit arranged: to- feed the

'signal waves in phase opposition to each
pair of tubes, of two output circuits each .

comprising. two terminals; one.of each of
which‘is connected to a plate of one of the

‘pairs of tubes, each of the other. terminals

being connected to the plate of the remain- -

ing tube of the other pair, a source of alter-
nating current including a transformer ar-
ranged to supply current to heat the fila-
ments of the several tubes and potential for
the plate circuits.: .

4. In an amplifier, the. combination with

two pairs of thermionic vacuum tubes each

comprising a filament, a’ grid and a plate,
and an input circuit arranged to feed the
signal waves in phase opposition to each
pair. of .tubes, of two output circuits each
comprising two terminals, one of each of
which is connected to a.plate of one of the
pairs. of tubes, each of the other terminals
being connected to the-plate of the remain-
ing tube of the other pair, a source of alter-
nating current including a transformer ar-
ranged to supply current to heat the fila-
ments of the several tubes and potential for
the plate circuits, circuit connections from
the filaments to the input circuit, and circuit
connections from:the filaments to the. out-

‘put circuits including current steadying im-
‘pedance means and grid bias resistance

means. ' ,

5. In an amplifier, the combination with
an input circuit, two output circuits, and
two pairs of thermionic vacuum tubes each

comprising a .grid, a filament and a plate, .

the two grids of :each pair of tubes being
connected to the opposite. terminals of: the
input circuit, the two plates of one of said
pair of tubes being connected to a terminal

of each output circuit and the two remain- -

ing plates being connected respectively to
the remaining terminal of each output cir-
cuit, of a circuit connection between the mid-
point of the input and the midpoints of each

o .. of said outputs including an impedance, a
2. In an amplifier; the combination with -

circuit for heating the filaments of the sev-
eral tubes, a connection bétween said last
mentioned circuit and said input including
a resistance, and a source of plate potential
for the several tubes. :
6. A signal transmitting apparatus, com-
prising two pairs of ‘three element -thermi-

‘onic vacuum tubes, means - for impressing

signal potential changes in the.grids of one

“of said pairs and for simultaneously im-.
_pressing opposite signal potential changes:
in the grids of the other of said- pairs of

tubes, an output circuit connected. to the

‘plates of the first tubes of each pair of tubes,
‘another output :circuit connected to the

plates of the remaining tubes, and a source
of current supplying plate current potential
and cathode heating current for all of said
tubes. . L

7. In asignal 'transmitting apparatﬁs, two.

pairs of thermionic vacuum tubes, means for

impressing signal potential changes in- the-

grids of one of said pairs of tubes and for
simultaneously ‘impressing opposite signal

_potential changes in the grids of the other:
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tubes; an output circuit connected to the
plates of the first tubes of each pair of tubes,
another output circuit connected to the
plates of the remaining tubes, a source of
alternating current, a transformer therefor,
connections from the latter supplying plate

- current potential and cathode heating cur-

rent for all of said tubes, connections for
completing the plate circuits of all of said
tubes, and a current steadying means located
in said plate circuit connections.

8. In a signal transmitting apparatus, two
pairs of three element thermionic vacuwmmn

~ tubes, means for impressing signal potential
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5 changes in the grids-of the tubes of one

of said pairs and for simultaneously im-
pressing opposite signal potential changes in
the grids of the tubes of the other pair, an
output circuit connected to the plates of the
first tubss of each pair of tubes, another out-
put circuit- connected to the plates of the
remaining tubes, center taps on said output
circuits, and a source of alternating current,
a transformer therefor, connections frem the
latter to said center taps for supplying plate
current potential to. said tubes, and means
for heating the cathodes of the tubes.

9. In a signal transiitting apparatus, two
pairs of three element thermionic vacuum
tubes, means for impressing signal potential
changes in the grids of the tubes of one of
said pairs and for simultaneously impress-
ing opposite signal potential changes in the
grids of the tubes of the other pair, an out-
put circuit connected to the plates of the
first tubes of each pair of tubes, another out-
put cireuit connected to the plates of the re-
maining tubes, center taps on said output
circuits, a source of alternating current, a
transformer therefor having two secondary
windings, connections from one of said
windings to the aforementioned center taps
for supplying plate current potential to the
severa11 tubes, Cgfonnections’ rom the other
secondary winding supplying heating cur-
rént for the catht(’)despgfysai%i tubes,bleads
from' intermediate points of the two sec-
ondary windings to the grid circuits, and a
resistance-and an inductance included in said
leads. ' o ‘

10. In a signal transmitting  apparatus,
two pairs of three element thermionic vacu-
um tubes, means for impressing signal po-
tential changes in the grids of the tubes of
one of said pairs and for simultaneously
impressing opposite signal potential changes
in the grids of the other of said pairs, an
output circurt winding provided with an in-
termediate tap and having its end terminals
connected to the plates of the first tubes of

- gach pair of tubes, a second similar output

65

circuit. having its end terminals eonnected

to the plates of the remaining tubes, a fluc-
tuating source of current supply feeding
plate current potential to the intermediate

1,909,153

taps of said two output circuits, connections
from said current supply to the filaments of
said tubes, and a current steadying means
in said connections:

11. In a signal transmitting apparatus,

two pairs of three element thermionic vacu-
um tubes, means for impressing signal po-
tential changes in the grids of the tubes
of one of said patrs and for simultaneously
impressing opposite signal potential changes
in the grids of the other of said pairs, an
output circuit winding provided with an
intermediate tap and having its end termi-
nals connected to the plates of the first tubes
of each pair of tubes, a second similar out-
put circuit having its end terminals con-
nected to the plates of the remaining tubes,
a fluctuating source of current supply feed-
ing heating current to the cathodes of the
tubes and plate current potential to the in-
termediate taps of said output circuits, and
connections from said current supply to the
grid circuits of said tubes comprising an
adjustable grid bias resistance.

12. In a signal transmitting apparatus,
two pairs of three element thermionic
vacuum tubes, means for impressing signal
potential changes in the grids of the tubes
of one of said pairs and for simultaneously
impressing opposite signal potential changes
in the grids of the other of said pairs, an
output circuit winding provided with an in-
termediate tap and having its end terminals

connected to the plates of the first tubes of

each pair of tubes, a second similar output
circuit having its end terminals connected
to the plates of the remaining tubes, a fluc-
tuating source of current supply feeding
plate current potential to the intermediate
taps of said two output circuits, said source
of supply comprising two windings the ter-
minals. of which are connected to the cath-
odes of said pairs of tubes respectively, con-

nections from intermediate points on said .

windings to the grids of all the tubes, and
an adjustable grid bias means in said con-
nections. = :

13.. A thermionic amplifier and full wave
rectifier comprising an input transformer
comprising a secondary winding having an
intermediate tap, two pairs of three ele-
ment thermionic vacuum tubes, the grids of
each of said pairs being connected to the

end terminals of said secondary, an output,

transformer comprising two primary wind-
ings, one of which has its terminals respec-
tively “connected to the plate of one tube
of one pair and to the plate of one tube of

the other pair and the other of which has_

its terminals connected respectively to the
plates of the remaining tubes, a source of
alternating current supply, a power trans-
former therefor having two secondary wind-

ings, connections from one of said windings.

to intermediate points on the output primary
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windings for supplying plate current poten-
tial to the tubes, connections from the other
secondary winding to the filaments, leads
from the two secondaries of the power trans- -

-former to the intermediate tap of the input

secondary winding, a grid bias resistance
in one of said leads, and a current steadying -
impedance in the other of said leads.

14. A thermionic amplifier and full wave
rectifier comprising two pairs of three ele-

‘ment thermionic vacuum tubes, means for

supplying signal voltage in phase opposition
to the grids of each of said pairs, an output
transformer comprising two primary wind-
ings, one of which has its terminals respec-
tively connected to the plate of one tube of
one pair and to the plate of one tube of the
other pair and the other of which has its
terminals connected respectively to the plates
of the remaining tubes, a source of alter-
nating current supply, a power transformer
therefor having three secondary windings
each provided with an intermediate tap, con-
nections from one of said windings to the
intermediate tap points on the two output
primary windings for supplying plate cur-
rent potential to the tubes, separate con-
nections from each of the other two wind-
ings to the cathodes of the respective pairs
of tubes for supplying heating current to
said cathodes, conductors joining the inter-
mediate taps of the two heating current
secondaries to the signal supply means, grid
biasing resistors in said conductors, and a
circuit connection from the intermediate tap
of the plate current potential secondary to a
common. point of said signal supply means,
said circuit connection being also joined to
the aforementioned conductors at a point be-
tween said resistors.

In testimony whereof, I have signed this

specification. .
GILBERT SMILEY.



