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This invention relates to vacuum tube output .in Fig. 1 and Fig.4 shows still another practica.l
circuits and provides a method of and means for form of Fig. 1.
.coupling an ordinary vacuum tube or power tube Fig.'5 shows.a practlcal form of the invention
to an indicating device or coupling device. - adapted to the output circuit of a modern radio
5 One application of my invention is to provide receiver.’
8 method of coupling the power tube in a radio  Fig. 6 illustrates the apphca.tlon of the inven-
receiver or power amplifier to the loud speaker, tion fo a circuit including a vacuum tube- volt-
and at the same time eliminate the steady direct meter, :
current from the loud speaker windings while ~ Fig. 7 shows a practical apphcatmn of the cir-
10 maintaining a high quality of reproduction of -cuit: to a modern power operated radio receiver 10
musical sounds, or other reproducing equipment -and 7e shows
Another object is to eliminate the customary ‘a corresponding bridge circuit.
“output transformer or output filter. . 'Pig. 8 shows another practical clrcult some de~
Another object is to reduce the manufacturing tails of which are different from Fig. 7, and Fig.
16 cost of high quality power operated reproducing 8¢ is the-equivalent bridge circuit. 15
apparatus such as power operated radio receivers. Pigs. 9 and 10 are illustrations of the method
Another object is to provide means for elim- for both an output circuit and a coupling circuit
inating the steady direct current from sensitive b0 a'preceding vacuum tube in a cascade ampli-
indicating devices operated in plate circuits of fier, both tubes receiving power from the same
20 vacuum tubes, such as vacuum tube voltmeters, Sscurce. 20
relays, recorders, etc., while passing on minute = In Fig. 1 T-have shown an arrangement corre-
signal operated direct current fluctuations de- Ssponding in some ways with'what is commercially
signed to operate said indicating devices.’ termed a Wheatstone bridge having the four
Another object is to provide an inexpensive bridge arms 1,2, 3-and 4, each 6f which may in~
25 method of coupling vacuum tubes in amplifiers. clide various elements and combinations of ele- 25
- Another object is to provide a method of elim- ments aswill herema,fter be set forth. “The source
inating the steady direct current from interstage Of plate voltage is indicated diagrammatically ab
coupling transformers or choke coils, thus reduc- 9 and its terminals connected at 6 and 7 between
ing the likelihood of saturation and allowing the ‘the arms 1 and 2on one side and the arms 3 and
30 use of less iron in such devices; and cheapening 4 on-the other side. - : 30
the cost consistent with a given quality of output. ~ The indicating device or couphng dev1ce is
"’ To accomplish these objects I separate the di- ‘shown diagrammatically at 8 with its terminals
rect current source-supplying plate voltage to a coiinected at the points 9 and 10 between the
vacuum tube from the indicating device or cou- arms 1 and 3 on one side and 2 and 4 on the other
35 pling device operated by said vacuum tube and for  side. In the form shown in Fig. 1 I have illus- 35
this purpose the terminals of the indicating or trated the vacuum tube 11 which may typify the
other device are in effect connected to oppos]_te plate circuit of one or more vacuum tubes. When
pairs of bridge terminals and the power supply is the bridge arms 1, 2, 3 and 4 are so proportioned
connected between the mtervemng pairs of bridge that the bridge is balanced for direct current, the
40 terminals. 'The bridge network may consist of bridge terminals 9-and 10 are isolated electrically 40
resistance elements, inductance elements, capaci- from the bridge terminals 6 and 7. ‘Consequently
tive elements or combinations thereof. - no direct current will fliow through the indicating
Tt should be understood that my broad inven- device assuming that the bridge was balanced for
tion contemplates the attainment of any one or the steady state condition with normal filament
more of the foregoing objects although I prefer voltage, plate voltage and grid biasing voltage on
to design and arrange the elements to accom- the vacuum tube,
plish. all of them. - - When the signal or other source of voltage is
Referring to the drawmgs, Flg ‘1 illustrates applied to the grid of the vacuum tube, its plate
diagrammatically one arrangement by which an circuit impedance is changed, “the bridge unbal-
50 indicating device, operated by -a vacuum tube is anced and a corresponding pulsation is applied to
isolated from the local source of plate voltage, the indicating device. The constants of arms 2,
Fig, 2 illustrates another form, in which the 3 and 4 will depend largely upon the type of vac-
same object is accomplished, the vacuum tube uum tube used and other design considerations
being in another position, o which will be apparent to .one skilled in the art.
68  Fig. 3 shows a modification of the type depicted While I have shown a vacuuin-tube in bridge arm 65
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1 it could be replaced of course by a transformer
secondary, the primary of which is in the plate
cireuit of the corresponding vacuum tube.

In Fig. 3 T have shown an arrangement similar
to that above described in which the arms 1, 2,
3 and 4 are now represented by resistances R1,
R2, R3 and R4. In this case Rl and R3 each in-
cludes a choke coil which may provide all or part
of the necessary resistance for the steady state
bridge:balance: - Bridge arm:RI: is:part of the
plate citcuit of the: vacuum. tube 12 which: may
unbalance the bridge circuit in the same general
manner as vacuum tube 11 in Fig. 1.

In the arrangement of Fig. 2 I have shown the

vacuum tube 13 with its plate-cireuit connected'-
in arm 3 of the bridge. It should-be.understood -

of course that the filament heatmg source may

be provided in any suitable manner:and:that the -

grid circuit may be connected in any- suitable
manner. -

. Figr &:corresponds: with-the'eireuit.of: Fig: 1. Tt
will be understood of course that. the:proper re-

_sistance: relatlon fona stea.dy state: balance ist

R __R3
R2 R4

The circuit; of Flig, 5 shows g practical apphca-
tion as applied to a receiving circuit including-a

Joud: speaker: 14. which:takes.the: place; of the in-
-dicating ~device 8: being. connected. between: the -.

terminals 9-and; 10;;. It -will-be seen-that the:plate
circuit of the vacuum, tube:11 constitutes.the
-arm; Rl of:the-bridge: -R2.includes-a -switch: 15.
R3rrepresents-one:arm-including. a- choke: having
the necessary direet; current. resistance. ‘R4 in-
cludes-the necessary;resistance. Obvicusly Fig. 5
in; some; respeets:resembles-the normal. circuit for
a;loud speaker connected to:a power tube except
that:I have: -added;resistances R2 and R4in proper
proportions which combined with the resistance of
the:choke- coil: represented. as-R3-and the plate

‘resistance-of the tube-Rl.forms.a balance:so that
‘the: ordinary-;.condenser usually: connected. with

the-loud;speaker: is-unnecessary inasmuch.as no
current. will: flow-through the loud-speaker: except
when:thebridge-is-unbalanced by-a: signal voltage
appliedito;the:grid:ofithe tube 11.

By this: arrangement the. loud: speaker con-
denser:dis: done away.: with:;: This is of great ad-
vantage in high quality reproduction inasmuch as
:the:condenser offers-a high:reactance to low fre-

queneiesias:compared to:the-reactance it offers-at

high-frequencies:and consequently unless.it-is-of
‘&:.Very-large: capacity; -is -a- source. ofr distortion.
Unless-of high grade-the condenser:is-also a source
«af: trouble-inasmuch- as it-is -subjected: to. high
voltages:and:may break down completely,
Fig:;6:shows: the principle:of Fig. 4 as-applied
tma vacuum.tube -voltmeter in -which . the bridge
arms:Ri1,R2; R3and R4 are shown-in a manner
similar. 10; those;of ‘Fig. 5,.resistance R3 being.the
direet: current: resistance: ofi: the choke. coil .or
other-impedance 416.; Vacuum tube 11- may have
its. grid biassadjusted.so that it functlons as-a
pla.te xeetifier: .. This-adjustment may be made by
potentiometer 17 by means of which an -adjusta-

‘blennegative grid bias. may-be fed to the grid of

tube 11;through.grid.leak 18. - After this adjust-
menthassbeen made-the: ‘bridge .arms. should. be
adjusted for zero current-on the indicating meter
19%.-This adjustment-may -easily be effected. by
lettlng Ré4:-be-an adjustable resistance.  The other
bridge arms-may. be: fixed-in -value. . Switch 19.is
merely; dlagrammamc—m -practice. it could: be
combined, with-the “A%- battery switch..- In-gen-

1,089,394

eral this vacuum tube voltmeter may be operated
in a manner similar to that described in U. S.
Patent 1,232,919 issued to R. A. Heising. In my
arrangement, however, I have included condens-
ers 20 and 21 to which input terminals 22 and 23
are connected.

Another simple method of operation consists in
calibrating the indicating meter 19’ in volts with
a given vacuum tube after the bridge has been
balanced; by means of .thergrid-bias;adjustment
17- or. the:equivalent. Thereafter :before using
the instrument it is only necessary to adjust the

. bridge until the meter reads zero on the calibrated

scale.

- Thus sources* of voltage of any frequency may
‘bermeasured: even though the external circuit is
not closed inasmuch as the input circuit of vac-
uumstube 1115 so‘arranged that the grid biasing
is -independent of the source of voltage being
measured as long as this voltage is w1th1n the lim-

'.1ts of: the:vacuun tube: voltmeter;

This:methodifor:a: vacuum:tubes voltrneter ‘has

:some:advantages:overthe:usual method inasmuch

as the device may.be;operated-on-a steeper portion

-ofi-the; grid-voltage:plate-current-characteristic,

giving:greater sensitivityiand in.addition, allows
the; use of sensitive direct current indicating.in-

‘struments: for: measuring: alterna.tlng currents of

high frequencies.
Ing similar:manner, other sensitive- direct.cur-
rent indicating instruments may:-be:-operated:by

-alternating: .currents..thus; obtaining the -sensi-

tivity of direct current instrumentson alternating

-currents. .. Forinstance; the: microammeter. 19

of:Fig.-6.may-be-:replaced-by a-direct current relay

Sensitive -enough: to..give -a.-positive :indication
-when supplied, with: a-very few micro-amperes of
-direct-current. -. This-would not-be possible if the
‘steady-state.-directcurrent: were - not. balanced out

as-the normal. plate-flow would: not-only -operate
but: pessibly.-burn out:-the. winding. .. Obviously
a filter- or. transformer: would:not-suffice: as:alter-
nating .current-only- would:be .passed, -which..of
course.would not operate a direct.eurrent instru-

‘ment:.- In short,;this.output -circuit, may be-used :

in. connection: withra-vacuum tybe.in.any.case
where it.is: desired. to -utilize- the Weak spulsating
direct current w1thout\ the presence.of the;rela-
tively. great steady- state d1rect current\ﬂowmg in
the plate:circuit..

- PFig, T shows-: the genexal arra,ngement of. Flg 5

'apphed to.avmodern.: power . .operated- amplifier

system in.which-the source of. plate.voltage which
may .be.from. direct.current. lighting majns-or a
rectifier. system fed. by alternating-current, light-
ing mains:is apphed to: pomts 23.and. 24 which are
the. input - termlnals of. a-filter comprising -filter
condensers.25.and26. and choke coil 27. “The cus-
tomary voltage divider 28is furnished as shown to
which.may. be connected- the. customary. voltage
taps for feeding -the. amphﬁer plates-and grid
biases. In.the.normal.system .choke : -coil, R3
would be. connected as shown, and the loud- speak-

er .in-series .with.. the customary blocking, con-
.denser- connected However, . I have. done away

with .the.- blockmg .condenser.. by connecting, the
loud speaker terminal which would. ordinarily go
to-the filament; circuit to.point.10-on. the. .voltage
divider, thus formlng the bridge. circuit, the arms
R1, R2,.R3 and R4 of.which. I have.indicated-on
the. dlagram In actua,l operatmn if a- m1111am-
meter be. 1nserted in wire 30 and pomt 10.be.pro-
gressively. moved from near point 7,:taking.care
not to burn out the loud spea.ker wmdmg, 2 large
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cuwrrent will gradually decrease until point. 10 is
reached when no current will be indicated. If the
wire be progressively moved further the current
in the milliammeter will reverse in direction.
Thus, by my invention, the usual condenser, a
source of distortion and trouble, is done away
with entirely and at no additional practical cost,
in most cases, in fact, at a saving in cost.

In practice, of course, the usual impedance ad-

justing transformer may be connected to the loud-

speaker as shown in one of the diagrams. Fig. 7a
shows the corresponding bridge circuit utilized
in Fig. 7 together with the usual method of ob-
taining grid bias for the output tube 11.

Fig. 8 shows another loud speaker arrangement
by which the steady direct current is eliminated
from the loud speaker or transformer windings
but another method of grid biasing is used. 'This
also is a common method of obtaining the grid
voltage, the corresponding grid circuit for which
is shown in Fig. 8a.

My system is of advantage even when the loud
speaker is connected through a transformer in-
asmuch as much less material is used in the trans-
former when the heavy direct current is balanced
out inasmuch as the core cannot become satu-
rated, which allows the use of a smaller core thus
giving great saving in iron, copper and weight.

Fig. 9 includes the output circuit of Fig. 7 in
which the direct current is balanced out of the
loud speaker and shows in addition the direct
current also balanced out of coupling transformer
32 by adjusting connection 33 on voltage divider
28. Thus the same voltage divider functions as
arms R2 and R4 in two different bridge circuits.
The corresponding bridge circuit together with
the method of biasing the grid for the output of
tube 11 as well as tube 34 is indicated in Fig. 7a.

In Fig. 10 I have indicated another circuit in
which the output circuits of two vacuum tubes
included in g cascade amplifier are treated by my
method. Likewise any number of stages of amp-
lification could be similarly treated.

Fig. 10 differs from Fig. 9 particularly in the
method. of biasing the grids of the two vacuum
tubes and the corresponding bridge circuit is sim-
ilar to that shown in Fig. 8a.

It will be understood that the general circuit

3

arrangements may be varied within wide limits
and that I have shown certain more or less well
known circuits as typical examples.

I claim: .

1. In the output circuit of a vacuum tube, four
impedances at least one of which has a high in-
ductive reactance to resistance ratio connected
in series with the two outer ends joined together
forming a closed bridge network, said bridge in-
ductive reactance having a vacuum tube filament
connected to it, the other end of said reactance be-
ing connected to the plate of said vacuum tube,
a source of plate supply connected between the
bridge junction to which the filament is attached
and the bridge junction farthest removed electri-
cally, a load device connected between the bridge
junction to which the vacuum tube plate is at-
tached and the fourth bridge junction, and means
for so proportioning the bridge impedance arms
that under normal conditions, substantially no
direct current potential exists at the load termi-
nals unless a change occurs in the grid circuit of
the vacuum tube, and means for adjusting the
biasing voltage of the grid of said tube.

2. In a vacuum tube output circuit, a bridge
having arms comprising two resistance elements,
the anode circuit of 2 vacuum tube and a choke
of substantial alternating current impedance and
of known resistance, a source of plate voltage
supply connected at opposite junctions ‘of the
bridge and a load connected between intervening
elements of said bridge so that substantially no
direct current flows therethrough when said
vacuum tube has zero input.

3. In a vacuum tube output circuit, a bridge
having arms comprising two resistance elements,
the anode circuit of a vacuum tube and a choke
of known resistance, a source of plate voltage
supply connected at opposite junctions of the
bridge and a load connected between intervening
elements, one arm of said bridge including the
plate circuit of a vacuum tube and said bridge
being so balanced that said load has substantially
no direct current flowing therethrough until the
input circuit of said vacuum tube is excited said
choke having a substantial alternating current
impedance, )
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