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To all whom it may concern.
Be it known that I, Harorn Wriiriam

NicmoLs, a citizen of the United States, re-

siding at Maplewood, in the county of Essex
and %tate of New Jersey, have invented
certain new and useful Improvements in

“Vacuum-Tube Circuits, of which the follow-

ing is a full, clear, concise, and exact de-
scription, ' ] i
This invention relates to vacuum tube cir-
cuits. ‘ - )
Tts .object is to prevent any undesired
capacity effects between the -electrodes in-
closed in a vacuum tube. :

In vacuum tubes of the audion type, there -

are, in general, three electrodes, namely, the
filament, the plate and the-grid. "In view of

their relative positions, there will be a cei-.

tain amount of electrostatic capacity be-
tween these members. When a circuit con-
taining such a tube is subjected to an alter-
nating voltage, there will be a flow of cur-
rent &rough certain branches of the circuit
due to this capacity effectn

For the ordinary vacuum tube, these ca-

pacities are exceedingly small, and the dis-
placement currents resulting therefrom, at
moderate frequencies, are negligibly small.
If the frequencies used in the circuit become
high, say of the order of half a million, the

capacity or displacemeént currents may be.

appreciable. ' _ .

It has been found that such displacement
currents are deleterious in that they decrease
the efficiency of operation of the vacuum

tube and may, under certain conditions, en-

tirely block the action of the tube. This is
particularly true as to the displacement cur-

rent which may flow between the grid and -

the plate. In this cise the areas of the grid
and plite are rather large-and the whole
alternating voltage:¢f the output circuit is
impressed upon-thein: It is apparent that a
comparatively small current flowing from
the plate to the grid and through the input
circuit may produce a sufficient change in

the potential difference between the filament

and grid to materially affect the output cur-

" rent. -
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The object of this {nvention is to prevent.

the fiow of such current, and the object is
attained by adding certain elements to the
circuit whereby the capacity between the
plate and grid becomes a portion of a circuit

which is anti-resonant for that frequency

‘Speocification of Letters Patent,
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which is being used in the circuit. By the
term “anti-resonant” is meant a -circuit
which offers-high impedance to the passage

of currents of the same frequency as that for,

which the circuit is tuned, but -which pro-
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vides a low impedance path for currents of

other frequencies differing from the fre-
quency for which the anti-resonant circuit is
tuned.

With sufficiently high frequencies, the ca-
pacity or displacement current befween grid
and filament may also become large enough
to be harmful and an:arrangement similar
to that described above may be resorted to
in order to overcome such harmful effects.

The invention will be better understood by
reference to the following specification and
accompanying drawings, in which Figure 1
shows one embodiment of this invention as

“applied to a vacuum tube amplifier of the

audion type.

-Fig. 2 illustrates the invention as applied .

to a plurality of audion amplifiers in par-

- allel.
Referring to Fig. 1 of the drawing, 4 is &

vacuum tube of the audion type containing

a filament 5, a grid 6 and a plate 7. The.

input circuit 8 receives electric oscillations
from the generator or source of electric os-
cillations 9 by means of the transformer 10,
These oscillations appear in amplified form
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in the output circuit 13 and are impressed

by means of transformer 14 on any desired

circuit 15, which has a capacity 16 and a ve-

sistance 17. If the oscillations are of the
order of one thousand cyeles per second, the
capacity effects, due to the electrodes are
negligible, but if they are of the order of a
million cycles per second, there will he an
appreciable capacity effect between the grid
6 and plate 7, and, consequently, a current
flow between the input and output circuits.
Such being the case, the output circuit would
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react upon the input circuit and would -

either materially change the character of the.
oscillations impressed upon the input circuit
_or cause them to cease entirely. ’

R \ To avoid
this reaction, I Eropose, to insert between the
points A and B.
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_ _ an inductance 21, which, -
together with the capacity effect between the
+grid and plate, is of such a valye as to form -
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a circuit 22 that is sharply tuned to the gen- -

erator frequency. If such is the case, the

“impedance from point A to point B is in-

finite in valud so that no current can flow
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between said points, and circuit 22 becomes
“anti-resonant” to the generator frequency.

- The capacity 20 is a large capacity added to

10
~“termined only by the amount of capacity
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the circuit to prevent a flow of direct cur-
rent between the input and output circuits
from either the.input battery 25 or the out-
put battery 26.. On account of its size the
capacity 20 may therefore be neglected in
the tuning of circuit 22; that is, for a given
frequency the value of inductance 21 is de-

between the grid and the plate. _

In the case of high frequency oscillations,
the capacity effect across the grid and fila--
ment may, as mentioned above, be sufficient
to allow an appreciable amount of current to
flow in the input circuit 8. This would per-
mit the input circuit to react on the oscilla-
tion generator, which reaction should be
avoided for reasons previously mentioned,
and would -also becomz a diminution of the
effective voltage impressed across the input

terminals. In order to obtain the condition
that the effect of the capacity between the. -

input electrodes shall be inappreciable, I

- propose to. connect an inductance 24 across
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the input terminals of such a value that,
taken with the effective capacity between the
grid and filament, it -forms a circuit anti-
resonant for the given frequency of the gen-
erator, thereby making the impedance of the
input circuit 1nfinite in value so that no cur-
rent can flow between the points C and D.
Although the capacity effects may become
appreciable in the case of a single tube con-
nected as shown in Fig. 1, the effect becomes
much more .marked when a plurality of

~ tubes are connected in parallel. Such a cir-
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“cuit is shown in Fig. 2 where a plurality of

amplifiers 80 are arranged in parallel so that
the capacity between the grids 82 and plates
33, as well as the capacity between the fila-
ments 81 and grids 82, are in parallel. Since
these capacity effects are additive, the totsl
effect is much larger than for a single tube.
Inductance 35, together with the condenser
36, is of such a value that, taken with the
total capacity between the various grids 82
and plates 33, there is formed a circuit anti-
resonant to the oscillations present in the
system. Condenser 86 is inserted for the

same purpose as condenser 20 of Fig. 1, and,
‘in general, is so large as to have no appre- -

ciable effect on the impedance ‘of ‘the.cir-

cuit. Inductance 88, together with the total -

* capacity between the various filaments 31
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and grids 32, is of such a. value as to form
another circuit anti-resonant to the fre-
quency of the oscilliations in the system,
thereby reducing to zero the undesired cur-
rent flow in the secondary of transformer
10, and thus preventing any reaction effects,
as well as loss of effective voltage. |

It 'is obvious that this invention, as set

1,325,870 .

plied for the elimination:of undesired capac-'
1ty effects between ‘the electrodes of ‘any
number of vacuum tubes: connected in any
desired manner. o . '
_Furthermore, although the invention has
been déscribed in connection with a three-
element audion, it is to be understood that it
is equally applicable to any electrical dis-

~

charge tube with two or more electrodes in
‘which it is desired to prevent the effects due

to the capacity or displacement current be-

- tween any two electrodes.

‘What 1s claimed is:

1. A source of oscillations of an ultra

- audio frequency, a vacuum tube device hav-

ing electrodes, means for impressing said os-
cillations upon said device, a circuit contain-
ing said electrodes, said circuit offering a
path of high impedance to said oscillations
while being lower in value for other. fre-
uencies, thereby. preventing said, device
rom reacting upon the source of oscilla-
tions. ' i :
" 2. A source of oscillations, a vacuum tube
device having electrodes, means for impress-
ing said oscillations upon said device, means
for preventing said device from reacting
upon said source, said means comprising a
plurality of circuits each anti-resonant to
the frequency of the oscillations of said
source associated with said electrodes.

3. A vacuum tube device having an input
and an output circuit, a source of oscilla-

_tions of an ultra audio frequency, means for

impressing said oscillations upon said de-
vice, means for preventing the reaction of
said output circuit upon said input circuit
for said frequency, said means comprising a-
circuit anti-resonant to said frequency.

4. A vacuum tube device having input
and output circuits, a source of oscillations
of an ultra audio frequency for said input
cireuit, means for preventing a flow of cur-

‘rent between said circuits, said means com-

prising a circuit sharply tuned to said os-

“cillations.

5. A vacuum tube device having input and
output circuits, a source of oscillations of an
ultra audio frequericy and means comprising
an impedance, high in value for said fre-
quency- and low in value for othérs, inter-
linked between said circuits, whereby any
appreciable flow of current between said cir-
cuits of said frequency is prevented.

6. A vacuum tube device having an input
electrode and an output electrode, a source
of oscillations of an ‘ultra audio frequency,

/input and output circuits, means compris-

ing an inductance in a ¢ircuit shunted across
sald electrodes for providing a high im-
pedance for said frequency between said in-
put and output circuits. ‘

7. A vacuum tube device having an input

: i . electrode and an output electrode, input and
forth in the appended claims, may be ap-

output circuits, a source of electric oscilla-
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."tions of an ultrag,.auél_io frequency for said

input circuit giving rise to a capacity effect
between said input and output electrodes, an
inductance and capacity in a circuit shunted
across said electrodes, said inductance and
capacity in connection with the capacity ef-
fect between said electrodes forming a cir-
cuit anti-resonant to said oscillations, there-

by preventing any appreciable flow of cur-

rent between said circuits.

8. A vacuum tube device having an input
circuit and input electrodes, a source of os-
cillations of an ultra audio fréquency, means

for impressing- said oscillations upon said

input eircuit, means for making the im-
pedance of said input circuit high in value,
said means comprising a circuit including
said electrodes, said last: mentioned cireuit
being anti-resonant to said frequency.

9. A vacuum tube device having inpub
electrodes, an input. circuit, a source of o8-
cillations of anultra audio frequency, means
for impressing said oscillations upon said
input circuit, giving rise to a capacity ef-
fect between said input electrodes, an in-
ductance in a circuit shunted across said
electrodes, said inductance and capacity
forming a circuit anti-resonant to said os-
cillations, thereby preventing said input cir-

M

impulses are transmitted to said electrodes

-and an auxiliary circuit comprising an in-

ductance and a condenser in-circuit with
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said auxiliary electrode and said anode for '

neutralizing the capacity between said

auxiliary electrode and said anode.
14.. The combination with an evacuated

vessel having a plurality of electrodes, of o

source of oscillations of an ultra audio
frequency and means comprising am-anti-
resonant circuit for neutralizing the capacity
effect of said frequency between two of said
electrodes.. =~ = .

15. The combination of an evacuated ves-
sel having a plurality of-electrodes, of a
source of oscillations of an ultra audio fre-
quency and means comprising a circuit anti-
resonant to said frequency for neutralizing
the effect of the capacity between two of
the elecirodes for said frequency.

16. The combination with a vachium tube
device having electrodes of a source of os-

cillations of an ultra-audio frequency and

cuit from reacting upon said source of oscil- -

jations. :

10. A vacuum tube device having inpug
and output electrodes, and an input circuib
and an cutput circuit, a source of oscillations
of an ultra-audio frequency, an anti-resonant

circuit for said oscillations having a portion

thereof shunted around said electrodes,
thereby preventing said output circuit from
reacting upon said source. v

11. The combination with an evacuated
vessel containing a cathode, an auxiliary
slectrode and an anode, of a source of os-
cillations of an ultra audio -freduency and
means for neutralizing the capacity effect at

25 said frequency between said suxiliary elec-

trode and said anode.

12. The combination with an evacuated
vassel containing a cathode, an auxiliary elec-
srode and an anode; of a source of oscilla-

tions of an ultra audio frequency and a local

cireuit inciuding  said auxiliary electrode
and said anode for neutralizing the capacity
effect at said frequency between said auxil-
iary electrode and said anode. o

i3, The combination with an evacuated
vessel containing a cathode,an anode and an

nuxziliary electrode, of a cireuit over which

1916,

an inductance in a branch of a circuit anti-
resongnt to said frequency shunted around
said electrodes for neuiralizing the effect at
said frequency of the capacity between two
of said electrodes.. :

i7. The combination with a vacuum tube

amplifier containing a cathode, an anode and-

a grid, of a seurce of oscillations of an ultra
audio frequency and a local cireumit con-
taining said grid and anode, said circuit hav-

ing high impedance for currentsofsaid fre+

guency while having a low impedance for

currents of frequencies considerably removed

from said freguency. v

18. The combination with an evacuated
vessel containing a cathode, an anode, and
an auxiliary electrode, of ‘a circuit over
-which impulses are transmitted to said elec-
trodes and an auxiliary cireuit comprising

‘an inductance and a condenser in series with

said auxiliary electrode and said anode.’

19. A vacuum tube device having inpub
and -output electrodes and an input circui
and an output circuit, 2 source of oscitlations
of an ultra-asudio frequency, and an anti-
resonant circuit. for said oscillations com-
prising a plurality of branches in one of
which are said electrodes, thereby preventing

‘said outgoing circuit from reacting upen

said source. o -
In witness whereof, I hereunto subscribe
my name this 27th day of December, &. D.,

HAROLD W. NICHOLS,
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