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To all whom it may concern: .. - :
 Be it known that I, Arexanper McLrax
Nicorson, a subject of the King: of Great
Britain, residing at New York, in the county
5 of New York and State of New York, have
invented certain new and:useful Improve-
ments in Selective Apparatus for Signaling
Circuits, of which the following is a full,

clear; concise, and exact description. - '
10 - This invention relates to selective appara-
tus for signaling circuits, an object being to
rovide a vacuum tube capable of function-
Ing as an annunciator, more specifically -ca-
pable of functioning both as an annunciator

;18 and as a repeater.

- In accordance with this invention it has
been found that a vacuum tube of the well-
known sudion type may be made to function
both’ as an annunciator to indicate that sig-

20 nals are being received and as a repeater of
those signals. . o -
~As is well known in the art, an evacuated
vessel of the audion type may comprise three

electrodes, a filament, an-anode, and a grid

‘25 or auxiliary electrode. In one form of:this
invention, in addition to these electrodes, is
provided a dielectric plate between the aux-
iliary electrode and’ the filament, whereby
space current between the filament and the

30 plate is made indépendent of the static po-

_tential or of slow changes-of the potential
of the auxiliary electrode, but is dependent,
upon the potential of said electrode, due to
voltages of a higher frequency. Any ele-

35 ment or combination of elements capable of
performing the function of the dielectric
plate may, of course, be substituted therefor.
Such a tube is, therefore, particularly adapt-
ed for a system for the reception of signals,

'40 since the tube may be employed both as a
repeater or detector of the incoming signals,
and also for example, ag an annunciator to
energize a relay for ringing a bell.

Although this vacuum tube annunciator

45 will hereinafter be described in connection
with a receiving station for a high frequency
signaling system, it is to be understood that
it may also be employed for all other pur-
poses to which an annunciator may be ap-

50 plied. - .. '
¢ For the setting of the tube for the an-
nunciator action, the potential of the grid
is made just below the critical value for no
space current, i. e., the space current is sub-

55 stantially zero. An incoming positive im-

pulse of any frequency .which would, for
instance, be a component part.of an incom-
ing’ signal wave impressed upon.the .grid,
will start the space current. The space cur-
rent. persists even afier the incoming waves
cease. .The current.which is thereby. estab-
lished in the output circuit may be employed
to energize a relay for ringing a bell or to
energize any other apparatus desired. The
same tube, moreover, when the space current
has been established may be employed as an
amplifier or detector of the incoming signal
oscillations, as for rapidly varying oscilla-
tions the operation of the ttll?;e ias been

“found to be substantially the same as if the
dielectric. plate were absent. By rapidly

varying. oscillations is meant, with a tube
constructed . substantially -as shown in the
drawings, oscillations having a frequency
of about one quarter of a cycle per second,
or more, a: frequency less than this being
rather uncommon, * . :

A tube of this kind also possesses many
advantages over the types of tubes mow
known in the art in regard to ease of con-
struction and to a possible close spacing of
the electrodes. Hitherto considerable skill
has been required  to manufacture a tube
having- its- electrodes supperted rigidly
enough for them to maintain their proper
space relations under all working con£tions.
However, in the above described form of the
tube, the construction may be such that the
above mentioned difficulty does not occur,
since ‘the cathode or the auxiliary electrode
or both may be supported by the dielectric
which in turn may be supported by the
anode or plate -electrode. This tube may
therefore be readily employed as an ampli-
fier or detector, as its action for alternating
currents of speech frequency or for a higher
frequency may be the same as such a tube
in which the dielectric is omitted.

For the better understanding of this in-
vention, reference is made to the following
detailed description taken in connection
with the accompanying drawing, in which
Fig. 1 shows in detail the construction of
a tube in accordance with this invention;
and Fig. 2 shows how this tube may be em-
ployed as a combined annunciator and am-
plifier in a radio receiving system.

Fig. 1 shows in perspective a tube with
certain parts torn away in order that its
construction may be more readily under-
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stood. In the evacuated vessel 4 are two
sheets 5 and 6 of a dielectric, such as mica,
around which is wound the filament 7.
These dielectric sheets have serrated edges

so that the turns of the filament may be
supported, and the desired distance between

* turns be maintained. Between these two
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sheets, and insulated from the filament by
said sheets, is the auxiliary electrode !9,
shown in the form of a long metallic. strip.
The anode 10 is shown in the form of a
metallic cylinder surrounding the two other
electrodes and the dielectric sheets. This
cylinder is supported by the arm 12 of the
glass standard 13.
the auxiliary electrode and the ifilament,
‘however, are shown to be supported by the
anode, due to the fact that the width of
the dielectric sheets is slightly, greater than
the inner diameter of the cylinder, so that

. they are firmly held therein.

Fig. 2 illustrates a receiving system for

 high frequency signaling having in con-

junction therewith a vacuum tube an-
nunciator 4 of the general form shown in
Fig. 1. Assume that the potential of the
source of voltage 15 is sufficient to estab-
lish a space current between the anode 10
and the filament 7. If, now, the negative
potential of the source of voltage 17 is
numerically greater than the critical value
for no space current, then, on closing the
key 19, the negative voltage applied to the
grid will reduce the space current to zero.
The tube 4 is then ready to act both as an
amplifier and as an annunciator for the
signals received by the antenna 20. As-
suming that these signals consist of high
or radio frequency - oscillations, modulated
by low or telephone frequency signals, the
oscillations received by transformer 21 will
be impressed upon the circuit 22, tuned to
the frequency of the carrier wave oscil-
lations. The oscillations in this tuned cir-
cuit are then impressed upon the input ter-
minals of a detector 25. The detected cur-
rents in the output circuit 27, by trans-
former 28, may then be impressed upon the
input circuit 30 of the tube 4. These de-
tected currents impressed on the auxiliary
electrode will make it more positive than
the critical value for no space current, there-
by allowing the current to flow. After the
space current has been started in such a
manner by impressing positive impulses
upon the grid, 1t has %een found that the

‘current rises to approximately its full value

for zero potential of the grid, and there-
after persists and remains independent of
the value of the static potential of the grid.
The current, however, may be controlled by
the impulses resulting from the detection of
the incoming signals so that the tube may

~function as an amplifier of these impulses.

65

The space current established in the out-

The dielectric sheets,-
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put circuit 33 by the incoming signals may
be employed to energize a relay 34, where-
by contact is made between the arm 35 and
the point 36, thereby closing the circuit
containing the battery 38 and the bell 39.
The ringing of this bell is, therefore, an
indication that signals are being received
by the antenna. :

The output circuit also contains the de-
tected currents which have been amplified
by the tube in a manner now well known in
the art. These amplified oscillations may
be impressed by the transformer 42 upon
other amplifiers or, as shown, may be im-
pressed upon a suitable receiver 43.

As relay 34 presents a path of high im-
pedance for the amplifying currents in the
output circuit, a low impedance path con-
taining the condenser 44 is shunted around
the relay. _

In order to sensitize the annunicator for
another call, the space current should be
brought to zero again. This may be ac-
complished by opening the key 19 for a
small interval of time, and then closing it.

With regard to the operation of the de-
vice, while the space current is flowing, the
dielectric sheet or sheets pick up positive
charges of such amount as to shield the
filament from the charge on the grid. The
thermionic current is thus made independent
of the potential between the filament and
the input electrode. When, however, the
input circuit is opened for an interval of
time sufficient to allow these charges to
leak to or from the dielectric and the fila-
ment, then, on closing the circuit again, the
input electrode will be brought to a negative
potential greater than that required to give
no space current, and the current is re-
duced substantially to zero before the com-
pensating charges have time to collect on

-the dielectric. But, as soon as the grid is

momentarily made more positive than the
critical value, then the space current will
start to flow again, and the dielectric will
acquire positive charges sufficient to com-
pensate for the static potential between the
filament and grid.

. This statement as to the action of the
device is the most plausible which can at
present be given, but it is not intended in
any manner to limit the invention, which
is defined in the appended claims.

What is claimed is:

1. A vacuum tube device having at times

substantially zero space current, and means
responsive to impressed alternating current
waves to establish the space current.

2. In combination, an incoming line, a
vacuum tube having an anode, a cathode and
a control electrode, circuit connections be-
tween said line and said control electrode
and said cathode, and means for causing
said tube to change its amplifying proper-
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ties when acted upon by slowly varying po-
tentials from said line while maintaining
fixed said circuit connections.

3. Means for modifying the space current
of a vacuum electric device having a current
control element therein, said means compris-
ing a shield for said current control elemerit.

4. The combination of a vacuum tube de-
vice normally inoperative to repeat alternat-
ing currents, and means responsive to alter-
nating currents to render said tube opera-
tive.

5. The combination with a device through.
which electric current flows between spaced -

7

circuit terminals, of means for producing a .

substantial modification - of the current
through said device comprising a dielectric
element adjacent to one of the circuit ter-
minals within the device.

6. In combination, an evacuated vessel
comprising an anode, a cathode, and a con-
trol electrode, and self supporting shielding
means between said control electrode and
said cathode for causing slow changes in the
potential of said electrode to produce a sud-
den rise of current in said vessel.

7. The combination with. a vacuum tube
discharge device which is quantitatively re-
sponsive to high frequency potential varia-
tions, of means associated with said device
for changing such responsiveness from quan-
titative in nature to qualitative when the
potential variations are of relatively low
frequency.

8. The combination with an electric dis-
charge device having circuit terminals there-
in separated by a solid dielectric element, of
a plurality of translating devices selectively
operated by said discharge device.

9. The combination with means for pro-
ducing eleciric disturbances of different
characteristics, of an electric discharge de-
vice subjected to said disturbances and means
within said device for causing said device to
respond selectively thereto, the character of
the response being different for each of a
plurality of the differently characterized
disturbances. - '

10. The combination with means for pro-
ducing electric disturbances of different
characteristics, of an electric discharge de-
vice subjected to said disturbances and re-
sponding selectively thereto, and means for
rendering useful at will any one or more of
said selective responses.

11. The combination with means for pro-
ducing electric disturbances of different
characteristics, of a vacuum electric device
subjected to said disturbances and respond-
ing selectively thereto, and means for ren-
dering useful at will'any one or more of said
selective responses.

12. An evacuated vessel and an electrode
therein comprising a filament wound around

a self-supporting dielectric sheet.

8

-13. An electric discharge device compris-
Ing an evacuated vessel containing an anode,

a cathode, and a control electrode, means

connected with said vessel for supporting
one of said electrodes, a member of insulat-
ing material supported by said last men-
tioned electrode, said other two electrodes
being supported by said member.- .

14. In an evacuated vessel, an anode,
means for sué)
tric supported by said anode, and a filament
and an suxiliary electrode supported by said
dielectric. o , '

15. In an evacuated vessel, a hollow elec-
trode, a dielectric sheet withinsaid electrode,

“the width of said sheet being slightly greater

than an inner dimension of said electrode
whereby the dielectric sheet is supported by
said electrode. | oo

16. In an evacuated vessel, a hollow elec-
trode, a dielectric sheet within said electrode,
the width of said sheet being slightly greater
than an inner dimension of said electrode
whereby the dielectric sheet is supvorted by
said electrode, and an electrode supported
by said dielectric.

17. In an evacuated vessel, a hollow anode,
a dielectric sheet within said electrode, the
width of said sheet being slightly greater
than an inner dimension of said electrode
whereby the dielectric sheet is supported by
said electrode, and a filament and an auxil-
lary electrode supported by said dielectric.

18, In an evacuated vessel, an anode, a
cathode and an auxiliary electrode, means
for establishing a space current between said
anode and cathode, and means whereby said
space current is made independent of slow
changes in the potential of said auxiliary
electrode.

19. In an evacuated vessel, an anode, a
cathode, means for establishing a thermionic
discharge from said cathode, an auxiliary
electrode adjacent said cathode, and means
whereby the discharge from said cathode is
made .independent of slow changes in the
potential of said auxiliary electrode.

20. In an evacuated vessel, an anode, a
cathode, means for establishing a thermi-
onic discharge from said cathode, an auxil-
iary electrode adjacent said cathode, means
whereby the discharge from said cathode is
made independent of slow changes in the po-
tential of said auxiliary electrode but is
caused to fluctuate with more rapidly alter-
nating potentials of said auxiliary electrode.

21. An electric discharge device compris-
ing a highly evacuated envelope, said en-
velope containing an anode, a cathode and a
cold electrode, a solid dielectric substantially
dividing the space between said cathode and
said cold electrode, and an external connec-
tion for each of said electrodes.

22. In an evacuated vessel, an anode, a
filamentary cathode, a cold electrode, and a

orting said anode, a dielec-
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solid dielectric completely separating said
cathode from said cold electrode. !

23. In an evacuated vessel, an anode, a
cathode of thermionically active material,
an auxiliary electrode, und a dielectric sheet
between said cathode and said auxiliary elec-
trode adapted to shield said cathode from
slow changes in the potential of said aux-
iliary electrode. g

24. An annunciator comprising an evacu-
ated vessel, said vessel having an input cir-
cuit and an output circuit, a source of volt-
age in said input circuit, a source of voltage
and a relay in said output circuit, and
means for rendering the current 'in said
output circuit independent of slow changes
of the voltage in said input circuit. o

25. An annunciator comprising an evacu-
ated vessel, said vessel containing an anode,
a cathode and an auxiliary electrode, a re-
lay and a source of voltage connected be-
tween said anode and cathode, and means
for rendering the space current between said
cathode and anode independent of the static
potential of said auxiliary electrode. '

26. In an evacuated vessel, an anode, a
cathode and an auxiliary electrode, means
for establishing a space current between said
cathode and anode, a source of potential for
said auxiliary electrode of a value more neg-
ative than the critical value for no space
current, means for making the value of the
potential of said source more-positive than
the critical value, whereby the space current
may be established, and means interposed
between said auxiliary electrode and said
cathode whereby said space current will con-
tinue to flow after said last-mentioned means
ceases to act.

27. In an evacuated vessel, an electrode,
insulating material supported by said elec-
trode, and a plurality of other electrodes
supported by said insulating material.

28. A vacuum tube of the audion type
comprising a plate electrode, insulating ma-
terial supported thereby, and a plurality of
other electrodes supported by said insulating
material. : .

29. A space current device comprising a
plate anode, and a plurality of other elec-
trodes insulatingly supported thereby.

30. A vacuum tube device comprising a
control electrode, a cathode and an anode,
two of said electrodes being insulatingly
supported by the other electrode.

81. An audion comprising a hollow elec-
trode, a plurality of sheets of insulating ma-
terial supported thereby, a control electrode
surrounded by said sheets, and a filament-
ary electrode surrounding said sheets.

32. A vacuum_tube device comprising a
cathode, an anode and a control electrode,

means for supplying a space current be- -

tween said cathode and anode, means for.
supplying a potential to said control elec-

1,464,104

trode, said potential having such a value
that said space current is substantially zero,
and means responsive to alternating cur-
rents to establish the space current.

33. The method of operating a vacuum
tube which comprises -establishing a space
current therein in response to received alter-
nating current waves. :

34. The method of operating a vacuum
tube which comprises changing the space
current from zero to a finite value in re-
sponse-to received alternating current waves.

35. A vacuum tube device comprising
means for supplying an electron stream,
controlling means for said stream, a source
of voltage for normally making the poten-
tial of said controlling means of sufficient
value to reduce said electron stream stbstan-
tially to zero, and means for changing at
limes the effectiveness of said source while
maintaining the connections of said source.

36. A signaling system comprising a
vacuum tube device having normally zero
space current, and means responsive to alter-
nating current waves to establish the space
current whereby said tube is maintained re-
'sponsive to subsequently received waves.

37. A high frequency receiving system,
comprising a high frequency receiving con-
ductor, means for receiving the high fre-
quency signals from said conductor and
translating them ‘into low frequency sig-
nals, said means comprising a vacuum tube
device having substantially zero space cur-
rent when no high frequency waves are re-
ceived, and means responsive to an im-
pressed high frequency wave to establish
said space current. ’

38. A vacuum tube device comprising a
cathode, an anode and a control electrode,
means for supplying a space current be-
tween said cathode and anode, and means
for reducing said space current substantially
to zero when no waves are being received
by said device and for establishing said
space current upon the receipt of waves, said
space current persisting in the absence of
received waves,

39. A vacuum tube device comprising a
cathode, an anode and a control electrode,
means for supplying a space current be-
tween said cathode and anode, means for
supplying a substantially constant potential
to said control electrode, said potential hav-
ing such a value that said space current is
substantially zero, and means responsive to
alternating currents to establish the space
current. )

40. A space current device comprising a
control electrode, means tending to supply
a space current for said device, means tend-
ing to prevent said space current from heing
supplied, said means being so related that
sald space current is substantially zero, and
means for varying the effectiveness of one
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of said first two-mentioned means in re-
sponse to received waves while maintaining
the electrical connections for said last-men-
tioned means. .

41. The method of operating a vacuum
tube device having a control electrode and
a space current, which comprises providing
for said control electrode a potential of suf-
ficient value to reduce said space current sub-
stantially to zero, and varying the effective-
ness of t{e potential of said control electrode
while maintaining fixed the circuit connec-
tions of said control electrode whereby said
spaced current is established.

42. The method of operating a vacuum
tube device having a control electrode and
a space current, which comprises providing

tial of sufficient value to reduce said space
current substantially to zero, and superpos-
ing on said potential alternating current
waves whereby said space current is estab-
lished. : '

43. The method of operating a vacuum
tube device having a control electrode and
a space current which comprises providing
for said control electrode a constant poten-
tial of sufficient value to reduce said space
current substantially to zero and superpos-
ing on said potential - alternating current
waves, whereby said space current is estab-
lished, and persists after said electrical
waves are no longer received. ’ -

44, An electron discharge device com-

prising a cathode, an anode and a control
electrode, a continuous conducting . circuit
connecting said cathode and anode, said cir-
cuit including a source of current, and

. means responsive to  alternating current

waves for varying the effectiveness of said
control electrode. o

45. The combination with a vessel, of an
anode, a cathode, a control element within
said vessel, and self-supporting means for
shielding said cathode from slow changes in

“the potential of said control element.

46. A thermionic device comprising a cy-

-sulatingly supported b,

8
lindrical anode, a cathode within said anode,

a_cold electrode, and a solid dielectric com-

pletely separating said cathode from said
cold electrode. ‘

47. An electric. discharge device compris-

60

ing an anode, insulating material supported .

by said anode, a filament and an auxiliary

electrode supported by said insulating ma-

terial and a containing vessel surrounding

said electrodes. :
48. An electric discharge device compris-
ing an electrode, insulating material sup-
ported thereby, a plurality of other elec-
trodes supported by said insulating material
and a containing vessel for said electrodes.
49. A vacuum tube comprising an evacu-

.ated envelope containing an anode, a cath-
for said control electrode a constant poten-

ode, and a grid, said grid being supported
by said anode. v

50. A vacuum tube comprising an evacu-
ated envelope containing an anode, a cath-
ode, and another electrode, one of said
electrodes being a grid, said cathode being
supported by said anode.

51. A vacuum tube comprising an evacu-.

ated envelope containing an anode, & cath-

ode, and a. grid, said cathode being sup-.

ported by said anode.

52. A vacuum tube comprising an evacu-
ated envelope containing therein an anode,
a cathode, and a grid, said grid being in-
said anode. -

53. A space current device comprising an
anode and a plurality of other electrodes
supported thereby. - : .

54. A vacuum tube device comprising a
control electrode, a cathode and an anode,
two of said electrodes being supported by
the -other electrode.

55. A vacuum tube comprising an evacu-
ated envelope, containing therein an anode,
a filamentary cathode, and a grid, and
means for supporting said grid through the
intermediary of said anode.

In witness whereof, I hereunto subscribe
my name this 21st day of July A. D., 1917.
ALEXANDER McLEAN NICOLSON,
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