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_less telegraphy, wireless telephony.

UNITED STATES PATENT OFFICE.

GEORGE W. PIERCE, OF CAMBRIDGE, MASSACHUSETTS.

APPARATUS FOR AMPLIFYING OR DETECTING ELECTRICAL VARIATIONS.

To all whom it may concern:

Be it known that I, Georer W. Pigrcr, a
citizen of the United States. residing at
Cambridge, in the county of \udd]cse\ and
State of \Lts\-uhnaetts. have invented cer-
tain new and useful Improvements in Appa-
ratus for Amplifying or Detecting Electrical
Variatious; and I do hereby deelare the fol-
lowing to be a full, elear, and exact descrip-
tion of the invention, such as will enable
others skilled in the art to which it apper-
tains to make and use the same.

The present invention relates to apparatus
for amplifying or detecting electrical varia-
tions.

The apparatus comprises a gaseous con-
ducting medium upon which the electrical
variations are impressed in such a manner as
to modify the current in a local circuit
through the gas.

The object of the invention is to make an
improved apparatus of this type which is
sensitive, relinble and rapidly vesponsive to
the variations to be ampdﬁed

The apparatus is parvticularly applicable
to the amplification or detection of the elec-
tric signal variations or impulses of wire-
or tele-
pheny and telegraphy over wires and cables.

The present “invention is preferably em-
bedied in an apparatus comprising a mer-
eury vapor device in which an evacuated
space or region is lonized and rendered con-
ducting by means of a mercury arc. The
electrical variations to be amplified or de-
tected are impressed.by means of 2 controi-
iing circuit upon a region in the ionized
(onductmg gas or vapor and vary its ap-
parent conductivity. A local or controlled
cirenit has a current path through the con-
ducting gas or vapor. Thechange in the ap-
parent ‘conductivity of the gas causes varia-
tions in the current in the controlled cireuit.
These variations in the controlled circuit
may be detected by some translating device
in the controlled circuit or connected indi-
rectly therewith.

In the drawings which illustrate the pre-
ferred embodiment of the present invention,
Figure 1 is o diagrammatic view of the mer-
cury vapor device connected with the receiv-
ing apparatus of a wireless telegraphy sys-
tem and serving to cperate a telegraphic re-
lay; Fig. 2 shows the mercury vapor device
cennected with the receiving apparatus of a
wireless telegraph system and havi ing pro-

Specification of Letters Patent.
Application filed November 26, 1913.

Patented Oct. 6, 1914.
Serial No. 803,357.

vision for photographically recordmd the
signals; Fig. 3 shows the mercury vapor de-
vice used in connection with the receiving
apparatus of a wireless telegraph or tele-
phone system in which the received signals
are detected by means of a telephone Te-
ceiver; Iig. 4 shows the mercury vapor de-
vice used in connection with wire teleg-
raphy; Fig. 5 shows the mereury vapor de-
vice used in connection with wire telephony ;
Fig. 6 is a plan view of the shield; and Fig,
7is a plan view of the grid-like electrode. |

The mercury vapor device per se will first

be described and then the electrical connec-
tions and the mode of operation Wlll be de-
seribed and pointed out.

The mercury vapor device comprises an
evacuated glass bulb or tube 1. Supported
on a leading-in wire which is sealed through
the top of the tube is an electrode 2 which
consists of a flat circular plate or disk of
platinum or iron. A short distance below
the electrode 2 is another electrode 8 which
consists of a piece of platinum or iron wire
bent back and forth to form a grid, as shown
in Fig. 7, and connected with a leading-in
wire sealed through the side of the tube.
The electrode may have the form of a grid,
as illustrated, or may be made of a forami-
nate plate or of wire fabric or other open
work structure. Sealed through the bottom
of the tube is a platinum wire 4 which pro-
jects a little distance into the tube. Above
the platinum wire and supported by a lead-
ing-in wire sealed thxough the side of the
tube is an clectrode 5 which consists of a
flat circular plate or disk of iron with a hols
8 through it, This hole is situated directly
above the point of the platinum wire 4. The
tube contains a body of liquid mercury 6,
the level of which is normally such that the
point of the platinum wire 4 projectsslightly
from the surface of the mercury. An ex-
tension 7 is blown into the side of the tube
near the bottom into which the surples mer-
cury may be spilled to adjust the mercury
level with respect to the platinum wire. The
circular perforated plate 5 and the body of
mercury 6 form the electrodes or terminals
for a mercury arc Whlch is maintained by
means of a “ keep alive” circuit 10 which in-
cludes the battery 11 and ballast resistance
12 and inductance 13. The platinum wire 4
acts to keep the arc from skipping around
over the surface of the mercury and holds it
at the point of the platinum wire. The ac-
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tion of the mercury arc in conjunction with
the controlled ecireuit 30 hereinafter de-
scribed is believed to cause a stream of nega-
tive ions or electrons to arvive at the elee-
trode 2 by flowing chiefly through the hole
8 in the plate 5. The plate intercepts the
electrons around the hele § aud <o shiclds the
upper part of the tube from the electrous
diseharged from the arve with the exception
of the stream flowing throngh the hole 8 ov
a comparatively uniumportant indirveet Jow
around the edge of the plate 5. Since the
arc is centered below the hole 8, a concen-
trated and divected stream of electrons is
directed through the hole 8 and upon the
electrode 2 at the top of the tube. The plate
5 Dbesides being the positive electrede or
anode for the mercury ave has, as above
pointed out, the function of substantially
shielding the upper part of the tube from
the electrons given off by the arc except for
the directed stream through the hole 8, and,
therefore, may be designated for convenience
as the “ shield.” : ‘

While the dimensions of the mercury va-
por device may be varied, it is found that a
mercury vapor device having substantially
the following dimensions operates success-
fully. The distance frem the surface of the
mercury to the shield 5 is about one-half
inch. The distance from the shield 5 to
the electrode 8 is about five inches. The dis-
tance from the electrode 3 to the electrode 2
is about one and one-quarter inches. The
shield 5 is about an inch in diameter and has
a hole of about one-quarter inch diameter
through its center. The electrode or grid 3
has substantially a square outline of about
one and one-eighth inch across. The elec-
trode 2 is a little less than an inch in diame-
ter. The tip of the platinum wire 4, the
hole 8, the electrode 8 and the electrode 2
are all in line, so that the stream of elec-
trons shot off from the mercury arc passes
through the center of the grid-like electrode
8 against the middle of the electrode 2.

As far as the construction of the tube it-
self and the battery connections for main-
taining the mercury arc are concerned, the
modifications illustrated in the several fig-
ures of the drawings are identical.

In the apparatus illustrated in Fig. 1, 20
indicates the antenna of a wireless receiving
system connected to ground at 21. The an-
tenna circuit is coupled by means of an
oscillation transformer 22 to a closed oscilla-
tion circuit 23 which contains the condenser
24. Tapped from the oscillation circuit 23
on opposite sides of the condenser 24 are
receptor leads 25 and 26. The receptor lead
25 is connected with the electrode 3. The
receptor lead 26 is connected with cone of
the electrodes of the mercury are, prefer-
ably the anode plate or shield 5. Tt is ap-
parently immaterial whether the lead 96 is
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connected to one of the arc terminals or
whether it is connected to the electrode 2,
as indicated in the wiring diagrams of some
of the other figures. A condenser .27 is in-
terposed in one of the receptor leads, pref-
erably the lead 25. The leads 25 and 26
and their connections with the receiving ap-
paratus constitute what may be termed the
* controlling ” cireuit 28 by means of which

the eleetrical potential variations set up in -

the recciving apparatus by the received
waves are impressed upon the sensitive jon-
ized mercury vapor in the tube. The elec-
trode 2 is connected with one of the arc
terminals, preferably the anode plate or
shield 5, by means of the electric eirenit 30
mcluding a battery 31 and a relay or simi-
lar translating device 82. The cireuit 30,
since its current is varied or controlled by
means of the mercury vapor device, may, for
convenience, be designated as the “con-
trolled ” circuit. The positive pole of the
battery 31 is connected to the electrode 2.
The stream of negative electrons discharged
from the mercury arc and impinging on the
electrode 2 is believed to constitute the cur-
rent path through the inclosed gaseous or
vapor medium by means of which the con-
trolled or local battery circuit 80 is com-
pleted through the mercury vapor device.
The mercury arc thus forms the cathode for
this discharge of electricity through the
gaseous medium and the electrode 2 forms
the anode or anti-cathode or target for the
electrons. - While the battery 81 may have
a considerable range of voltage, depending
upon the size of the mercury vapor tube, the
distance between the electrodes and the re-
sistance in the circuit 80, a voltage of about
sixteen volts is found to be satisfactory
when a telegraphic relay is used in the cir-
cuit 30. The relay 82 operates, upon a de-
crease in the current in the circuit 30, to
close a sounder circuit 83 and operate the
telegraph sounder or buzzer 34. While the
relay is ordinarily operated by a decrease in
current in_the circuit 30, nevertheless, for
certain adjustments of the voltage of the
battery 31-the current in the circuit 30 in-
creases under the action of the electric
waves, and this increase in current may be
utilized to operate a relay. When a train

of Hertzian waves strikes the antenna, cor-
_responding very rapid variations in poten-

tial are impressed upon the mercury vapor
by the controlling circuit 28." The action
of the impressed series of rapid variations
or oscillations is usnally to decrease the con-
ductivity of the current path of the con-
trolled ecircuit 30, cut down the current
therein and to cause the relay 82 to open
under the action of its spring and operate
the sounder 84. As soon as the train of
waves constituting the dot or dash of.the
signal has passed, the tube restores itself to
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its original condition of increased comduc-
tivity, the armature of the relay 32 is. at-
tracted and the sounder 34 indicates the end
of the signal. While the operation of the
mercury vapor device is not perfectly under-
stood, it is believed that a rectifying action
takes place at the electrode 3 and that this
action is such that the electrode 3, as a
result of the cumulative effect of the train
of oscillations, accumulates a negative charge
which repulses the stream of electrons shot
upward from the mercury arc and meore or
less prevents them from reaching the -elec-
trode 2, thus diminishing the current in the
controlled circuit 80. Apparvently there
seems to be a tendency of the electrode 3 to
retain its negative charge after the train of
oscillations has ceased, so that there may be
an appreciable time of recovery during
which the electrode 3 is losing its negative
charge and before the original conductivity
of the tube is completely restored. Ordi-
narily the potential of the battery 31 or the
position of a magnet 29 is adjusted to the
intensity of the received impulses, so that
the electrode 3 loses its negative charge very
rapidly and the tube quickly recovers its
conductivity, so that, for example, in the
case of telegraphy, the dots and dashes are
sharply defined and of the proper length.
A magnet 29 is placed around the tube, pref-
erably a little lower than the level of the
electrode 2, so that a magnetic field is main-
tained in the tube. This magnet 29 modi-
fies the required applied voltage of the bat-
terv 81 and increases the sensitiveness and
stability of the device. This magnet is not
an essential part of the invention and while
it 1s preferred to use it, nevertheless, it may
be dispensed with. It is to be understood
that this magnet 29 may, if desired, be used
with the mercury vapor device, as shown in
the other figures of the drawings. If the
relay 32 has a low resistance and a battery
31 of sufficient electro-motive forece is em-
ploved. the space immediately below the
electrode 2 is luminous. This luminous re-
oion is usually substantially hemispherical
in form, being convex downwardly and ex-
tending from the electrode 2 nearly to the
electrode 3. The characteristics of this
luminous region apparently depend upon
the strength of the current in the circuit 80
for when the current in the cireuit 30 is
diminished as a result of the train of oscil-
lations impressed upon the electrode 8. the

‘lumninous area changes in size or luminosity

or vanishes. By watching the luminous
area, the dots and dashes which make up
the received signal may be read. The appa-
ratus is very sensitive, and comparatively
minute electrical variations impressed npon
the vapor device by the controlling circuit
28 produce comparatively large variations
in the current. in the controlled circuit 30,

&

The electrical dimensions of the apparatus
may be so adjusted that the period of re-
covery of the vapor device after the cessa-
tion of the received variations is very short,
so that the mechanical or audible signals
given by the sounder 34 or the visual sig-
nals caused by the change in the luminous
region cerrespond very exactly in duration
to the signals transmitted by the trains of
Hertzian waves. :

In Fig. 2 is illustrated a modification of
the apparatus particularly adapted for pho-
tographically vecording wireless telegraph
signals. The antenna 20 is coupled with the
oscillation circuit 24 by means of the oscil-
lation transformer 22. The controlling cir-
cuit 28 by means of which the signal im-
pulses are impressed upon the mercury de-
vice includes the receptor leads 25 and 26
connected to the electrode 3 and the elec-
trode 2, respectively. While the lead 26 1s

.shown connected to the electrode 2, appar-

ently it is immaterial whether it is so con-
nected or as shown in Fig. 1 is connected to
one of the arc terminals. Moreover, under
some circumstances, it appears to be ad-
vantageous for the controlling circuit to
have a uni-lateral connection with the vapor
device as shown, for example, in my co-
pending application, Serial No. 783,085. In
case of uni-lateral connection, the electrode
is directly connected to one end of the sec-
ondary of the oscillation transformer, this
being the only connection of the controlling
cireuit with the tube. TIf it is desired, the
clectrode 3 may be connected divectly with

‘the antenma. Under some circumstances, the

wmercury vapor- device will operate satis-
factorily with the electrode 3 connected to
ground and the controlling circuit connected
to other of the electrodes. Therefore, the -
invention is not to be limited to the illus-
trated electrical connections but also in-
cludes equivalent electrical connections.
The controlled electric circuit 80 has a bat-
tery 31 and may have a reactance 40 and a
resistance 41, which are adjusted so as to
cause a proper luminous region to appear
beneath the electrode 2 as indicated by ref-
erence numeral 48. This. circuit contains
no translating device for giving mechani-
cal or audible signals, the translating means
in the circuit 30 being the mercury vapor
tube itself which indicates the signals by
virtue of the visible luminous region in the.
tube. At one side of the tube is a suitable
photographing recording apparatus which
is diagrammatically indicated by the slit
40, the lens 45 and the sensitive photo-
graphic film 46 continuously traveling
around the drum 47. The battery 81, the
reactance 40 and resistance 41 are adjusted
so that a proper luminous region 48 is pres-
ent beneath the electrode 2. The light from
this luminous region is focused on the mov-
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ing photographic film 46. Changes in the
intensity of the luminous region will be
recorded upon the photographic film and
thus a record of the-received message may be
had. Tor the sake of more readily indicat-
ing this. the light affected portious of the
filn are shaded in the drawing. although it
wiil be understood that in practice the filin
would be developed to render visible the
light atfected portions. By using a very
low resistance 1n the circuit 30 and a bat-
tery 31 of proper vollage, the apparvatus
may be adjusted so that npon the reception
of a train of signals, the luminous region
will vanish. By increasing the resistance in
the circuit 80 and the voltage force of the
battery, the luminous region may be pre-
vented from entirely vanishing when the
current in the contvolled cireuit 30 is re-

duced by a train of. veceived oscillations.’

The received oscillations, howevér, cause the
laminous region to change and thus the sig-
nals may be detected.

¥ig. 8 illustrates a modification particu-
larly adapted to wireless telegraphy or tele-
phony in which the received signals are de-
tected by means of a telephone receiver. In
this modification of the apparatus, the con-
trolling circuit 28 connects the receiving
apparatus-of the wireless system to the elec-
trode 3 and the electrede 2. The controlled
cirenit 30 includes the battery 81 and a tele-
phone receiver 50. By properly adjusting
the electro-motive force of the battery 81,
the telephone may be silent, or a snstained
musical note may be audible in the telephone
receiver. The effect of a frain of oscillations
upon the mercury vapor device is to pro-
duce a note in the receiver or in case a note
already exists the effect of the waves is to
silence this note or change its pitch or in-
tensity. A condenser is sometimes shunted
around the felephone receiver 50 to accentu-
ate the persistent note.

Tig. 4 is a modification particularly
adapted for amplifving electric signals in
wire or cable lines. The controlling circuit
28 comsists of the line wirves 60 and 61 over
which are transmitted the variations to be

.amplified and which are connected with the

electrode 2 and electrode 8, respectively.
The line wires are connected so that the wire
60 which is connected to the electrode 2 and
the wire 61 which is- connected to the elec-
trode 8 are positive and negative, respec-
tively. The controlled circuit 30 is con-
nected between the electrode 2 and the arc
terminal 5 and contains a battery 31 and a
relay 82 which controls a sounder. or tape
machine 34. The potential increase between
the Iine wires 60 and 61 due to closing the
telegraphic key at the sending station cause-
a potential variation between the electrode
5 and the electrode 2, the electrode 3 be-
comning more negative with relation to the
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electrode 2. This diminishes the curren’
in the controlled circuit 80 and through the
relay 82 operates the sounder or tape ma-
chine 34. .

In Tig. 5 is illustrated another modifica-
tion of the apparatus particularly adapted
for amplifying electric signals in wire or
cable telephone lines. In this modification
the telephone line 70 is coupled by means
of a transformer %1 with the controlling
circuit 28 which is connected between the
electrode 3 and the arc terminal 5. A con-

‘denser 27 is interposed between the trans-

0

former 71 and the electrode 3. By means
of the transformer, the variations in poten-
tial in the line 70 are impressed upon the
mercury vapor device to change the appar-

ent conductivity of the sensitive vapor there-

in. The controlled circuit 30 is connected
between the electrode 2 and a tap taken
off from the resistance 12 of the © keep alive ”

.circuit 10 of the mercury arc. The potential

drop in the portion of the resistance 12
around which the controlled circuit 30 is
shunted, is the equivalent of the battery 31
shown in the other modifications and like
this battery maintains the electrode 2 posi-
tive with relation to the arc electrodes. The
controlled circuit 30 is connected to the pri-
mary 75 of a transformer 76, the sccondary
©7-of ‘which is connected to a directly suit-
able translating device such as a telephone
recelver, or is connected to another line wire
by means of which the amplified impulse
may be relayed along to a distant station.
In case of telephonic signals, the impressed

‘potential variations have frequencies of

hundreds and thousands of waves per sec-
ond. This frequency of the telephonic waves
is low enough so that the variations im-
pressed upon the iercury device will cause
corresponding amplified variations of tele-
phonic frequency in the controlling circuit
30. The ability of the vapor device to am-
plify and transmit individual waves or
variations of telephonic frequency is to be
contrasted with the action of waves or varia-
tions of Hertzian frequency upon the de-
vice, the individual waves of Hertzian fre-
quency not being amplified, but instead hav-
ing a cumulative or integrated effect. The
apparatus illustrated in Fig. 5 may be used
in connection with wireless telegraphy or
telephony by coupling the controlling cir-
cuit 28 with the oscillation circuit of the
wireless receiving apparatus. In the case
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phonic frequency which take place in the
intensity of the train of waves of Hertzian
frequency cause current variations of cor-
responding telephonic frequency to be set
up in the controlled circuit 30. The waves
of Hertzian frequency are apparently recti-
fied at the screen 8 and by virtue of their

~cumulative effect the potential changes of
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the screen 8 apparently correspond to the
changes in intensity of the train of Hertzian

waves, For this work, the vapor deviee has.

to be adjusted to have a very rapid recovery
so that the. electrode 8 gains or loses its
charges with the variations in intensity of
the train of Hertzian waves which varia-
tions are of telephonic frequency.  Thus
faint wireless telephone messages may be
received and amplified. The region between
the electrodes to which the controlling cir-
cuit is connected has impressed upon it
static variations of electromotive foree and
these static variations are apparently ae-
companied by more or less of a transfer of
electricity between said electrodes, particu-
larly when a rectification of waves of Hert-
zian frequency takes place. It will be noted
that the region in the tube which is subject
to the action of the controlling circuit is
not co-extensive with the region which forms
the current path of the controlled circuit
and that these regions, therefore, have a part
only in common. The electrical variations
in the controlled circuit whether they are
detected by a relay or telephone receiver or
the luminous region in the tube, not only
correspond very exactly to the variations in
the controlling circuit which it is desired to
amplify but are usually of very much
greater energy.

The expression “controlling ‘circuit”, as
used in the ‘specification and claims, is in-
tended to define an electric circuit by means
of which the electrical variations to be am-
plified are impressed upon the sensitive con-
ducting gaseous medium, and the expression
“controlled circuit”, is intended to define
the electric circuit which is controlled
thereby.

While a number of adaptations of the ap-
paratus of the present invention are illus-
trated and described, it is to be understood
that these are not all of the possible adap-
tations and that the invention is not limited
to the forms of apparatus illustrated, but
may be embodied in other constructions
within the scope of the invention as particu-
larly pointed out in the following claims.

I claim:

1. An apparatus for amplifying or de-
tecting electrical variations having, in com-
bination, an evacuated vessel containing at
least three electrodes, a conducting body of

[4

85-mercury vapor therein, a controlling elec-

60

trie circuit connected with two of the elec-
trodes, and a controlled electric circuit in-
cluding a source of electrical energy con-
nected with two of the electrodes, one at
least of the controlled circuit electrodes be-
ing other than the controlling circuit elec-
trodes. :

2. An apparatus for amplifying or de-
tecting electrical variations having, in com-

- 65 bination, an evacuated vessel containing at

least four electrodes, means for maintaining
& mercury arc between two of the elec-
trodes, a controlling electric circuit com-
nected with two of the electrodes, and a
controlled electric circuit including a source
of electrical energy connected with two of
the electrodes, one at least of the contrelled
cireuit electrodes being other than the con-
trolling cireuit electrodes.

3. An apparatus for amplifying or de-
tecting electrical variations having, in com-
bination, an evacuated vessel containing a
plurality of electrodes, a conducting body
of mercury vapor therein, a controlling cir-
cuit connected with one or mere of the elec-
trodes, and a controlled circuit including
a source of electrical energy connected with
a plurality of the electrodes, one at least
of the controlled circuit electrodes being
other than the controlling circuit electrode
or electrodes.

4. An apparatus for amplifying or de-
tecting electrical variations having, in com-
bination, an evacuated vessel containing at
least four electrodes and provided with
means for maintaining an arc between two
of the electrodes, a controlling circuit con-
nected with one or more of the electrodes,
and a controlled circuit including a source
of electrical . energy connected with a
plurality of the electrodes, one at least of
the controlled circuit electrodes being other
than the controlling circuit electrode or
electrodes. :

5. An apparatus for amplifying or de-
tecting electrical variations having, in com-
bination, an evacuated vessel, an electrode
therein, means including a mercury arc
spaced from the electrode and a circuit con-
taining a source of electrical energy con-
nected between the mercury arc and the
electrode for maintaining a luminous re-
gion in the neighborhood of the electrode,
a second electrode between the arc and the
electrode, and means for impressing elec-
trical variations upon the second electrode
so as to vary the characteristics of said
luminous region.

6. An apparatus for amplifying or de-

tecting electrical variations having, in com- &

bination, an_evacuated vessel, an electrode,
means including a mercury arc spaced from
the electrode and an electric circuit contain-
ing a source of electrical energy connected
between the electrode and mercury arc for
maintaining a luminous region in the neigh-
borhood of the electrode, a second electrode
between the arc and electrode, a controlling
electric circuit connected to the second elec-
trode so as to vary the characteristics of
the luminous region, and light-operated
means for indicating the variations in the
Iuminous region.

7. An apparatus for amplifying or de-
tecting electrical variations having, in com-
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bination, an evacuated vessel, mercury in
the bottom of the vessel, an arc terminal
in the neighborhood of the mercury, means
for maintaining the arc between the mer-
cury and the terminal, an electrode, an elec-
tric circuit including a source of electrical
energy and a translating means connected
between the electrode and the mercury are,
a second electrode between the mercury arc
and first electrode, and an electric circuit
connected therewith for impressing the
electrical variations upon the second elec-
trode whereby the current in the controlled
electric circuit is varied. s

8. An apparatus for amplifying or de-
tecting electrical variations having, in com-
bination, an evacuated vessel containing a
bedy of mercury, a perforated shield above
the mercury, an electrode, a second elec-
trode between the first electrode and shield,
means for maintaining a mercury arc be-

tween the mercury and shield, a controlling

electric circuit connected with the second
electrode, and a- controlled electric circuit

Jncluding 3 source of electrical energy con-
'nected between the first electrode and the

mercury are. .
. 9. An apparatus for amplifying or de-
tecting electrical variations ]Eaving, in com-
bination, an -evacuated vessel, a body of
inercury. therein, a perforated arc terminal
above ‘the mercury, an electric circuit for
mainfsining- an: arc between the mercury
and waid arc terminal, said arc. terminal
serving to shield the upper part of the evac-
uated vessel from the electrons emitted by
the arc with the exception of the stream of
electrons flowing through the perforated arc
terminal, a controlling electric circuit hav-
ing an electrode within the vessel to vary the
characteristics of the electronic stream, and
a confrolled electric circuit having a current
path through the vessel so as to have its
current varied by the variations in the char-
acteristics of the electronic stream.

10. An apparatus for amplifying or de-

1,118,540

tecting electrical variations having, in com-
bination, an evacuated vessel, a body of
mercury therein, an arc centering point at
the surface of the mercury, an arc terminal

50

above the mercury consisting of a plate -

having a hole in it directly over the arc

centering point, an electric circuit for main--

taining an arc between the mercury and
said arc terminal, said plate serving to
shield the upper part of the evacuaied ves-
sel from the electrons emitted by the arc
with the exception of the stream of elec-
trons flowing through the hole in the elec-
trode, a controlling electric circunit having
an electrode within the vessel to vary the
apparent conductivity of the electronic
stream, and a controlled electric circuit hav-

ing a current path through the vessel so as

to have its current varied by the variations
in the electronic streams.

11. An apparatus for amplifying or de-
tecting electrical variations having, in com-
bination, an evacuated vessel, a conducting
body of mercury vapor therein, means for

impressing static electrical variations upon_
_a region in the conducting vapor, and a con-

trolled circuit including a source of elec-
trical energy and having through the con-

‘ducting vapor a current path which has a

part only 1n common with said region.
12. An apparatus for amplifying or de-
tecting electrical variations having, in com-
bination, an evacuated vessel, a conducting
body of mercury vapor therein, means for
maintaining a magnetic field in the con-
ducting vapor, means for impressing static
electrical variations upon a region in the
conducting vapor, and a controlled circuit
including a source of electrical energy and
having through the conducting vapor a cur-
rent path which has a part only in common
with said region.
: GEORGE W. PIERCE.
Witnesses: :
' Horsce Van Everen,
Gzro. E. StessIns.
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