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This invention relates to electric amplifiers of
the type which function through a plurality of
secondary electron emissive electrodes immersed
in suitable electromagnetic and electrostatic con-
trol fields to increase the amplitude of the im-
pulses which it is desired to amplify, and has for
its principal object the provision of an improved
apparatus and method of operation whereby such
amplifiers ‘are simplified in structure and ren-
dered more reliable in operation. i

Various types of secondary electron emission
amplifiers, commonly designated as electron mul-
tipliers, are known. Such amplifiers ordinarily
include a plurality of suitably spaced secondary
electron emissive electrodes which are mounted
in an evacuated container and are subjected to
electrostatic and magnetic fields for controlling
the path of the electrons between the various
elecirodes or stages. The magnetic control field
may be produced by a permanent or electromag-
net surrounding the evacuated container. The
electrostatic control field is commonly applied
between the secondary electron emissive elec~
trodes and associated control or deflecting elec~
trodes which do not receive the electrons but
serve to accelerate them to the next successive
secondary electron emissive electrode. In the
operation of such amplifiers, each successive emis-
sive electrode is subjected to a higher potential
and Teceives the electrons emitted by the pre-
vious electrodes and the electron output from the
last electrode is delivered to the utilization circuit.

In order to establish the required electrostatic
field within the container, it has been customary
to (1) mount the secondary electron emissive
electrons in one plane, (2) mount the contro! or
deflecting electrodes in another plane, and 3
provide a bleeder resistor external to the con-
tainer for applying the different potentials re-
quired between the various pairs of emissive and
deflecting electrodes.

In accordance with the present invention, the
amplifier is improved and simplified by the pro-
vision of a cylindrical confainer wherein an
axially mounted accelerating electrode is sur-
rounded by a plurality of cylindrically-arranged
emissive electrodes which may be spaced circum-
ferentially by distances dependent on their op-
erating voltages or may be interconnected through
resistance material applied to the inner surface
of the container. Alternatively, the emissive
clectrodes may be spaced circumferentially by
equal distances and each associated with a dif-
ferent supplementary accelerating electrode ele-
ment mounted on a central or axial support.

(CL 179—171)

The invention will be better understood from
the following description when considered in con-
nection with the accompanying drawings and its
scope is indicated by the appended claims.

Referring to the drawings, 5

Figure 1 illustrates an amplifier or electron
multiplier of prior art construction,

Figs. 2 and 3 are respectively vertical and hori-
zontal sectional views of the improved amplifier,

Fig. 4 illustrates an arrangement wherein both 10
the electron emissive electrodes and their inter-
posed resistance elements are applied directly to
the interior surface of the container.

Fig. 5 illustrates an arrangement wherein the
electron  emissive electrodes are mounted on & 15
resistance layer applied to the inner surface of
the container,

Fig. 6 illustrates the emissive electrodes as dif-
ferently spaced about the inner surface of the
container, and 20

Fig. 7 illustrates the emissive electrodes as
equally spaced circumferentially about a plurality
of accelerating electrode elements. o

The prior art device of Fig. 1 includes an evacu-
ated container 10 within which is mounted a 25
cathede ti from which electrons are transmitted
to.an anode 12 through a path which includes
the emissive surfaces of a plurality electrodes 13,
4, 15 and i6. Associated respectively with the
cathode 1 and the emissive electrodes {3 to 16 30
are a plurality of control or accelerating elec-
trodes 11 to 21 each illustrated as connected to
the next following emissive electrode. Thus the
sccelerating electrode 17 which is paired with
the cathode I1 is connected to the electrode i3, 35
ete. For accelerating the emitted electrons, po-
tential is applied from a scurce 22 through a
plurality of resistors 28 to 27 to the various elec-
trodes. For causing the electrons fo follow the
path indicated by the curved arrows, there is 40
provided an- electromagnet 28 or other suitable
means for producing a magnetic field which is
substantially parallel with the longitudinal axis
of the container 1. The impulses to be amplified
may be applied to the cathode #{ in the form of 45
light as indicated by the arrow 29 and the am-
plified output may be derived at the output ter-
minals 30 and 3{.

The improved device of Figs. 2 and 3 includes
a container 10 which is surrounded by an elec- 50
tromagnet 28 or is provided with other suitable
means for producing a magnetic field which is
substantially parallel to the container axis.
Mounted axially of the container 10 is an ac-
celerating electrode 12 surrounded by a plurality 55
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of cylindrically arranged electron emissive elec-
trodes 11, 13, 4, 15, 32, 33, 34, 35, 36 and 37
which are preferably attached to the inner sur-~
face of the container. As shown more clearly
in Fig. 3, the electrode 12 in this case is con-
nected to the electrode 37, which is the last elec-
trode in point of electron travel.

Assuming that the electrode (I is connected
to the negative terminal of the source 22 (Fig, 1)
and that the electrode 37 is connected to the posi-
tive ferminal of this source, the electrodes 1,
13, 14, and 32 to 37 are subjected to successively
greater potentials, each electrode adds its quota
of secondarily emitted electrons and the total
output may be derived from a suitable connec-
tion as indicated in connection with Fig. 1. The
impulses to be amplified may be applied to the
electrode 11 in the form of licht 29 which is
transmitted through a lens 38 mounted in an
aperture of the electromagnet 28. It will be ap-
parent that suitable leads are provided in the
base 39 of the container 10 for applying poten-
tial to the various electrcdes and that the ac-
celerating electrode may be brought out at the
container top as indicated at 48. Also it is de-
sirable that a shield 41 be interposed between
the electrodes il and 37.

As indicated by Figs. 4 and 5 the resistance
units 23, 24, etc., may be made in the form of a
resistive coating which is applied to the inner
surface of the container between the electrodes
or alternatively the electrodes t1, 13, 14, ete., may
be suitably mounted on a resistive coating 42
(Fig. 5) applied to the inner surface of the con-
tainer. These -electrode-resistor arrangements
have the obvicus advantage that they render pos-
sible a more sturdy and compact unit which is
especially desirable in connection with sound re-
producers and the like.

Fig. 6 illustrates a modified electrode assembly
wherein the spacing between the electrodes de-
creases as the interelectrode potential increases.
This arrangement has the advantage that the
electrode spacing is somewhat accommodated to
the strength of the electrostatic field which be-
comes progressively weaker with each successive
electrode starting at the negative terminal. In
order to realize the same voltage drop from elec-
trode to electrode, it is of course necessary that
each sucecessive resistive coating be made thinner
or that different resistance materials be utilized
for the different interelectrode coatings.

As indicated by Fig. 7, the central accelerating
electrode 12 may be divided into accelerating elec-
trodes 117, 13, 14’, 15’, 32’, 83’, and 34’. In this
case, the arrangement is so made that the center
part £2 of the accelerating electrode arrangement
is metallic or consists of an insulating material.
In a convenient way, a metal is employed for this.
Accelerating electrodes 1i’, 13’, etc., are attached
on this supporting body {2 in an insulated ar-
rangement. The individual accelerating elec-
trodes can be wires or the like. Attention should
be paid to the fact that they have an arrange-
ment, insulating them against supporting body 12
and the individual accelerating electrodes. Fur-
thermore, it is important that the construction is
stable, so that accelerating electrode elements can
not move out of their stationary portion. The
voltage of the individual accelerating electrode
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elements is so selected that the voltage of acceler-
ating electrode 11’ is identical to the voltage of
multiplying electrode 13, and that the voltage of
accelerating electrode 13’ is identical to the volt-
age of multiplying electrode (4, etc., i. e., the in- 5
dividual accelerating electrodes, consequently,
possess the potential of the immediately following
electrode. Now, one mustimagine that the mag-
net is placed around the glass cylinder shown, and
in this case it is quite obvious that under the in- 10
fluence of the electric field and of the magnetic
field the electrons must follow the course, as il-
lustrated by the arrows. The last electrode 37 is
advantageously designed in the style indicated by
dotted lines. A screen 41 which has a zero poten- 15
tial may be provided to prevent the high voltage
of anode 31 from acting on electrode 1. Ac-
cording to the invention, it is not necessary to
design the accelerating electrode 12 with the
small dimensions shown, but it can be chosen 20
congsiderably larger, and it must only be taken
care that there is a hole for the passage of the
light in electrode (2. If center part {2 of this
multi~part accelerating electrode is then supplied
with ground potential, one can be sure that the 25
voltages of the individual parts of the electrodes
have no injurious influence on one another. Fur-
thermore, it is possible, according to the inven-
tion, to ‘use, instead of the partial accelerating
electrodes shown, only a few that are correct- 30
ly distributed on the circumference of part 2
and to which the voltage is so assigned that the
electrons again follow the preseribed correct
course.

It will be apparent that the mounting of the 35
emissive electrodes and their resistive coating
connection on the surface of the container is a
feature which is readily applicable to any of the
various types of such devices including both those
of this invention and those of the prior art.

Iclaim as my invention:

1. An electron-multiplier comprising a con-
tainer, an accelerating electrode mounted axially
of said container, a plurality of spaced apart elec-
fron emissive electrodes and an anode mounted 45
in successive array around the inner surface of
sald container and substantially equal distances
from said accelerating electrode, means for caus-
ing successively higher potentials to be applied to
said emissive electrodes and anode as determined 50
by the direction of electron travel said emissive
electrodes and said anode being progressively
spaced closer together in accordance with said
increased voltage.

2. An electron multiplier comprising a con- 53
tainer having a central axis, a plurality of elec-
tron emissive electrodes and an anode mounted
in spaced circumferential relation around the in-
ner surface of said container, a plurality of ac-
celerating electrodes paired with said emissive 60
electrodes mounted parallel to and at equal radial
distances from said centra} axis, means for caus-
ing successively higher potentials to be applied to
said emissive and anode electrodes as determined _
by the direction of electron travel, and means for 67
causing each of said accelerating electrodes to
he subjected to a voltage corresponding respec-
tively to the voliage of the emissive electrode of
the following pair.
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