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60 Claims.

This invention relates to electron multipliers,
i. €., to means for causing small space currents
to liberate large numbers of additional electrons
to permit relatively large proportional space cur-
rent to flow, and particularly it relates to means
for increasing the sensitivity of television image
dissectors by multiplication of the photo-electric
picture currents therein.

Among the objects of my invention are: To

o Provide means for causing a small number of
electrons to “trigger off” a relatively large pro-
portional electron flow; to provide a television
image dissector of greatly increased sensitivity;
to provide a space discharge device of novel type
having characteristics. adapting it for use as a
multiplier of electronic currents, an amplifier, an
oscillation generator, or a modulator; to provide
a device of the class described operative without
the use of a thermionic cathode; to provide an

.o electron multiplier which may be used at will

“Y either as an ionization device or as a device oper-
stive by secondary emission of electrons from
solids; and to provide an ionization device of
stable characteristics, wherein the ionization pro-

wx Guced may be strictly limited, to maintain pro-
portionality with the initiating electron flow.

Other objects of this invention will be apparent
or will be specifically pointed out in the descrip-
tion fofming a part of this specification, but I
do not limit myself to the embodiment of the in-
vention herein described, as various forms may be
adopted within the scope of the claims.

Referring to the drawings:

Figure 1 is a longitudinal sectional view of one
embodiment of the basic electron multiplier, the
operating circuits being shown schematically.

Pigure 2 is an axial sectional view of a tele-
vision image dissector embodying the invention,
a schematic diagram showing the circuit arrange-
ments for operation in accordance with two dif-
ferent, but related, modes.

Figure 3 is a view, similar to Figure 2, show-
ing a modified form of image dissector-multiplier
apparatus.

Figure 4 is a graph showing a characteristic
curve of a multiplier as shown in Figure 1.

Figure 5 is an axial sectional view of another
modification of the image dissector-multiplier
shown in Figure 2. -

Figure 6 is a transverse sectional view of the
multiplier tube shown in Figure 5, the plane of
section being indicated by the dot-dash line 6—6
in the preceding figure.

Considered broadly the apparatus of my inven-

85 tion comprises a chamber so evacuated that the

(Cl. 178—6)

mean free path of electrons therewithin is at
least several times the dimension of the chamber,

so that no appreciable ionization can be produced

by electrons making a single traversal thereof.
'The ends of the chamber are defined by a pair of §
opposed plates, which may be termed cathodes,
since their mean potential is negative, and since
they are used under certain conditions of oper-
ation for the emission of electrons. Positioned
between the cathodes is an anode, which is main-~ 10
tained at a potential positive to the mean poten-
tial of the cathodes and which is so shaped, po-
sitioned or both that it is improbable that an
electron traversing a path between the cathodes
will be collected thereby. “Improbable”’is here 15
to be understood in its mathematical sense, with
the corollary that an electron making a sufficient
number of traversals will certainly be thus col-
lected. 'The improbability of collection may be
increased by establishing within the chamber a ¢4
gulding field which tends to hold electrons in a
path which avoids the anode. Where the device Is
used to multiply s photo-electric current an aper-
ture is provided in one of the cathode plates, and

a photo-electric cathode is positioned, externally o5
of the chamber, to direct its discharge through
the aperture.

Operstion of the device is based upon electrons
within the chamber oscillating back and forth
between the plates and releasing additional elec- 30
trons in the chamber by repeated impacts.
There are two somewhat different methods by
which this may be accomplished, these methods
differing somewhat in their circuital require-
ments. 85

In the first of these methods, to which this
application is specifically directed, the impacts
are with the cathode plates, and the multiplica-
tion oeccurs by secondary electron emission there-
from. A high frequency potential, which may 4g
be of the order of 50 megacycles, is applied be-
tween the cathode plates, this potential being
prefersbly relatively small as compared with the
direct potential on the anode Under the in-
fluence of this potential, electrons strike one or 4p
the other of the cathodes, liberating secondary
electrons, which are accelerated toward the op-
posite cathode by the anode potential. If the
potential of the latter be so related fo the fre-
quency applied to the cathodes that the released 50
electrons traverse the space in time to be ac-
celerated by the oscillating potential on the op-
posite cathode, a further impact and release of’
secondaries will occur, and if the ratio of sec-
ondary emission be greafer than 1, a muitipli- &5
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cation will take place which will increase until
the number of electrons released at each impaci
is equal to the number collected by the anode,
or until the process is stopped by changing the
anode potential or otherwise.

Two other factors serve to limit the available
multiplication. ‘The first of these is the space
charge which develops when the number of re-
leased electrons becomes very large. This charge
tends to drive the peripheral electrons, 1. e., the
electrons more remote from the center of the
cloud traversing the tube, toward the anode,
making their collection thereby more probable.
The second factor is the transverse component
of the electrostatic fleld within the chamber.
Such a component exists due to the curvature
of the lines of force at the ends of a tubular anode,
or it may be supplied separately by a biasing
electrode within the tube.

The second method of operation comprises es-
tablishing a constant negative potential on both
cathodes. Electrons entering the chamber liber-
ate secondaries as in the preceding case, but
these secondaries, although accelerated by the
anode, probably fail to strike it, and are then
retarded and brought to rest before reaching the
other cathode, after which they are accelerated
in the opposite direction. This continues until,
probably after several traversals of the chamber,
the liberated electrons, or some of them, en-
counter and ionize gas molecules. The positive
ion thus released is collected by one of the cath-
odes, but the liberated electrons join the fonizing
electrons in oscillating about the anode but with
2 narrower orbit, since the probability of the col-
lision occurring at the end of the electron’s travel
is small.

Successive impacts with gas molecules occur
therefore, closer and closer to the anode, until at
length all primary and secondary electrons are
traveling too slowly to cause further ionizstion,
and are collected.. ,

Figure 1 shows the essential features of the
electron multiplier proper, comprising a cylin-
drical evacuated envelope | having a plate-like
cathode 2 mounted in each end thereof and pro-
vided with lead wires 4 sealed through the ends
of the envelope.” The plates 2 may be made of
nickel and are preferably, although not neces-
sarily, coated with caesium, or other powerful
emitter of secondary electrons, on their opposed
faces. .

A cylindrical anode §, of nickel, molybdenum,
or other readily out-gassed material, either sheet
or screem, is positioned between the plates 2.
‘The anode preferably fits quite snugly into the
envelope, and is spaced but slightly from the
plates, although the device is still operative if the
spacing be made much greater and the anode be
reduced to a mere central ring.

A solenoid 6 surrounds the envelope and s sup-
plied with direct current from a source 7 for es-
tablishing a longitudinal magnetic field in the
space between the cathode plates. For low
values of this field the output of the device is

. substantially proportional thereto, although sat-
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uration effects appear at higher values as will be
explained below.

The plates 2 are connected to the ends of an
inductor 9, the center of which is grounded and
which forms the secondary of a high frequency
transformer, whose primary 10 is excited by an
oscillator (1. The anode is connected through a
meter 12 to the positive terminal of a variable

2,071,618

Dbotential source £4, whose negative terminal is
grounded.

This structure is all that is necessary to demon-
strate the characteristics of the device, from
which its general properties and many of its uses
may be deduced. Certain other embodiments
adapting these properties-to specific uses will be
described hereinafter,

Applying say 50 voits at a frequency of 10 to
100 megacycles between the plates 2, and grad-
uslly increasing the potential applied to the
anode from the source {4, the meter 17 will in-
dicate currents as shown by the graph of Figure
4. Up to a certain minimum voltage, which de-
pends principally on the distance between the
blates, no measurable current will - flow. Be-
yond this point the current increases with volt-
age up to a definite point, while beyond this
point it decreases again to zero. Further in-
crease of voltage gives another definite point
where current starts to flow, giving a second
curve of the same general form as the first, ris-
ing to a maximum and again falling to zero, while
still further increase will show a second repetition
of the effect usually of greater magnitude.

It will be understood that the curves shown are
fllustrative merely, no, numerical values being
shown, since these will vary with the magnitudes
of the oscillating potential on the cathodes, the

frequency of this potential, the focusing current, -

and the dimensions of the device.

Cutting off the magnetic focusing fleld stops
the flow immediately. Increasing the oscillat-
ing potential on the cathodes broadens the range
wherein the current flow occurs, eventually caus-
ing the curves to merge into a single continuous
one having either multiple peaks or mere changes
of slope indicating their position. Changing the
frequency of the oscillator changes the position
of the peaks; 1. e., the voltages at which the
maxima occur. The same is true as to tubes
of different dimensions.

The explanation of these properties is simple
in genersl, although the detailed analysis presents
certain obscurities which render its presentation
here undesirable. An electron (e. g., a photo
electron) liberated at one of the plates 2 is ac-
celerated toward the other plate by the anode
voltage, being prevented from striking the anod»
by the magnetic ficld which converts the trans-
verse component of its motion into an arcuate
one. Its time of flight is determined by the
distance between the plates and the velocity im-
parted to it by the anode potential plus the in-
tegrated effect of the potential between the plates
2 during its flight. The latter factor determines
whether (1) it will strike the other plate with
sufficient velocity to cause emission of secondary
electrons, (2) strike with a lesser velocity, or
(3) fall to strike at all.

Where the first condition obtains the emitted
secondaries are accelerated in the opposite direc-
tion to generate new secondaries at the plate
where the first electron was emitted, and if the
ratio of secondary emission be greater than unity,
& multiplication by this ratio will occur at each
impact. Under the second and third conditions
no multiplication will occur.

It will be noted that the anode potential con-
tributes only to the mean velocity of the elec-
trons through the tube, and has no effect what-
ever on the velocity of impact, since the accelera.-
tion 1t imparts to an electron leaving one of the
cathodes iIs exactly neutralized by the decelera-
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tion imparted to the same electron approaching
the ofher cathode.

Although the collection of any individual elec-
tron by the anode is improbable, owing to the
shape and position of the latter and to the pres-
ence of the guiding fleld, a certain proportion
of the total electrons will be collected. This pro-

portion will depend upon the portion of the cath-

odes which are emitting secondaries, (1. e., upon
whether the electrons are striking near the cen-
ter or near the periphery), and upon the trans-
verse component of the electrostatic fleld within
the chamber as determined by the space charge,
the curvature of the lines of force between cath-
odes and anode, and upon any bias which may
be applied within the tube. -

Eventually, however, a point will be reached
where the number of new secondaries emitted is
equal to ‘the number collected at each impact,
and the current through the meter becomes con-
stant. Within certain limits, therefore, the less
the probability of any individual electron being
collected, the greater the equilibrium current will
be, and hence this current will be increased by
increasing the guiding fleld. A limit to this, how-
ever, is the space charge developed when the
number of electrons in the cloud which travels
between the plates becomes very dense, causing
the saturation effect above mentioned.

The peaks in the curve occur when the average
time of flight or travel of the electrons is an odd
number of half-cycles of the oscillating potential
on the cathode, the three peaks shown in Figure 4
representing 5, 3 and 1 half-cycles respectively.
With a given tube and source of oscillations and
range of anode voltage it may only be possible
to show one or two of the peaks. Under other
circumstances still other peaks might be shown,
e. g., the 7 or 9 half-cycle peaks, although these
have not yet been demonstrated in the laboratory.
The higher the anode potential, the smaller is
the time of flight, and hence the peak of output
current corresponding to the highest voltage
represents g time of flight of 1 haif-cycle. This
peak is usually materially higher than the others
under otherwise similar conditions of operation.

The presence of gas in the tube, if it be so
limited that the length of the mean free path
is mafterially greater than the distance between
the plates, may be advantageous in that slight
stable ionization causes partial neutralization of

.. the space charge, and to this degree it is pre-
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ferred to have gas present. It is to be em-
phasized, however, that the phenomenon de-
scribed is not one of gas ionization, and that
successful operation was first obtained with s
vacuum so high that no fluorescence could he
shown on the walls of the tube, while an ioniza-
tion gage showed practically zero indication.

Where electrons strike the cathodes without
emitting secondaries  (condition 2 above), they
will subtract from the anode current; where they
meet condition 3 they are ineffective except as
they increase the density of the electron cloud
or plasma and hence the probable number of
electrons collected per half-cycle.

From the above the reasons for the perform-
ance of the device will be clear. The total out-
put current or equilibrium current varies with
the proportionate number of electrons .falling
under conditions 1, 2 and 3, and this in turn
varies' with the potentials applied.

The uses of the device may readily be deduced
from the characteristic curve, which shows al-
ternate regions of positive and negative resist-

3

ance. These regions obviously permit the modu-
lation of the output by variation of anode poten-
tial. Operation in the negative resistance regions
permits use as a generator of oscillations of any
frequency, as in the case of any of the well known
negative resistance devices. Rectification and
frequency doubling both occur in the anode
branch of the circuit, and may be put to their
usual uses. Self-excited oscillations may be de-
veloped if the inductor 8 be tuned to the excit-
ing frequency and coupled to the output. These
effects are described In detail and claimed in
copending applications.

Current multiplication, which is the particular
concern of the present application, may be ob-
tained with this apparatus in at least three dis-
tinet ways, all being dependent upon limiting the
average number of impacts resulting from a
single initial electron so that the total output cur-
rent remains materially below the equilibrium
value. :

The first of these modes of operation comprises
interrupting the action periodically at such short
intervals that the limiting conditions cannot
supervene. As these intervals will include the
same number of half-cycles, and hence the same
number of multiplying impacts, it is clear that

the mean output current within the interval will

be proportional to the number of initiating elec-
trons liberated in the interval.

The second mode of operation depends upon a
“drift” of the electron cloud toward the anode, so
that if the first impact occurs on the axis of the
tube the succeeding impacts will occur succes-
sively nearer and nearer the anode, until the elec-
trons are finally collected, the “descendents” of
successive initiating electrons reaching the collec-
tion point in their proper order, having accom-
plished the same number of impacts.

The third mode of operation is effective only if
there be enough gas to permit the condition of
stable ionization described above, and in this
mode the exciting oscillator {1 is not energized,
the plates 2 being held at a fixed negative (or
zero) potential.. The guiding field should also
preferably be somewhat stronger in this case.

The discharge may be initiated by photo-emis-
sion from one of the cathode plates 2. The elec-
trons are accelerated by the anode potential, but
are repelled as they approach the opposite plate,
coming to rest and refurning along their path
Jjust before striking it. They thus oscillate about
the center of the tube until they have traversed a
distance equal, on the average, to the mean free
path corresponding to the gas pressure, then
striking gas molecules and ionizing them.

The collisions will probably not occur at the
end of the tube, and the electrons released thereby
will therefore oscillate through a smaller path
than the initial electron, as will the initial elec-
tron itself. The resulting positive ion will he
collected by one of the cathodes.

Buccessive collisions will therefore take place,
each occurring nearer the center of the tube
than the last, until finally the oscillations about
the central plane become of too small energy to
cause further ionization, and all of the resulting
ions and electrons are collected.

Statistically, both the time required for this
process and the number of ionizing impacts Te-
sulting from an initial electron will be constant,
and a multiplication will result which although
not as great as that obtainable by the first mode
of operation, can quite readily be brought to a
factor of 2000 without loss of stability.
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In Figure 2 the multiplier is shown embodied
in a television image dissector. The evacuated
envelope 20 is provided at one end with a plane
‘window 2{, immediately behind which is Placed
a cathode 22 of fine wire gauze (mesh say 200 per
inch). This is coated with photo-electrically
sensitive material, such as caesium on silver
oxide.

Spaced from the cathode 22 is an anode 24,
having & scanning aperture 26 therein. Cathode
and anode are connected through a high poten-
tial .source 23, and the anode 24 is preferably
grounded. .

The electron multiplier lies within the chamber
behind the anode. One of the cathode plates,
26, is spaced but slightly from the anode 24 and
is itself provided with an aperture, lying immedi-
ately behind the aperture 25, and covered with a
fine mesh screen 26’, this screen being adapted
to the secondary emission of electrons. The
other cathode' plate, 27, is supported by the re-
entrant stem 28 at the end of the tube opposite
the window 21. The cylindrical anode 29 fits
snugly within the walls of the tube 20, and sur-
rounds the space between the cathodes.

A tubular conduit 30, preferably integral with
or connected to the anode 29, carries the lead §{
which connects to the plate 26, and is brought out
through the stem 28, as is the lead from the cath-
ode 27. . .

Externally of the tube there is mounted a lens
31 for focusing the image to be transmitted upon
the cathode 22. A solenoid 82 surrounds the
entire tube, and is supplied with direct current
from a battery or equivalent source 38. It exer-

. cises the dual function of providing a guiding

fleld for the electron-multiplier portion of the
device and for focusing the ‘electrical image
formed by the emission from the photo-electric
cathode, in the plane of the anode 28. A pair of
deflecting coils 34, 35, placed on opposite sides of

. the tube, carry alternating current; - preferably
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of saw-tooth waveform; delivered by a generator
36. These coils serve to deflect the electrical
image across the aperture 25. In practice a simi-
lar set of coils, displaced 90° about the axis of the
tube, and supplied by a generator of different fre-
quency, deflects the image across the aperture in
a plane perpendicular to that. of the deflection
caused by the coils shown. This second set of
coils is omitted because it has been shiown 11 nu-
merous previous applications, ‘the “méthod of
Scansion is well known and well understood, and
because the addition’ of the second set -of coils
would merely serve to confuse the drawings, © -
An inductor 31 is:connected, throug: line 88,
to the cathode plates 26 and 27 :Cotl 87 form:
the secondary of a-transformer whosge
Is supplied with current at ‘8 frequency
order of 50 megacycles by the ‘oscillator 40
The center of the coil 36 is tapped and’c
nected through an output resistor 4; ‘the nega-
tive end of a potential source
end of this source connects ‘with the anode~29.
A generator 46 of alternating :current, at a. fre-
quency of the order of 1 megacycle; ] udec
in series in this circuit. - A switch 47 may

eration, and a second switch 49 similatly: shorts
out the inductor 36. Coes s S
The arrangement may be operated In a’number
of different ways.  Regardless of the ‘méde
operation the image to: be transmitted is focuse

upon the cathode 22, liberating the electrical

image which is scanned by deflecting 1t across the

44. The positive

e tised
to short around this generator when not in op-

ode ‘of -
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aperture 28, the electrons from successive ele-
mentary areas of the image entering the aper-
ture and liberating secondary electrons from the
screen 26°.

At this point the differences in mode of oper-
ation occur. With the switches 47 and 49, open,
as shown, and the oscillation-generators 46 and
46 excited, the electrons entering the aperture
are oscillated back and forth within the chamber
releasing secondaries at each impact with the
end-plates 26 and 27, as in the case of the simple
multiplier. .

Owing to the fact that the potential on the
anode 30 is varied at high frequency, oscillating
between a value giving no amplification and one
glving very large electron multiplication, each
group of electrons, that is, the electrons enter-
ing the aperture at any one cycle of the oscillator
46, execute a definite number of impacts and
undergoes a definite, and proportionate, multi-
plication. ‘These electrons are collected by the
anode 30, flow through the output resistor 44, and
produce across this resistor a potential which is
effective across the leads marked “output” and
which may be applied to an amplifier of any
satisfactory type. .

Under this particular set of conditions the out-
put current is prevented from building up to the
maximum equilibrium condition of the tube, and
the resultant output current is proportional to
the electron flow entering the aperture 2§, as it
‘'would not be were the device permitted to reach
equillbrium without being stopped by the change
in voltage due to the generator 46.

With a somewhat less powerful focusing fleld,
and with the switch 47 closed, and the generator
46 not operating, a set of conditions may be ob-
tained where the radial! component of the field
between the plates 26 and 27 and the anode 30
will, of itself, be sufficient to cause a drift of
electrons toward the anode, so that each succes-
sive impact of any particular group of electrons
occurs closer to the outer periphery of the tube.
This results in the muiltiplied electron flow from
Successive elementary areas of the cathode 22
being picked up in order by the anode 30, so that
again the output of the device is brevented from
reaching the equilibrium condition.

In the third method of operation the switch
48 is also closed and the oscillator 43 is left inac-
tive. Under this condition of operation the
multiplication or fonization as described in con-
nection with the third mode of operation of the
tube of Figure 1, becomes effective. The multi-
plication achieved in this manner is not as great
as that which may be obtained with the other
methods of operation, but it may still be several
thousandfold. _

. The tube illustrated in Figure 3 is similar to
that in Figure 2 with the exception that the con-
duit shield 58, carrying the lead to the plate 26,
is mounted from the sides of the envelope on sup-
port wires §1, and a negative bias is applied
thereto by a battery 52, whose ‘positive end is
grounded. Since the other elements of the
drawings all have their counterparts in Figure 2,
they are designated by similar reference charac-
ters.

The electrode 50 is used to set up a transverse
component within the space 26, which serves to
accelerate the transverse drift of the electron
groups, causing them to be collected by the anode
30 after a limited number of collisions, and thus
obviating the necessity for using the oscillator
46 to limit the amount of multiplication. Be-
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cause the value of the transverse component
may, in this instance, be varied independently of
the anode potential, the device is less critical in
adjuggment than where the mere radial compo-
nent of the cathode-anode field is relied upon
to cause the drift toward the anode.

In the form of the device illustrated in Figures
5 and 6, the lens, photo-electric cathode, focusing
and deflecting colls, and their circuits, are sub-
stantially similar to those illustrated in Figures
2 and 3 and are accordingly designated by simi-
lar reference characters distinguished by accents.
The anode 24’, however, forms & portion of a
hollow metal container 60, within which is the
multiplying chamber. This chamber is provided
with a lining of metal gauze 61, formed with a
relatively .open mesh of extremely fine wire.
QGlass or other insulating beads 62, mounted on
frame wires 63 to which the lining is secured,
serve to hold the lining spaced and insulated from
the interior of the container 80.

A small portion 65 of the liner, immediately be-
hind the aperture 26’ is formed of heavier mesh

gauze, which may be coated with caesium so _

as to emit secondary electrons more readily.

A fllamentary anode 66, preferably of annu-
lar form, is mounted approximately in the cen-
ter of the container, being mounted on a wire
support 61 which is insulated by beads 69 from
an inwerdly extending side tube 710 which pro-
jects into the amplifying chamber. The anode
66 connects through an output resistor 11 to the
positive end of a battery or other potential source
12, and thence to ground. The body of the con-
tainer also.connects to ground through the lead

. 18, while the liner §1 is maintained a few volts

40

45

50

55

80

a5

70

75

positive by means of the battery 75.

In the operation of this form of the device,
the electrical image is scanned over the aperture
as described in connection with the other modi-
flcations of the device. Those electrons entering
the aperture strike the heavy gauze portion 65
of the screen liner, emitting secondary elec-
trons therefrom. These electrons are attracted
toward the collector anode 66, but by reason of
its small size and its position the probabilities
are against these electrons being collected. - Aft-
er passing the collector anode 66 they are de-~
celerated, and reversed in direction by the field
through which they are falling, in general miss-
ing the liner and thus making repeated oscilla-
tions back and forth through the container past

the collecting electrode. After a number of oscil-.

lations, depending upon the degree of vacuum
within the container, the electrons encounter gas
molecules and ionize them in the same manner
as was described in the third method of opera-
tion of the device shown in Figure 2.

Positive ions liberated by these impacts are
attracted to the side walls of the container,.in
general missing the fine wire niesh of the liner
and impinging upon the walls of the container
jtself. - Any secondary electrons liberated by these
impacts are, in all probability, picked up by the
liner, since their low velocities render them more
susceptible of deflection than the high speed elec-
trons traveling in the main chamber. Experi-
ment has shown that this picking up of second-
ary electrons liberated by the slowly moving posi-
tive ions may be accomplished with the liner
either positive or negative to the container it-
self. ;
Electrons liberated by successive collision with-
in the body of the chamber travel through suc-
cessively,. smaller orbits and with lower veloc-

S

ities until they are finally collected by the anode
66. The current formed by these electrons causes
the potential drop in the output resistor 71, this
drop being amplified in the usual manner.

While each of the methods of operation of the
multiplier herein set forth has its particular ad-
vantages and field of usefulness, my present pref-
erence is for the form of a device illustrated in
Figure 2, as operated with the switch 41 closed
and the oscillator 46 inactive. When the de-
vice is to be operated in this manner, the cur-
rent through the focusing colil is increased to its
maximum value, and the potentials from the
oscillator 40 and the battery 44 are varied until
& maximum equillbrium current is established.
The focusing or guiding fleld is then weakened
until current just ceases to flow in the absence
of photo-electrons through the aperture 26. This
gives maximum sensitivity without over-regen-
eration leading to equilibrium conditions. The
‘focus of the electrical image from the cathode
22 may then bhe brought into the plane of the
anode 24 by suitable adjustment of the poten-
tlal of the battery 23.

Theoretically this method of multiplication
should give somewhat lower sensitivity than that
wherein the oscillator 46 is used to interrupt the
multiplication at short intervals. In practice
there appears to be little difference between the
sensitivity of the two methods, since instability
appears to supervene at about the same multiply-
ing value with either method. Both methods lead
to very large amplification; with either system
of operation the current through the output re-
sistor can readily be made of the same order of
magnitude as the total emission from the photo-
electric cathode 22, the area of the aperture 25
being approximately 10-5 times that of the
cathode.

I claim: .

1. A device for causing a relatively small num-
ber of primary electrons to establish relatively
large space currents which comprises an evacu-
ated envelope, a pair of electrodes spaced with-
in said envelope, means for establishing an oscil-
lating potential between said electrodes sufficient
to cause secondary emission of electrons there-
from at a ratio greater than unity, a collecting
electrode positioned between said first mentioned
electrodes, and means for guiding electrons be-
tween said first mentioned electrodes in a path
such that the probability of the average indi-
vidual electron reaching said collecting elec-
trode is small.

2. A device for causing a relatively small num-
ber of primary electrons to establish relatively
large space currents which comprises an evacu-
ated envelope, a pair of electrodes spaced with-
in said envelope, means for establishing an oscil-
lating potential between said electrodes suffi-
cient to cause secondary emission of electrons
therefrom at a ratio greater than unity, a col-
lecting electrode positioned between said first
mentioned electrodes, and means for establish-
ing a longitudinal magnetic field between said
first mentioned electrodes to guide electrons
therebetween into a path such that the probabil-
ity of the average individual electron reaching
said collecting electrode is small.

3. A device for causing a relatively small num-
ber of primary electrons to establish relatively
large space currents which comprises an evacu-
ated envelope, a pair of electrodes spaced within
said envelope, means for establishing an oscillat-~
ing potential between said electrodes sufficient
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to cause secondary emission of electrons there- . establishing fields within said chamber capable

from at a ratio greater than unity, a collecting
electrode positioned between said first mentioned
electrodes, means for applying an accelerating
potential to said collecting electrode to control
the velocity of electrons between said first men-
tioned electrodes to a value giving a time of
travel therebetween having a predetermined ratio
to ‘the half period of said oscillating potential,
and means for guiding said electrons in a path
such that the probability of the average indi-
vidual electron reaching said collecting electrode
is small.

4. An electron discharge device comprising a
chamber dimensioned and evacuated so that an
electron liberated therein will probably make a
plurality of  traversals thereof before colliding
with a gas molecule, a pair of cathode plates po-
sitioned ‘at opposite ends of said chamber, an
anode positioned between said plates, and means
for establishing fields within said chamber capa-
ble of affecting the motions of electrons therein
along a line between sald pair of cathode plates
sald means being so constructed that the prob-
ability of any individual electron being collected
by either said anode or the side walls of the
chamber is relatively small during traversal of
the space between said cathodes and the prob-
ability of its releasing another electron by impact
with one cathode or-the other before being so
collected is relatively large.

5. An electron discharge device comprising a
chamber dimensioned and evacuated so that an
electron liberated therein will probably make a
plurality of traversals thereof before colliding
with a gas molecule, a pair of cathode plates
positioned at opposite ends of said chamber, an
anode positioned between said plates, means for
establishing flelds within said chamber capable
of affecting the motions of electrons therein along
a line between said pair of cathode plates said
means being so constructed that the probability
of any individual electron being collected by
either said anode or the side walls of the chamber
is relatively small during traversal of the space
between said cathode and the probability of its
releasing another electron by impact with one
cathode or the other hefore being so collected
is relatively large, and means for introducing
electrons into said chamber for multiplication.

6. An electron discharge device comprising a
chamber dimensioned and evacuated so that an

electron liberated therein will: probably make a -

plurality of traversals thereof before colliding
with a gas molecule, a pair of cathode plates
positioned at opposite ends of said chamber, an
anode positioned between said plates, means for
establishing flelds within said chamber capable
of. affecting the motions. of electrons therein so
that the probability of any individual electron
being collected by either said anode or the side
walls of the chamber is relatively small and the
probability of its releasing another electron by
impact before being so collected is relatively large,

means for introducing electrons into said cham--

ber for multiplication, and means for limiting
the amount of multiplication produced by the
primary electrons introduced.

7. An electron discharge device comprising a
chamber dimensioned and evacuated so that an
electron liberated therein will probably make a
plurality of traversals thereof before colliding
with a gas molecule, a pair of cathode plates
positioned at opposite ends of said chamber, an
anode positioned between said plates, means for

R

of affecting the motions of electrons therein so
that the probability of any individual electron
being collected by either said anode or the side
walls of the chamber is relatively small and the
probability of its releasing another electron by
impact before being so collected is relatively large,
means for introducing electrons into said cham-
ber for multiplication, and means for periodically
interrupting the multiplying process.

8. A television image dissector comprising an
envelope, a photo-electrically sensitive cathode
within said envelope, a pair of plates within the
envelope forming a chamber therein, one of said
blates facing said cathode being provided with
an aperture, means for directing electrons from
said cathode through said aperture, an anode po-~
sitioned between said plates, and means for ap-
plying potentials to sald anode and plates to
cause electrons within said chamber to oscillate
between sald plates, whereby electrons entering
sald aperture may cause, by impact, the libera-
tion of relatively large numbers of additional
electrons.

9. A television image dissector comprising an
evacuated envelope, a photo-electrically sensitive
cathode within said envelope, an auxiliary cham-
ber within the envelope apertured to receive elec-
trons from said cathode, means for directing
electrons from a selected portion of said cathode
through said aperture, and means for oscillating
electrons within said chamber to cause additional
electron flow by repeated impacts therein.

10. A television image dissector comprising an
evacuated envelope, a photo-electrically sensitive
cathode within said envelope, an auxiliary cham-
ber within the envelope apertured to receive elec-
trons from said cathode, means for directing
electrons from g selected portion of said cathode
through said aperture, and means for oscillating
electrons along predetermined paths within said
chamber to cause additional electron flow by re-
peated impacts therein.

11. A television image dissector comprising dn
evacuated envelope, a photo-electric cathode
within the envelope, a plate having a scanning
aperture therein positioned to receive electrons
from said cathode and dividing said envelope to
form a separate chamber therebehind, a second
plate opposing said apertured plate within said
chamber, an anode hetween said plates, means
for establishing a magnetic field longitudinally
of the space between said plates, means for estab-
lishing an oscillating potential between said
plates, and means for establishing a potential on
said anode positive to the mean potential on said
plates.

12. A television image dissector comprising an
evacuated envelope, a photo-electric cathode
within the envelope, a plate having a scanning
aperture therein positioned to receive electrons
from said cathode and dividing said envelope to
form a separate chamber therebehind, a second
plate opposing said apertured plate within said
chamber, an anode surrounding the space be-
tween said plates, means for establishing a mag-
netic fleld longitudinally of the space between
said plates, means for establishing an oscillating
potential between said plates, and means for es-
tablishing o potential on said anode positive to
the mean potential on said plates.

13. A television image dissector comprising an
evacuated envelope, a photo-electric cathode
within the envelope, a plate having a scanning
aperture therein positioned to receive electrons

10

30

35

40

45

50

65

80

65

70

{3




10

15

30

35

40

45

50

55

60

65

70

5

2,071,518
‘of ‘electrons from 'sald active surface at greater

from said cathode and dividing sald envelope to
form a separate chamber therebehind, a second
plate opposing said apertured plate within said
chamber, an anode between sald plates, means
for establishing a magnetic fleld longitudinaily
of the space between said plates, means for estab-
lishing an oscillating potential between said
plates, and means for periodically establishing on
said anode a potential positive to the mean poten-
tial of said plates, the period of said potential
being sufficiently long to include a plurality of
cycles of sald oscillating potential,

14. A device for causing g relatively small num-

ber of primary electrons to establish relatively -

large space currents which comprises an evacu-
ated envelope, a pair of electrodes spaced within
said envelope and having surfaces adapted readily
to emit secondary electrons, means for establish-
ing-an oscillating “potential between said -elec-
trodes sufficient to cause secondary emission of
electrons therefrom at a ratio greater than unity,

. & collecting electrode positioned between said

first mentioned electrodes, and means for guiding
electrons hetween said first mentioned electrodes
in a path such that the probability of the average
individual electron reaching said collecting elec-
trode is small.

15. An electron discharge tube comprising an
envelope, .a pair of spaced electrodes therein
adapted. to emit secondary electrons on impact,
means for energizing said electrodes to cause an
electron therebetween to make repeated and suc-
cessive impacts therewith, and means for collect-
ing the resultant electrons, .

16. An electron discharge tube comprising an
envelope, a pair of spaced electrodes therein
adapted to emit secondary electrons on impact,
means for energizing said electrodes to cause an
electron therebetween to make repeated and suc-
cessive impacts therewith, means for collecting
the resultant electrons, and means for intro-
ducing electrons between said electrodes.

17. An electron discharge tube comprising an
envelope, a pair of spaced electrodes therein
adapted to emit secondary electrons on impact,
means for energizing said electrodes to cause an
electron therebetween to make repeated and suc-
cessive ‘impacts therewith, means for collecting
the resultant electrons, and means for intro-
ducing a varying number of electrons between
said electrodes. .

18." An electron multiplying apparatus compris-
ing an evacuated envelope, a cathode within said
envelope having an extended active surface ca-
pable of emitting secondary electrons at a ratio
greater than unity, an anode opposed to said cath-
ode and presenting thereto an aspect whose area
as projected on said active surface is relatively
small, means for applying a substantially con-
stant positive potential on said anode with respect
to said cathode, means for guiding an electron
cloud from the active surface of said cathode past
said anode, means for reversing the direction of
flight of the electron cloud passing said anode
and returning said cloud toward said cathode,
and means for imposing between said cathode
and anode an oscillating potential of a frequency
whose period is approximately equal to the time
required by the electron cloud to leave said cath-
ode and return thereto under the influence of

said constant potential and reversing means, said

oscillating potential being of such magnitiide as
to impart to said cloud during its time o: flight

a velocity sufficient to cause secondary emission

1

7

than unity ratio.

19. An electron multiplying apparatus com-
prising an-evacuated envelope, a cathode within
said envelope having an extended active surface
capable of emitting secondary electrons at a ratio
greater than unity, an anode opposed to said
cathode and presenting thereto an aspect whose
area gs projected on sald active surface is rela-
tively smakll, means for applying a substantially
constant positive potential on said anode with
respect to sald cathode, means for guiding an
electron cloud from the actlve surface of said
cathode past sald anode, means for reversing the
direction of flight of the electron cloud passing
said anode and returning said cloud toward said
cathode, and means for imposing between said
cathode and anode an oscillating potential of a
frequency an-integral- multiple of whose period
is' approximately equal to the time required by
the electron cloud to leave said cathode and re-
turn thereto under the influence of said con-
stant potential and reversing means, said oscil-
lating potential being of such magnitude as to
impart to said cloud during its time of flight a
velocity sufficient to cause secondary emission
of electrons from said active surface at greater
than unity ratio. .

20. An electron multiplying apparatus com-
prising an evacuated envelope, a cathode within
said envelope having an extended active surface
capable of emitting secondary electrons at a ratio
greater than unity, an annular anode opposed to
said cathode and presenting to the active surface
thereof a negligible projected area, means for
applying a substantially constant positive poten-
tial on sald anode with respect to said cathode,
means for guiding an electron cloud from the
active surface of said cathode past said anode,
means for reversing the direction of flight of the
electron cloud passing said anode and returning
said cloud toward sald cathode, and means for
imposing between said cathode and anode an
oscillating potential of:a frequency an integral
multiple whose period is approximately equal to
the time required by the electron cloud to leave
said cathode and return thereto under the in-
fluence of said constant potential and reversing
means, said oscillating potential being of such
magnitude as to impart to said cloud during its
time of flight a velocity sufficient to cause sec-
ondary emission of electrons from said active
surface at greater than unity ratio.

21. The method of obtaining relatively large
space currents from a relatively small number
of initial electrons which comprises the steps of
subjecting said.initial electrons to an oscillating
electrostatic field, guiding said electrons within
said . fleld along substantially predetermined
paths, controlling the velocity of said electrons
along said paths to cause them to reach the ends
thereof with a material velocity component de-
rived from said oscillating field, causing said elec-
trons to initiate an increased number of secondary
electrons by impact at the end of said paths, and
repeating said steps with said secondary elec-
trons to cause a further increase in number.

22. The method of obtaining relatively large
space currents from a relatively small number of
initial electrons which comprises the steps of
subjecting said initial electrons to an oscillating
electrostatic field, guiding said electrons within
said field along . substantially predetermined
paths, controlling the velocity of said electrons
along said paths to cause them to reach the ends
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thereof with a material velocity component de-
rived from said oscillating field, causing said elec-

trons to initiate an increased number of sec-
ondary electrons by impact at the end of said

,pathjs,.qepeating said steps with said secondary

electrons to cause a further increase in number,
progressively varying the paths followed by each
successive generation of secondary electrons, and
eventually collecting the -electrons liberated at
the final generation,

23. The method of obtaining relatively large
space currents from a relatively small number
of initial electrons which comprises the steps of
subjecting said initial electrons to an oscillating
electrostatic. field, guiding said electrons with-

-in said field along substantially predetermined

paths, controlling the velocity of said electrons
along said paths to cause them to reach the ends
thereof with a material velocity component de-

rived. from said oscillating field, causing said .

electrons to initiate an increased number of sec-

‘ondary electrons by impact at the end of said

paths, repeating said steps with said secondary
electrons to cause a further increase in number,
progressively varying the paths followed by each
successive generation of secondary electrons, and
eventually collecting the electrons liberated at
the final generation at a time when the electrons
collected at each cycle of sald: oscillating field
are the resultant of substantially the same aver-

-age number of secondary electron generating im-

pacts. .

24. The method of obtalning relatively large
space currents from a relatively small number
of initial electrons which comprises the steps of
establishing an oscillating field of predetermined
frequency, subjecting said initial electrons to said
field for acceleration thereby, applying addi-
tional accelerations to said electrons to cause
them to traverse a predetermined path within
approximately one-half cycle of said oscillating
fleld, causing said initial electrons to initiate sec-
ondaries by impact at the end of said path, and
repeating said steps with the secondaries thus
liberated. .

25. A device for causing a relatively small
number of primary electrons to establish rela-
tively large space currents which comprises an
evacuated envelope, a pair of electrodes spaced
within said envelope, an oscillator connected to
energize said electrodes and capable of supply-
ing potentials sufficient to cause secondary emis-
sion of electrons therefrom at a ratio greater

‘than unity, a collecting electrode positioned be-

tween said first mentioned electrodes, and means
for guiding electrons between said first men-
tioned electrodes in a path such that the prob-
ability of the average individual electron reach-
ing said collecting electrode is small.

26. A device for causing a relatively small
number of primary electrons to establish rela-
tively large space currents which comprises an
evacuated envelope, a pair of electrodes spaced
within said envelope, an oscillator connected to
energize said electrodes and capable of supply-

ing potentials sufficient to cause secondary emis-

sion of electrons therefrom.at a ratio greater
than unity, a collecting electrode positioned be-
tween said first mentioned electrodes, and means
for establishing a longitudinal magnetic field be-
tween said first mentioned electrodes to guide
electrons therebetween into a path such that
the probability of the average individual elec-
tron reaching said collecting electrode is small.

27. A device for causing a relatively small num-

2,071,518

ber of primary electrons to establish relatively
large space currents which comprises an evacu-
ated envelope, a pair of electrodes spaced within
sald envelope and having surfaces adapted read-
ily to emit secondary electrons, an oscillator
connected to energize said electrodes and capable
of supplying potentials sufficlent to cause sec-
ondary emission of electrons therefrom at a ratio
greater than unity, a collecting electrode posi-
tioned between said first mentioned electrodes,
and means for guiding electrons between said
first mentioned electrodes in a path such that
the probability of the average individual elec-
tron reaching said collecting electrode is small,

28. An electron muitiplying apparatus com-
prising an evacuated envelope, a cathode within
sald envelope having an extended active surface
capable of emitting secondary electrons at a ratic
greater than unity, an anode opposed to said
cathode and presenting thereto an aspect whose
area as projected on said active surface is rela-
tively small, means for applying a substantially
constant positive potential on said anode with
respect to said cathode, means for guiding an
electron cloud from the active surface of said
cathode past said anode, means for reversing
the ‘direction of flight of the electron cloud pass-
ing said anode and returning said cloud toward
sald cathode, and an external source of electrical
oscillations connected to impose between said
cathode and anode an oscillating potential of a
frequency whose period is approximately equal
to the time required by the electron cloud to
leave said cathode and return thereto under the
influence of said constant potential and revers-
ing means, said oscillating potential being of
such magnitude as to impart to said cloud during
its time of flight a velocity sufficient to cause sec-
ondary emission of electrons from said active
surface at greater than unity ratio.

29. An electron multiplier comprising an
evacuated envelope, a pair of opposed cathodes
therein having surfaces capable of emitting sec-
ondary electrons at a ratio to impacting primary
electrons greater than unity, an anode inter-
posed between said cathodes whose area, as pro-
jected thereon is relatively small, a source of os-
cillating potentials connected between said cath-
odes capable of developing potentials sufficient
to accelerate electrons therebetween to velocities
causing emission of secondary electrons from
said surfaces at greater than unity ratio, and a
source of constant potential connected between
said cathodes and said anode.

30. An electron multiplier comprising an
evacuated envelope, cathode structure therein
including a pair of opposed surfaces capable of
emitting secondary electrons at g ratio to im-
pacting primary electrons greater than unity, an
anode interposed between said surfaces whose
area as projected on said surfaces is relatively
small, a source of potential connected to apply
a positive potential to said anode, and a source
of oscillating potentials connected to apply said
potentials between said anode, said potentials
between said anode and said cathode structure in
such time and magnitude as will cause electrons
traveling between said surfaces to impact said
surfaces and release secondary electrons there-
from.

31. An electron multiplier comprising an evac-
uated envelope, a pair of opposed cathode plates
having a coating of photo-electrically emissive
material on the surfaces thereof within said enve-~
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. plates whose area as projected on sald plates is

10

relatively small, a source of substantially con-
stant potential connected between said cathode

-plates and said anode, and an external source

of oscillating electrical potential whose quarter
period is of the order of the time of flight of an
electron moving between one of said cathodes and
said anode under the influence of said constant
potential connected to apply said oscillating po-
tential between said cathode and anode.

32, An electron multiplier comprising an evac-
uated envelope, a pair of opposed cathode plates
having & coating of photo-electrically emissive

- material on the surfaces thereof within said en-

15
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velope, an anode positioned between said cathode
plates whose area as projected on said plates is
relatively. small, -a source of substantially con-
stant potential connected between said cathode
plates. and said anode, and an. external source
of oscillating electrical potential, an odd integral
number of whose gquarter periods embraces a time

. approximately equal to the time of flight of an

30

35

electron moving between one of said cathodes
and said anode under the influence of said con-
stant potential connected to apply said oscillating
potential - between said cathode and anode.

33. An electron multiplier comprising an evac-
uated envelope, a pair of opposed cathodes with-
in said envelope, an anode between said cathodes
whose area as projected thereon is relatively
small, a circuit connecting said cathodes, an ex-
ternal source of oscillating potentials coupled to
sald ecircuit to impose said potentials between said
cathodes, and a work circuit including a source
of substantially constant potential connecting
said anode and said first mentioned circuit.

34. An electron multiplier comprising an evac-
uated envelope, cathode structure within said
envelope comprising opposed secondary-electron
emissive surfaces, an anode positioned between
said surfaces, whose area as projected thereon is
relatively small; a circuit connecting said anode

. and said cathode structure including a source of
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substantially constant potential and an output
impedance, an external source of oscillating po-
tential, and means for applying said oscillating
potential between said anode and cathode struc-
ture.

35. An-electron multiplier comprising an enve-
lope, a pair of spaced electrodes therein adapted
to emit secondary electrons on impact, an oseil-
latory circuit connecting said electrodes, and
means for supplying alternating current to said
oscillatory circuit to cause electrons between said
electrodes to make repeated and successive sec-
ondary electron generating impacts therewith.

36. An electron multiplier comprising an enve-
lope, ‘a pair of spaced electrodes therein adapted
to emit. secondary electrons on impact, an oscil-
latory circuit connecting said electrodes, means
for supplying alternating current to said oscilla-
tory eircuit to cause electrons between said elec-
trodes to make repeated and successive secondary
electron : generating impacts therewith, and
means for introducing electrons between said
electrodes.

37.. An electron multiplier comprising an enve- -

lope, & pair of spaced electrodes therein adapted
to emit secondary electrons on impact, an oscil-
latory circuit’ connecting said electrodes, means
for supplying alternating current to said oscilla-
‘tory circuit to cause electrons between said elec-
trodes to make repeated and successive secondary
electron - generating = impacts .therewith, and
means for collecting the resultant electrons.

=

9

38. An electron multiplier comprising an enve-
lope, a pair of spaced electrodes therein adapted
to emit secondary electrons on impact, an oscil-
latory circuit connecting sald electrodes, means
for supplying alternating current to sald oscilla-
tory circuit to cause electrons between said elec-
trodes to make repeated and successive secondary
electron generating impacts therewith, a collect-
ing electrode positioned to coliect the resultant
electrons, and an electrical connection including

a potential source between said oscillatory circuit

and said collecting electrode.

39. An electron multiplier comprising an enve-
lope, a pair of spaced electrodes therein adapted
to emit secondary electrons on impact, an oscil-
latory circuit connecting said electrodes, an os-;

cillator driving said oscillatory circuit, a collect--

ing electrode, an electrical connection including
g potential source between said oscillatory cir-
cuit and sald collecting electrode, and means for
adjusting the time of flight of electrons between
said electrodes to substantially coincide with the
period of sald oscillator.

40. An electron multiplier comprising an en-
velope, a pair of spaced electrodes therein adapt-
ed to emit secondary electrons on impact, an
oscillatory circult connecting sald electrodes,
means for supplying alternating currént to said
oscillatory circuit to cause electrons between said
electrodes to make repeated and successive sec-
ondary electron generating impacts therewith, an
accelerating electrode positioned and energized
to collect the resultant electrons, after a plu-
rality of impacts, and an electrical connection be-
tween said accelerating electrode and & point in-
terminate the ends of said oscillatory circuit.

41. An electron multiplier comprising an enve-
Jope, a pair of spaced electrodes therein adapted
to emit secondary electrons on impact, means for
energizing said electrodes with an alternating po-
tential to cause electrons therebetween to make
repeated and successive impacts therewith, and
means for controlling the time of electron flight
between impacts.

42. An electron multiplier comprising an enve-
lope, a pair of spaced electrodes therein adapted
to emit secondary electrons on 'impact, means for
energizing said electrodes with an alternating po-
tential to cause electrons therebetween to make
repeated and successive impacts therewith, an ac-
celerating electrode positioned and energized to
regulate the speed of electron travel between said
electrodes, and means for varying the potential
on said accelerating electrode to vary the time of
electron flight between electrodes.

43. An electron multiplier comprising an en-
velope, a pair of spaced electrodes therein adapt-
ed to:emit secondary electrons on impact, means
for energizing said electrodes with an alternating
potential to cause electrons therebetween to make
repeated and successive impacts therewith, an
accelerating electrode positioned and energized to
regulate the speed of electron travel between said
electrodes, and means for varying the potential
on said accelerating electrode to produce a time
of electron flight substantially equal to the period
of said osciliating potential.

44, An electron multiplier comprising an enve-
lope, a pair of spaced electrodes therein adapted
to emit secondary electrons on impact, means for
energizing said electrodes with an alternating po-
tential to cause electrons therebetween to make
repeated and successive impacts therewith, and
means for regulating the time of flight substan-

18

45

50

55

60

65

70

7%



10

tial, .
45. The method of amplifying an electron flow,
- which comprises creating a stream of electrons

& in the space between two opposed surfaces capable

of emitting secondary electrons, accelerating said
stream against one of said surfaces to create a
new increased stream of secondary electrons in
& different direction, accelerating the new stream
against the opposing surface to form a still further
increased stream again changed in direction, and
repeating the cycle between said two opposing
surfaces until the desired degree of amplification
is obtained.
16 ., 46. The method of increasing the number of
electrons in an electron stream, which comprises
intersecting said stream by a surface capable of
emitting secondary electrons on impact, acceler-
ating the electrons thus created toward a similar
surface:to again increase the stream by impact
with said surface, and repeating the cycle be-
tween said two surfaces until the desired number
of electrons is obtained.

47. The method of exciting electron emission
!5 from a cathode which comprises withdrawing
- from said cathode the electrons emitted thereby

due to photaelectric emission and thermal emis-

sion at room temperature, reversing the direction
of said electrons and accelerating them against

10 said cathode with sufficient velocity to cause the
emission of additional electrons by impact, and
repeating said operation upon all of the emitted
electrons {o build up the emission in geometric
ratio.

6 - 48. The method of generating an electronic
space charge between s pair of electrodes which
comprises introducing an electron between said
electrodes and applying s high frequency alter-
nating potential between said electrodes, said po-

0 tential being adapted in magnitude and period to
cause said eleéttron to impact one ‘of said elec-
trodes with sufficient veldcity to cause secondary
emission therefrom, and to' cause the emitted
electron to impact the other electrode at a like
velocity to cause further secondary emission.

49. The method of maintaining & substantially
pure electronic discharge between a pair of elec-
trodes which comprises introducing a cloud of
electrons therebetween and cyclically varying the
0 potential between said electrodes to cause elec-

-trons component of said cloud to impact one

of said electrodes with sufficient velocity to cause

secondary emission therefrom at a ratio greater
than unity, and to withdraw the emitted elec-

5 trons into said cloud. i

50. The method of generating a substantially
pure electron dischiarge between a cathode and

" an anode which comprises causing said cathode
to emit a relatively small number of electrons,

0 applying a potential to said anode to withdraw
the emitted electrons from said cathode, guiding
at least a portion of said electrons past said anode
In consequence of which passage their direction
of motion is reversed so that they again approach
sald cathode, and varying the relative potentials
of said cathode and anode during the time of
flight of said electrons to cause them to impact
said cathode with a velocity greater than their
initial velocity of emission to cause secondary
emission -at a ratio greater than unity. '

51. The method of. eleciron multiplication
which comprises causing electron emission from
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& substantially equipotential surface, withdraw- .

ing the emitted electrons into the space bounded
i by sald surface, and reaccelerating electrons from

. 2,071,515
tially equal to the period of said oscillating poten-~ |

sald space against said surface to cause secondary
emission therefrom at a ratio greater than unity.

52. The method of electron multiplication
which comprises causing electron emission from
a substantially equipotential surface, withdraw-
ing the emitted electrons into the space bounded
by said surface, reaccelerating electrons from
sald space against said surface to cause secondary

emisston therefrom at a ratio greater than unity,

again withdrawing the emitted electrons into said
space, and causing s systematic drift of. the
electron flow transverse to said surface to cause
successive descendent electrons from the same
initial emission to impact different portions of the
surface.

. 83, The method of electron multiplication
which comprises causing electron emission from
a substantially equipotential surface, withdraw-
ing the emitted electrons into the space bounded
by said surface, reaccelerating electrons from said
space against sald surface to cause secondary
emission therefrom at e ratio greater than unity,
and collecting electrons forced outwardly in said
space by the space charge developed.

54. The method of electron multiplication
which comprises causing electron emission from
8 substantially equipotential surface, withdraw-
ing the emitted electrons into the space bounded
by said surface, reaccelerating electrons from said
space against said surface to cause secondary
emission therefrom at a ratio greater than unity,
and collecting electrons in excess of the number
required to maintain steady state conditions.

55. The method of electron multiplication
which comprises causing electron emission from
a substantially equipotential surface, withdraw-
ing the emitted electrons into the space bounded
by said surface, reaccelerating electrons from said
space against said surface to cause secondary
emission therefrom at a ratio greater than unity,
and creating a steady state condition by with-
drawal of electrons from said space.

66. The method of electron multiplication
which comprises causing electron emission from
2 substantially equipotential surface, withdraw-
ing the emitted electrons into the space bounded
by said surface, reaccelerating electrons from said
space against said surface to cause secondary
emission therefrom at a ratio greater than unity,
and collecting electrons forced from said space
by the space charge developed.

57. The method of amplifying an electronic
flow by means of surfaces capable of emitting
secondary electrons at a ratio to impacting pri-
mary electrons greater than unity which com-
prises the steps of causing an initial flow in a
space bounded by such surfaces, subjecting the
electrons component thereof to a fleld to cause
them to impact with said surfaces, and estab-
lishing a separate guiding field which directs the
initial electrons and the secondary electrons Hb-
erated thereby into different predetermined paths
to cause successive impacts with said surfaces
and to cause the descendents of substantially all
of the initial electrons to accomplish substan-
tially the same number of impacts.

58. The method of amplifying an electronic
current by repeated impacts between a pair of
opposed surfaces which comprises introducing
said current at a predetermined position between
sald surfaces, applying to said current fields to
cause the component electrons to impact said
surfaces, and causing the descendent electrons
liberated by such impacts to progress systemati-
cally across said surfaces from the position of
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introduction to a position of collection while
accomplishing a substantially uniform number
of impacts.

59, The method of amplifying an electronic
current by repeated impacts between a pair of
opposed surfaces which comprises establishing
an electrostatic field directed toward a position
intermediate said surfaces so that an electron
liberated from either surface will be immediately
withdrawn therefrom and be carried by its own
momentum nearly if not quite to the opposing
surface, and establishing an additional electro-
static field of smaller magnitude in the space be-
tween said surfaces to impart an additional ve-
locity to such electrons to cause them to strike
the opposing surface with sufficient velocity to
cause secondary emission therefrom, and intro-

11

ducing electrons at a position subject to the effect
of both of said fields.

60, The method of amplifying an electronic
current by repeated impacts between a pair of
opposed surfaces which comprises establishing
an electrostatic field directed toward a position
intermediate said surfaces so that an electron lib-
erated from either surface will be immediately
withdrawn therefrom and be carried by its own
momentum nearly if not quite to the opposing
surface, introducing electrons for amplification
into said field, and subjecting said electrons to
additional accelerations to cause a regular oscil-
latory progression of the electric charge whereof
such electrons are constituents between said sur-
faces with repeated impacts at each surface.
N PHILO T. FARNSWORTH.
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