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This invention relates to electron discharge
devices and particularly to such devices in which
the medium in which the discharge takes place

is a liquid, or a gas near or above atmospheric

bressure, or a solid or mixtures or combinations
thereof.

The mean free path of an electron in a gase-
ous medium decreases with lower electron
velocities, down to certain values, and increases
with lower pressures of the medium. When
ionization has been desired heretofore in the
conventional electron discharge devices, an ac-
celerating voltage in the form of an electric
source had to be made available and applied
electrostatically to the electrons in the medium
to bring their velocities up to and exceeding
lonizing values and the accelerating voltages
have had to be of such values that the velocities
of the electrons were brought up to the ionizing
velocities of the elecirons before collisions oe-
curred with molecules of the medium. Because
of the lengths of the mean free paths of electrons
in gas media of conventional pressures and the
accelerating voltages normally available, high
vacuum gas media have had to be used.

It is known that certain isotopes are radio-
active and emit primary nuclear charged par-
ticles at known rates over known periods of time
and over a range of energy values or levels ex-
bressed in electron volts. Some emissions con-
sist of positively charged or alpha particles, others
of negatively charged or beta, particles, and others
of both alpha and beta particles.

The unique properties of radioactive materials
are not affected by temperature or pressure con-~
ditions or the physical characteristics of the
media into which the particles are radiated.
What reactions take place between the primary
particles and the molecules of the medium after
the particles have left the radioactive source
does depend upon the physical characteristics
of the medium. The magnetic and electric fields
bresent in the medium affect the directions of
movement and velocities of the charged particles.

For example, a bets particle emitted at 1 Mev.
normally produces about 103 ion pairs. If such
radiation takes place in air at atmospheric pres-
sure and the total ionization effect of the radi-
ation is desired to be utilized in an electron dis-
charge device, the envelope of the device would
have to have a radius of several meters as the
range of a 1 Mev. beta particle in air is about
that distance. If, however, the air is confined
under pressure, air-medium electron discharge
devices of practical dimensions may be utilized,
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as the mean free path of an electron in that
medium is much shorter than that in air at
atmospherie pressure. ’

Likewise, shorter mean free paths and hence
shorter ranges may be availed of by selecting
some liquid that is normally an insulator, for
€xample an oil, or even g solid, such as g low
density hydrocarbon with or without other ele-
ments in chemieal solution or suspension, or mix-
tures of liquids, gases or such solids, as the
medium to be ionized. Thus 2 “dense medium?”
is provided in the electron discharge device of
this invention.

With high energy primary charged particles
available from a radioactive source as the ioniza-
tion initiating barticles, the emission of second-
ary electrons per collision will be high, ag suffi-
cient energy is available not only to knock out
electrons from the outer shells of the molecules
but also some electrons from the inner shells
will be projected into space.

In this specification and appended claims, 3
“dense medium” is defined as a medium in which
the molecules are spaced relatively close together
and includes a liquid or a solid or a gas at or
near atmospheric pressure or substantially above
atmospheric pressure. Also, a medium is de-
fined as “ionizable” when it has the character-
istics of the general class of materials known
as “insulators” and the electrons in the outer
shells of the atoms making up the molecules
are not so tightly bound to the nuclei of the
atoms that they can not be knocked out of their
orbits by emitted nuclear particles or meving
free electrons.

In selecting a radioactive isotope from the
large number of choices, consideration may be
given to the energy of the primary particles
emitted, the half life of the isotopes, the char-
acter of the element to which the atoms of the
isotope decay, and the general availability and
cost of the isotope. Phosphorus3? and strontium?
are examples of suitable radioactive materials
as they are beta emitters with a spread of veloci-
ties up to 1 Mev. Tt will be understood, how-
ever, that other suitable emitters are well known
in the art, as published in the literature.

In selecting a solid or g liquid or a gas to be
used as the medium, consideration may be given
to the general availability and cost of the ma-
terial and, in the case of gas, the pressure to be
used to obtain the desired molecular mean free
path. The molecular mean free paths in various
gases are generally known in the literature.

For isotopes having high energy values and
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gases having relatively long molecular mean free pressure; Figure 2 is a schematic diagram of a
paths, a magnetic field may be impressed upon discharge device of the invention in which the
the medium and a collecting electrode may he medium is a gas and upon which medium is im-
placed in the device near one end of the anode. pressed a magnetic field and an electric field;

When this electrode is connected to an electric 5 Tigure 3 is a schematic diagram of the device
source, the primary particles and the secondary shown in Figure 2 incorporated into a rectifier
emission electrons are caused to be drawn into or detector circuit; Figure 4 is a schematic dia-
cyclic paths and:thus: the pathsiof these particles --gram:of the device showm ‘ini Figure ¥ incerporated
and electrons ate lengthened to and beyond the into a detector- circuitss Figure 25718 a-schematic
value of the mean free path of the particles for 10 diagram of a modification of the device shown

ijonization by collision. It is not to be under:- " .fin Figure 2 incorporated into an amplifier cir-

stood that only the high velocity. primary. parti- . .. cuit; and Figure 6 is a schematic diagram of an-

cles cause the initiating of secondary electrons. other modifiation of the device shown in Figure
The lower velocity primary > particles likewise 72 incorporated-intoran amplifier eircuit. )
collide with the molecules:‘of':tHE?mediumr:e‘and 15 -~ Corresponding numerals throughout the draw-
cause ionization. ings refer-to ~eorresponding parts.

While the velocities of the projected secondary - . Referring. to Figure 1, numeral | is a radio-
electrons are very much less ‘than those of the’ aetive isotope charged particle emission sourcé
high energy primary particles, these ‘secoridary.: material deposited on a rod 2 that is positioned
electrons, with gains i velocities from the elec- 20 in the axis of electrode or anode 3, which is

- {ric fields,have sufficient; energy to-move through .-eylindrical.-in-.form. Rod..2 and _anode. 3-are
- the:-medium»‘and».:causevf:urtherv‘ion‘ization- of-the . mounted -by .any‘-;con_ventional:lmeans’ in an en-
medium by collision with~the -melecules-of-the velope. 4. - The. envelope is-filled with a-normally

.medium-and - furnish-a- still-- further- supply of -~ insulating- qr,ﬂn‘onrcoﬁductiv‘e‘ liguid.or solid 5
- eleetrons - for- the:-conduction. currents. . “These :25-.that is ~iomzab1e,‘,by,.collision‘-_by. the charged pri-

. secondary electrons;-«because-ofztheir:pr-oport‘,ional mary particles from source {. Connections -to
_number, -are- the principal particles-to -be cen- rod. 2. and--anode. 3 are provided -with conductor
_sidered-in-the practical-use.of thedevice.: . - wires.6 and T, respectively. i
... This invention.is related-to-the .invention-dis- - ..Referring. to. Figure. 2, the radioactive isotope
.. closed in-copending application Serial No.-51,756 30 .source material 1.1s. positioned.in the axis of and
. filed .September .29,-1948, in-which ‘application.is  .near:one end.of .anode 3.in the.envelope 4, which
. disclosed -and: claimed-a.-high - vacuum.-electron is filled. with-some. gageous mediim, shown gen-
discharge device and associated cireuits, the as-  -erally at 8. . "The enveldpe.d is made of some ma-~
. sociated circuits peing.generally applicable to the terial, such .as. glass, ‘such that’ the magnetic
_presentinvention. .. .. . - s « :}-«-35m.vﬁ'éld,.produced.,‘.by..sblem)id.9“'Whén connectéd. to
~Among the .objects. of. the invention. are ‘the  .a-source connection of. girect current 10; is im-
_providing.of- improved riiethods.of and means for .pressed axially -upon the space between anode. 3
..obtaining large ¢lectron discharge currents. - _and.source.I. “Near the end of anode 3 opposite
_ Another.obiect-is to provide.an improved tléc- . t0 the end near which the sourece 1 is positioned,
tron discharge device in -which .the discharge-.40 1S mounted a collecting ‘electrode’ f 1. "This eléc-
medium is a liquid, a solid,. or a.gas‘_at;.p'ressures' trodé.1i"is connécted: to -the positive pole of a
_approximately at or substantially above. atmos- source of electric” potential 12 by “wire ‘13, the
.pheric . pressure, . or in desired. combinstion. or Hegative terminal ofsaid source- | 2" being con-
“form. . . T ‘nected. to.the radioactive source 1, and an’ inter-
Another obfect is'to provide an improved elec- . medidte -point of potential ‘being connected 1o
tron discharge deviee in” which -the initiating 47 the anode’3 and’ grounded. ' T
ionizing source of power is a radiodetive material The magnetic ‘field is not’ required’to be used
or isotope. L . in~all cases where’ the 4onized “medium' is a"gas.
‘Another object is to provide an ‘improved elec~- ~The m’éle‘cular"‘an'd’“elect‘r‘on“mean”'free' paths of
tron.discharge device in .which the.initiating ‘somne gases are so relatively-short, and especially

‘{ohizing source of power is @ radioactive isotope 50 at’, pressures -substantially ~above atmospheric
“and in which the secondary. electrons projected pressure, for example; ‘9'atmospheres, that devices

“from the molecules of the ionized medium by the ‘of practical ‘ditnensions may e ‘used without the
radioactive radidtion’ have and’.gain. from “the need of extending thepaths of’ the particles and

“electric “flelds siifficient energy t0° cause -further " electrons along the axis-of the device: -
_jonization of the medium and” thereby effect &3 By the adjustment of the positive ‘potential on
curinlative ionization. . - collector 1 1 and by-adjusting the ‘strengthof the
. Another object is to provide an jmproved ‘elec- - magnetic-fisld indicated by arrow 4;the particles

trondischarge ‘device :in which the lengths of - emiitted’by the radioactive‘source” i-and- the sec-
‘the paths. of the _electrons initiated by collision ~onddry electrons are-deflécted Trom: their normal
with . the molecules of ‘the medium are” length- 60 -paths, 19, into paths-one-which’is represented-by
~ened beyond the mean free~path-for ionization ‘the spiral 16 Thusthe paths-of the particlés-are

by ‘collision ' to -effeet further “ionization of the “léngthened beyond the mean’ free‘pathfor-ioniza-

medium. tion by-collision with-the:molécules of the'gaseous
*Another object is to provide an improved ‘elec-  -medium'8. -Because’ of the dissymmetry - of ‘the
“tron ‘discharge’ device adaptable for use as a 63 electrodes, the conddetion-is' non-linear and the
- yéctifier “or ‘e detector. - device may be-used as‘a’ rectifier. A
Another object is to provide an improved elec- .A practical-use-of the sdevice: in e rectifier 'éir-
~tron *discharge . device radaptablesforuse as an edit is:'shownilin"‘Figure’%,*“Réferringi'tdwf?igure’3,
ramplifier. -the'radicactive materiall is! connected.toitheione

-~ Other:objects will:'be-apparent: from: the dis-. 70-terminal of the secondary-of transformer-11; the
closure:of -the:invention as ‘hereinaftersset-forth ~.other terminal-ofthe: secondary-being connected
.in detail -and-from :the- drawings -made: a -part ta-collector electrode-ili through load 18 -and elec-
. hereof-in-which: Figure 1 .is:a.schematic diagram +tric.source- 12. . Electrode- i1 is connected to the
of a-discharge device.of »the.inven-tion).-in:-.which . positive terminal of. source-12. Anode. 3 is kept
.the.medium-is.a.liquid or-a.solid.or-a- gas.under. 75 - positive. with .respect _to.-souree I by . electrical
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source 18, which is connected between anode 2
and source I, the positive terminal of source 19
being connected to anode 3. The primary of
transformer i1 is connected to the alternating
current to be rectified,

In operation: The primary charged particles
are emitted from source | in random directions.
Under the force of the magnetic field set up by
the solenoid 9 and the electric field set up by
electric source {2, the particles strike the anode
3 at varying angles of incidence according to
their random directions of emission and the effect
of the magnetic field 14, and cause secondary
emission of electrons. Also, as the paths of the
individual primary particles are lengthened by
their assuming the form of g spiral under the
effect of the magnetic field | 4 and the electric
fleld set up by source 12, their lengths become
such that ionization occurs by which further sec~
ondary electrons are projected from the molecules
of the medium. These secondary electrons col-
lide with other molecules of the medium and pro-
duce further or cumulative ionization. The mean
free path between molecules of the gaseous me-
dium may be selected by choosing certain gases
as the medium, the molecular mean free paths
of which are generally known. Also, the molecu-
lar mean free path of a gas may be shortened by
increasing the pressure of the medium.

Electric source 12 is adjusted such that elec- 3

trode (i is positive only during one half of the
cycle of voltage variations between the two ter-
minals of the secondary of transformer 7. When
electrode 11 is positive with respect to source |,
the device is conducting and
through load I18. When electrode {1 is negative
with respect to source |, the device is non-con-
ducting. Electrical source 18 maintains anode 3
positive with respect to source | . The varying
current to be rectified is supplied to the primary
of transformer (7.

The useful load to which the circuit is to be
applied, is connected as shown as at 18. A re-
sistance may be substituted for this load and the
drop of potential along this resistance becomes
available for use in circuits outside the circuit
disclosed.

Figure 4 shows a detector circuit similar to that
in Figure 3, but using the device shown in Figure
1 as a substitute for the device shown in Pigure 2.
A magnetic fleld and a collecting electrode are
not required as the electron mean free path for
ionization by collision of a solid or liquid are very
short compared with those in a gaseous medium.

In Figure 4, the rod 2 supporting source { iz
connected to anode 3 through the secondary of
transformer 17, load i 8, and electric source | 2,
The source of the current to be rectified is con-
nected to the primary of the transformer 17,
The initial ionization by the primary particles,
the resulting secondary emission of electrons and
the further ionization by collision of the initial
secondary electrons with molecules of the me-
dium, take place as previously described.

Figures 5 and 6 illustrate the practical uses of
the device in amplifier cireuits.

Referring to Figure 5, the modulated currents
to be amplified are supplied from their source 29
to a section 2§ of the solenoid & of Figure 2. For
very small currents, section 21 may constitute gll
of solenoid 8 of Figure 2. The magnetic field,
shown as arrow 14, is created by the currents
through coil 21 and solenoid 9. 'The strength
of the magnetic field, therefore, follows the char-
acteristics of the current source 20. Source { and

electrode 3 are connected to the collector elec-

current will fiow:
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trode il through load I8 and biasing electric
Source 19. Biasing electric source 19 is connected
between anode 3 and source 1, the positive ter-
minal of electric source 19 being connected to
anode 3.

In operation: As the magnetic field is created
by the currents from source 20, variations in such
currents change the forms of the spirals 16 and
therefore the extent of lonization of the medium
8 and hence cause changes in the currents
through load {8, which correspond with the var-
iations in the currents from source 20.

Another amplifier circuit is shown in Figure 6
in which the radioactive material { is deposited
on rod 2 and extends for some distance along
the axis of anode 3. The source of the currents
to be amplifieq is connected to the primary of
transformer 171. One terminal of the secondary
of the transformer (7 is connected to electrode 3
through biasing electric source 19. The other

terminal of the secondary of transformer 18 ig

connected to rod 2 and to collector electrode 11
through load 18 and electric source [2. The cur-
rent through solenoid 9, to create the magnetic
field 8, is supplied from a direct current source
counnection 10,

In operation: The variations of the currents
in source 20 create through transformer {7 a
modulating potential on electrode 3 and also im-
presses on scurce | and electrode f{ potentials
opposite in sign. The effect of these changing
potentials is to change the electric fielg between
the electrode i1 and anode 3 and source | and
hence cause variations in the ionization of hoth
initial secondary electrons ejected from the
orbits of the atoms of the gas as well as ioniza-
tien by collisions of the initial secondary elec-
trons with the atoms of the gas. The collections
of electrons by electrode 1| is therefore, changed
in accordance with the variations in the currents
irom source comnection 20. The characteristics
of the currents through load | 8, therefore, cor-
respond to those of source 28,

By extending the length of source | along the
axis of anode 3, the control effect of the mag-
netic and electric fields is sharper as the number
of primary particles are increased and g greater
;mmber of electrons are produced in a shorter

ime,

This invention, therefore, makes use of  the
radiation of nuclear particles from radioactive
Isotopes to initiate secondary electrons by the
ionization of a medium, not only by the collisions
of the primary particles with molecules of the
medium, but also by the further collisions of the
brojected secondary electrons with molecules of
the medium. A cumulative ionization, with large
attending currents, is thereby obtained. By con-
trolling the generation of these currents by cur-
rents from an independent source, such as g
signal, the device is useful as a detector or an
amplifier,

Iclaim as my invention:

1. An electron discharge device comprising: a
concentrated radioactive charged particle emis-
sion source, a cylindrical anode, the said source
being positioned adjacent said anode, a collector
electrode also positioned adjacent said anode and
substantially separated from said source, an elec-
tric source connected to said collector electrode,
said collector and said anode, a dense ionizable
gas confined within saig envelope, connections
for a source of direct current, connections for a
Source of varying currents, and a solenoid sur-




#.9,8698,809

77

«rounding-and coaxial with: said-anode, a portion
. rof-said solenoid ‘being: connected: to..said-direct
-.s¢urrenit:source connections.and 4 portion: to:said
« varying-currents ‘source:-.connections; whereby.
the changes in the magnetic field produced: by
s gaid:solenoid correspond in characteristics to said
.svarying:currents -and-a: vanying: magnetic ‘field
. js ‘impressed-on said -medium- along the-axis: of

... gaid-anode. e T B T T
e 9, An: electronsdischarge device : comprising, &'
«r-radioactive i:charged particlet iemission::;source
capable of emitting .charged particles- having:en-
» wergies of the."-olfderr'r'Of::=o'ne—:niill-i,on:;el'ectronvf_volts,
soantanodet electrode

.- patential: for :said-ancde electrode, -an:envelope

. surrolnding.said jemission:source’ and-said: anode
+.electrode, -an:ionizable ‘medium’ comprising mat-
i .fer:inwhich:thermolecules are: spaced: relatively

;. éollector electrode withinisaid envelopé positioned
: ; adjacent:said-aniode-and ‘spaced fron:said.source,
. gnrd connection means. for ‘arsolrece of. electric po-
tential for said-collector: electrode; said ‘medium

1 being radapted: to be donized: by:charged ‘particles’

emitted by said source to produce ‘a-coplous:sup-
-;iply-of jotization;electrons:£or. collection by said
» anode:anid:collector-electrodes: v B

+ -3 -An-electron:discharge device: coniprising;:an
canode; a ‘radiogctive charged iparticleemission
source positionedadjacent ‘said:anode,:a.collector
“.electrode positioned:adjacent said ancde:and:sub-
< s.stantially separated from: saidisource, an:electrie
.i-sourcexconnected:to daid-collector: electroce; ‘an

+envelope ‘surreunding: said emission:source, said’

.collector. -and:said: anode; *an -ionizable ‘medium
.:icompIising: matter: 'in-whiche: the .molecules: are
;. spaced-relatively:close stogethers confined.-within

saidienvelope;: terminals- for a source: of direct
.- -eurrent, terminals:for ai source “of:varying ‘cur=
»x rents;-and Jas solenoidosurreundingand icoaxial
~owith: said anode, ‘a:portion of: said:solenoid being
connected to said’ direct-current’terminals=and
s-anotheriportion of said solenoidibeing -conected
.to: said varging: current terminals; whereby: the
-changes ir the magnetic.:field: produced ‘by:said
olenoid:. eorrespond: in® characteristics:- to “said
+xvarying currents:and asvarying-magnetic field is
impressed on said medium along the axis of said
.ianode.: S IR T et e '
- 41 Ay electron:discharge: device comprising, a
:eylindrical -anode:electrode; connection:means:-for
5@ source ofelectrie: potential for:said:anode- elec-

jositioned : adjacent :said
ource;.connection means:for a source of electric’ 15

lose together:confined within:said’ envelope, &*

a8
* trode, a:support:member disposed within said.an-
-, ode:electrode;and-along Jits;axis and-having: lead-
n;means, & -radioactive:charged.particle emitting
wmaterial carried ¢by: -and -distributed -along:the
5 length of said support member capable of emitting
...chareed particles-having energies :of the order of
one-million:electron volts, a collector electrode po-
. sitionedradjacent: said: anode: electrode, lead-in
. means. connected: to: said collector. electrode,: an
). .envelope: surrounding: said. emission source;:said
anode; and saidicollector electrode; and an-ioniz-
able::medium: comprising: matter:in. which-the
.- fnolecules are spaced relatively-close together con-
fined ~within :said.;envelope, said: medium:being
adaptedito be-ionized:by.charged particles. emit~
ted: by. said source: to-producea; copious supply of
. ionization eleetrons:for: collection: by saidanode
.and: collector electrodes.: SR e
. 5:~An: electron: discharge device:as: claimed in
. claim 2wherein said-medium:is-a 'gas. 7
w8 Anelectron:discharge ‘device’ as ‘clalmed: in
<elaime 2:wherein séid-medium. is ay-ligaid. -
T An electro‘n‘:’-discharger'-d'evice:’as’rclaimed in
;claim: 2 wherein: said medium-is a solid.
-+ 8:An-electron: - discharge:device:as claimed in
ielaim 2 wherein: said-medium: is a-mixture: of
materials. : REREE R
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