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1

This invention relates to electrical generators
and more particularly variable potential nuclear
electrical generators.

It is known that certain isotopes are radio-
active and. emit nuclear charged particles at
known rates over known periods of time and over
a range of energy values or levels expressed in
electron volts. Some ‘emissions consist of posi-
tively charged or alpha particles, others of nega-
tively charged or beta particles and others both
alpha and beta particles.”

When' nuclear charged pa.rtlcles bombard or
strike other substances, the particles cause sec-

‘ondary electron emission or other forms of sec-

ondary radiation or the particle may be cap-
tured or elastically reflected depending upon the
energy and character of the particle, the angle of
incidence of individual bombardments and the
character of the bombarded substance itself.
“'Secondary electron emission is in random di-
rections and at velocities usually much less than
that of the bombarding particles.  The paths of
the ‘secondary emission electrons depend upon
their energies and the electrostatic and magnetic
field values in the region in which they move, -
The change in potential of the radioactive
source resulting from its radiation depends upon
the charge sign of the radiated particles and in-
tensity of the radiation. When a beta particle

or electron is emitted from a source; whether by =

primary or ‘secondary emission the ‘potential -of

the source with respect to- the collector is posi=

tively increased. -On- the ofther hand, when an
alpha particle is emitted, the potential of the
source with respect to- the collector 1s increased
negatively.

These general prmmples are applied in a novel
combination to generate variable electrical poten-
tials by using the emission of charged particles
to build up a difference of potential between a
radioactive source and an electrode to a desired
amount and when the difference in potential has
risen to the desired and predetermined amount, a
discharge of the potential is effected by impress-

ing a magnetic field upon the medium between

the source and the electrode. This discharge is
accomplished by the magnetic field causing ioni-
zation of the medium, with attending flow of
conduction currents of charged particles across
the medium and thereby neutralizing the differ-
ence in potential between the source and the
electrode. These differences in potentials are
utilized by connecting the source and the elec-
trode to an external or load circuit.

Among the objects of the invention are to pro-
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vide new .methods of and means for generating
variable electric potentials. :

Another object of the invention is to build up
at predetermined rates differences in potentials
between a radioactive source and an electrode by
the emission and capture of nuclear charged par-
ticles and to discharge the built-up potentials at
predetermined values and at p-redetermined times
and rates. :

- ‘Other “objects will be apparent from the de—
scription of the invention as hereinafter set.forth:
in detail and from the drawings made a part
hereof: in which Figure 1 is a schematic sketch
of a vertical cross section. of an embodiment of
the invention as applied to a beta emitter radio-
active source; Figure 2 is a schematic sketch of a
vertical cross section of an embodiment of the in-
vention as applied to an alpha emijtter radio-
active source; Figure 3 is a graph showing the re-
lation between the values of the magnetic field
impressed: upon the medium between the radio-
active source and the collector electrode to the
values of the potentials between the source and
the electrode to satisfy the condition that the
medium:is just non-conducting and a graph show-
ing: the relation between the difference in poten-
tial between the source and-the electrode and
time; Figure 4 is-a graph showing-the- relation
between: the strength- of -the magnetic field and
time;. Figure 5 is 2 graph showing the relation of
the; potenmal»across the device to.time; F;gure 6
is a, graph.showing the relation between:the cur=
rent across the device to the voltage across the
device for a fixed value of magnetic field strength
and a graph showing the relation of the voltage
across the device to time; and Figure 7 is a graph
showing. the relation of:the voltage across the de-
vice in relation to time. . :

- Similar reference characters are apphed to slm-
ilar elements throughout the drawings. ‘

Referring to Figure 1, | represents the envelope_
of the device, which may be of glass or other ma-
terial permeable by a magnetic: field and capable
to maintaining a high:vacuum the rarified resid-
ual gaseous medium having a pressure not ex-:
ceeding 10-! mm. Hg, for example.. The “me ]
dlum” speclﬁed throughout the spemﬁcatmn and
claims is intended to refer to said residual gas-
eous medium. Rod.2 is mounted in the vertical
axis of the envelope and. has deposited thereon:
the radioactive material 3. ' As this figure repre-
sents the embodiment of the device as applied
to a beta emitter, the radioactive material may be:
phosphorus3, which is. a pure beta emitter with,
energles of the parmcles rangmg up to about
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1 m. e. v. The radioactive material and the rod
support 2 will be referred to throughout the spec-
ification and claims as the “source” and identified
by the numeral 3.

Coaxial with source 3 is mounted the target
or collector electrode 4 which is generally cylin-
drica] in shape, with end plates & at each end ex-
tending inward. Collector 4 is made of some
non-magnetic metal which is also secondary elec-
tron emission responsive to beta radiation.
Aluminum has been found to be. satisfactory for
this purpose. ’

Surrounding envelope | is solenoid 6, which is
connected to a source of direct: current. T in.the.
circuit of which is connected: a conventional con-
trolled interrupter 10, such as a multi-vibrator.

Between source 3 and collector 4 is: connected.

the load circuit of the device, a part of which

circuit is a load having an impedance R. The-

load circuit and collector. 5 are grounded at 8.
In.operation, and:referring: to. Figures 1 and:3,
when there is no magnetic: field. impressed. upon
the medium of the.device, the beta, particles are
emitted from source. 3 in. random directions. as
illustrated: by arrow 9. Because of: the.shape of
electrode. 4 with. its end plates. §; practically all
of: the particles bombard or strike electrode 4.

The. end- plates §. are not.absolutely necessary to

the operation of this embodiment of the device,
but: they increase.the efficiency. of electron. trap-
ping as.will be hereinafter explained:

As each beta particle leaves. source. 3, a. unit

positive charge.remains-on source. 3.and.as. each.

beta. particle: is: captured. by. electrode. 4, the
charge on the.collector: 4 is.decreased correspond-
ingly.” There  will. be some secondary electron
emission from collector. 4-and these.electrons will
be repelled-by collector 4, thus.tending to slightly
decrease. the potential- difference. between. col~
lector- 4 and.source.3. Some of these.electrons

will-be accelerated to-source 3, because source 3-

is. of - positive potential: However; there.will not
be any ionization of the-medium-of the device-as
the mean free path of the. electrons: for-collision

with. the molecules. of the: medium is.much. less-
than- the mean- path between molecules of: the-

medium. Thus- for low differences of: potentmls
across- the- device compared with ‘the- maximum
energy of the charged: pa,rtlcle emission: (1:m: e: V.,
for phosphorus”) the: charging: rate of- source
3 will-be determined-by- the-capacity- constant- of
the system and the- radloaotwe current or-

Va= T n

where.Va.is. the voltage.across.the:device, i.is:the

radioactive current, ¢ is.the: capacity- of: the

system.and T is time. The small.currents, due.to
secondary emission: are. subtracted. from:. the
radioactive. current. to determine. the. effective
generated: currents. The- plot- of: this-relation is
shown in the-lower- half of Figure- 3.

When a- magnetic field- is- impressed: upon: the
medium of the device; as-indicated-by the arrow
H; for certain values of-H-and: Va the secondary
electrons are- cuyoi_f from: reachmg source 3 by
being so deﬂected in thelr paths. that’ they pass
by source 3 and strike electrode '3 again and
agaln They are thereby trapped‘ within the
medmm and their paths ate 1engthened beyond
the mean free path 1on1zat10n by. colhs1on and
1on1zat10n of the medlum occurs, W1th _ioniza~
t1on further or cumulatlve 1on1zat1on occurs be-
cause of the creation of a large number of ion
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4,
pairs and large conductive cuirents flow across
the medium.

The conditions for cut off have been calculated
to be

Rs

H=%5 @)

=

where Rs is the radius of source 3, Rc is the

- radius of electrode 4, 7 is the mass of the parti-
" cle, e is the charge of the particle and Ve is the

potential of source 3, all in c. g. s. units (see Hull,
Physics Review 1921, volume 18, page 35).

In the upper part of Figure 3, there has been
plotted by the dash curve the observed condi-

" tions, of a.particular tube, of cut off for various

values of H and Vae. The lower part of this
curve. corresponds closely to the mathematical
analysis of the reactions as set forth in Equa-
tion 2.

Thus, if after an interval of time, f1, Va will
have risen to the value of Vi and: if a magnetic
field is' impressed upon the medium at the. time
instant of i1 and equal. to or greater- than Ho
(see Figure 4), the medium hecomes conductive
(see-Figure 3) and Ve will drop.through the con-.
duction region to near zero in the time interval
At, This discharge period is determined by

At=R'C 3)-

where R’ is the effective resistance of the con-~
duction region and C is.the total effective capac~
ity of the system.

If the solenoid, circuit is. broken. at the end. of.
the period Af, H becomes gero and the.device will
begin to recharge. again at a constant rate. as.
hereinbefore described.

In Figure 4 is-shown a typical magnetic. pulse,.
which is. a function of: the current through.the
solenoid. It is obwvious. that. this pulse: may be
biased. by a magnetic field: equal to. any. value:
below that of Ho.

The plot of. the Va. versus. time is shown in Fig-
ure.5.

The device. shown in Figure. 2: is: used- when
the. radioactive material. is an: alpha. emitter.
The arrangements of the.two. devices. are- gen-
erally the.same. except. that. the plates forming
the:ends of. the conductive: region for the-alpha
emitter are essential and-are made. part of-the.
central electrode instead of the. outer electrode,
as. in the case: of a. beta emitter. It was-found:
that. no. tra.ppmg or; ionization oecurred: within
the.medium, with attendmg -conduction- currents~
if the locations. of: the -end- plates-were: reversed,
that is, if the plates were secured to the electrode:
4.in an alpha emitter. deviee; andﬂvrc.evversa.,

In Figure 2, |. is.the.envelope; 2-is.the-central,
rod.or electrode- uponywhlch is depesited the:ra-
dloactlve material: Polonium?!%is g suitable alpha
emltter Wlth radiated partieles:reaching. maxi-
muny energy values of about2 m:e.v.

At.each. end-of electlode 2 are-positioned: the:
end. plates, 5., 4-is:the colleetor electrode and. is.
cyhndrmal in: shape. ‘The-solenoid :6; supplied -by:
direct. current,. from source 7, surrounds. the enve-:
lope..l. The load-circuit-R-is-connected. between
source-3 and electrode: 4 and. is- -grounded. at-8:

In.operation, the.reactions are the same-in gen-
eral-as those described. for-the deviee of. Figure. I.
Alpha particles., are. -emitted. from  source--3 and
bomba,rdlelectrode 4, causing. secondary . electron
emission. . which. aregmmedlately returned- to. the.
collector by the electric.field., The delta.electrons
emitted from. the source, tend to. be attracted.to
the positive collector 4.
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The generation of large conduction currents
upon the impressing of a magnetic field upon the
medium occurs in the same manner as herein-
before described, except that the delta electrons
and ‘ionization electrons flow to the electrode 4
and therefore flow through the medium and the
load circuit in a direction opposite to that when
a beta emitter is used as the radioactive source.

The solid curve in Figure 3 is a plot of the
relation between the magnetic field H and the
voltage across the device, when the device is just
non-conducting. The value of the magnetic field
to cause the generation of conduction ecurrents
when Va reaches the value of VI, is determined
from the graph as HIi. The sawtooth: voltage-
time curve in Figure 5 applies to both types of
devices.

- To define the relation between a time interval
of charging the device and the minimum required
magnetic field for discharge of the device at the
end of that time interval, it will be noted from
the form of the lower boundary of the alpha (solid
line, Figure 3) cut-off curve that

H=EK+Va 39
where K is a constant determined by the geom-

etry of the elements of the device.
It has been seen that

n

and as i and c¢ are constants determined by the
amount of radioactive material deposited on elec-
trode 2 (disregarding the half life of the radio-
active material) and the capacity of the system,
respectively, Equation 1 becomes

Va=->2-t
P

Va=%-t=K'-t 4)

and

H=Knt

for the alpha case where Ka=K~\/K’. -

For the beta device, where V>Vo, H=Ho=a
constant.

As another method of operation (see Figures
6 and 7), the magnetic field is held constant at
some value, for example, He, Figure 3. Referring
to Figure 6 there is plotted again in the lower
part of the figure, the chargmg curve (a straight
line) of Va versus time,

When the charging voltage Va reaches the
value Vo at time (o) a small amount of current
(i0) will begin to flow across the device. As Va
increases the effective resistance across the de-
vice becomes less and less and the current in-
creases rapidly, as plotted in the upper part of
Figure 6. With the larger currents flowing the
voltage across the device, Ve, drops almost to

(8)

zero, as- shown in Figure 7, in which is plotted «

the relation between Va and time (T), :

It is of course apparent that a wide range of
desired outputs both as to voltage values and
the form of the voltage-time curves can be ob-
tained by selecting different amounts of radio-
active material and selecting the geometfry. of
the elements of the device.

Likewise, in selecting a biasing magnetic field,
its value may approach the lower cui off value
and, in such cases, the secondary electrons emit-
ted from the collector electrode (beta  emitter
case) returned by the magnetic field to the col-
lector and the delta electrons. (alpha  emitter
case) are returned to the source. In both cases,
the charging rate is increased. R
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There is thus disclosed an invenfioti for provid.
ing variable potentials of desired values and wave
forms by utilizing the potential charges on
particles emitted from a radioactive isotope and
controlling the flow of accumulated charges by
a magnetic field.

‘What is claimed is:

1. The method of creating variable electric po-
tentials comprising: providing a source of nuclear
charged particle radiation in a rarified gaseous
medium,- exposing ‘to said radiation a secondary
electron emissive material, whereby differences
of potentials are created between said source and
said material by the emission of the said particles
from the source and the capture of said particles
by the said material, and imposing s magnetic
field upon said medium at intervals of time,
whereby the medium becomes conductive and the
said created potentials are neutralized. .

2. The method of creating variable electric po-
tentials comprising: providing a quantity of a
radioactive isotope in a rarified gaseous medium,
exposing to the charged particle radiation of said
isotope a secondary electron emissive material,
whereby differences in potentials are created be-
tween said isotope and said material by the emis~
sion of the said particles from said isotope and
the capture of said particles by the said material,
and imposing a magnetic field upon said medium
at intervals of time, whereby the medium becomes
conductive and the said created potentials are
neutralized.

3. The method of creating variable electric po-
tentials comprising: providing a quantity of
radioactive isotope in a rarified gaseous medium,
the quantity of said isotope being in proportion
to the desired rate of increase in potentials of
said variable potentials, exposing to the charged
particle radiation of said isotope a secondary elec-
tron emissive material, whereby differences in
potentials are created between said isotope and
said material by the emission of the said particles
from said isotope and the capture of said particles
by the said material, and imposing a magnetic
field upon said medium at infervals of time,
whereby the medium becomes conductive and the
said created potentials are neutralized.

4, The method of creating variable electric po-
tentials comprising: providing a quantity of a
radioactive isotope in a rarified gaseous medium,
exposing to the charged particle radiation of said
isotope a secondary electron emissive material,
whereby differences in potentials are created
between said isotope and said material by the
emission of the said particles from said isotope
and the capture of said particles by the said
material, imposing a magnetic field upon said
mediwn at intervals of time, whereby the medium
becomes conductive and the said created poten-
tials are neutralized by the flow of conduction
currents between said isotope and said material,
and adjusting the electrical characteristics of
the circuit in which the said conduction currents
flow to conftrol the rate of said flow and thereby

_the rate of neutralization of said created po-

tentials.

5. The method of creating variable electric po-
tentials comprising: providing a quantity of a
radioactive isotope in a rarified gaseous medium,
the quantity of said isotope being in proportion
to the desired rate of increase in potentials of
said variable potentials, exposing to the charged
particle radiation of said isotope a secondary elec-
tron :emissive material, whereby differences in
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7.
potentials are created between said isotope and
said material by the emission of the said particles
from said isotope and the capture of said particles
by the said material, imposing a magnetic field
upon said medium at intervals of time, whereby
the medium becomes conductive and the said
created potentials are neutralized by the flow
of conduction currents between said isotope and
said material, and adjusting the electrical charac-
teristies of the circuit in which the said conduc-
tion currents flow to said eontrol the rate of said
flow . and thereby the rate of neutralization of
said created potentials.

6. The method of creating variable electric po-
tentials comprising: providing a source of nuclear
charged. particle radiation in a. rarified gaseous
medium, exposing to said radiation a secondary
electron emissive material, whereby differences
of potentials are created hetween said source and
said material by the emission of the said particles
from the said source and the capture of said
particles by the said material, and. imposing a
constant magnetic field upon said medium, where-
by the medium becomes conductive upon the said
potentials rising to. predetermined values and the
said created potentials are neutralized. .

7. The method of creating variable electric po-
tentials comprising: providing a quantity of
radioactive isotope inh a rarified gaseous medium,
exposing to the charged particle radiation of said
isotope a secondary electron emissive material,
whereby differences in potentials are created be-
tween said isotope and said material by the emis-
sion of the said particles from said isotope and
the capture of said particles by the said material,
and imposing a constant magnetic field upon
said medium, whereby the medium becomes con-
ductive upon the said potentials rising to prede-
termined values and the said created potentials
are neutralized.

8. The method of creating variable electric po-
tentials comprising: providing a quantily of
radioactive isotepe in a rarified gaseous medium,
the quantity of said isctope being in proportion to
the desired rate of increase in potentials of said
variable potentials, exposing to the charged
particle radiation of said isotope a secondary
electron emissive material, whereby differences in
potentials are created between said isotope and
said material by the emission of the said particles
from said isotope and the capture of said
particles by the said material, and imposing an
ionizing constant magnetic field upon said medi-
um, whereby the medium becomes conductive
upon the said potentials rising to predetermined
values and the said created potentials are
neutralized.

9. The method of creating variable electric
potentials comprising: providing a quantity of
radioactive isotope in a rarified gaseous medium,
the quantity of said isotope being in proportion
to the desired rate of increase in potentials of
said variable potentials, exposing to the charged
particle radiation of said isotope a secondary
electron emissive material, whereby differences
in potentials are created between said isotope
and said material by the emission of the
said’ particles from said isotope and the
capture of said particle by the said material,
imposing a constant magnetic #Held upon
said medium, whereby the medium becomes con-
ductive: upon the said potentials rising to prede-
termined values and the said created potentisls
are neutralized by the flow .of .conduction cur-
rents between said isotope and said:material, and
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adjusting the electrical characteristics of the cir-
cuit in which the said conduction currents flow to
control the rate of said flow and thereby the rate
of neutralization of said created potentials.

10, Apparatus for creating variable electrieal
potentials comprising: a magnetic field permeable
envelope enclosing a rarified gaseous medium, a
source of nuclear charged particle radiation in
said envelope, a secondary electron responsive
electrode- positioned adjacent said source, & sole-
noid surrounding said envelope and connected to
g source of direct current sufficient to provide a
magnetic field to ionize said medium, means to
supply said current at predetermined intervals
10 said solenoid, and a load circuit connected be-
tween said source and said electrode-

11. Apparatus for creating variable electrical
potentials comprising: a magnetic field permesable
envelope enclosing a rarified gaseous medium, a
source of nucléar negatively charged particle
radiation being eylindrical in shape and posi=-
tioned along the axis of said envelope, a sec-
ondary electron responsive electrode positioned
adjacent said source, a solenoid surrounding said
envelope and connected to a source of direct cur-
rent sufficient to provide a magnetic field to
ionize said medium, means to supply said current
at predetermined intervals to said solenoid; and
a load circuit connected between said source and
said electrode.

12, Apparatus for meatmg variable electrical
potentials comprising: a magnetic field permeable
envelope enclosing a rarified gaseous medium, a
source of nuclear positively charged particle
radiation being cylindrical in shape and posi-
tioned along the axis of said envelope, a sec-
ondary electron responsive electrode positioned
adjacent said source, a solenoid surrounding said
envelope and connected to a source of direct cur-
rent sufficient to provide a magnetic field to
ionize said medium, means to supply said current
at predetermined intervals to said solenoid, and
a load circuit connected between: said source and
said electrode.

13. Apparatus for creating variable electncal
potentials comprising: a magnetic field permeable
envelope enclosing a rarified gaseous medium,
a source of nuclear negatively charged particle
radiationn positioned along the axis of said en-
velope, & secondary electron responsive electrode
positioned adjacent said source, the said electrode

being cylindrical in shape and coaxial with

said source and having end plates extending
toward said source, a solenoid surrounding said
envelope and connected to a source of direct cur-
rent sufficient to provide a magnetic field to
ionize said medium, means to supply said current
at predetermined intervals to said solenoid, and
a load circuit connected between said source and
said electrode. )

14. Apparatus for creating variable electrical
potentials comprising: a magnetic field permeable:
enclosing a rarified gaseous medium, a source
of nuclear positively charged particle radiation,
the said source being cylindrical in shape
and positioned along the axis of said envelope,
the said source having at each .end lateral flanges
that extend outward from the source toward said
envelope, a- secondary electron responsive elec-
trode positioned adjacent said source, a solenoid
surrounding. said envelope and connected to a
source of direct current sufficient to provide a
magnetic field to ionize said medium, means to
supply said current-at predetermined intervals-to
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said solenoid, and a load circuit connected be- )
tween said source and said electrode. REFERENCES CITED

15. Apparatus for creating variable electric po- The following references are of record in the
tentials comprising an envelope containing a rari- file of this patent:
fied gaseous medium, a source of nuclear charged ;
particle radiation enclosed therein, a secondary- UNITED STATES PATENTS
electron-emissive electrode within said envelope Number Name Date
exposed to said radiation, whereby in operation 2,108,830 Skellett . __ Teb. 22, 1938
differences of potentials are created between said 2,128,408 Grenier .. ____ A'ug. 30’ 1938
source and said electrode by the emission of said i 9492313  Okress ... Dec. 27. 1949
particles from said source and capture of said cemmm TR mmm e Ten
particles by said electrode, and means for apply- OTHER REFERENCES
ing a magnetic field to said medium at intervals “The Electrician,” Oct. 31, 1924, page 497.

of time, whereby the medium becomes conductive
and the said created potentials are neutralized. 15
JOHN H. COLEMAN,




