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ABSTRACT: The present invention relates to a gamma-elec 
tric cell for producing a high-output voltage from a source of 
radiation wherein the gamma-electric cell includes a central 
collector constructed of a dense metal and with the central 
collector encapsulated within an outer layer of dielectric 
material. A further conductive layer is then disposed on or 
within the dielectric material so as to provide for a high volt 
age output between the conductive layer and the central col 
lector upon the reception of radiation by the gamma-electric 
cell. The invention also includes the use of a plurality of col 
lectors radiating from the central collector throughout the 
dielectric material so as to increase the collection area and 
thereby increase the current and/or output voltage. Other 
aspects of the invention are directed to the method of produc 
ing a high voltage output gamma-electric cell by encapsulation 
techniques using a dielectric material which is castable and 
curable so as to provide for an intimate contact between the 
collectors and the dielectric material which surrounds and en 
capsulates the collectors. Other aspects of the method of en 
capsulation of the present invention include the use of specific 
dielectric materials and also the elimination of trapped gases 
within the dielectric material. 
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GAMMA-ELECTRC CELL 
The present invention is directed to a gamma-electric cell 

and to a method of manufacturing and a method of using the 
gamma-electric cell so as to produce a high voltage output 
when the gamma-electric cell is subjected to radiation. For ex 
ample, the gamma-electric cell of the present invention may 
be subjected to radiation from a nuclear reactor and the out 
put of the gamma-electric cell may be used as a measurement 
of the radiation of the nuclear reactor. Also, since the voltage 
output of the gamma-electric cell is relatively high compared 
with prior art cells, the cell itself may be used as a subsidiary 
source of power so as to increase the overall efficiency of the 
nuclear reactor system. 
One particular embodiment of the invention uses the princi 

ples of the present invention so as to provide for the shield for 
the nuclear reactor wherein the shield itself converts the 
radiation and specifically the gamma rays in the radiation so as 
to produce a high output voltage signal which, as indicated 
above, may be a subsidiary source of power. 

In order to produce a high voltage output from the gamma 
electric cell, the present invention includes improvements in 
the physical construction of the cell plus improvements in the 
method of constructing the cell. The general construction of a 
gamma-electric cell in accordance with the teachings of the 
present invention includes a central collector composed of a 
dense metal such as lead or tungsten. Surrounding and encap 
sulating the central collector is a dielectric material which 
operates to produce a scattering of electrons in accordance 
with the reception of radiation such as gamma rays. This scat 
tering of electrons is in accordance with the known principle 
of "Compton scattering.' 

In general, the gamma rays which enter the dielectric 
material produce a scattering of electrons in the dielectric 
material. There is a forward movement of the electrons 
through the dielectric material until at least a portion of the 
electrons reach a collector electrode, which electrons induce 
a potential in the collector. The dielectric material may in 
clude a conductive layer and the output voltage is taken 
between the collector electrode and the conductive layer. The 
dielectric layer serves a dual function in that it acts both as a 
source of electrons and also electrically insulates the collector 
from the conductive layer. The structure described above is 
generally referred to in this application as a gamma-electric 
cell, since it converts gamma rays to electric energy. 

Theoretically, the output voltage of the gamma-electric cell 
of the present invention is unlimited. However, in the physical 
model, the output voltage is limited by the dielectric strength 
and the electrical conductivity of the dielectric material. In 
addition, the output voltage is in accordance with the intensity 
of the gamma rays. Prior art cells are further limited in their 
output voltage because of the particular physical construction 
of these prior art cells. For example, the construction of the 
prior art cells allows for the presence of surface charges which 
tend to reduce the output voltage. In addition, the construc 
tion of the prior art cells provides for leakage paths which 
further reduce the output voltage. The present invention 
eliminates such surface charges and leakage paths so as to pro 
vide for a high voltage output gamma-electric cell. 
The gamma-electric cell of the present invention offers a 

unique power source for high-voltage, low-current applica 
tions. Also, the gamma-electric cell is relatively simple and 
rugged and is inexpensive to manufacture. One particular use 
for the gamma-electric cell would be as an integral part of the 
shielding of a nuclear reactor. The gamma-electric cell would, 
therefore, recover a portion of the gamma energy normally 
dissipated in the shield. Therefore, in addition to the electrical 
energy generated through the conventional heat-generator 
cycle of the nuclear reactor, an auxiliary supply of high-volt 
age power would be available from the gamma-electric cell 
without requiring added equipment or high-voltage transfor 
mers. In other cases, it may be desirable to use a step down 
transformer to obtain low voltage DC or AC power for con 
ventional uses. 
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2 
The specific uses of a nuclear reactor incorporating the 

gamma-electric cell may be for situations where combined 
reactor and charge particle accelerator operation is desired, 
or for ionic space propulsion units. Other uses may be the 
provision of a long-life rugged means of coupling remote loca 
tion reactor or radioisotope generators to specialized high 
voltage circuits such as are used for pumping lasers. 

Since the output of the gamma-electric cell is dependent 
upon the intensity of the gamma energy, the gamma-electric 
cell of the present invention may also be used as a radiation 
detector by measuring current or voltage buildup. Some of the 
advantages of the use of a gamma-electric cell as a radiation 
detector are that the gamma-electric cell is self-powered and 
does not require an auxiliary power supply. Also, the gamma 
electric cell of the present invention has a linear voltage buil 
dup response over a large range extending to very intense flux 
fields. 
There have been prior art efforts to construct cells for 

producing an electrical output in accordance with a gamma 
ray input. Specifically, cells have been built which use the 
scattering of Compton electrons in a dielectric, which scatter 
ing of electrons is produced by the reception of gamma rays. 
As an example, reference is made to Pat. No. 3,122,640 to 
Gross issued Feb. 25, 1964, which patent discloses an electric 
cell which produces an electrical output in accordance with 
the reception of gamma rays. 

However, the prior art cells such as are shown in the Gross 
patent do not provide for a high-voltage output and indeed 
these prior art cells are not concerned with a voltage output 
but rather are concerned with a current output. This may be 
seen in the Gross patent wherein Gross indicates that he 
directly measures the flow of electrons in the insulator. Addi 
tional problems with the use of a device such as shown in the 
Gross patent are that leakage paths are developed which 
leakage paths tend to dissipate the buildup of the voltage. 
Also, in a cell of the type shown in the Gross patent a surface 
charge may be created at the interface between the dielectric 
material and the collector. 

Applicant's device eliminates the problems encountered in 
the prior art gamma-electric cells in that applicant provides 
for an encapsulation of the metal collector by the dielectric 
material. Applicant's dielectric material, therefore, must be 
castable so as to provide for the encapsulation and curable so 
as to form the solid encapsulation of the metal collector. Prior 
art structures such as shown by the Gross patent do not teach 
the use of encapsulation as is present in applicant's invention. 
For example, in the Gross patent it is disclosed that the outer 
scatterer may be constructed of material such as Lucite, Plex 
iglas, Mylar, quartz or special glass, which materials are not 
castable and curable and, although Gross does disclose the use 
of polystyrene, there is no indication in the Gross patent that 
the polystyrene is used in any different manner than the other 
materials. 
Other advantages of applicant's invention lie in the specific 

construction wherein additional collectors extend from the 
central collector into the dielectric material so as to increase 
the collection area between the dielectric material and the 
central collector and thereby provide for an increased voltage 
output. 
Other aspects of applicant's invention lie in the particular 

techniques used to encapsulate the gamma-electric cell and 
specifically lie in the construction of the gamma-electric cell 
by pouring a castable dielectric material about the central col 
lector and then allowing the dielectric material to stand for a 
period of time sufficient so that all of the entrapped gas 
escapes and then finally raising the temperature of the dielec 
tric material above room temperature for a period of time suf 
ficient to completely cure the dielectric material. All of these 
above-described operations, as will be disclosed, are accom 
plished over extended periods of time so that the dielectric 
material does not rapidly shrink, thereby causing cracking 
which may in turn result in the production of leakage paths for 
the electrical current. 
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Also, the encapsulation technique of the present invention 
provides for intimate contact between the dielectric material 
and the collectors so that no surface charge is developed 
between the interface of the dielectric material and the collec 
tors. The elimination of the surface charge and the elimination 
of leakage paths as discussed above provide for an extremely 
high voltage output from the gamma-electric cell of the 
present invention. 
A clearer understanding of the present invention will be had 

with reference to the following description and drawings 
wherein: 

FIG. illustrates a cross-sectional view of a first embodi 
ment of the invention using multiple collectors located per 
pendicular to the principal collector; 

FIG. 2 is a top cross-sectional view of the embodiment of 
FIG. 1 taken along the lines 2-2 of FIG. ; 

FIG. 3 is a cross-sectional view of a second embodiment of 
the invention using multiple collectors located parallel to the 
principal collector; 

FIG. 4 is a top view of the embodiment of FG. 3; 
FIG. 5 is a cross-sectional view of a third embodiment of the 

invention, and 
FIG. 6 illustrates an embodiment of the gamma-electric cell 

of the present invention used as an integral shield for a nuclear 
reactor. 

In the embodiment of the gamma-electric cell of FIGS. 
and 2, a principal collector 10 may be constructed from a 
dense metal such as lead or tungsten. It is to be appreciated 
that lead and tungsten are illustrative only and that other 
materials may be used. Extending from the principal collector 
10 are a plurality of parallel cylindrical collectors and, specifi 
cally as shown in FIG. , a pair of cylindrical collectors 2 and 
14 are shown extending from the principal collector 20. The 
cylindrical collectors 2 and 14 may be constructed of a metal 
such as aluminum. Specifically, for both the principal collec 
tor 10 and the multiple collectors 12 and 14, it is desirable that 
the material which is used be inert in the presence of radia 
tion. It is desirable, therefore, that the materials used for the 
collectors do not become excessively radioactive or deteri 
orate in the presence of radiation. 
A ground electrode for the embodiment of FIG. is formed 

from a first rod member 16 which extends within the cylindri 
cal collector 4. in addition, the ground electrode includes a 
grid 18 which is also formed as a cylinder and which grid ex 
tends between the cylindrical collectors 2 and 14. As an ex 
ample, the rod member 16 may be composed of aluminum and 
the grid 8 may be constructed of a copper mesh of copper 
wire formed into a cylinder. The rod 16 and the grid A8 are 
electrically connected by a wire member 20. 
A pair of electrical output cables 22 and 24 are connected 

respectively to the ground electrode 6 and the principal col 
lector 10. Specifically, the cable 22 includes an inner conduc 
tor 26, an outer conductive shield 28 separated by an insulat 
ing member 30, and an outer dielectric layer 31, while cable 
24 includes an inner conductor 32, an outer shield 34 
separated by an insulating material 36, and an outer dielectric 
layer 37. The output signal developed by the gamma-electric 
cell of FIGS. and 2 is taken across the cables 24 and 22 
wherein the cable 24 serves as a signal or high-voltage cable 
and wherein the cable 22 serves as a ground cable. Both cables 
may be of the type commonly referred to as coaxial cables. 
The output of the cell of FIGS. 1 and 2 may be measured using 
a voltmeter such as an electrostatic voitmeter. 
The structure disclosed above is encapsulated using a casta 

ble, curable dielectric material 38. As can be seen in F.G. i., 
dielectric material 38 forms a one-piece dielectric member 
which substantially encloses all of the various structural ele 
ments described above and, in addition, serves as a source of 
scattered Compton electrons. Specifically, assuming a source 
of radiation, such as gamma rays shown by the arrows 40, is 
directed toward the gamma-electric cell of FIG. E. The gamma 
rays 40 enter the dielectric material 38 and the gamma rays 
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There is a net forward movement of Compton electrons and a 
portion of the Compton electrons reach the collector elec 
trodes 2 and 14 and the principal collector 10 to induce a 
potential in them. This potential may be measured with 
reference to the ground electrode formed by the members 16 
and E8. The dielectric material 38 not only serves as a source 
of the electrons but also serves to insulate the collectors from 
the ground electrode. 

Theoretically, the output voltage of a gamma-electric cell, 
such as shown in FIGS. and 2, is unlimited. However, in a 
practical device the output voltage is limited by the dielectric 
strength and the electrical conductivity of the dielectric 
material 38. Both of these properties are dependent upon the 
composition and molecular structure of the dielectric materi 
al. Other factors which contribute to the limitation of the out 
put voltage of a gamma-electric cell as shown in FIGS. 1 and 2 
is the structure of the interface between the dielectric material 
and the collectors and also the presence of any leakage paths 
in or across the surface of the dielectric material. 

It is, therefore, desirable to provide for a dielectric material 
which has a high dielectric strength and a low electrical con 
ductivity. In addition, it is desirable that the dielectric material 
be provided around the colliectors so as to have an intimate 
contact with the collectors and also any leakage paths in or 
across the surface of the dielectric material should be 
minimized or eliminated. Generally, in the present invention, 
dielectric materials have been chosen from the group of 
materials composed of epoxies, silicones and polystyrenes. 
However, a general discussion of specific materials and some 
examples of particular methods of encapsulation will be ex 
plained in greater detail in a later portion of this specification. 
A second example of a gamma-electric cell constructed in 

accordance with the teachings of the present invention is 
shown in FIGS. 3 and 4 and includes a principal collector 50 
and a plurality of collectors radiating from the principal col 
lector. Specifically, a plurality of plate members 52, 54 and 56 
serve as auxiliary collector members. The collectors 52, 54 
and 56 are interconnected to the principal collector 50 using 
conductive support members 58 which support members are 
covered by a dielectric material 60. The principal collector 50 
may be constructed of a dense metal such as lead, whereas the 
spaced collector members 52, 54 and S6 may be constructed 
of a conductive material such as aluminum. As indicated 
above, the particular materials indicated are illustrative only 
and other appropriate materials may be used. An output signal 
cable 62 inciudes an inner conductor member 64, and outer 
shield member 66, an insulator 63 separating the conductor 
64 and shield 66, and an outer layer of dielectric material 67 
which serves as a protective layer. 
The structure described above is encapsulated with a casta 

ble-curable dielectric material 70. As indicated above, this 
dielectric material may be chosen from a group of materials 
specifically including epoxy, silicone and polystyrene. A 
ground electrode 72 may be formed on the dielectric material 
70 using a thin conductive layer such as a conductive paint. A 
ground cable is connected to the ground electrode 72 at posi 
tion 74 and the ground cable includes an inner conductor 76, 
an outer conductor 78, and two layers of dielectric material 86 
and 32. 
The source of radiation impinging on the gamma-electric 

cell of FIGS. 3 and 4 is designated by the arrows 34 and as this 
radiation enters the dielectric material 70, the radiation 
causes a scattering of Compton electrons. 
The Compton electrons are received by the collectors 52, 

54 and 56 and the principal collector 50 to produce a poten 
tial in the central collector 50. This potential may be mea 
sured between the signal cable 62 and the ground cable 76. In 
order to provide for a high output voltage from the gamma 
electric cell of FIGS. 3 and 4, it is desirable that an intimate 
contact be maintained between the dielectric material and the 
collectors and that no leakage paths be present in the dielec 
tric material. The dielectric material 70, therefore, is encapsu 
lated around the remaining structure in a manner to be 

produce a scattering of electrons in the dielectric material. 75 described at a later portion of this specification. 
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A third example of a gamma-electric cell constructed in ac 
cordance with teachings of the present invention is shown in 
FIG. S. In the embodiment of FIG. 5, the gamma-electric cell 
includes a collector electrode 100 constructed of a dense 
metal such as lead. A signal cable 102 is connected to the col 
lector electrode 100 to receive an output signal from the col 
lector electrode. Signal cable 102 includes an inner conductor 
104, an outer shield 106, and, in addition, includes an insulat 
ing layer 108 between the inner conductor 104 and the outer 
shield 106. The signal cable 102 may also include an outer 
layer of insulating material 110 to protect the shield 104. 
The collector electrode 100 and a portion of the signal 

cable 102 are encapsulated by a castable, curable dielectric 
material 112. A ground electrode may be provided by a con 
ductive layer 114 such as a conductive paint and a ground 
cable 16 is connected to the ground electrode at position 
118. The ground cable 116 includes an inner conductor 120, 
an outer shield 122, which conductor 120 and shield 122 are 
separated by an insulating material 124, and an outer protec 
tive layer of dielectric material 125. The source of radiation 
for the embodiment of FIG. 5 is shown by arrows 126 and 
when the radiation enters the dielectric material 12, the 
radiation produces a scattering of Compton electrons in the 
dielectric material. The scattered electrons are collected by 
the collector electrode 100 to produce a potential in the col 
lector electrode. The potential in the collector electrode 100 
may be measured between the signal cable 102 and the ground 
cable 116. The dielectric material 112 is encapsulated so as to 
assure an intimate contact at the interface between the dielec 
tric material 112 and the collector electrode 100 and also to 
eliminate any leakage paths in the dielectric material. 

It is to be appreciated that in the examples illustrated in 
FIGS. 1 through 5 the source of radiation has been shown ex 
tending in a particular direction. However, it is to be noted 
that the gamma-electric cells shown in FIGS. 1 to 5 will 
operate with radiation coming from other directions since the 
scattering of Compton electrons occurs in the dielectric 
material with radiation coming from other directions. 

FIG. 6 illustrates a specific use of the gamma-electric cell of 
the present invention so as shield, provide for a shielding 
shield a nuclear reactor such as nuclear reactor 150 and, in 
addition, providing for an auxiliary source of power from the 
nuclear reactor. The structure of FIG. 6, therefore, recovers a 
portion of the energy from the nuclear reactor, which energy 
is usually lost by radiation, 

In the structure of FIG. 6, the nuclear reactor 150 is fully 
enclosed by a shield, such as a lead shield 152. The shield 152 
also supports a plurality of conductors radiating internally 
within the shield 152. Specifically, conductors 154 and 156 
extend from the lead shield 152 and these conductor members 
form auxiliary collectors. The lead shield 152, therefore, 
forms the principal collector and the members 154 and 156 
radiate from this principal collector. Interspersed between the 
collectors 152, 54 and 156 is dielectric material 158, which 
dielectric material is castable and curable. The dielectric 
material may, therefore, be poured between the collectors 154 
and 156 and the lead shield 152 to thereby provide for a en 
capsulation so as to ensure an intimate contact between the 
dielectric material and the collector and shield. 
An appropriate signal cable 160 may be provided, which 

cable has an inner conductor 162, an outer shield 64, both 
separated by an insulator 166, and an outer layer of dielectric 
material 167. A ground conductor 170 is provided and a 
ground cable 172 is connected to the ground conductor. The 
ground cable includes an inner conductor 174, an outer shield 
176, both separated by an insulator 178, and also includes an 
outer protective layer of dielectric material 179. The output 
may be taken between the cables 160 and 172. It is to be ap 
preciated that the ground conductor 170 may include addi 
tional members which are interspersed between the collectors 
152, 154 and 156 in a manner similar to that shown in the em 
bodiment of FIGS 1 and 2. 

During the operation of the reactor 150, substantial radia 
tion is produced by the reactor, which radiation enters the 
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6 
dielectric material 158, thereby providing for a scattering of 
Compton electrons in the dielectric material. The scattered 
electrons are collected by the collectors 152, 154 and 156, 
thereby providing for a potential in these collectors. This 
potential has a substantially high voltage so as to recover a 
portion of energy from the reactor which would ordinarily be 
wasted, 

In order to provide for a high output voltage from the 
gamma-electric cells of the present invention, it is important 
to properly choose the dielectric materials and to construct 
the gamma-electric cells to eliminate surface charges and 
leakage paths. For example, the dielectric materials used in 
the gamma-electric cell of the present invention are generally 
known as organic polymers. These organic polymers may be 
divided into two groups according to their overall physical and 
chemical response to a radiation environment. 
A first group of polymer materials is cross-linked by radia 

tion, thereby leading to a higher molecular weight, in improve 
ment in most physical properties and an increased thermal sta 
bility. For example, this first group of polymers includes such 
dielectric materials as epoxies, polystyrenes, silicones, 
polyethylenes, polypropylenes and polyurethanes. A second 
group of polymer materials is degraded by radiation and form 
lower molecular weight products by chain scission during 
radiation. Some of the polymers which fall into this second 
group are Lucite, Teflon cellulose and polyisobutylene. Since 
the gamma-electric cell of the present invention is subjected 
to radiation, one of the first groups of polymers would nor 
mally be chosen as the dielectric material. 
Although any of the first group of organic polymers men 

tioned above which are cross-linked by radiation could be usa 
ble for the dielectric material, the specific polymers which 
were found to yield the best results when used as the dielectric 
material of the present invention were polystyrene, epoxy and 
silicone. The specific reasons for the selection of the above 
materials are that these polymers have a tendency to strongly 
cross-link under the influence of radiation and therefore main 
tain their physical integrity during long exposures to the radia 
tion environment. Also, these polymers contain aromatic 
groups, which aromatic groups are well known to be more sta 
ble when subjected to radiation. In addition to the above, the 
electrical resistivity of the specifically chosen polymers is nor 
mally very high and, although reduced when exposed to radia 
tion, these polymers still maintain a high resistivity. Specifi 
cally, each of the polymers selected has a normal resistivity ex 
ceeding 10' ohm-centimeter. Also, each of the materials 
chosen has a high dielectric strength as required for high volt 
age operation. Also, because of the necessity to form the 
gamma-electric cells using encapsulation procedures, each of 
the materials was chosen since it is compatible with the encap 
sulation procedures which are to be described. 
The particular encapsulation procedures are in accordance 

with the specific polymer material used. It is to be noted, how 
ever, that products manufactured by various companies may 
be used in the encapsulation procedures and the invention is 
not limited to specific materials. However, in general, after the 
dielectric material in a castable form is poured into a mold en 
closing the other portions of the gamma-electric cell, the 
material is allowed to set for a significant length of time so as 
to allow all entrapped gases to escape. Also, all of the encap 
sulation procedures to be described include curing the dielec 
tric material at an elevated temperature, again for an ap 
preciable length of time. 
A specific procedure used for a silicon dielectric material is 

as follows: The portions of the gamma-electric cell to be en 
capsulated are placed in a mold. A silicone potting resin, such 
as a potting resin designated as Sylgard 182, which is manufac 
tured by Dow Corning, is mixed with the curing agent which is 
supplied by Dow Corning. The silicone resin is poured directly 
into the mold which contains the parts to be encapsulated. 
The potting resin is then allowed to stand for a sufficient wait 
ing period so that all of the entrapped bubbles escape. This 
prevents cracking upon a later curing of the dielectric materi 
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al. The assembly is then placed in an over which has been 
raised to approximately 60° C. and maintained at this tem 
perature for a relatively long period of time, for example, 24 
hours. The assembly is then removed and allowed to cool to 
room temperature. This provides for an encapsulation using 
silicone as the dielectric material which does not have any 
leakage paths and which has an intimate contact between the 
dielectric material and the collectors. 
A second material which may be used is an epoxy. It was 

found during the use of the epoxy that the encapsulations had 
exhibited a tendency to crack on cooling down from the cur 
ing temperature. This cracking is probably and hot to the fact 
that the polymerization is highly exothermic and hot spots 
could easily develop in the interior of the casting. These hot 
spots may in turn cause thermal stresses with an ultimate 
cracking due to differences in the contraction rates between 
the resin and the encapsulated metal parts upon the cooling. 
The cracking of the epoxy resin was solved by adding 

polystyrene beads to the epoxy resin. There is no chemical 
reaction between the polystyrene beads and the epoxy and the 
beads serve as an inert filler material. The beads also absorb 
some of the heat of polymerization during curing and, there 
fore, reduce shrinkage on curing. This technique of mixing the 
polystyrene beads and the epoxy resins produces homogene 
ous crack-free encapsulations. The particular chemical struc 
ture of the epoxy varies with its formulation and extent of 
polymerization. However, an epoxy resin prepolymer may be 
obtained from the Shell Chemical Company and has a trade 
name of Epon 828. This material is generally obtained by 
means of a condensation polymerization of epichlorohydrin 
and bisphenol-A. A curing agent is used with the epoxy and, as 
an example, Shell Chemical Company provides a curing agent 
which they designate as Epon curing agent D, which is to be 
used with their Epon 828. The curing agent is a liquid tertiary 
amine salt. 
The method of using the materials is as follows: The epoxy is 

mixed with the polystyrene beads and the mixture is preheated 
in a 70° C. oven for about 20 minutes. The curing agent is then 
added and the resin is again heated in the 70° C. oven for 
about 10 minutes. Any entrapped air is then removed from the 
mixture before the resin is carefully poured into the mold con 
taining the components to be encapsulated. The casting is 
then allowed to gel at room temperature, which requires 
several days. After gelation, the casting is post-cured in a 60° 
C. oven for approximately 30 hours and the oven is then 
turned off and the casting allowed to cool slowly to room tem 
perature. The slow cooling prevents any thermal stress 
cracking in the casting. This above procedure provides for a 
gamma-electric cell having an intimate contact between the 
dielectric material and the collectors and, in addition, 
eliminates any leakage paths which would tend to reduce the 
voltage of the output from the gamma-electric cell. 
A third material which may be used for the dielectric 

material is polystyrene. The styrene is generally received as a 
styrene monomer and the initial resin preparation involves 
first mixing the styrene monomer with polystyrene beads. The 
mixture is then allowed to stand for approximately 2 days in a 
closed container so that the polystyrene beads are completely 
dissolved. Hydrogenated terphenyl is then added the mixture. 
Benzoyl peroxide is then dissolved in a solution of divinyl 
benzene and acrylonitrile, after which the solution is then 
added to the resin. The resin is then poured directly into the 
mold and the mold is then allowed to sit for several days to 
that any air bubbles trapped are allowed to rise to the surface. 
The casting is then allowed to gel at room temperature which 
requires a relatively long length of time, for example, approxi 
mately 3 weeks. After gelation, a post-curing is carried out in a 
40° C. oven for 2 days. This above procedure produces crack 
free bubble-free casting with a minimum of equipment, 
although the procedure is somewhat time consuming. 

It is to be appreciated that the particular methods described 
above may be varied and that particular ratios of materials 
may be used in accordance with the desired result. For exam 
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8 
ple, the encapsulation may be carried out in two steps whereu 
pon a portion of the components to be encapsulated is first en 
capsulated and then a second portion is encapsulated at a later 
time. The important provision is that the final structure forms 
an integral member so as not to provide for any leakage paths. 
The present invention, therefore, describes the structure 

and methods of manufacture of gamma-electric cells which 
produce a high-voltage output, and the buildup of the high 
voltage may be used for the detection of radiation or the high 
voltage may be used as an auxiliary source of power so as to 
capture radiation energy which would otherwise be lost. The 
invention includes the use of an encapsulation of the inner 
components so as to eliminate surface charges and leakage 
paths and provide for intimate contact between the dielectric 
material and the inner collectors. In addition, the invention 
provides for the use of multiple collectors which radiate from 
a central collector so as to increase the area of collection of 
scattered electrons in the dielectric material. 
Although the invention has been described with reference 

to particular embodiments, it is to be appreciated that various 
adaptations and modifications may be made, and the inven 
tion is only to be limited by the appended claims. 
We claim: 
1. A method of producing a high output voltage from a 

source of radiation such as gamma rays, including the steps of: 
providing a dense conducting collector, 
providing a plurality of metal collectors radiating from the 

dense conducting collector, 
encapsulating the conducting collector and the plurality of 

metal collectors with a dielectric material and with the 
dielectric material producing a scattering of electrons in 
accordance with the reception of the radiation and with 
the dense conducting collector collecting at least a por 
tion of the scattered electrons, and 

connecting an electrical lead to the collector to provide a 
high output voltage from the collector. 

2. A method of constructing a gamma-electric cell for 
producing a high output voltage from a source of radiation, in 
cluding the steps of: 

constructing a principal collector from a dense conducting 
material, 

providing a plurality of collectors extending from the prin 
cipal collector, and 

encapsulating the principal collector and the plurality of 
collectors with a castable, curable dielectric material hav 
ing a high resistivity when subjected to radiation and a 
high dielectric constant and with the dielectric material 
producing a scattering of electrons when subjected to 
radiation and with the dense conducting material collect 
ing at least a portion of the scattered electrons. 

3. A gamma-electric cell for producing a high output volt 
age from received radiation, including: 

a principal collector composed of a dense conducting 
material, 

dielectric material surrounding the principal collector and 
encapsulating the principal collector as a unitary struc 
ture and with the dielectric material composed of casta 
ble-curable material to provide for the encapsulation, 

a plurality of collector elements distributed within the 
dielectric material and electrically connected to the prin 
cipal collector, and 

electrical lead means extending through the dielectric 
material to contact the principal collector. 

4. The gamma-electric cell of claim 3 additionally including 
a layer of conductor material covering the surface of the 
dielectric material. 

5. The gamma-electric cell of claim 3 wherein the dielectric 
material is chosen from a group of materials consisting of 
polystyrene, epoxy and silicone. 

6. A gamma-electric cell including: 
a principal conducting collector, 
a plurality of collector elements radiating from and electri 

cally connected to the central conducting collector, and 
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a dielectric material surrounding and encapsulating the 
principal collector and the plurality of collector elements. 

7. The gamma-electric cell of claim 6 wherein at least some 
of the plurality of collector elements are disposed parallel to 
one surface of the principal collector. 

8. The gamma-electric cell of claim 7 wherein at least some 
of the plurality of collector elements are disposed perpendicu 
lar to one surface of the principal collector. 
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9. The gamma-electric cell of claim 6 additionally including 

a conductive layer on the surface of the dielectric material and 
an electrical lead contacting the principal collector and with a 
high output voltage produced between the electrical lead and 
the conductive layer upon the irradiation of the gamma-elec 
tric cell. 


