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[Technical Field to Which the Invention Pertains] The present invention relates to a gamma
ray generation method and apparatus (gamma ray source) used in various fields such as non-
destructive testing of various materials and products, and gamma cameras for medical use,

utilizing the high penetrating power of gamma rays.

[(RBRDRET KM E] AFRBIE. AYIROBVEBREZFALILBEEYE. HaFoIrEmE
BRE. ERAOAYIYAASEFRLODHF TEASNTUVSH Y VRREFTEARVUEE (H ViR

B ISR B,

[0002]

[Conventional Technology] There are currently three types of gamma-ray sources in use:

nuclear reactors, accelerators, and gamma-ray emitting radionuclides.
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[(TERDEAM] WEFAINTVBR AU VIRRICIE. RFF. MFRBFFA. €L THY VIRREZ

B 3IBEN D B,

[0003]

The first type of reactor utilizes gamma rays generated by nuclear fission within the reactor,
while the second type of accelerator uses charged particle beams accelerated by the

accelerator to collide with a target, thereby generating gamma rays.

F1DEFFIZ. RFFRATORKDRICE>THEETBHUIBREFBATZLDOTHD. 2D
REEFABIE. MREFICK > TIDRSNIABRIFIRE X —7 v MICEHREE. AUVRERESHE

B2HDTHBo

The final gamma-ray emitting radionuclides utilize gamma rays emitted from radionuclides

such as Co-60, which emit gamma rays during their decay process.
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REDA 2 VIRREKREIL. BFRBIETH Y IRERE T 2 Co-60FDREHSBPFNEINEH T

ReFATZDHDTH B,

[0004]

[Problems the invention aims to solve] Conventional gamma-ray sources have the problem

that, in the case of nuclear reactors, they are large and have significant limitations in their use.

[ERANERL LS T 2HE] KON UIRDOREL L TE. RFFOZEIIARETHD.

FALOFIRHKE L,

Using accelerators requires large-scale accelerators and is not something that can be easily

utilized.

IEZEF A DZSIIAREDINRENVETH D BEICFHATESDHDTIFEL,

While the third type of gamma-ray emitting radionuclide is small and easy to handle when
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used as a mobile radiation source, it has drawbacks such as low usable gamma-ray intensity

and the risk of radiation exposure to those handling it, which limits its potential uses.

B3 DA IRBERREBISBEIRRL L TRSHEIE. NETHRVWRL TV FIBTESH TR
BREANTVNI &R, BIDIFKS AOHSHRKBEFORBEL H D . FIBAENIERINZRAb' B

Bo

[0005]

Therefore, the present invention aims to provide a gamma-ray generation method and

apparatus that have few limitations in use and are easy to handle.

£ Z T AEBTIIFBLOFIRAD L BDFWPTVWH U YIREEF ERVEEZRMT S

CCZBNET %
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[0006]

[Means for Solving the Problems] In order to achieve the above objective, the present
invention utilizes the non-thermonuclear fusion reaction of the following equation (1) that

occurs in the boron mixture in molten lithium as the gamma ray generation process.

[(REZMRT ZT-ODFER] LRBMZERT 57D, AREATIF. AUTREEBIZE LT,

B FULAOROVEEMTEI S TR (1) ROIRERMERIGZFAT %,

[0007]

11B+ 1H — 12C +y (1) Gamma rays are emitted when a hydrogen ion beam is irradiated.

11B+1H—=12C +y (1) KEAFVE—LERETZIICED. VigHBE I NS,
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[0008]

Equation (1) shows that a non-thermonuclear fusion reaction between one atom of 11B, an
isotope of boron (on the left side), and one atom of hydrogen (H) produces a carbon atom

(12C) and gamma rays on the right side.

(1) RKiF. BIADAROY (RUE) ORMEAD—FELLB®D 1 BEFrKEHD 1 EFOIEHIXE

BERISICED. BUDORERF (12C) cvigHERTZ xR LTWS,

[0009]

Since this reaction terminates immediately upon stopping irradiation with a hydrogen ion

beam, gamma ray generation can be easily controlled. Furthermore, because there is no
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radiation emission when not in use, it is possible to provide a gamma ray source that is easy

to handle and has few limitations on its use.

CORIGIZIKEAZ >V E—LOBFDIFIETEEICIR T T5DT. BHICH Y IRFEEDFIEHAE]
BETHOH., FALBVE EICIFTRIHROBENEWNCD. FALOHIRADZ BOTWZ WA

NIRRT RMT B D ERETH B,

[0010]

In the invention corresponding to claim 1, a non-thermonuclear fusion reaction is induced by
irradiating the surface of a molten alloy or mixture of boron and a metal that acts as a catalyst

for nuclear fusion reactions with a hydrogen ion beam.

FRIELICHISY 2FEATIE. ROYELURBMERIGOBBEFERZH OEB L DEEXILES

BRMADREICKZEA TV E—LZRHET S CICK DIFRERMERIGZFHET %o
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During this process, gamma rays are generated according to equation (1), and these are used

as a gamma-ray source.

ZFORRIC (1) RUISKWVWAYIBIRETZIH. e IRRELTHAT S,

[0011]

In the invention corresponding to claim 2, in the gamma-ray generation method of the
invention corresponding to claim 1, the amount of gamma rays generated changes according
to the irradiation amount of the hydrogen ion beam, so the amount of gamma-ray beam
generated can be controlled by adjusting the amount of hydrogen ion beam irradiated per

unit time.
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FERIE2 IS T 2RATIE. SBKRKIBELICHET S3FRBEDOH VIVBEREREICEWVWT, BiTT 3K
R1FTVE—LOBHEIWRE TSI HUIVEENELT B CICKR B0, BEARRICRE 9
BKEAFTVE—LDEEFHTAIEICEDRETEZ2HUVBE—LORESEZHIHTESELS

ICTBHDTHBo

[0012]

In the invention corresponding to claim 3, in the gamma-ray generation method of the
invention corresponding to claim 1, the distribution of the generated gamma-ray amount
changes according to the spatial distribution of the irradiation amount of the hydrogen ion
beam. Therefore, by controlling the distribution of the irradiated hydrogen ion beam as

needed, the distribution of the generated gamma-ray beam can be controlled.

FERE3ICHINT BFEATIE, FRELICHTRZEBEDOH VO VIREEFEICHEWT, BHTBK
R FAVE—LOBHEOEBDHICKWVWEETSZI3H U IVBEODHOLEILTZ IR B =0,
BT 2KEA AT VE—LODHEEXRBICHLCTHETAZZCICED, BETIHUIVRE—LD

HEENHZHETETELIICTEHDTH B,
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[0013]

The invention corresponding to claim 4 comprises a sealed container containing a molten
alloy or mixture of boron and a metal that acts as a catalyst for nuclear fusion reactions, with
hydrogen gas sealed in the space within the container; an electrode disposed in the space
within the sealed container; and a power supply that applies a voltage between the electrode
and the molten alloy or mixture of boron and a metal that acts as a catalyst for nuclear fusion
reactions, wherein a hydrogen ion beam generated by a discharge occurring between the
electrode and the molten alloy or mixture of boron and a metal that acts as a catalyst for
nuclear fusion reactions is irradiated onto the surface of the molten alloy or mixture of boron
and a metal that acts as a catalyst for nuclear fusion reactions to generate gamma rays by a

non-thermonuclear fusion reaction.

KA AICHILT 2 HEBAIE. ROYELUOERERICOMBERZH OB L DEEXIFEG DA
RADINE SN, BOZEMEICKREAINHASNIERRE L. COBRABEDOFIGCZEMERICE

RENCBERE. COBMEAEAROVEIVERMERICOMBEERZHOEB L DEEXITES
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DARMAEOBICEREZINMT2ERE 2w RIGCEMEFIGECNAO Y E & VKRS RSO AENE
BZeHIO2ERELDEEXITEEDARME L DR THET BHREICIDERTNZIKEA T E—L
ZRIERAROYELUVEMERCOMIEERZIF OER L DEEXITEEDARMAEORAICERST L T

IARRMERICED AU IReRETE D,

[0014]

The invention corresponding to claim 5 is a gamma-ray generator according to the invention
corresponding to claim 4, wherein the power supply is a variable power supply, and the

amount of hydrogen ion beam irradiated per unit time is adjusted by changing the voltage or

current to control the intensity of the generated gamma rays.

FRKIAS ICHIS T B HEEIE. FBFRIEAICHILT 2FHRADH VY IHRREREICEWVWT., BIELERZH

RERCLT, EEXIIEREZEETZLICELD. BAURBICBNT KR TV E—LDOEZ

HE L TRETZH O VROBEZHIET 5,
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[0015]

The invention corresponding to claim 6 is a gamma-ray generator according to the invention
corresponding to claim 4, wherein a hydrogen gas supply means for supplying hydrogen gas
into the sealed container is provided, and the emission distribution of the generated gamma
rays is controlled by adjusting the spatial density distribution of the irradiated hydrogen ion

beam by adjusting the hydrogen gas pressure supplied from this hydrogen gas supply means.

F5RIE 6 ICHIS T B FHBRAIK. FBRIEAICHIST 2HRADH VO YIREERBICE VT, BIcEMRER
RICIKEFEH X259 2KENRAMBEFRZHRIT. COKRAXERFRLIDERINZKELAR
FEZRMTE LD BRTEIKEAFT VE-—LOERNLGEBENHZRABL TRET S HY

Rg12) Eibaxizk il R

[0016]
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[Embodiments of the Invention] Embodiments of the present invention will be described

below with reference to the drawings.

[(FERDEEDOARE] U TARBOREON EZNEZSMR L THEAT %

[0017]

Figure 1is a configuration diagram showing a first embodiment of the gamma-ray generator

according to the present invention.

M 1id. "EBICLZHUVRHEEREDE 1 DXRBOFEZ R TBHRRKTH 5.

In Figure 1, 4 is a sealed container, in which a boron mixed molten material 1 is contained. A

pair of electrodes 2 are arranged in the space above the liquid surface, and hydrogen gas 6 is

sealed inside.
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M1LICEWVWT, 4I3EFARBT. COBARGE4RICROVESARELIMNEESN. 20&KEL

FDOZEMEBIC—NDEE2 HECER TN B £, KEAX6HHAITNTLS,

[0018]

A power supply 5 located outside the container and a switch 12 for turning the power supply

5 on and off are connected between the electrode 2 and the boron mixed molten material 1.

B2 ROV EESAREKL L OBICEENRICKITONLBRS RUCOERS DAV, 7%

AR YvFL2WEHEINTWVS,

In the diagram, arrow 7 indicates the flow of hydrogen ions, and arrow 3 indicates the flow of

generated gamma rays.
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MHT7 ORENIKFZEAFT>DRNERLTED. REN3BEEELLAYIROANZTRL TV

Do

[0019]

Next, the operation of this embodiment will be described.

KICKEMOREDIERICDWVWTERATY %,

[0020]

In Figure 1, when the switch 12 is closed, a voltage generated by the power supply 5 is applied

between the boron mixed molten material 1 inside the sealed container 4 and the electrode 2
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positioned above it, causing a discharge to occur in the hydrogen gas 6 sealed inside the

sealed container 4.

LICBWT, R1yF12%ZFL% . BRARSE4RNOROVEGEMAEAL L ZDEHICEEL
B2 EOICEIRS KORELICEENEMEIN. ZEATE4RNICHALIIKEA X6 FTH

BHRET 3,

At this time, some or most of the hydrogen gas 6 is ionized by the discharge to become

hydrogen ions.

CDEZIHEBICEIDKEHRE6D—ER. RIFIFEAEHEEHL TKEAAF LD,

[0021]

Hydrogen ions are accelerated by the electric field between electrode 2 and boron mixed

molten material 1, forming a hydrogen ion flow 7.
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KRAA VI BR2EROVESERMAEL EOBDOERICKDIBERSNT. KERAADRNT

ZTRYS %o

This flow of hydrogen ions 7 reaches the surface of the boron-mixed molten material 1,

inducing the non-thermonuclear fusion reaction of equation (1).

COKRAAVORNT IF. ROVESBRMAELOREIELT. (1) ROEAKRMEREHEE

EEINsd,

The gamma rays y generated by this reaction are emitted upward, forming a stream 3 of

generated gamma rays.

CORIMCEDRETBZHIBYISEAICBREIN. BREHVVRBORNI ZHKT o

[0022]
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If switch 12 is opened at this time, the discharge stops and the hydrogen ion flow 7
disappears, so the generated gamma ray flow 3 also disappears, making it easy to control the

generation of gamma rays.

CDEZIZAAvFL2%7BIFIE. BMEIMBILEL TKEZEAZTVOFNTITEETIDT, REHVV

MORNIBIHERL. HUVROREZBZICHIHAIREE B 5,

[0023]

Figure 2 is a configuration diagram showing a second embodiment of the gamma-ray

generator according to the present invention.

213 ARRAICEDAUVBEREREDE 2 DEMOTEZ R I BRI TDH 3,

In Figure 2, 4 is a sealed container, in which the boron mixed molten material 1 is contained. A
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pair of electrodes 2 are placed in the space above the liquid surface, and hydrogen gas 6 is

sealed inside.

H2ICHWVWT. 4IIEFARET. CORFARFARNICAOVEESARELNANEIN. ZDRE L

FDZEMEBIC—RDEMR 2 HECR I NS LIS, KEAX6HBHATNTLS,

[0024]

A variable power supply 8, located outside the container, is connected between the electrode
2 and the boron-mixed molten body 1. This variable power supply 8 can be energized in a way

that allows for free adjustment of voltage or current.

B2 Y ROVEESARE L EORICERSBASBICHKITON-AIZERSHEHRIN. COAZEER

SBITBEEXISERZHHAICEEARICBETET3HDTH S,

In the diagram, arrow 7 indicates the flow of hydrogen ions, and arrow 3 indicates the flow of

generated gamma rays.
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MAT7 DR, KRAF2DFNZTRLTED, KE3BEELLAVROFANZTRLTL

Bo

[0025]

Next, | will explain the function of the actual form.

RICKERDIZREDIERICDWTERAT %o

[0026]

In Figure 2, when a voltage is applied from a variable power supply 8 between the boron

mixed molten material 1 inside the sealed container 4 and the electrode 2 positioned above it,
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a discharge occurs in the hydrogen gas 6 sealed inside the sealed container 4. This discharge

causes some or all of the hydrogen gas 6 to ionize into hydrogen ions.

2ICEVWT. BARSGA4AOROVESAMAELEEDLEAICEKREL/TCE®E 2 OMICAIZEIRS
SDBEZINMI D . BEHATBFARICHALICKREAR6HPFTHENIREL. COWEICEK DK

RHRX6D—EB. XIKIFEACHERL TKRIFT > RSB,

[0027]

Hydrogen ions are accelerated by the electric field between electrode 2 and boron mixed

molten material 1, forming a hydrogen ion flow 7.

KERAFNE BB EAROVESAMEALEDOEDERICEDIEINT, KEAFDHENT

ZTR T Bo

This flow of hydrogen ions 7 reaches the surface of the boron-mixed molten material 1,

inducing the non-thermonuclear fusion reaction of equation (1).
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CDOKERAFVDORNTIE. ROVESAMAELOKREAISGEL T, (1) KOS RIGHEE

EINd,

The gamma rays y generated by this reaction are emitted upward, forming a stream 3 of

generated gamma rays.

CORIGICEDFEETZHOIVRYITEAICKRE SN, BREAOVBORNI ZHKT %,

[0028]

At this time, changing the voltage or current of the variable power supply 8 changes the
discharge current, which allows you to adjust the amount of hydrogen ions flowing 7 onto the

surface of the boron mixed molten material 1.
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CHDEINZTERSDEEXIZFEAREZZLEIT D EREERNZL L. AOVESARELOREAN

B8,/

DIKBEAFTVDFRNT DEZREHT B ENTE B,

[0029]

As can be seen from equation (1), one atom of ''B undergoes a non-thermonuclear fusion
reaction with one hydrogen atom, producing a carbon atom ('2C) and gamma rays y. This

shows that the amount of gamma ray flow 3, i.e., the amount of gamma rays generated, can

be controlled in proportion to the flow of hydrogen ions.

(1) XS0 DBLDICKELEICHLTIIBD 1 [EFHIERZMERIGL. KRERF

(12C) CHUVRYPERT DD T, KEAFTVORNUCLEFIL THYTIRORNIDE. T4

hEAVYBREEZHETETE 2R LTWS,

[0030]
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Therefore, the present invention makes it possible to obtain a gamma-ray source that can
generate an optimal amount of gamma rays according to the purpose, has fewer restrictions

on use, and is easy to handle.

EoT AHEBRICED, BRNICK L TRERA VY IYRREEZR/( S D TE. FALOFIELND

B BOMULWPTUVWAH U VIRRREZ[ID e TE %,

[0031]

Figure 3 is a configuration diagram showing a third embodiment of the gamma-ray generator

according to the present invention.

3i1F. AERICLZ AV VIRRERBEDE3DRBOFEZ R IBHRRTH 3,

In Figure 3, 4 is a sealed container, in which a boron mixed molten material 1 is contained. A
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pair of electrodes 2 are arranged in the space above the liquid surface, and hydrogen gas 6 is

sealed inside.

K3ICEWVWT. 4I3KFARET. COFEABRRIAICAROVEESARKLINANETN. Z0REL

FDZEMEBIC—RDEMR 2 HECR I NS LIS, KEAX6HBHATNTLS,

[0032]

A power supply 5, located outside the container, is connected between the electrode 2 and

the boron-mixed molten material 1.

EM2 LROVESERA L EDOREICIE. BRARMICKITONLBIRS HEH TN TV S,

[0033]
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Furthermore, a hydrogen gas supply port 10 is provided in a part of the sealed container 4,
and a hydrogen gas cylinder 11 is connected to this hydrogen gas supply port 10 via a

hydrogen gas pressure adjustment valve 9.

e, BEABE4DO—MITKREARMIEO L 0D HRITSN. COKEHARMIEO L 0 ICKEH R

UR1IDBKEAREHREZEBANILTIOZN L TESEINTLS,

The hydrogen gas pressure regulating valve 9 regulates the pressure of the hydrogen gas

inside the sealed container 4.

KEARXEHRBANILT 9. BHBREAADKEARDENZRETTZ2HDTH S,

In the diagram, arrow 7 indicates the flow of hydrogen ions, and arrow 3 indicates the flow of

generated gamma rays.

MHTT7 ORENIKFZEAFT>DRNERLTED. REN3BEELLAYIROANZTRL TV

Do
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[0034]

Next, the operation of this embodiment will be described.

RICAKEFEDOFREDIERICDWTEHEY %,

[0035]

In Figure 3, when a voltage generated by the power supply 8 is applied between the boron
mixed molten material 1 inside the sealed container 4 and the electrode 2 positioned above it,

a discharge occurs in the hydrogen gas 6 sealed inside the sealed container 4.
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HM3ICEVWT. BZRSE4NOROVESARMELEEDEARICERELICER2 L DRICEIRS &

DFEELLEELNEMEIND L. BEATRARICHALICKEARXCRTHENIRET %,

At this time, some or most of the hydrogen gas 6 is ionized by the discharge to become

hydrogen ions.

CHOEEMEBICEDKEAZX6D—ER. XIFIFLACHERL TKREA T ER DB,

[0036]

Hydrogen ions are accelerated by the electric field between electrode 2 and boron mixed

molten material 1, forming a flow of hydrogen ions 7.

KRAAIE BR2 ROV ESAMRELOBDEFRICEKDIMEINT, KRAAVDRNT Z

RS %o
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This flow of hydrogen ions 7 reaches the surface of the boron-mixed molten material 1,

inducing the non-thermonuclear fusion reaction of equation (1).

COKRAADORNT IF. ROVEESBMELOKRIMISELT. (1) XOEAKRMEREHE

EINd,

The gamma rays y generated by this reaction are emitted upward, forming a stream 3 of

generated gamma rays.

CORIGICEDREETBHUIRYIILEABICHEIN. EEH D IEDORN 3 ZHKT %o

[0037]

When the hydrogen gas pressure regulating valve 9 is adjusted, the hydrogen gas pressure

inside the sealed container 4 changes.
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COEZIKEARETRAGBNILT O ZRE T 5 & BHAREARNDKEARXENHIED S,

When the hydrogen gas pressure inside the sealed container 4 changes, the discharge state
between the electrode 2 and the boron mixed molten material 1 changes, the density
(amount) of hydrogen ions generated changes, the amount of hydrogen ion flow 7 formed
between the electrode 2 and the boron mixed molten material 1 changes, and as the
hydrogen gas pressure changes, the collision frequency between hydrogen gases in the
hydrogen ion flow changes, thus changing the discharge state of the kinetic energy of the

hydrogen ions.

EHRERANDOKEARENDEDLS & EE2 LAROVESARAE 1 OROBERENZEL L.
ERENBZKRAFTCOEE (8) NE(L. BE2 O ROVERARMK L COMICEAINSK
RA1TUDRNTDEHEDLD L EBHIC. KEARENDEICHWKEAZ > DORNDFTDIK

RAZAALTOERBEEHDNENT ZD T, KEA T VOEFITRILF—DOBREREHEILT B,

[0038]
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In this case, the amount of reaction generated in equation (1) increases exponentially with

the energy of the hydrogen ions, as disclosed in the prior application below.

COBE. (1) RORIGEEEIFKREA T VOIRILF— EHICIHEHMBERRNICIEART S Z EHN

TEEDKETHREINTLS,

[0039]

Japanese Patent Application No. 2001-001056 "Method for generating molten lithium nuclear
fusion reaction and nuclear fusion energy supply device", Japanese Patent Application No.
2001-177670 "Nuclear fusion power generation method and nuclear fusion power generation
device", and Japanese Patent Application No. 2001-216026 "Non-thermonuclear fusion power
generation method and non-thermonuclear fusion power generation device" are used. Due to
the influence of these, the amount of reaction in equation (1), which is the reaction between
hydrogen ions and boron atoms that reach the surface of the boron mixed molten material 1,

changes, and the amount of gamma rays generated can be controlled.
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15FE2001-001056 MARL) F U LEMERBEEAFES SUKRMEIRILE —HIGRE) . 15
2001-177670 ZREREAEAS LUKMEREERE] « 15FH2001-216026 MFFEAZRIESHERE
SLVIFARRMERERE] CNHSDOXLE T, ROVEGSBRMEKLOREIOELCKEA AV ER

OVEFORBTH3 (1) RORSOREBNELL. HY THRREBESWTSE 5.

[0040]

Figure 4 is a configuration diagram showing a fourth embodiment of the gamma-ray

generator according to the presentinvention.

413, FRBICEBHUVRHEEREDE 4 DRBOFEZ R TBHRKTH 5.

In Figure 4, 4 is a sealed container, in which a boron mixed molten material 1 is contained. A
pair of variable electrodes 13 are arranged in the space above the liquid surface, and

hydrogen gas 6 is sealed inside.

20-08-2026 - Page 33



K4ICEWVWT. 4I13KFARET. COBFABRRIAICAROVESARKLNANETN. Z0RKREL

FDOZE[ERIC—DOAEEMm L 3HECHIND EHIC, KRAX6HHATNTLS,

[0041]

A power supply 5, located outside the container, is connected between the movable

electrode 13 and the boron-mixed molten material 1.

AIEEM L 3 CAROVERERIA L L OMICEBRARICKITONIEBIRS HEH TN TV B,

In the diagram, arrow 7 indicates the flow of hydrogen ions, and arrow 3 indicates the flow of

generated gamma rays.

MHTT7 ORENIKFZAFTVDRNERLTED. REN3BEELLAYIBROANZTRZL TV

Do
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[0042]

Next, the operation of this embodiment will be explained.

RICAEFEFIOERIC DWW TERRT %,

[0043]

In Figure 4, when a voltage generated by a power source 5 is applied between the boron
mixed molten material 1 inside the sealed container 4 and the movable electrode 13
positioned above it, a discharge occurs in the hydrogen gas 6 sealed inside the sealed

container 4.

M4ICEVWT, BZBRE4RNOROVESARMEL DO EAFICEREL/CAIEEM L 3 EDMICE

RS XORELLLBENNMEIND L. BRABSEARICHALIOKRAR6PTHREZHET %,
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At this time, some or most of the hydrogen gas 6 is ionized by the discharge to become

hydrogen ions.

CHOEZHEICEDKEARE6D—ER. XIFIFEAENBREL TKRAA >R D,

[0044]

Hydrogen ions are accelerated by the electric field between the movable electrode 13 and the

boron mixed molten material 1, forming a flow of hydrogen ions 7.

KEAF NI FIHERL 3ROV ESERELOBEDERICEDIMEINT, KEAF 2D

MNT 2T Bo

This flow of hydrogen ions 7 reaches the surface of the boron-mixed molten material 1,

inducing the non-thermonuclear fusion reaction of equation (1).
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COKRAAVORNT IF. ROVESBRAELOKREIZELT. (1) ROEAKRMEREHEE

E£ENns,

The gamma rays y generated by this reaction are emitted upward, forming a stream 3 of

generated gamma rays.

CORIMCEDRETEZAUIBYISEAICBREIN. BREHVVIRBORNI ZHKT o

[0045]

When the movable electrode is moved, the electric field between the movable electrode 13
and the boron mixed molten material 1 changes, and the distribution of the hydrogen ion flow

7 changes.
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COLEAEFERZIHHN T LOAIEER]L 3 CROVESAMAEAL EOBMODERNEIL L. KEAF

DHRNT DRTHEHELT B,

When the distribution of this hydrogen ion flow 7 changes, the distribution of hydrogen ions
reaching the surface of the boron mixed melt 1 changes. As a result, the distribution of the
reaction (1), which is the reaction between hydrogen ions and boron atoms that reach the
surface of the boron mixed melt 1, changes, and consequently, the distribution of gamma ray

generation changes.

CDKBEATVDRNT DRHHAENT B EROVESAREKLDORAICET 2KEAFT DN
PETZCICHB . ROVEGARMELDOREICELLKRA AV EARAOYVRFORET
H3 (1) RORBOELEEDDHHENL. TNICEIDHYIREEEDO NI EDL B EICK

Do

This property can be used to control the distribution of gamma ray flow.

COMBEEFRALTHYIRORNORHEDHEIHETE %,
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[0046]

Therefore, the present invention makes it possible to obtain an optimal distribution of
gamma-ray generation amount according to the purpose, and to obtain a gamma-ray source

that has few limitations in use and is easy to handle.

-T ARBRICED, BICIKNC TRBELAVIBEREEDNHZR[/ID LN TE. FIALOH

EADE < MORNPTWH Y IIERESS LD TE B,

[0047]

The gamma rays obtained from the gamma-ray sources described in each of the
embodiments above have high penetration power through materials, and can therefore be
applied to inspecting internal defects in thick, large structures and diagnosing diseases in

large animals.
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U ERBEMOFETHERTA DV RIBEDSFOND AU VRIZ. MEICEAT 3EBEI RO,

BOAEIBENONIRIERES. ARBYORLIICSAT 5 LA TE 5,

Furthermore, it can be applied to cancer treatment from a medical perspective.

F7-. EEMICIIHOBEICDHDIGETE %,

[0048]

Figure 5 is a configuration diagram showing an application example of the gamma-ray

generator according to the present invention.

513 FXEBICLZH U VREEREDICANZ R TBRRKTH 5.
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[0049]

In Figure 5,21 is a cylindrical reaction vessel that can be evacuated under vacuum, and

insulating rings 22 are provided at appropriate locations along the longitudinal direction of

this reaction vessel 21.

KS5ICEVWT. 2 1IEEEHTAELERORICAESRT. CORBER2 LIFZORFAEDEER

EFrICHBIR > T 2 2h8ITHENTW S,

An anode 23 is provided on the upper circumferential surface of such a reaction vessel 22, a
boron-mixed liquid lithium 24 is contained in the lower part, a cathode 25 impregnated with

the boron-mixed liquid lithium is placed on its circumferential surface, and hydrogen gas is

sealed inside the vessel.

COLSBRIGEE2 2RO LEAEICIE. Fi&2 3AEIF SN, EEBICIFROVEERE)F U

L2 AMIRASND CHIC, BEICROVESREVFILZERIELEE2 51 RIN. B

DARBNICKZEAIDEHATNTULS,
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[0050]

The cathode 25 is in contact with the boron-mixed liquid lithium 24 at the bottom of the
reaction vessel 21 and is made of a material that allows the liquid lithium to seep into the

cathode by capillary action.

LECREM2 5iE. RIGAEHR 2 LOESNTROVEGRIEVFUL2 4 LEBSETHD . EMER

RTEBRICERIE) T LDRAAL LS BMETHEBRTN TV S,

[0051]

Furthermore, a pulse power supply unit 26 is connected between the cathode 25 and the

anode 23, a hydrogen injection unit 27 and a helium recovery unit 28 generated by nuclear
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fusion with lithium are connected to the top of the reaction vessel 21, and a lithium

measurement and purification system 29 is connected to the bottom of the reaction vessel 21.

Ffc, BEME2 5 M2 3 EDEICIZ/NILAEREE 2 6 hMEHi SN, RICAEE2 1 D EARICKSE
AARB2TEUFULEDKRMETEET 3NV LLRINEE 2 8RS N, EOICRILARE

2 1 DERRICIF) FU LEHAIFER 2 9 MRS N TV 3,

[0052]

Furthermore, the outer surface of the reaction vessel 21 is configured to supply heat to a heat
exchange system 30 and a heat utilization system 31 that utilizes the thermal energy obtained

from the heat exchange system 30.

EHIC. RIGEEE2 1 ONAREICIFRARZERES AT L3 0 E DR AT L3 0D 5F5oNBZH

IXINF—ZFBAITZIHMAS T L3 LICHEIERTREICAE > TWL 3,
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[0053]

On the other hand, the fusion reaction section below the insulating ring of the reaction vessel
21 is covered with thermal insulation material 33, and the entire perimeter of the reaction
vessel 21 is covered with gamma-ray shielding material 32, except for a part of the bottom of

the vessel.

—73. RICEZR 2 1 D#EFE >0 KD THDKRE RIGENICH S S & THEWW 3 3 TN, It

BEEEAO—EZRVTRIGESE 2 1 DLARBRH A > VipERkRM 3 2 TEBHNTWL 3,

[0054]

Therefore, in a gamma-ray generator with this configuration, a nuclear fusion reaction occurs

when a pulsed discharge is performed by a pulsed power supply unit 26 while hydrogen gas is
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sealed into the reaction vessel 21 from the hydrogen injection unit 27, and the gamma rays

generated by this reaction are emitted from the bottom of the vessel.

LT COEOBBEDAVVBREERBICEVWT. KFEFAEE2 7 LD RIDA2 2 LAIZK
RHRAZHALICKRET. WILABFEEE2 6 ICKDNILAWEBEZITO CLICL D B@EREH

£, CORIDICEDRETIHVIIEHBRBRELLDKREINS,

[0055]

Furthermore, the helium generated as a result of the nuclear fusion reaction is removed from

the system by the helium recovery device 28.

Flo. BKRERICDBERREET DAV T LI AT LENEE2 8ICLDRATHIFRET NS,

[0056]
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Furthermore, the energy obtained from the nuclear fusion reaction can be easily extracted by

the heat exchange system 30 and the heat utilization system 31.

5. RAERIDICEDIF/EONZ IXRILF—I1F. B X T L3 0 RUVBAFAS X T L3 11

LKDBEZBICHHE 2,

[0057]

At this time, the state of lithium is monitored by the lithium measurement and purification

system 29, enabling stable operation over long periods of time.

COEEVFULOREIZ. VFULFHAMIER29ICEDE=Z TN, REEELRZLEICTD

CENTES,
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[0058]

[Effects of the Invention] As described above, the present invention provides a gamma ray
generation method and apparatus that can efficiently generate gamma rays, easily control
the generation and stopping of gamma rays and the amount generated, and have few

restrictions on use and are easy to handle.

[HEEOMRE] UL SICAFRICENIE. HUVBENRMICERESE. HOVBORE
ZLlE. FORESEEBZICHETE. FMALOFREIND G CEDIFWVWGE WA Y VIBEREFERY

KEZRMHETE S

[0059]

Brief explanation of the drawing
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I oD 57 BE 7 B A

[0060]

Figure 1is a configuration diagram showing a first embodiment of the gamma-ray generator

according to the present invention.

1ARFRBICE DA VIREEREDE 1 DEXBOFEZ R T B,

[0061]

Figure 2 is a configuration diagram showing a second embodiment of the gamma-ray

generator according to the present invention.
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2AFKRAICK DA UVREEREDE 2 DEHOFEZ R I BHR,

[0062]

Figure 3 is a configuration diagram showing a third embodiment of the gamma-ray generator

according to the present invention.

SEFEBRICL DN U VIRRERBEDE 3 DRMOAREZ = I 1B,

[0063]

Figure 4 is a configuration diagram showing a fourth embodiment of the gamma-ray

generator according to the present invention.
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AXFERICL DA VIRRERBEDE 4 DEIEOIREZ R I B,

[0064]

Figure 5 is a configuration diagram showing an application example of the gamma-ray

generator according to the present invention.

SAXFEBRICL DN U VIREERZBEDICANZ R I iBRR.

[0065]

Explanation of the symbols

5 DERA
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[0066]

1: Boron mixed molten material 2: Electrode 3: Flow of generated gamma rays 4: Sealed
container 5: Power supply 6: Hydrogen gas 7: Flow of hydrogen ions (hydrogen ion beam) 8:
Variable power supply 9: Valve for adjusting hydrogen gas pressure 10: Hydrogen supply port
11: Hydrogen gas cylinder 12: Switch 13: Movable electrode 21: Reaction vessel 22: Insulating
ring 23: Anode 24: Boron mixed liquid lithium 25: Cathode 26: Pulse power supply device 27:
Hydrogen injection device 28: Helium recovery device 29: Lithium measurement and
purification system 30: Heat exchange system 31: Heat utilization system 32: Gamma ray

shielding material 33: Thermal insulation material

1 ROYVEGARIA2 ( BE3 { REAHUVROTANAS | BEARRS | BR6 1 KEHRT 1K
RAFADFIN (KRAAE—-L) 8 I BAIEERI  KRARENFEBA/NILT 10 : KEMiE

H11:KEHRRINL2 (R4 yF13  A#HEB2 1 | RIGAES2 2 (g >723 1 k5
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W24 . ROVESREVFIL25 (BE26 [ NILRABREE2 7 | KREFAKE28 1A\

D LRBUREE2 9 ¢ UFULFHAMER3 0 I SRS R T L3 L L BFAY AT L3 2 1 HVY
KRB 3 3 1 BTEAM
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