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WDE DA IZH 55 bbHZLEMD, ZRfDE B, EATE
i QBREHRNp | T, BT
Sv, EFE~DKE | It
DRKE S, Bqg # | BE)
DHBHBIIZALIERS | HEHEORETH | (F) D
MEARBEFEBRODD | D LMo E | fHBECK
ZE&EMD, Do 5t Bt D &
3. WHEHBRO | RoESR
BA BRIz, | IKfih b
G BORR, BEE | AFICFIATAA| Z & T,
THEEEZMD, THsH#RE. BR|AEFEOE
GBS RDEES BB OFEENX | <8
BlansZ &, VAN S 3
(6) RO @ EHBROEEIZE |GREELVL NS | B,
FRICIIHEZ@E D KT 5, E¥~OFRAER |, 2 —0H | (© (D)
HMEELRHE LIZMETFE %o BERRTDHIE | (DI &
EELSELIEERH WXy, BBRE | EREO
b, BEEMAIHL T (MEFHREROFEN | ROBERE D, | FIEO
LT LEMB, FrEmMmb, OEFROSES | B
| ®Ft o TR ET—2 | EREENAEH | WMD)
(DEFBREF > TH & — MZREAT B, B Gt R
D5 (R IR 2 B SE | DEEBRHLEE | B TIE,
BN S D REHE, A, Lo |FE30HE, |FHOH
MMOBREIZLO/ER lelDT7T o — MEER | BEEE. FFR. Bk | ERR &
THRT D, WOWCTHREZE | DHA O
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OFREFEHMREERLE | LD D, BRE S
WOFERE M D, TD5 2k
[Nl /BN
BEED
- e
VY,
F|OFEFORREE LD Q) FEREREERT | B,
I % BESCHEEY S Z
b} H5,

5. 1RZEFE LFE
KEEORETH->TH, MHEFMAZEA LS < T 57 DI BR ORI ESLCREF OB 77
CEREOHRFAPDRNTH D, U, HAMFEZI 2K OEMEPBEL TV, & ZANE
FLIEFEROIZEAER I REFOERE RS, TOPTRAEDEFERLHEL TWD, FHROFE
BHEZE L, BEHRFEOEANEL TH O Y ToN 2 HERET, 1RFESPRHE LW
5T LAY, MADFEBREN IS TH-oTh, REAFOEZNEAL T TER/THD
TR ERNEETH - THREBRIC OV TO LT 4 XAFE B> TS (FIZIEE
TREBBMNREL>TVWDBLELTY) ZEETELTCLNWZ ETHS, D LAFERDIZ, RE
AN TZHELEZWERS X5 RNEORTER) © [FH LA L2 EEITER LEZWAET
BiAEs L)) R BREORMOEEEREIITH 2,
T CHEEREROERICE L COIBAN O EA 2T 5 2 & CiREAEE(L L, &
BOGERBO VWL OBE L, BEOBRITRDOLIITRD,
GEM OB S)
(HEok - 0] BGEER EORBEREM ORI - - CRE HP BHBRER (bLHAi) LHE
BIERORIFGAOE 7 —# ZFIA LT,
A AT 4 T LWE SN FERGENR) 2B TE D,
BE#O R #AEFETOMMEMD Z L OfER,
(OB RERZRHE L CTE, BE, REFE LTEHAL, BT 2MD,
Unalk] BABRoOME (LFMA) 25,
D) B AR BROIFEE D, QAR THEDONLBEALHD,
(BB, Mbtte, HOHEME R POREY M5, WBSHBROE RS EDOREE 25D,
BV FDE DY OBFBROFIA, FEl - HiFEMEms, GEAOME ERZED ),
(@)= FNX—EFROFA & £ DORBEICONTE X 5,
(ie8E - K] FofkOBEE LI H
(H) B R 2 sl C A b (RRBRORESLERIC L 2R OBE S 5,)
DA Z—F vy F THABLT IV F —ICTHONTHRD,
W7o 7 - IEEPELLGADRD, BEOFBGTE2HIMHT 2,
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RKeEfe Z L 2R TH D, ZHA, FENRRA T2 H T 5,

[REB7) - BEHHIET] AIERROBEOL S T2ERTD

(DA ZAHESBEMICE SV THSDEZ ERKTX 5,

MT LBy TF—ar /7 e PEFALT, BRICLRNTE S,

MNIEXADRERLERICHEZET. ZHEAY., FEOLRGFNTE D,

UbZz2E LEBOERLE L, Ml L EFICHOMT 72, BENLREERERCARORERIL,

HEE L2 —REZL OBBEOLORABEENTHEE B, AFTEXAL0ETHEIZ, £FK

DEFBICADLETERL TWEEzw, REEROBRNRZIEHZS| EHT Z EORBAT

BEGEREZFERATAIIICORT2ZEPRLWTH Y, SEIO 82 F TH-oTHHEEHK Ol

RiZETIE, Dotz FRICHEWKELEF ST EOEED 0% ELEER-TEY, FEE

HITEFIZRNB D H D, LLehb, ROX I RBELELROON TSI L EMEL

THL,

(RR&]

(1) BERBOBE~DEELIGANREAREICL >THL - BOELETHY, ZEOBHETH S,
EREWROEBIIFEDEENREINTNEN, FHEEEL, FOLOXEBLLTHL
IM—RRDODLTRBLETH D,

(2) MAEBEFRL T, BABREER L, BRBEABROFEEN G-l OfERESIEHTZ
EMTED, L ULEFBROEZEENRIDENSZNOT, AT THRELTLEY Z LT
2B, /W B EHEIER AR TNEOERRLETH D,

@NTOT v — MRAETIE., £ XV bBEOHDIRTF HEE)CHHBRICRTT 2 ETRIE

DI, F T E O SaREEMIC, BRI OER « SCROBWV LR, BRI OWTIE, ZRE

BCEREHFICLCOWRWERBTHHZEEEZIDHLE, AT 4T il L TCOR - - ARSI

BIEOHOEEY BBRDLONS, TRICR> ThLOEFEOBENRESHWILENDH S,

6. BEEF
(G A AAEESEAT T R X —RIEHEERE ¥ — ER2 3IEEUREEFEFE VT
THI > T A H5E#

(2130 R 48 (R 23 45 10 A) SRS HREIFGEA

INERH THEBIZOWTEZTAL Y] HPEAH D2 EnGIED X IBAHRONAS
WA SEERER  THo TBERLWERAKBROZ &

(3] THRH##FE ] Vol. 14, No. 1, 73-80 (2010) FF/ - Hur#EFIHOMER & ERIEEHD

2

[4]3TERFL B R — D= B EE YA b (hLE B
(BIHBETE 7 4 — T Lk — h— B EE
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THe#R#E & Radiation Education
Vol 15, No. 1, p 31.—40 (2011)

[###] R BROMEE 28R

KEFH—., K & °
BRI AR JE BT

T227-0054 BHETHFERLLEVAE 125
(Z#H H:2012.02.05)

[ES| HBREROER %2780, BHENREDL > b0 (=9H) »bED LI L THtE
L, ¥250 L5 BR2 DL HICBLSED 2 L THREL, FloHah s 2ICHER Lgh
SHEABOME 2 BET 5, TORNLBEFAREFRINDLOIZTR b OMEERD, BB E
EETHIIT, BHEBZOLONREMTHET2HE TIEe <, AR EMOmE L OEEEMD
HHICL>TERTDORHEYTHA D & DOfEwmE 1.

1. iFLoic
SRR B 5 AFERLHMORE T, £< MRBIEEICR ARV, bhvbhITIT@Em T
RN WD KO RFBHRICHE ), TOBY THAIMN, i, BHHBTRVWLOTINEFEL
MEZLOLONRE, FIZIEEREZIILDETIZ OFERSFIZ. WTHbFALHEEL D
D, LB OB TIE, BN R. BEROZIEZRNSE S, EIICTHEELTWD
PRI ot F7- 7 4 VAR E o 1 EE 2 HEEE 2T, A2 EROoMEE LD
EWVWZ XS, AT, BEBRS, £ L TUERBROBPET HHEIIMMNEHRT L2 BRNE L
TV

FOEDICET, ZOFHEETLIH LW LIME GERF. BT, o1, Mid. £ RE,
B, R, FHE, %L Y) ARICLTRR, 20RBhrLBEBREESNTHE LD P %
BT FLH 5908, bhbiFHICEET2WEEZ T TICM-TBY . BRBRIET £
Mo (LRET D), &2 ATHIHRICET 28581 100 FR 0 AT FiTEmX E L THE
ENTETCHFEFETHLHEDN TS, £ I THHRE L THRESNTEZMMA L, O
MEDL S AN LEDEHIIC LTRELTWASD, £ L TUHHBRMBERT S EXIZEDLD
RMEE DL ERETVEN, SHLIZEDOLIICLTHRIMENZ) (WEOELEFIH
LCHRIET5) ICERT S, TAUTERD bESTHAREWE EOMEERER~D Z LIZER
D, HEBRE LTOEEDOHE, ThbLRBRTHIIDDOUESREL L MELHAKIZT D
ThHHA9,

aﬁﬁi%k%@hﬁl%ﬁn%(?m6%%ﬁim%ﬁ@ﬁ%EEEEM4%mH$

VAR OHEEA L LTHHBE SR TWA LD, 19tk L by T LA LORFS
Sy %’)b‘b@‘éfﬁﬁﬁ MRt #R  (Tonizing radiations)CFH A, + L TIMERROE KIZ X > THIH
AR RS T- BT AN F—RFRETHAH D, LVIE IR - FAR-BELEOEMKEE S
D THER (Radiations)x AV AHELH LT LA HER L TEL,
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AT, ETHEBREROBESRZ7- 80 2RO MROME2HEm» LBEET S (AT v
71), DOEHEBROBEEL BREO IWIEFEOMERED LI ICARLTWENEERT S,
FOWEREBEZTAT v 7 1 OBRBBHEHE EWERBRALT & OMICE Eo XS e hickEe
LbohaEldd (AT v7 2), EHIWEOREKE LTERERDY, BHHABETHLLDHD
VEBEEMEEBRFT 5, BRICZOLBEFEPBFBRTHL2ODF5EMETH L0 5 & BEE
T5, 2ILTHONIEABRTHDT-ODOLEASEMIE, TOEEKFROERE L THY
HILMTEDHZEDHHETED,

2. BURBOWE

2.1 WHROBRZ-ED

HRBROBEREZ L6 LEBEEO X > HIBEEREOER TH 12 Y, BEZERUTLELXD
B (R v & BHO R, 1800) 2 A GO - EEMEDOERIL, EX - A—a 7 ~DOFELIG
BEANATONTZ), B S THREN O (B e)/(HE m) DLOBREHECENKEDTE
FILLOTIW—TETHDHZ s, MEEHENRT 5 EBN 2BHKT GBHLT) O—D2>ThiHE
TOFERENTZ LICETHER L2V,

(i) FEHRAR OHFFE ¥

BEREICB O TREN M N TEERZ2EY BBIZET 3, ZOMIRgHThH T X
WRELEEL TREYN (Fu—) 2RTH, ZOfh (=BEBR) OEFIEECBBIZL-T
WE S, O THEWERELZEE L, ESELFF> TN WHEEZEINTZ L2 NG, &
BBITBDOER 2 L OWM/N R FOBEEROKRNTH D Z &> TEi-, 1] Thomson (X2 D
KFOEE%  m, Bk e HEZ vE LT TEMATEZE (NE) OBTZ2/0MhK (LB
BEFN) IZHEONARL, AEDRZITRSTEWOME Q (=Ne)bk X LF—DRE W (=1/2+
mv’xN, {RE LENLRD D) OFNEREFREHCHE L, BICEERA#ESOP CHiF b b
RN G vERD, 2205 me 2RO, 20 mleld, BEBRETOFHN) ICER OB
SNEEHASERE L ZORBOEEZBIFT 2 b ERD BN, ZOMEPEBOMEIZE,
FEREBERNICEIRMEOHEBEICL LN ELH O ABEOR I HEICE N5 HE
HI72RL - CTd 5 & fikam S 72(1897),

(ii) X #R

BB CTEEZE (1077 Torr,) . mEE (50 kV)EAWTERERE (=8F) ERLFHFIT TV
KA > @ Rontgen (T, MEEEICREETNERELILE ZANLERNOREIVWERE (=X
B MBAETDHZLERDOIT(1895), X HITHENEELZBL, 2 m LN LETENT
BENEHER (ALY T /BAN) DLE2EALIZLD) 26852 E0bERSNZ, 4K
U 2@ Thomson & Rutherford 1, 1897 (2, XHRH SN[ AP CEMSE S L2 R L,
ErEDORMEA A OB 2 EEMICHFRT 20 XBREFIH LR,
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(i) X7 LA (UF7 2, M) ULEERHAD LS D BURER)

X BEREDMHMAETNL D L LTT7 7 A0 Becquerel [I{AOMBEELEMES LARWKIRY T
MDD XBREBUMEEEZ L DBARBEBRETTL 52 2 BEHEGHNOBEE T30 & LT
FERL72(1896), ZDHFREMINT 2WEELFEDHET DN D, 75 2D Curie RET
BABEROE I IR - £ - (LFERBERER EOEHICBARRL, v v REDRFILH

LZHbDOTHDHIE, UTLUAMIHL MU A, ZFELTELISEARBSBEENTHLELRR

(Fr=ghbtFVT A 1898) L7z, 2ILITHHROKEEEZ EEMHICHIET 5 H5EE LT
[EOBBEEIC L > THEUIWNEREZRETHEELERL THWE, ZZTRIEINR/-BR
HERRIE, EiZvZ s I UL - FV0L - Ra=vu R EQODFEFHLME LRWTHBRAIC
Wﬁéﬂé%@f%é BFEZIITRFEBELHLLICEN, T XTORFIIREINRETFD 1

SO N BEORETFEE b HLEORMICEROEF VBRI ENTWD (EFBNEMEKELTEEL T
ﬁ?%%ﬁbf%é)_k#b#otoit EF1D o MR EEXEFLERBABRIHD Z &1
EZ2 NV OT, BHBITEVEAENALREHSND b D LR TE T,

(iv) o #

A F Y ZAD Rutherford HIZ LV, TV U ADLODBARBHBRO 0 IIME R RIZT 5 3 R
(o #R. BHR. v ) OLONFETHZ EBHLNTEINT(1898, 1900), HEH & (IRBIFDOF T
DEBOBENTH Y, B (E, A, 7)) LEHEDEWNILLZbDOTHS, ZVVLEEZED
KEBE BB AN T —F I (1 77 LDT7 T L0 0 100 ca/FFOFEE) L, S HIZK
F. BBFE. B LKEORAENBBA SN (Curie, 1901), a BRIZKX > TKRBOEESNDEZ L LT
SN Y, Wilson DERL-FHZF > T a BORPMPBESN, o RITERT 2B F
TETES THEET DI Ebbhro7z(1911), REMNIIR > TEHOER S TR EM S NAERK LA
T EICKBRRNEET D ETHICRZ DR 5 LIRS iz, & 512 Rutherford
BDITERISIC LD a BT ORMANLEMPBIETETDO2ETHLHI L, BRIIAZERTO 4ET
HHIEERL, EBIZ aiFEBINR L THEZITOEILE EDREHLEARXT FABANY 7 LKE
DAY M & —FT 2D &% LT12(1908),

(v) BHR, y#R

BBROAIMIIEFTHY, o TEHIORIBORELXSZ T THMEEI L, ZOTRAF—ITiT
H5 FRENH VIEWFIZ 0 ETERMICOMTLIZ L, FLyRIZIXBLERCSEME LR
WET RAF —OEME CTHDH Z & ERWMESNT(1900), TARBEHENE I LTHTL S
DN IND L2501, RTOBRERPRFZEEFTHLI LR, 7—B
YHDY L TOBEBFEBOMEMAOHEMENES (B, ~1925), 2 IBEFZOBRERI B
TEHWFTHEZ EBbMD, SHLIZHBTFOHETE/EELTWDE A (EH. HDVERNy
71) OEENPEATHETH D,

33



(vi) HPEF#, BB T-RR. hndigs Y

HMNLEBLE T 0y 70PN TP AEIFERe =y AOBORREZB <, MWL»G
a O —ARBMY HENEM, ELICHLBIS L TRELAET H71-DICENEREBRLY) &
WML, ZhEHWT aBROWERHEEINT, FTFHE2ED a RORBEMT 22 L2 b, K
FOBEER L L COEENZ L OBRETEOFE (Rutherford : 1911), S HIZRFHES Z DFEF
¥ Z AOBMOBRMEETDIZEAHLMNILE, $7EF (N-IHDORTEE o LT ORI
PoHABRFE BT p) BPROHT I L1919, NV U T A (Be-9)E o BT DORIETIRHEA &
W CEEBEOFEOR R T ORR) RO Z & (Chadwick, 1932) 23720 Lik, H
M F- RO T 2 i o T4 2 RBEA O RIGCHTA S (Fermi 5; Joliot-Curie 5, 1934), 2O AL
WEMTRENMELN, FFHTICLA 0 7 U OSEL A (Hahn 5,1938) Shiz, ZDZ 5
IR B L ARBERNY VAR EABFRCER L CTEMIYE, AR LEBTONY U LKA FES
TNET S, HAHAVEERAREES CTRIVELIMEL TCILICRTZRAF— & LTHL SR E
U CHRIAT A hIESE M 2%E L (Ck Lawrence 5, 1930 (%), 4 B £ THRP TEL & L HHE
OMYE, TRFREEORIG, BEZRLF—HROMIES{ToI T 5,

(vii) FHH "

bPhbhOFRM AR TEOFMOKDOY ICTBFEBELRI L, TORSPRVVEH ZHECE
BORBLESTRNLTHEREZEY KBRICAH LT 2OBRFERTHLIEEZ LN TS,
FEAERETRLE— (10°~10%V) OBFTHY, I b~ v A, UTFHOMEY
KM BRIFNEEND, HIERKTUIZEAL TBEZERCELDE TR ERGEZHRVERL, FHF
(A FV) ORE, BTFOHIATr— RERZENBHIE NS, 1912 I Hess 128V, BEE
R, B, BB YICL > THERShT,

2.2 BB A

XBOFERBE L BERIETICED XBOTEDRLER SN, BHRETHLZ LD
co X BOWE, THORETHL X BOBELFTMD 2 o0 biidwmEFORBARD HH
(Bragg : 1911), SFXEPBEICBITHEFHEMLSEOND LI RoTz, Flem=xrLF
—DEBEFEREZITET PO IN D X G X#) ORRER &CEHERDED L X RO T
FIVFE—NEED) LFEAES 2 LOROBEFRE (Moseley : 1913) LB LMNMIRY, [RFHOE
T OEEIRFED GRUROOREL LT DOUFAETH I EN) BB TEHEHRN L LDoT,
25 LT SR ORL TR LR F - o F L OHBEERICET ARG DL ICON
T, ZORRIZSEDLLWH LDWAZEERNLEE R > TE L, TR TR EHEGROREET
H5b,

DENRBEEL. FRFROBRERTHIBFLIMFERUDTTLENITHS. ThIL, HEXHR
CEEFRICESVWTRASAEZEZNOREF UMM F)FE (1934 EEnD LIBFELSRMFYWED
BEAZRLI, F-BEMMEEREFELLVEFNFORARI L ERMFOFENFESH
(Dirac,1928), BBEFDHER (1932) B Shi=,

34



BEHROBREICIE, BEEHROBL. HEPEORE. SAERH (BEHREEL) GLLEH/AVLSL
nzpt, ECICRARBRIIBHELZEENICTATTZIRATEN TS, | KOMAHENSAGL1-15
BTHHHBOIRINF—ICIE L TCEHORKEDFEBMTE S, EATBABSROE MeV D
IRLE—D o MFDBATIX10-30 FEDHFEEMT DY, ERHEEZAVTEAVTIHIDESR
DEEFHETCENE, BEHROIRILT—IRETE., FLACOEEFBZHEL THAEEE
L. AT ORSBRDO | K1 FEZFHMTHICELBTHTH S, FLE[EOKLY IZHFEREZRLE
FeEHBLALLA TS,

23 BHABROBGGmMER (X7 v 7'1)
HIffi CRARZ 2P E L DEDORKRL THd, ZORTEHTRAX L, KL L
TRERRENTZE EDHEREBEBICLIEZREDPRBOTH D,

#£ 1. B HER E SNTE LD LEZOMERT v 7 1)

B2y 4 BE ey EE | EBmx X — | thoWEIZRT B 1EH

X # 0 0 c 10~100 keV HAERFEN., BEEOL, K
(KERE. &z X AR

o #R ~4n +2e 0.05¢ ~5MeV HICHRFEN . [IARERE, K
DR, RFZ L RS

B R 0.0005n —le | 0.lc~c 10~100 keV KAEEHE (RERROKE)

y 0 0 c 10~1000 keV [UEEBE, TERE, VT
ADER

FHR n +1le ~C > 1GeV KRERE. FEEOL

oM n 0 0~c >0eV R4 & RO

B F # n +le >0.01c >100 keV K[EERE. BEREL. BT
B & RO

&) HEOBMIZIEFOERE n (= 1.67x10 7 kg) . EROBEALIIZFOER ¢ (= 1.6x10 °C), &
EOBEMIIE e (=3x10°'m/s) THD,

I 2) R A RICHE 2 o - DX, RIS 1860 FEEN L MHTIC O 2 EZREO T M HIRE
WENPOER > TELEEERTHEDH DD, BEZE - (KEEOT-DWVDLWYW L EHRE L TCOMENER &

Wiahakr bitls,

K1 ORPO OWEICHTHEM] OF T, RFZLEDORIE] L &HDDITKBNRIWE
FPORFEIBAL TEADETF EOMTHROAMERA LS S Z L THDL, TOMETWTI LY
BHYOBFIERTDHZENOHMAPBRRTH D, 1L AITXBEERROENIT 1 7 (kiR
(AgBr 72 &) @B TRA A VHEFZZITMo TRICETESND Z ENDERY . 71 N3N
IIRERE L B ARREE T 2L STRIY, W RADERIIRSICEELILEFHRE FRMEDOK
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IR SN TR I ZEFTH L0, ROTHOREEMITERNL2RENAIRETHY . £E
DI=DD TR NF—LEE 7 CREMOBER & #6520 TEER LIV, KETIE, KE
BEEOPTHLEWCERTBR SIS o BRI Z Y LT THRFT2ED 5,

24 BT E DL HICLTREL, FOXSICLTHEET D0

() EFITHBT D a W FOTHW
FREANTEAEIND o BORBITIE > T < FORITRIITZTEFEY—-TH B, 25C,
1 RUEDEBRZEK OB 0.001184 glom® 1 HZEKP O FHEITE X Z(0.001184/29)x7 R H K
#=2.5x10"%cm’ TH Y., 5 MeV D a I FORBOEZE 5 em & T 5, ablF-iE+2 BALOER %
LoD TETHIZFRL XL 2 ICEmE bOR+F (RFOFOET, RFHELOEHRIIEHRTED)
EOMITr—u  HEERAEITY - bbb abi i, EWA -1 B THEEN a KITOBLZ
(1850x4)3 M 1 DEFLEH R L TALDEN= AN X —EEFIZLE XD, 5 MeV D a L FH 1K
EDEKOB % 5 cm OFEREF T EDRIZIZAO—BE 3 7/ #8=3X10"s) THDHMN, FD
R ELE T 29 F8 CER  ~1x10%ecm &%) BREF45lTHS (R1E), £-EF
(a EFHLREFEORALRES r=100%cm &T3) LOEEHIM L ACRT L) RHE TR
BWH2 L (ETEOBEEIS TEED 25720 T) n(2x10~ "% cm)® x5 cmx5.0x10"/cm®= 3x1072

L0 BT LOEEICH L TERTESZ8bnb Y,
DOEN afIF S FHRDEF L DEFRIIONWTEZLD, EFOHEIX o TOEEIZLESTEHEL

o r O

1. abiF &R T RO T OB L 3RS 5 H5IEY)

(72) o MBS FEFHOLE COEMBIEFERELID b/ E I IIHENEZ 5,
(B) o MARHRD SFRFEEP L FE COERED (o LT OPERHENR FZO¥EOM) X
DH/hSNEXIEENPREZ D, EOKTIE, ERORFOKRE S 10 8em, A
DFEAFEOKE XL 107 12cm THD Z LITHEE

SINEVWDT, eI FREECETOEELEED L XICEFLETPRRIEINT, ahlFO

EITH I by, EELEFBRIEIND & FICHNBERTFNVF—L o B DOEB) T X
NE—NHZITRBIENR, EOZINANF—FA AU b= RNF— (BXLE 15eV) EMTS
NHZEBETOEH R ALX— (EHLT 15eV £T5) OFTHY, 1 BOAFAMLIZHONTE X
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Z 30 eV RENHBESIND ©, 5 MeV D o KLFD 5 cm OFRFEF TERA A LA 5x10%30 =
L7x10° (12725 & o BIFILEB T RA X =2 Ro TEILT S, THHBHD a BITOZ KX
—M 2 MeV ThHIE, BFTH—RREVPBESINDLIZ LG, BFEL 2emZIFE->TTZR
NFE—ZFENRETEEZOND, REVBBEVELZRAZ 1 mm LIRETIIE, TDLED a
BIFDTRAF—T 100 keV &2, ZDLEDEEL (12)MV=100 keV 7>5 REHL 5 & V=
2.2x10° m/s =0.007c, F7-RBFAEERGEREZ%Z S mm & T4 V=0.035c. T72bblED
100550 1 FEETH D,

(i) BEHBRFEAET D L& -
WEIIETF b, KFITRFZEEETHOHE TS, IR FEIEG L P OEEER
THHN, ZIWEEOHTEIEHET BEICL o UIhOR 7)) ZEZR Sz & &2
DR Z BON=HEKIE) @ Bohr OB X FERBNT H, AFRTILRFEARND Eh— oD% 1
(B 7) IR L CES= RV —%2 52, BOIEEB =RV F—%2 Ko THENICLLED, KT
BNOWE T 2L X — (2T OEHT XX —0R) 12 AT OES 1L X—+(ZN &
HEEOQTZRAF—LNLE) ML, Re L2 D2BFRLOERE TEHEICELRRKE
(RhEEIREE, HDHVITMELREE L b E DN D) DR FENRES., LALEDOT R NF—BERIC
H5 1 HOKTICED Z LBBNLEDOBEABIRAEOIMIROH T Z AR, ZRIGHE
BAINnd, bHbAAARK FRF-o TV AAF—DPREL RS EHGRREO= ALV —TE
<72h, BIRREOFFFFMIZE . g FOEEBELERLEIZEATL 5, £25IR
KEOT X AF—PENE XZND | EOEFICEAICEIBRIT/D S FtRefiER < 2 2,
TDEEENIZHEET HTMHEAF N LT P OREEIC L DR EZEOREEENBERL TS, bo
ELREREMNSART, I2& XM TFRZBREDL & &
N —> P+e'+n (==2—HrVU /)
DIRISH, 1B FHLETED & &I
P —> N+e +n(==—"HrVU /)

ORIEN, TR LEFRICE < BUVREEHICE > TREZY, ThENBETB LI UOETFBK
Hans (R—2mpiE), Rckband=a2—1rY / () EOFTZRIALX—BoERIND
e, HMHENDIBEFEHIEBEFORINAX—IE—EIZZHT 0 06— EEE TOROELE L
ToEx L5, FIENORERLT Th D5 T OEENIKENH 2 FFEDOKED BB OIR N KEBIZE
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An Interpretation on the ‘Natural Nuclear Reactor’ of

P. K. Kuroda
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In 1956, an idea of a naturally occurred nuclear reactor was advocated by Dr. Paul Kazuo Kuroda, a
cosmo- and geo-chemist, who immigrated into the United States from Japan in 1949 after the World War II.
An outline of his idea (Kuroda 1956) is as follows: natural abundance of uranium 235 is 0.72 percent
throughout the earth and the cosmos (on meteorites). As a half-life of uranium 235 is shorter than that of
uranium 238, the value of abundance of uranium 235 at long enough past is apparently higher than at
present. The minimum value for a chain fission reaction to initiate and continue, namely criticality, is
known to be 3 percent, and the time is estimated to be 2 X 10° years before, when a nuclear reactor might
have naturally occurred. This is an essence of the idea of the ‘natural nuclear reactor’ of Dr. P. K. Kuroda.
There was no living creature such a human as wanted to generate an electric energy, so the reactor might
remain only as a heat source for water to boil intermittently, as if it were a hot spa, especially a kind of
geyser (the Geysir gusher).

The idea, however, had not been in the spot, until the French Nuclear Energy Agency announced in 1972,

1) abundance of uranium 235 in the ore from the Oklo Mine of the Gabon Republic, equatorial land in

Africa, was lower than 0.72 percent, 2) there were detected several elements derived from no other than a

fission reaction, 3) elements decayed from fission fragments were distributed not far around the sites at

Oklo (within a few meter). After this announcement, the idea of the ‘natural nuclear reactor’ was greatly

appreciated, interpreted variously, and widely exploited by individuals or groups related, depending on
their interests or advantages.

Here, I should like to propose an interpretation of the ‘natural nuclear reactor’ in relation to taking

care of the Fukushima Dai’ichi Nuclear Power Station (Fuku-ichi). On the 3.11 Catastrophe, a chain

reaction was stopped in the reactors at the Fuku-ichi at the stage of the quake. This is the most important
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fact during the history of a fuel, and also is the most advantageous condition as a starting point for
succeeding processes. Because all the processes happened after that are responsible for a decay heat from
radioactive elements in the fuel. An amount of the decay heat may be estimated to be about 7 percent of the
Fuku-ichi. Just at this stage, whole Fuku-ichi has changed into a huge heat source by radioactive elements,
in detail, elements decayed from fission products mainly from uranium 235, and partly from heavier trans-
uranium elements (containing plutonium 239+240), which behave mainly as alpha-emitters. They, however,
behave partly as spontaneous fission elements. The recent newspapers wrote that radioactive gases from
fission products of a heavier element in the fuel in the second reactor at the Fuku-ichi were detected by the
Japan Atomic Energy Research & Development Organization. What is meant by this fact?

The reactors in the Fuku-ichi behave mainly as a heat source due to the ordinary fission products, and,
in addition to this, a spontaneous fission of a heavier element occurs, but only sporadically, in the second
reactor. Under a variety of these circumstances, heat generation may be thought to continue for long, until
uranium 235, plutonium 239+240 (from uranium 238), and their fission products in both solid and liquid
phases in the reactors will have decreased. Therefore, it may be said that conditions of the nuclear reactors
in the Fuku-ichi should be controlled to utilize as a heat generator, because the reactors in the Fuku-ichi
have already attained to a stable condition as a natural heat generator so that we may distinguish one fission
reaction from another. Also, all the radioactive elements unfortunately spread from the Fukuichi should be
returned back to the Fukuihi, the original place, be concentrated there, and be utilized there as a resource
but not to be thought as a waste, because what has been spread is waste, but what has been concentrated is
resource.

It is meant that a natural heat source has just appeared in the 21st century Fukushima, Japan by the
Catastrophe, though an artificial process of concentration of uranium 235 (decrease in entropy) have been
concerned, it is of no doubt only a heat source without fear for a chain reaction to start even under the
sporadic spontaneous fission (in a sub-critical condition) irrespective of shape of the fuel. If the heat
generation will lower due to decay of fission products, one or more of any possible conditions should be
controlled so as to keep heat generation constant. This may be thought to behave as a natural and a mild
(sub-critical) heat source as long as we want.

This is my interpretation of Dr. P. K. Kuroda’s ‘natural nuclear reactor’ (Aratani 2011, 2012) as a
natural heat source, a kind of a resource with decreased entropy (due to uranium 235 abundance of higher

than 0.72 % and lower than the critical value).
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