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13.1 Syfient

fesel s1eam H 20 vel 8 Tob Wk WATY] T SIS SIS 21 3Heh oy § Tehiga
B S 2 SR TH] T AAF S E | AR 1 fel WS WA & HES &1 el
H FIET FH B 2| o FON F WRIOEA Fet WA T I weiE e € fE i
I 5=, Y] T S T ger ® 10Y T ¥ off % 2 =fen) gHe 94 ® fE
YR T AP TLH] o SPGT  107'2 TH o o 21 S8 I H e af WA
¥ sfeeRier; fiad T & €1 3% 21 T S UES Sgi FE % AL % e
FL 3 qt w9 T oA 6 3 o wes 1 TR S 9ty T 1 e
Tqol 5 (99.9% § i) A H & gwifed g €

THTY] 1 WS o HHET 1 AF w1 off FE A 22 4fF uE T 9 SR
ST - 27 F WER TR TR 9T 27 39 ST H 70 39 WhR o Wl o
ST EISH 1 7AW F01 TF TR o i i, S9-S5 9w, o ad
T 1 == o WY 9 ey earifeeanr, faded vd Gerd e e
TifereraT ®t o fae=m &

13.2 O] G| TS 1R bl |0

TRATY] T FAHM TheIT® Hi qeET § 9gd w9 BaT & SR & o, FwEE &%
TR °C T FEEE 1.992647 x 107 kg € 391 Bid WA w1 70 & o
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TRl =g GiaeTste Wk 8l 2| 3d; THIY] ZeAHHl Rl oI i ok TeTg
FETH 1 Teh 3171 W5k WA Tl T2l S0 AT i YTHTY] S5 B (1) Fed
F| THe! 1°C WHY] & FoIUE & aRed 1/12% 9 § s i €

G 3H RSO oF STTER

C WA T TS HH
12

lu=

~1.992647 x107 kg
12

=1.660539 x10 kg (13.1)

YTHTY] FeAHH A5 (1) W oo i W A= qedl o TeHTI) S, BIEgS
AT & FSAUM & QU UN & RS U0 S ¥ Wy W T & o g
suars, off 21 S o T, T 1 THY] $eUEE 35.46 u B

THTY] ST R Aened IO, oA Ui HAT (TERHIE) g fHe S 2
TRUTY] SSAE o /IO § U1 Jerd & {5 TF 2 a9 oF afa= TR o i st
F1 S 2 foer TEET o7 9 99H 29 € W T SerEE | #aR 2 €1 T
& a9 ® TS WA Fenfaal e SerEE ¥ S B 8, qEentiE SEel §
(AT Teg ATl w1 e il o st €, ¥ AW = swfey fem e @
T deal i ATed GOl F 3 g Uk 2 T WU S €) | 9t | war =en T
Teih dcd SATERI T U e GHEAR] w1 a0 2| Tafer= waeenien! & |y
gl A 99eH o WY Sl €l

AT & o, A & 5 gHeentie ¥ e 5eUWH U9 34.98 u TH
36.98 u ¥, 5 T TS WAV 5H9H ok Uf O o WfRe £ 3 FHenfiw!
%I QY SOl HAY: 75.4 TF 24.6% | TH YRR, WRdh il qLHTY]
FAUM 3 GUCAHT 1 GIRA-SGd 1 97d:, Wl aiR I ki Seq9H,

_ 75.4x34.98+24.6x36.98
100

= 35.47 u

e A ¥ S I BT OHT] FoAAE 2

&l d% & Ha8 Tolh o EEeSH o o o gwenfies € fSHes seadm
1.0078 u, 2.0141 u TF 3.0160 u 7| TIY Tl FEE IS TIATY] Foreent dmde
TEEAT 99.985 % &, T MR, WA Fealdl 21 T W[ FT 5991 2,

m, = 1.00727u = 1.67262 X 107" kg (13.2)

TE TEESH YA o A 1.00783 u ¥ W, 39 f9am™ TF Teioeq & o9
m, = 0.00055 u T T ¥ U FAM o SRR &1 TGS o ST 3 THEAH
TgdIfem ud oEferm wean € grfean Aifus swemdh 2 & SR wHd | 6
T S AR SR fafuat g wEmenenstt § ffda fe w9 2

TR | o e G2 1 @ B ¢ W T Ui ol S 2 € AR 98
TR U7 2| T2 I Ta=r o T i ¥ gorei 2 8 O Fien fagid W sneiia

Toh! & BN TH HTa] 1 AHR = 7| fRe Ty o | geieRiE sHes AT
o WTel 2d 21 T0 S § T ToRe WA o e o et 3 Seieel i We
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SHF TTHIY] FHHIF Z, oF SReK 2 21 319 TWA] ¥ TerRl R el A (Ze)
SHF TF & Fol AR (+Ze) T = 2aT 8, Tl A i &9 8 S
T € THie e ] oF T H W S He, 9994 THR WETY] R,
Z gt 2

2T H @I

T FLIREm ud gEfean Rger & & guetie ¥ T 9 Wl o A
o Tk e 21 =) wifrd ZrReiet, gdifEm ud gefead & Al o gemml
H U 1:2: 3 2| 3Hien SHEINE UF gRfead & AR § gie & sfake
F9 39 g1 oft 21 =fen) 39 wHeenfae! & Aiferl # fazdm ssRi srifase
o i AT B FRH-5o9°M oF AR § e e df AN Tk Td J AR
o ST BT 21 UE G S hidl & Toh WAt o Aeent § Wiel o safdiie
foem™ @A A 9% S 5 i U W AR o O o ©9 # & Bl
2| TH ufthed T i Ufe, 1932 ®, W w=fas g0 % R =A@ fe v«
aAffeEm ARl W UewT o (Sos &, difen Aiys e € e fawe
¥ T T SN H == R K ASR H A €, 9 399 F9 SAA fafwon
scafsia g 21 A ot arn T TR A sende faferr, dfem, e ud e
SH TS AR W THUH 39 e @l e € 99 WEE 9% 9h U
A 3aHE fafet wier (fas@ Ja fafeon) € ¢ e g §em e
& |l 1 WM s W ga =Jen TR Afs A SIei fafeor wet & e
Bld @ §Th! Fel o fafeton &1 qor § 9gd Afves @t S sffeem At
T UTWT SO H1 SBR ¥ WK B9 | IW FEE & GWgH F g, T <=faw
4 wdawsTe @7 § g fRAr, I9 weod ® gAMed of T s fafeon #
Th 90 FHR & SIEH FO 24 ¥ R g7 Fed € S ud AU HWEm
Tl 1 ITAM L, S=H TH AL HU H GIAM A B H TR W h
fs/l Uie o FME o SET SE 9 T
3 TH M H1 TAHH ScAae FeEd € WFd 2 9E €,

m_= 1.00866 u = 1.6749x10* kg (13.3)

2 # G & o w=fas &1 1035 % A6d [RR 9w R
T T G W % fawid Uk A SR swr @6 8 R O Wed, U
THHR U Uk Wiafet (379 qol 1) % &9 § &fud g W 2| eHh! e
S T 1000 s 2l &1 oy, Tfask & i) 72 el 2ar 2l
S Hhdl 2l

Z - AT A = WA i HEA [13.4(a)]
N- =27 9= = =2t &1 9@ [13.4(b)]
A-SHHA ST =Z+ N

=Ml T& WMl % el HeA [13.4(c)]

Tiel TS =g & o FfaeErT v w1 ST R ST WeRd B o
fRrgt WA ¥ fFE WEe SHR AW ' A 2 €

forell Mg ToNfa a1 e ®1 Hehd g 24X 30 WeRid fFen s 2
SR X SH wefd 1 {EEe g ¥ SR o fou, ol i ehd
197 Au B 9 H 21 TEE 197 JfFeE B 2 S 70 Wef wE 118
=M B 2
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w9 TREl ad oF HHRMS] 1 HEAT O WEr § HEATE ST Ghdl 2
fedt fau 70 o o wHEtRR] o A § gie w1 wen d §ue Ed g,
I 9 TH-gR G =l * wEn & gfe ¥ fue 39 ¥ egdfiem 2g S
TESISF FT Uk GUNR ¢, U9 Uk G U UH =g B 1 g6 S
eI grRfeam SH H % W Td ] 2 B €1 9 Wt o 32 THeRnfe
3§ ol gomm e % WE A =173 9 A = 204 9% 21 2| I8 =
el € O O & fF gl o THEHe U S SoiRfe faem m et
T 2| =ien, AT AT o geeRie TaIe THH B € ST TETEh
Faer i UH S Al £ N @A ST oTed "ot § UE @ BE W
@ S 2

T W e fo SoTWE H®N A WUH 2t € GEYIE dEed 2
e, w21 TE 2He TN € TH TiE foFh! =g Wen N
g o WA wEE 2 T B gEgele wedd 21 SSeond, g ud
197 Ay TR

13.3 =If4eR ehl W3

ST B A 12 F ' €, TS 9% S St ¢ feit wan v ok
S Sl UheU T SIUAT S| IR o G3d W TR od Aeed 4 =t o
ek T U RO ok YehIUH | Helferd Uieg W fohan| 39eh WA o 78 W gall
& 5.5 MeV Tfast =il oF Teh! HUN 1 w0l AR o fhest T84 %1 i T
4.0x 107 m 21 W0t F T Y o-F1 o FRv HI TIHIE 1 T THFHL T
o Wehiv o U Shefer Holtm 1 Wiaehtor ool &t STRarE €1 =ik, ST e
ity & Fifed gar €, MY &1 arkfas 98T 4.0 x 1074 m § &9 g =]

afg W 5.5 MeV ¥ #Aa® Sel oh o -0 TAT HL d ek U AM9R!
& Trhes TEE & T R FW g Sl iR 99 WRIvH ey wE AR
Tl o ywfed g e SR WIwE g0 fE T ufeert § W 9 S|
ST | AR o fteher Uowl FUi Ud @l AUl o eFeEe g9 Ol ok
4= T A I HelH Faeue 99 Wi ¥ SH 30 % 5N M W
EIRE o Uieherl ¥ S A @R TR EH ORI €, TS WEgw & fou
H Rt freren ST Gl €l

TH TR10H JHNT hieh T o-h0T & &M W die T Serere[l i fafa= deif
% S SR FH R F, I q! o MUH T TET A e § = Hy T

7TE U T R A TR e & Afas Fi e €

R=R A® (13.5)
ST R, = 1.2 x 107'%m| 381 31¢f 2 fF Tfoes 1 e (S R 6 STIshmargarl
) THE W AWk STIHRATAE S €1 &7 AR 1 e a2 €, Seia,
Teft ifeyent o e gaeht A AR FeRk 7 wxan 21 fafo= i 59 fred o9
% 79 I 4T F TWE B &1 AR 557 BT A 2.3 x 1017 kg m™ & wiEwe
FHaT &1 T =il it qerl | e 1 T WM agd A 2 €, WY el o ol
e Shael 10° kg m > & a1 21 39 994 T AT § GHIT o7 S Gehar 8, iR
7T 79 TEe @ 3@ Wk 2 TR W] sAfashiva: it § e 2 21w aEmpet
T o 7o H 9L A H e e g €
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Sl 13.1

3972107 13.2

FETEIOT 13.1 T & ANYF 1 55909 55.851 U8 A=56 ¥, T AMHE =9

EIsRealEL
&
ok = SEER
u=927x 10% kg
ECCEIE] 9.27x1072° 1
qqa,ﬂ'q T = = x—
e T s (@An/3)0.2x10)F B6

=229 x 10" kg m™®
2 AR (T e SR fre) § wad # e 79 9 o Wy goriE 71 98
Tt & o6 7 9 H 559 o dim g difed @ o € R g R e e
A F T e B

13.4 THAM-FS1 q9AT ATHGRE FAT-Fat

13.4.1 THAFE-SS1

HAREREA A Ao fafyme Afaerar fHgld oF S9N W I8 WA T So78@= St &1
& U 0 ¥ 2| fafere smifehdr fagid O qect 7 i S o R fRd sttt
H FoAM T S SR STel SUEd 2 2| T SRR I8 S35 5o shee
Foll o1 N &9 € AN TF TEHMA-Sl Bl Sl & A T, ST S H, giefd
FL HWhd & 91 foudid ween SAfa St i gerue § wWafd v off " 2

38 T AREREA 7 W g SHAH- S Tagedal Ged fa ae ¥

E=md (13.6)

el E, 599 m o WAqed S € Ud o Fafa § gehrer &1 9 2 forehr gi=he
A9 3x10° m s 2|

IETETOT 13.2 | g TS o HOged Fo Hl URefad i)

kac)
TME= 10 x (3 x 109%4J

E=10"x9x 10"%J =9x 10"%*4J

T UER, 9 UE U vEE F Nt S § wwatd fma St wm e F e

o W B 2

FRERREA o FAHH-Fs1 Had &1 qrEfren gfe, Sfaemil, Tfsr!, seeel v
F FTA & H @S T R o S g Al AR stfafswenst o e |
= 2| Tt sAfufman ® ot Seeror fom 9 safum 2 T 4 200 © Hag o=
i off kel § wimfaa ot 9 WRINE St SAfaq Soff o sRe) 2t €1 T8 Hehoo T,
ifeerl 1 UrEafeR s foRanstt wd TR geHEt sl wHeH ok fon AEeyyl
2| FE I TS S H fawg-aRg €

13.4.2 SRR SgT-Setl

HAAM 13.2 H w94 2@ T e =2 Td W2l 1 =91 31 o1a; 98 oqferd €
T4k T ZAH, T9H faeAM =gl Tl Wil o SeadMl o el A Lm & sl
| e, IR 5999 M, 959 Tm @ FH T 961§ SAE o fon, sy




180 ®i o 3O & e TH 8 =g 21 a7,
8 =l 1 5AF = 8 x 1.00866 u
8 YigHl T §99H = 8x 1.00727 u
8 TeldMl H1 FFIM = 8 x 0.00055 u
TEAE PO TYE & UG F590H = 8 x 2.01593 u = 16.12744 u
T Ui & TAT GRT WS O 1 A T 15.99493 u B T

H 8 TERREA T FAAM (8 x 0.00055 1) ¥&H W 2O & w1 4EfF aH
15.99053 u 2l
#d; 30 UK & fF e 20 AU #T 59T0E, TS Hehl o el weadH

W 0.13691u FH 2| A% & A9 U5 6 Teh! o ToqHqM o Ad AM, Hi
FoTH &fd Fed 2, SN THH! HF TH YT oFed ToHAl W@l §

AM=[Zm ,+(A-Z)m, |-M (13.7)

FeAaE-gfd &1 oef o 22 A R AERRT F SAUE-Sel gAgedd agia
A Rt Fremar €1 =ik, sAterdisH IeYe T SoHT S8 SR o SeauH! & A
(SASTHE Srawe § 8 WeH el 8 =jgiH 1) § %W g €, siafist s &1 gaqed
Sl T Th] B GHET ST o AN G HY et | AE A9 AHdeH A
H 8 YA wd 8 =gl | famfed w1 =@ @ AUSl ¥E HAfafEd e,
AM ¢, 9 T 61 S HT! B0 | gHeh o0 Aewesh 98 Sl E,, 9o9dM &fd
¥ Frfafeas et gh Weifa 2t

E=AMCc (13.8)

SETETOT 18,3 UH WA 5596 906 o THGed Sl 1 HE wge g 3 fn
MeV H F[ SIS0 g1 STAM FLe6 100 Hi Z596H &fd MeV/ & | 598 HIfAu)

k5
lu = 1.6605 x 1077 kg

T TS o6 W W Wiieidd w4 % TolU ¥9 T & | O i € UF U
% w5k
TGS F9 = 1.6605 x 1077 x (2.9979 x 10%° kg m?/s®
=1.4924 x 10°J
1.4924x107%
= 1.602x10"® ©

0.9315 x 10° eV
G31.5 MeV

YA 1u = 931.5 MeV/

150 = faTAM = 0.13691 u = 0.13691x931.5 MeV/c*
= 127.5 MeV/&

- 180 %1 Tk e H fawfs w0 o o e S 127.5 MeV/E Rl

g o M Td W Tt I9-UH o, Y=g & ud F98H 9l T
Tk S ST, A T/ URRA HAE, S g B qE TS AE, AN W 445
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FIT-F el €| ATE e Tl A9w o AAH-HON hi AT SAT HT
2 FH T RN R Pl Tl E, USE FHET | TG ANES B ETH TH THR
g TE ghd, R oft, A & FuA-Set g7 at Sdt & 2 fR R e
¥ ~ffaedt WeR feddl =81 e ¥ T2 2| AE & FOl H1 569 AR F
TH R Afuw SWErT W FET-ee e gfarad, E, ;S fE s &
FeF-Soil, £, TS 3H Taomm e & ¥=m A &1 S 2
AE,_ = AE, [A (13.9)
T 9fa FfeE dUA-Sel & U 9 Ghd ¢ f6 T TRl TfaE &8
ferter H guapd 3 o oL Aevas #ed S 2
o= 13.1 ¥ 9gd & AR ok
fere, i Rl s o E, w6
FIUH He A § U fagrn T €l
1 ™ % ¥ B Fefafed @em w
"N fast gfier=x id & —
oLy (i) AerEl FeAE = (30 <A
< 170) & fau, 9fd =Jfewm
¢ SA-Fll, E,_, W1 A SRS
“II. w0 F fod @ 2, sela T
o FHF & W uRafdd T2 g 2
0 50 100 150 200 250 T A =56 a,j TT‘TQ ET 8.75
e S MeV &1 SEHad A1 T8 A =
o7 13.1 35999 9% % FeH o 9 H 238 % fo 7.6 MeV 31idT £
wfe =Tt S-S (i) ToRF MR (A<30) Td S
TRl (A>170) 34 & ferg 2t
E,,, @1 | HeAedl T HHiE
o R T Jo W SUEITR
E R ]

—
]

o
9]
o

=

i

)]
%
==
o |5
O

yfa Ffaasi d99 S (MeV)
.

3H YRR e fromsl W 78" wehd ¥
() 72 1 SR T 9o Wq FfeRE §8 MeV 91 S0 i & folu Taid vee 2
(i) 30<A<170% W F SeF-F1 &1 F=Rdl 39 997 FT IR0 € o Ffsig
7T o7 T FeT R 21 9 A o i feerm TR —feeri m faam St
TE A UMH-UEH 5 ehacel 37 oA 9 geifad g s 39eh AR e
@& IR ¥ A 21 AR w9 fEem 39 fafye et & s 9
& IR @ wfash gff W &, 9t 97 foemnefe Aifasw &t suA-Ss1 &t afew sf
qTfad &l M AfE fRdl Af9F: & AHRE 90 & iR § Afgwan p
=feT@T &l Gehd 3, 9 $Hh] dEH-Ssl poh FATHAMEE 211 7T TR Rt
TR 1 TG-S ph ¥, SR kT i 2 fomet fomd o2 € 5t S =51
Tt € e AfE 20 et S T T8 A F HE 9e, 9 3HY w5
it el SuA-Fe gfed 781 @l it fedl ot o2 fwes o
AferRTsT =fere@ia THe fat & & d°1 e 1 STUeq, AT h1 d6h-Fefl |
116 AT gfig 1 el TG TM0F @l &1 4 W R duE-ge e e
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2 3R THHT WiTohe AW pheeh aUaR 2T 2| AT 1 92 01 el R0 FiE
fereh SereT A e & T i & ToTad w3 8, THFT 76 7 g

0T FHEeT 2|

(ii) TF Fearas ORI AR, W9 A = 240, ®1 gfd AN S-S,
A =120 AHF & GeF1 ¥ FH 2l 21 37, A5 A = 240 T HIE TMTF,
A= 1207 3 W] § Z2a1 € a1, 398 feer afas gga ¥ ufEg 21 7
3 T € o 39 Wi | St fore 2nfll 98 faeeT g St faqad g &1
eyl HOTeAT R s S @ fomeh fama & =0 e 13.7.1 § ==

Exull

(iv) FTTT HINT fF & ToRh TR (A< 10) Hellad T Th SR A9e a4 &
He™H g0 = 39 9 AR i Uid e[ sed-Sell, geih AWl i Ui
e s Sl § sk gt %1 ot 1 7 7o TR e freer | o e
frh 1 qorF | wifuss e § afed ) 7t Te i 39 e ¥ off et fagea
2 T g T S w1 A ¢ TEes faug H 2 e 18.7.3 H == Sl

13.5 AT o

T I W AT ¥ SeiagAl ki i I wdr € 2H quiiiea Sety ol €1 ST
13.4 % 204 391 T <99a 9o ok 19k o fou wia —IfaemiT o=t o
8 MeV 2 il AT &1 Se-FsTl i qel § 5gd ek 31 37d: AeH § Ho1
T EfE T o o U T TR o STl SN el wi AETahdl €| 98
el Ta1 e wifdaeed g =ifey f (orEfe) wett & o= o
e S | A T 2 B! e =gl 2F i A & e
e | St T8 T | 39 9% Ueel € 3% 9% € T Wid e g
St HT SARAT BT 3T T B T TWH WHG H UM T HRAT 2
RIS e Tl o Fo AT I HWEw A= g = ¥ 9w 9e
1930 ¥ 1950 < <= T T fafq= wamt g/ W ga7 21

(i)

AR =, HATETM & &= T ol SFelH &el T8 ZodH Ml oF &=
T AT TEATRN ael i qerl H A wifesel g €l
TR FeT a6 S, AF o IR el & 9= o7 arel el
TARYO 56 R AfASA FIA B E TE THIAW T 8w 2,
iR hRTT F¢T Ford ol H qoel § AcArad Jad 3 2|
TECATEN I A1 el qG B qeT 9 T e B B

(i) eIl o o T TR TS BRMR T HAedh H W3 oF

T TN AAET T o W T I & 41 2| T R, S
YT 92 WES & AR ¥ ‘Aol w Hgwar w1 ffq sn e @
FSTer RS Ui e Se-Ss Tad & Sl &< AR
w1 Tegfast ol 3R ook si= o1 50 § Heel =91 ael Uk SA9THa
s o 13.2 7 a9 T 31 WS 0.8 fm H 0 r, W feerfas
St R A AaH B 21 35 e 7 gan fR AfE et & &=
gt 0.8 fin & @Ak =t € 1 F 567 SR 5 2 & R 0.8 fin
T %9 et o fon ¥ wiamsm o 26 £

Trerfest ST (MeV)
o 5
—-—-_-_-Q—-—-_-_--

AL

| 2 3
r (fin)
oy 13.2 T Tf9sta g9 =1
feafas == 3o o= &1 30 & wed
= w9 Hl r, W e gl 2R W o
STHY W B E W, W FA
T e afaEd S e =5
o &l o, T R
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(iii) =2F-=I2[, "RA-UeH Td TRH- UM & == o aret s 9 e
T qiETor o g €1 YR oo T et w fek T ww@)
Helw o TIom 292e =Ieq & e AW ®i Aitg AEw a5l B wE W
o ' T R

13.6 feanmfaeaar

eArtfoeed 1 @IS U0, Sehiel 1 T 1896 § HANTEer il HHTTHT FT 599 T
T faifiia ek <! Wil Ud TPRRii 1 S50 Fid g0 Sohe A U U=k
TR St | |- 9ok & 39 hel W 599 TN oM & 918 96
ST el R B o2 | 39 Uehe 3R WIS Wi o «i9 Uk =4 #1 Zhel
| TH YR e B Tk T o 911 56 WRIMES ©ie i Sded fea T al
TZ g T TR A2 Wi el U2 Tl off | a7 foeslt UHi =S oF hTer ga 2 i
i § Seafsia g3 &M 991 el H AR =G G B 0L B BRMTEE T
T T T F

% H fopy Mo wEm St R eanfaa vw Tfuws qfeeT T s
sl e &fag 2 B TR WEgifeT &g wed € uEfa ¥ d9 YRR <k
m@ﬁlﬁﬁ?ﬂ'ﬂ‘tﬂﬁ%
W) o-oF, foad €ifeam i (‘He) sefsid g €,
(i) B-&m, ToaH goierglT sere Wisiigi (TS o FSehT S df e o s

2 € W O Sk Toge ok faudid 2 €) Scdfsid 2 2
(i) -, FFF 399 = (100 keV 1fa $1ferh) WwieH scafsia 2id 2|

TTH Ueh UehT o &1 TR SATTH IUHATHIT H fo=m e s

13.6.1 feamfes saar =0 fem

gt Yeamifaea Tq7 & fogd o, B A9 y-49 2 @1 &1, 78 U Sl € fh Ui
T ¥ &fad g 9%l ARl i e, T # fORmH g ARl S Hel &
FFHAETE et 1 At fau T A § et % 9= NE sk Ac g § AN
ifeen et = @ & a

AN

57 =
HF, AN/At= AN (13.10)
Sl A feaitfea 99-Ryus A9e [F9eT- s 2|

AtTRg § fou U T | AieeRt @i g@n ¥ g qiead @ dN = - AN| #:,
(§1d At — 0) at N ¥ ufted ®1 2 8-

—=—AN
dt
* AN ST TSRS ot HEAT ¥, o1d: THHT WM Hed oA Bl 21 dN, N H ThEd
7 I TRt F1S ot Tz B Tk 21 TR 9F HUTHS § i, gu N el B AN et
7 W ¥ I (N-AN) 99 @R R




dN
== cAdE
I,
TH THET & 3T AR GHERCH w0 W,
N t
dN
= =_i|dt
I tj (13.11)
AFAMIn N —In N, = —A(t - ) (13.12)

T2t N, Tl argfea® &1 ¢, W ifeaifoea i &1 9= 21 ¢, = 0 @
HHHI (13.12) i qHHard HH W,

Y= (13.13)
NO
e =4 ot 2 €,
N =Nyje™ (13.14)

I 37 A 91d 98 § T Toed avd UR TRel SR S e T o1 urer @
TN A FH 1000 Fedl o1 A (37 el fogha Torer a8 o ® &) 1 ol
F 9 79 9= AW w3 fE A w9t e uk Wy gfag (we) = S| e
TR 1 &7 T Yoid: fu fam, <9 Hegiifaey a9ar (99 & STaR B 2, 5
THIHRO (13.14) BRT oA TR T 2

forslt T =1 &ar &1 RUfd Tehish 99 H &ffad 2 el Tiehl &1 & 2t

2| "M 6 di S9aaue | &fad 29 arel TR S H=H ANE, at dN = - AN
¥ATCHR T R &1 19 =ame 2 2

_aN
dt
HHHTOT (13.14) T 3ehed HH W,

R d7N xN —At
T R

#MN R =R, e™ (13.15)

g Hsaitfaza ggar 99 oF TaH © [FTh Sl (13.15)
leldyu djusij | eh (13-14) iHr gkl Tod: R = AN,
t= 0T &aT X 2| Tt Ffeeid THT (T 4791 ] R, 59 999
steIfad ARl &1 e N9 fr= w0 § defod 2 2

R =AN (13.16)
feardfaea iyt ®t @ &1 gom ¥, feel T &1 e )
ek G A9 TR € o THT Uk Y= A9 Fighar
( Tfererar) 21 3T SLAES dabie? (s Bq) € 1 ifeefazaa
& wAwE 2 Aot w1 wfa § Ffved fmen e )

1'112 2T'IQ

1 Seter &1 e | & Ui Gohe B UR W0 AEE g

(Welter Ci) ft W= TeH ® € S SL W Bq ¥ TH w9 e 19,3 Heanfea wtE @ awmaE

¥ Hafd & 41 FEE T,

/2

Y o TvEE & T gt

1 Fd = 1 Ci= 3.7 x 10" &9 fd §6< = 3.7 x 10" Bq I HEA I @ ST
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fafa= gt Tt &1 @ R F Afss fa=ar 2 21 39 700 =t 51 6

STTER T W S Gehar 21 TRt dea-Tfus w ey (1

) % HHY ©, Torad

YS! WA, YRR "= (A TR N)) 1 st (SWHN/2)EG|T€HW
(13.14) ®, 999 =T, @ N= N,/2 T&H T;

T wemsas =l (1867-
1934) Ticte ¥ ==

BIGEACE ilrc ke euE o p ko]

4 vgae fachl 1896 # =4
Sertel S e afem ® w
3 Bt I et firer wl
TR SATEU U favewon o
feu wfim fewn, foer wemaey
Tei— fean v wetfaa— &
JIFRI0T HYA FH T HIH
AT off 52 3 sl TR
T BY : wEen 1903 ® Wifqwt
% fou &t g 1911 #
THEAfEEH 3 o

fa—

n2
= =

- W0 (13.17)

o
@
95}

=

HHI. (13.16) o ATHR, Ted; A |&A1 N, T, , 09 ¥ 3710 2

aﬁ%aﬁuﬁmm&%ﬂsﬁwﬁamﬂﬁéwm

U R Hated qoeT sima-arg (¢) 21 gHe W o we.
(13.14) & 9 foman ST Tehel 21 FoRell GoAiaqer ¢ 9 £+ At A
& TF R(OAL= (AN e ™Ad) 21 378 9 T (o 7 Sifea
Td ¥ 97a: 37 9 TRt B Fe Sem AN e M 2 AR e
%W@Wﬂﬁﬂﬂ?ﬂﬂ?%ﬂﬁ%@ﬂﬂﬁaﬂ?ﬂmw
Afereh 2iar €1 97 3THa 3R 1 91 91 6 o fou s sgfa
1 ZH Pl THT O H oo Teh oF T AN (&7 HHIhTH) L HHA
t =0 T U= AMHRT F1 W& N, ¥ W 31 2| 5

AN, [te™dt

r=—° = )the‘“dt
N, =
TH GHTRTH &l HiH T
T=1/4
e B
IUL UM W1 BH HET § TH TR Wehe T §hd 2
In2

Tys= 5 =7In2 (13.18)

T8 fediifea a0 (W fF ZRfomm v weifm) fmst ooy faga =t
ST (SIS 15 3 o) &1 qorl o oigd 7 2, Fh! q99 el &1 fomfed 21 w6
F 997 Whla § IUeed TR 21 BTiten, TRt AIehg SATHTwms § Auhiae v 9§
S T S ek 21

SETEAVT 13.4 4799 W@ 20U &, o4 & fam -3 4.5 x10° 99 &
%SUa: 1 g 7 W1 AfeEE 82

= 45x10°yx 3.16 x 107s/y

<
(5]
=
E —45x109y



=1.42 x 10's
forelt TR & 1 kmol ¥ $TETIS! H&AT & ¥R WA & €1 314 1g,

238 1

U ¥ TEEH T ", 535 o7 kmol x 6.025 x 10°° TRHTY/ kmol
= 25.3x 10* ¥l

o A LR T,
R =N

_0.693 . 0.693x25.3x10"
T ~ L42x10Y

1/2

=1.23x 10*s™
= 1.23 x 10* Bq

ISRI0T 18.5 -7 g, Tl #i oo 12.5 9 ¥ 26 99 9% 13
TEfedA o e T W1 fomamn st sifermfea ©@m?

BT TN oF STIER 12.5 99 o918 IECHH o T W Vo I S= 3T
12.5 a6 H 39 3719 o1 THL sf1en Al 1o W 9= Hd: 25 9 9 US
TEfea o Tl T &1 14 sifaefed oM @l

13.6.2 UTWHI-&1F
26U ®T YATh F &7 UHT-4F F1 UF JACR SR ¥ 9 uhRAr § i
A ( PHe ) Seafsig g 2:

22U— 2*Th + He (13.19)
Tew-&7 o, 3cqifad fasesl i &1 SIAH-G=N &9 2 ol ol A% &
qOAT § 4 HH Fdl ¢ qO1 WA HHik 2 HH a1 ¢ W= fme qor A A X
& famreas 9w &Ly # T Hi 70 THR A H &

2X = 41Y + tHe (13.20)
ST o SoAHH- Sl WAGedal Heiel [HHl. (13.6)] 92 Ss1l HE0 § 98 W 2
o 191 T 49 Shacl §9 IUE 61 Hel TIHH IRISE T9H & 509 9 HH
T @ frofd ¥ € e ¥ 5o § 98 qX SRl i as Sei o €9 | sfeand
FAT 2| AR 5 H = Y F9E A9 fwar 5 w6t 8 7% 24T en jHe
FT el FATH aRad § 20U O FeAWE § %W i 2

Y SoTHA-So T &9 SR i Fel SHAM-Ssll Bl ST 39 UiHAT
Q-9 A AT F Heeal gl Tew-a |

Q=(m,—-m,—-m)c (13.21)

Sl ® F9E UH 3H Ui ¥ S et Tiae Sl T IeTEl i el Mast e
(9 URfe i X fer @) o @) wwd: fed ssed aima (S| fe
TeWw-411) & fem @ > 0l

C'ET lnr2lbe ¥'ET lnidlbe

451



W Aifqe!

452

3407 13.6

TaTETor 13.6 79 frefefigs WA seame fHu o E
23] = 238.05079 u  He= 4.00260 u
24Th = 234.04363 u !H= 1.00783 u
Pa- 23706121 u
T T Pa 90 el (Z= 91) 7= % fw 3
(@) “,U % o—&a # sofsia = aienfera Fifm)
(b) ==isw for %5,U wod: Wem soasd 12w el
'
(@) 25U =1 Tew-4ra T (13.20) 3 TR #8130 i ¥ st st
% fom o7 7
9= (M, - M, - M) c?
7 H & U stwe S gy o whtenfm w9
Q = (238.05079 - 234.04363 — 4.00260)u x c*
= (0.00456 u) ¢®

= (0.00456 u) (931.5 MeV/u)
= 4.25 MeV

(b) 3fE *25°U o ©F WA F1 T SHA FAd ¥ a 4e-uEa = v -
250 — ¥'Pa + 1H
A% a7 Wi H9a = a wer fom,
=M, -M, -M,)

= (238.05079 - 237.05121 — 1.00783) u x c>

(- 0.00825 u) ¢?

— (0.00825 u)(931.5 MeV/u)
= — 7.68 MeV

T ufswa w1 o, FE, HOMHF ¢; ¥ TIH T @i a1 GWa A #
2381 Ak H T WM Scarsd H o 00 79 39! 7.68 MeV S5 HaH
Exsiluil

13.6.3 ®ieT-819

-4 # fordl i 9§ e 3eided (B—4) HeEl s ditsed (B —&9) &
Tod: e BT B p—&T 991 Rr—8 & WA Saed e

5P =5 S+e +V (13.22)
“Na—-” Na+e' +v (13.23)

I e FEL (13.14) T97 (13.15) o oI99R & €, 599 fF =92 umfe =+
TRl T I T AH G 2w 39 4 B - (71, ,) it < wewa
2 S o o, SURied el o o ste-sieg wEwn: 14.3 TE @R 2.6 a9 )
B—& H ToieR o Seds & WY & T IR () 1 o Sewsi giar @1 qen
B' —&rd H Uifsie o e =fe (v) 1 Scasi 2ar 21 e seee & qe
TEd FH FAUH (HTEd: I) 9T SR £ 24 21 T S FO o Y whae
effor s e ad 21 9 Ta foeen ford uaned 1 @igd a2t W (gt o) &6
TR X HFd 2 T FROT & TR TR HGIA 9agd Hie 2




BIRED

Baer p—=H € &l H SeUmE WE A e SEedl 2 Boetd H e s wEn
FHIE Z, 1 i 2 W €, Selfeh pam@ B 1 W 2 W 21 et § gol AAE
TR = 1 W § e 2

n—op+e+y (13.24)
Selfer & W WM 1 Z2H ¥ TN 24 &
pon+e +y (13.25)

W 1 S|, =2 o Ze99H G %9 &, 3d: WM & n
S H & [T, (13.25)] Shere] T % HW A T E, ”
Selfer =2 F1 Wi ¥ &7 g feren ¥ off Weya € (|

(13.24)]1

E =117 MeV

13.6.4 THI-9T

WA &% HEE, A F off fafye e woEe g
FAIATSAT HATEA T FATa Srereedd| Zreliier T7eh Sl o g
wﬁmf%ﬁ%ﬂw@ﬂélmﬁﬁaﬂ 2
HIFCAM eV &1 2A1 &, Safd AMIHT &) [ T ; et
S0 Mo 3 s 1 21 #1 9 i e o T A T
SR sTawen SYen FRiad saeen ¥ GHad B & a ' kLl
TR o <A1 et Wl o S1dT oF WHH S 1 B Scarsid 2iar 21 FE 7 gg
FEeA 21 T2 o (MeV), F3R X fH0i o URH § %1 Ui =@l fafeon 9
Hefea 2t 2

| Tt T fRTor 1 ScasH, oW e el | faueas Aids &1
e sFeee ¥ A ®t oTawen § g ¥ Sufe Mfvs srRid saen ¥ o &
Yishdl  Ueh Bl AUl Ueh § HATHH Bl (FHHAR GehAU i T §) HI
IESH LA €1 1.17 MeV 991 1.33 MeV S i M1 fR1ol & ShHam Scqsi &l
TET SRR 22Co AMHF o [-&F W o Ni e ¥ afad 2+ & ufsan &
wefyfa gar 2

13.7 AtH&ha st

=t 13.1 ° =i g 9fd st S-St E, 9% H A= 30Td A= 1707 =4
T el WIS 9T 21 39 S § 9 oA S-Sl o 3R (8.0MeV) ¥l gokh
TFRL, A > 30, AT AW TS 9 ACAHT, A > 170, T 90 H, S 29 U= & F
I &, W st S-St 8.0 MeV H %W €1 AT S69-Se A 2 a1 59 stea
R S 1Yk T ol Fo9HM ®H 2| IROTHREEy 4% 1§ &1 ol a6l
T AR TRl sAfees SeH-Sel arel AR | SIad & af ol S aued s
fodt o ifaes & =1 o1 3§ Afys meafts soue wef (faged) sAuen goh
iRt 1 FRE W T ¥ WaSH (Fee) w ufw § T E e R

T T TR S TRAAE St Gidl § semedt TamEtien sfaiead g6 ¥
el faqe 2 ATl Sl goee oice &I hife HT el 2| Saih (el AR
WA |, MeV ®ife 1 =i faqaa 2idl €1 319: 57 i 9UE 7= & for, TemtTs
Tt HT AU AR Wi A= TN S (G w9 21 S % fAu, 1 kg
T < foEe | T 10 =1 Wi 241 7, S 1 kg FiF & 551 ¥ 107
S T 2 153

JE, = 1.33 MeV
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13.7.1 fa@sa

Wl feaitfaea ol & stenan AfHw | = TATRE KON S G2, =g,
U] &9 3178 oF Yeh Y B arell AT Ui W M 3 9 9¢ H9emrd ot
2

faEe T Tyt 2T TS ufwa 2| foEed o ssetvd: 5t
T FHERfTE 25U W 22 | WER SO W 2 9 o 9 WeAtqe S 9

92

Tferr wet § faafed 3 <11 & ¢

N+ 52 5 4 Ba +22Kr+ 3in (13.26)
Tl fepan & wieatHen gerd ATl AT & T g off S @ Tehd €
i+ 25 5 297 5 °Sh+ Nb+4.n (13.27)
Teh 31 SR € :

In+2°U - UWXe+ 22Sr+2in (13.28)

3 fagfed s feamnfaa Tiyw 2 ¥ &R 378 99 96 -8 1 %9 =odl
w9 9% f& o ¥ W " we F @ W)

P S T F g tafE § s o (Q —w) ¥R forated i
200 MeV i Wife 1 2l 2| TR Aher &0 Fead o ¢ :
. AT TR T AE HT A =240 ¢ 3R 78 A=120F 3 gl # fagfed g

| T

A =240 & F fau E,_ a1 7.6 MeV € (f3 13.1 2@)1

A =120 T fagfed A & o E, T 8.5 MeV 21

. Wi SR FeE-Sst FT wfeT T 0.9 MeV gl

&9 S-S § A TS 240x0.9 FHA 216 MeV 2l

fae=a =1 =eA1sT 1 faeed S Ugel &8 3Rl ad =gl F1 vfas =i o
Y W HeAFd 2t 21 Hd H I STEIH o 59 HI 2&diid 2l SO o ¥9 H
ufiforg = St @1 A fused § Aty faged o= o fagd s 2 2
WRAT] 99 § Toage B9 aTell gad Sl AfE aiw faged g @ Sa gt 2
I AT H 20 $o fowR § 7 == 41 T T Ruwr 59 &6 w3 2

13.7.2 fasia faaet

TR (13.26) § (13.28) H afla fasi=d 9 ©% @1fq eyl 9o wdid 2@ 2|
fermie foen & T i =q2i 1 St 2R 31 U e frEe § siga
2.5 =21 i S BT 81 98 T UG § Fien oo faged s § 2 =g
T FS § 3 A F S BT 21T i =2 o fawed femet #1 yeea
F Gohd 2 a9 R ot sAfek g w1 Sard 2 Gehdl €| THY T = AR
T WA I 2| I8 FoeR wefvem wReRt W | 1@ o Atk 39 sfmen-Atatm
#i gufea w9 § fta oo =t =6 s o =t frid 2 wedr @1 aifaee
et % =& 2 21 3fE sfeen sfafwa a2 99 o 9 e
farmereR Tl et frvfa &1 wendt 2, S fom fopelt iy o9 & 2n 2

TR, forell sfaen Afafwan &1 Wit w3 § U IR g ¥, S e =t afviq

B 7§ w9 W ¢ TR HE = (QdE =) g 9 =g w e 25U |




YR § TRETY] Sell RIAHE w1 JEE =L S SRR 9 (1909 - 1966) & A H TN WesAdr Wi
& WY 2 H | TE AR, IR Sudied Re WdE iR fusey (AT IS ) H = "
frafor o FSER 4 e 1956 § @101 S1d I TohaT| T Heattld A o 6 SN ST i 4ah i @
AT TR T o1 ek WIS Hd 92 Ul 1960 H oA el sfean fiug (CIRUS) &1l 40 MW
T fruaet o grbfas A $o &1 @@ U 9 Sel 49 1 T8 S (R T 1| ST Ud e
7 9 UF YR AR faam o fafa= &5 | fawga ey w1 gicdiied ATl ®wREH o U8l & a¥eh!
<1 fafire Suaferl o us o gl | el wRIfH= 995 1 =1 v i, e wia | $em grdanem
Tehtent (Tlused o o oW $o | ST fogea wa et Afsyehta |l ki 31e A1) 1 71 99Rd
R o= S o Fuse oy o fom 9% fofm o, S wnfaer & wxfemn, gfofm (1, 10 o 101, 99 o
I | HITHAT 291 1 Ugen a1 9y RuaR & 9y U-233 &I 89 ®1 @ TRl a1 T €1 S AmM
T W= ¥ oie-AuseR &1 mefis $evd vfed S99 T2l 8, SR AR faae g deeieht & fafe vat
3N o fou giaen v= w3 21 wie fus fafy= gueenfaet & S oF ot 902 Wiq € fmes fafi=
| B o 12 B e | o e o

FTEFHT F TA ST YE U & T W 2 F I F gmies vg s faww & fom gifae v
favag= faga ofs voF &1 S0 &R T9HE a9 &= o sieafasik a1 wu| o= % 9
& YA gul ¥, YR H THIvaw @Sl i ggd w1 S w1 g, SUH 98 Hehd et R ==l gifTem
WeR df 9gd HifAd €, W s & YR T 9 H 2| SHek ER & TR 8% J s wie S
W1 Tk oI =Rl H g B Al A1 AT | g8 =01 H qiehiae AH i $EE b ' § Ue W) Sl
i Hewh oF ¥ H WIS A 7 2| Fiuaes & quiere i TIHEe $3 W e wRiEE- 239, T TR
H e Ruaet & $o 1 w19 FRe1 &1 3 RUs 1 i Toiieh Ruae gufe wed & Fiie 378 Sfaen qima
%I S 7@ o T dig =it &1 SUAT S & (37d; Hewh i SAEvachd! el gdl) @R ¥ v S9E %
sfaftad, fo T +1 S T i 2, 309 aAfas fagzia =l (i) + 59 o 34 21§
=T, it Srefehiiern FsHT o fedre o Gaife qewqol ¥, U9 g geHe Nusedl o TRmel W SHiG €
S eifem-232 *i fagesia REe-233 ¥ 95 R R 37 fom fonim 9 8 s T vt gt
T swme fhy, S|

A SR FE S T SR TR T § R T & ST wael et SR & e o e w7
T T 21 ST A WS A U Seer| g i, i S Seured, fuaet w1 =, i ey,
T T GAHGTA A1, WY qeheitehl W W Wied o forn €1 Wefifed 9t sior fuaex (PHWRs) St 291
¥ fafe= Tl W A T 2, Ueel TR 1 YUIAT 1 Hehd < 21 NG " HATH AEIEA ° AfEd 9
ST T ST L TaT §1 RuFeX 1 T UF Teer S o Hae § o g gee den fear fatw |
T Haelt grfoes TR T W W Uer, YRS WA S FHrEwA h TE= 2

fagied & a1 wifaskar 21 fame | frbel dtg =g o= fader qfwmar &3 &1

Toen ameX o Freer wd F ‘
2517 o faged | Scufad =2 &1 37w Fof 2 MeV &idl 81 3 g2 w4 9

o g7eh1 Haw A foran s, ifem ifaent © fopan foru fom 21 fuset 9§ sme s

a2l ?ﬁﬁ'ﬂ'quﬂa—ff@ EREGIC] ng”m‘fa? feTg. sf@en fR A (chain reaction) Eq

a0 A H wod feraeAt ugef w1 9gd e 4T i ATevERal gl 1 g 455
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0 o AR vl wE

2T T geeh <2l & WY oA §eg g Higd fRAT S €1 ord §, Sefaw
o FEMT A S TR EEeiS o TN WoATey ToRhY W gl ST TR B S © el
T Sl WeH 50 W off S € 92 fefq 9f & ¥ s R e faem s
i Tl 1 3T TR THE el o WY AFA-HEA S a3 o ®, 79
=gl & Aied w & Tou fawed Tfvwt & wo o i [9= savdes
(moderator) &d &] w1 W fHa war 21 T WA B ATl HIHGE S, Wi
ST (D,)0) T TehTee &1 SIS YA STHEM % (BARC), §aE & oy fuses §
STIHIF o T Wl 1 TH ST €| Ui SR o o Wgs IRa o o fuad
¥ sravesh & €9 H 9 Wl ®T STAM g 2

HGHeH o YA o HRT, Thel ®R W Fehel =Ml o g faw=al &1 g9e=mn
1 ek Ul Wl W el =2l o g1 fa@eal & 9= o WY 79, K 1
HH Ueh | 37 2 Hehal €1 T8 1991 & J9F F#RF (multiplication factor) F&d
2| 71z fioset =gt &1 9fg |1 941 21 K = 1, o fo fuas #1 wefe #ias
Feedl ¢ S foR vife SAET & 9gid o To U 2| K& 99 O 9 At
2 W foran = qen fuaet =1 vifad H =il (exponentially) 4 ® gfg 2l
2K HH Ueh &1 G & 99 7 24 R RO Al & S e fRuaet
¥ faerie off 2 Aol 31 T 1986 H Jgh ok =Hifac NuF | g fauh e 39 588
97 T T KAl ¢ o AT Rt § *ig gelen foharl Tl &t Tkl 2|

oo = Fefor Shefram S =gi-sranive w5 § s f99% 38 (control
rods) SR T T 2| FoE Bt o wifafm fuaed o i gei &1 o v fwa
ST 21 37 IEF D I AEwAFRA T2 W ugR # ffie +0 1 K F1 96 siwa
¥ UF G HH Tmar ST Ghal 2

T ®9 H U S arel REE H T 220U geee s-fase g

21 19 39 TRl =2 & T2 (capture) 41 2, 1 1 feamifaed weifTam &1
e fr fopemedt & 2 2:

238 239 239 — =
w U+n — 5'U = °Np+e +v

239

93 Np—)gigPu+e’ +v (13.29)

wRIFEE § §E = & YR 4 fagsd & g 2| fa 13,5 # arda e
forde W aneniia Tedt TifoeRTa Nuset &1 Wieied Wed Z9iEn 71 & fuae #1
HIT A foree =1 &5 21 THH Sugs W= g ©9 § o 9o Ted 2| 92 ToA,

Yrh{deh T § U S el JETHH 1 $7U&T 2250 | W= oge JEw A 3 whal
21 g § =gl &1 48 ® & fo 9% (moderator) T g4 €1 WR ¥ @ g2
(leakage) = T o ToTT shiT Tk WEd® (reflector) @m@?ﬁ%\”lﬂﬁ?ﬂ'ﬂﬁﬁ
vitaerr 2 forgen § fiehell S (IAT) o1 Fay 2emen =ian 2| forafeq feaifeea
ST o UETEA i Uk o fofl o ol 2 21 39 Wi sgeen ¥ =i fafeon
Hi A T T I & U U Fe= R SUAT A @1 L A F AT i
SV &79T el Bt (S R hefrem # =) % SuEm § fus wi = R
Hehdl 2| dels § I Th SRR 568 6l TR Hi =t g foed fs 9




: \ [ C——
\ 5 TEET S WY
IREEED = S SO e
= % 3 e (u W)
EREEa
Eq
—

forg 13.5 aMia =g foed W saia Tl Tifvere fusex =t weefied e

T SR 21 21 TY WY § el i ARt Tagd Seaed B §1 fRE o v
fuaet #1 oifq € Tfaw RugR & & 96 § s sam feed 81w
TR FRYET o e § favm e 3 2 @ it 4 eaiifee oo
TR eid & RuaR & H=er, STk 1@-1EE 991 satad $e o forg fasqa
e ye fed S #) URdE T Sst wrEwT ¥ F men wew faime 2
feaitfoea sufsTel &l 7 Giend A1 ToTsial geai # gfafdd &t i G
& e o U U Ufed Suge FsH o Taer W s = @ 2

13.7.3 A& Fea=T-aili § Heft &= T

fo=t 13,1 H =@iian 7o SeA-wet 9 A2 off swifan @ T AR < worer Mfvs faee
Tk SUETHd o<1 TUF o0 a St (HF el 21 39 WRa &l YH1T TagT
FEd € TH TWE I S (aHEF AFmaA F F9 s A= T m E

'H+!H=?H+ e+ v+ 0.42 MeV [13.29(a)]
H+2H— 3He+ n+ 3.27 MeV [13.29(b)]
2H+ %H — 3H+ 'H + 4.03 MeV [13.29(c)]

A 13.20 (@) ¥ 31 W foerr T <32 Ud U uitse a9 € &R 39
T H 0.42 MeV ST fsherd! €1 Afafman 13.20 (b) ¥ 3 <72 faoe Sfemm
T TohT TR T 21 ST 18.20 (o) § 31 292 oot v+ dferm
Tk Wi s 21 Wt o o =1 Tt 1 3+ atfers o o1 sTaeash @ fod
7 ook o= sTRfd o TUEE w99 1 T Heh| wEte gHl AIE
e ATETYTT €, 37: STk Sl Sheild WiaehuoT | 37d: $7H peild 3ekiel IR
F & fom wufad S gl a1 T Fold SR R S e U
AR T AR w1 st ® et et €1 S8 & fo, we e @
T T Wehel & TR = Wel & T a% SEedTa (barrier height) TS 400

Rk YD It 22bh} Riblllk

U 1010891 /2ATIORISIUT/US FIED 10U AT IoU IS mma /- Ay

bl B3 -ple

457
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keV | @Atk SAeERTeR TRt o fom setiedgar iR off sifers 2 faed giem
T H WM R Heltd e ®i U A & fon T = 3x10° K a9 T 9
& Thdl 1 T A9 ®T INHeH, Pl (3/2)k T= K H K TF 400 keV T T
R T Hehat 2l

Sl i ITANT AT II B oh g AT G wel-5ed | M1 =A1f8ul
HATTIRAT 99 T 91d 1 & Tk 554 &1 A9 99 doF Qa1 S, S dok [ 3Tk U1
A SO A G S5 RN, el AU H YR T FL S| TH UHAT Harg
TFHT GagT Fad 2

AR ok ¥ vedd ¥ fiq S 1 Wid A AR GorE 21 gd o i F am
T 1.5 x 107K €, S Toh 3fiea Soil o vl o Horo o [old, Aaaeh ATATa
T FIE FF T e GFH T Al Jora uhEmet ¥ siga st ¥ 9gd
AAfersh Tl o1el FieH A o 2

SF; A9 TSRS o agd S== 919 T Za T & & Tehal & R a9 T el
w1 U Feafqat shael il o ST H € e €1 a ¥ Sl S ard- e
TeE & HeAw | & g 2

g # g Al Gomd ATuTH U ag=Ror uhRar 8 e wegse dfeem
ol 21 o7: gd o wie § TESiS $UF €| WeT-Hield (p—p) 7 TSEe g 9
Hfed gt 2, Frefared sfafwEnet & qq== gh oI faan S eher 2|

'H+ ' H-2H + €' + v+ 0.42 MeV (i)
et+e - v+ y+1.02 MeV (ii)
"H+1H - SHe+ v+ 5.49 MeV (ii)
SH +5H — iHe+ H+ H+ 12.86 MeV  (iv) (13.30)

et srfafmer 2R o fo 98 Aevas ¢ fe veel 4 sfafeand -5 an
S TH YT §f Teleh 2erdd e THetet | S &1 T e 97| 57
BH 2(i) + 20i) + 2(ii)) +(iv) T Ta=m =L qF o guT= 3,

4 H+2e — ;He+2v+6y+26.7MeV

A (4 H+4e” )= (He+2e7 )+ 2v+ 6y +26.7 MeV (13.31)

FA: IR TESEA TN A TF iHe W] FW ¥ SR TW Wi o
26.7 MeV Fsii Tided 2t 2

el 91 & 3fd: Teel | oheel EITe@d @1 & il TE g1 Se-wy wie §
FrEgeH (Efermy ¥ o=e ) %9 2l 8, Hig 220 e ol 1 TEY 9 9 el
@ FROT GHiEd 21 € FSHE w1 99 5 W 21 A Hwig F AW 10°K 9%
9€ S d1 Herdd & fRA YA BH e, W o3w an difeem s § ufafda gl
TH TR FI WHA H HorH 51 9 SoAHH W= d1el dcl 1 S 8 Tehdl 21 TR




BIRED

-t g (T 13.1) F oid W feom 9 9eat o1 fAmfor 39 ufdwman § 927 =1
Tl

T FT A AT 5x 10° I T T TE SIAE o el ¥ f g R #R s
I T qo o e o Tol, SATavereh 2EgisH Sueed € 3Ueh UvHId, SIggisH ol
ST B ST a PF ST | THE 9 o e o SRR Hepied g e
fEg g 1 Fie FT W &M THY FF FT T AR er o e g T
oI M9 (red glant) ¥ gfafda & smem|

TS REY TR & faEeT ¥ o 0.9x235 MeV (=200 MeV) =1 fags 26 2, =AM
T 50 kg 2550 o1 YodS A fawifed 2 Sy af o 4 x 10'° S 5= 29l | I8 sl
20,000 T3 TNT & H9qed 2 = U el faewie & fou waie 2| 91 3 & Tiwg =i+
Afrafsa frde W] foewmie Feamar 21 6 S 1945 Fi 45 H T2el 9) Ush TLHTT] IR H1
YA foham 71| SARFERT 3 SuE ok wEd fEfyra W us g o6 e faswie 20,000 21
TNT = HAqed ol {eAifeea IRl 4 U6 &0 § 3,43,000 farfa= = w2t & 10 o1
TeretidTey &3 w1 752 &L fadl T99 66,000 W MY, 69,000 =19 8L, &L &l 67% § #Afw
ARG de9-78d & TE|

Yo aAffsm=nef o fau s Aawas =4 a9 fa=@=a 99 g’ Sca fhan =1 dhar 21 1954
H 10 W 29 TNT %1 favhicsh &Ha1 o HAqed "afaehie w1 qdem fean ) 3 o9 e
TESSH o FEEAST, SYEIFEE UF Jfean &1 Wead 21 €, SIS aH heard 1 TH 7=
S 2 o 3o wfeenett TwTa efomm enfud R &y T ¥ S 9T TF 924 399 W FE a1
qedl G g k1 G FL Gohd 2| TY ATSETT faeaq @ 7 g geat &1 adue sfeq 7= @
UM, e gHeh eatfaed dAUeme AN anl 979 & o off geat | Sed o9 7 181 @
)| Trgrfas Mot @ AUR W S IREYT IR AW & ST U (prediction) 7% & fF
Tk Tl AAEHRTT I T FRT & S0 it FeAnifred qufynse aea 1 e arEea §
AR gd o geat w1 AR AW Aol gefi fafeon & srEwig w3 o

13.7.4 Tt oo iy 9o

forelt 9’ o 2 arelt au-Tfeehta WiRan 1 Tuiaol T dru-A1aeRa Ifad 9 fea
e 21 TR Fafsa Heome fiuget &1 <299 i g o9 &1 10°K a9 & W |
T T T TIfeRd S ROl BT & S A9 U oA eeHeh STET 9o SorRiAl
(AR T THET 21 21 S SH 9 1 a9 W o fu SIE ae Sueied e
2, o 3W 9 R oA TE U T 21 IR |izd favea oF % <% 39 Hay o
it o TerehTe ® WATERd €1 T WA & Tl e W, Hure ¥ T gom Rua
HHTS GO ATIE vIfe WEH H e
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3AEWT 13.7

IaTE0T 13.7 TAfafEs wel o s ifSu .

(a)

(b)

(c)

1)
(a)

) kT sfafmast o e (S| T wm 13.7 9 fiu ) et
T (S F fAU2H, + 0, 2 H,0) % &9 ¥ G €7 afg =& =t
oo w1 ® I SR T Sy wil

afs S it T % e, T A st § i wd 3 e
R sl o fFE TR ZeE, S | (A9 T Soe) 9Eed 27
T for R Shee AfsE e | gt u T W ee 1w
¥ et Tt fea § a2 w9t 7 g B 97 we stwed 21 wweEe)

foreit Tematen sAfufswman = wgfem a1 =1 feafa 5 fe sfufsra =6 afiero 6
EU e s e e T o) 1 e A T 2 s o ol s 2
F TSt % qe FAe o A T A 3w e e sfee 3
Aea ot 7 TR 2| o7 At sfufEa § g e 2 wast # wew
1 T 7 STEvEE T 2| e, Wiaw e afufew § e qu =g
AT Bt HEA U Y W HUHA et 21 [ §, et e % afine
H o7 o ot gl we 72 21 ogE: e STew a9 el AiE we
wferd e 21 e o fowe o Tl A ol femm A i ] et sfufemett
[~ fiF Tt (13.26)] & S o S0 S i w1 Sead g9 =gh
I HEAT J9F-19F T9 H q9H 7

7 AR F R A T S-S o A % EeEE § RS A
(Foam &t =i 2 = ot Tty sl & s qo == D
TeA Tl et ¥, o sl % S S el a9 g 1 o fa
Z59UM (rest mass) T B 21 W FRE Tl sttufe o S s
TfHeR! T e ATl ATAGRA 6 FEA AR o6 ACTF FT Fd deqT-F9A1
A B SO € ¢ T S-S ST A SR § SEwii
A4 St steren e Sl B % 9 6 ke wa €1 iR S-S Zean
H AEH 3 2, o: 79 wed € T fe et stfufrEw § 24 i % we
ZEH F ST I B H WA @ S R (W R e e g
T % S % B9 H uiatdd @ St 20)| $H w9 § A sttt
ToAHM-F o A EIA B TH SAE B

FEAAA-H o ST B g W, Fagiaa: uw Tt sttt it
sAfufeEa 2 e 7 fee warates sfufea § seeifia stgen frerer o
Tt sAfafea = T AR F TSt g9 st w1 veEt (Tfvwn T8
S FHoliel oF S 1 TR R €1 Wik THEtiE S-S ot fee
S ST Fl T W EINHF AR (-l F Twid ¥, i
7] e el Tod B ToF forelt wramater saffran o <1 iR ok weamet aen
AU 6 Fel FEE B FW T o ©Y H AR @ S € A T Tl
Ml % AT % B9 B ufafid @t wfEe g st €1 wrents, e
TEE AR § e FsauH gfad w1 aiEm At fme J wHed
Zoq Afadl ®1 ger § e o YA HH e 8| WE T § FE) uuon @
o UE waE w2 (S wed W ) fe fEER qemte stufme o i
FEEE-SS ST EWA A8



i

10

HRIET
TEh AT B e AT e €1 A ey B €l e R

AT T e W 10* T B EE B WE R 99.99% H AT FouE
wifes o weifed e 2

. WIS B T T ESAEE, ] FeH T (u) § AT S €1 i

o FTER 1 TEY] F9H THE (1u), 2C % U T o FoEH % 17124
W = SR EE €
lu=1.660563 %10 kg

i ® % FREfRE w0 s § 5 =2 wed #) T T T Sa
7 g & e weE

. TorEl e 1 A W 25 o0l o Al e | W i S 2 2l

TN T A, THTT0aE e | WeHl s =gl i Fel FEA o SR gt
B A=Z+ N 7@ NATE ° femE A w e ffEw w2

W A TS HIA TF HREE (nuclide) F 2 X ZR ST FA
el X S TEEE F=i #1 Hoed 2

TEH TR HeA Z, Wy fafee =gh wem N <EEe TR wEad
| 3 =priree TSk foTy seam e A% HH GHE 7 GEEiie 9 3 e
T =2 S8 N 9 SEE 7 9Eggie ween 2

SAfERTe a0 2 A A SRR o AW B ¥ 90 W WA G
THS FHEATE o FoHE 1 9IRT AT B 2| ST 4R W AT et
1 EE SEer 9 B

Tifeer w1 TieER qHEL SHe T B fuifta w5 s " 8 e
TSRO T o ST T T 1 S 9| W Seedt €1 9@ W T e
Tor iRt w1 T Freaferfiad O 9 =oem il 2

R=R A%,

W R, =T A = 1.2 fm. 98 900 2 & TfE w1 o AW fref e
FIA ST 7@ 10'7 kg/m® HT B F1 2 2

R o S =g T FE oo TUEl Wl MAEE 5ol 5 59 A £
AT 5@ =g W geq § {998 78w

T2 o M I U SEEE o6 el ZeAH T | el 2| Fhie
ST T FITEl o FoTHMI S FeTA &fq FEel 2l

AM= (Zm,+(A-2m) - M

HEHTA &l Fo0MH-F A5 E= mc® 30 35999 it F Fsi o §9
A 39 TR = B ©

AE, = AM ¢

T AE, TiH F a7 Feemdt 31 A= 30 | T A = 170 5N
e o WE H w4 gl see-s % 9e o e #1098
MeV w1 =Ifera 1

RUREARE | FoE = =l o M| B 1 el | 2k | e e e B e e B e
T S e 2

. T fusa whFm o @ A ?

Q = sifam TS T - IRfas Tfas S
ZEHA-FS W % HEV, HE TEA § 6
0 = (IRFF e A - Sifm e A A
edifoam o uitmen € e & T wen o A, o W B A o R
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11.

12.

13.

14.

Seafsla Faeh wANA @ Sl @, SEl o-fEr dferem % ifuw ¥ p-fewt
TolfA  aen y-fErol Xferoh, | off o s % T gawr o
eaifaa wam =1 99 2 N (1) = NO) e

@ 2. g s fomed feawi 21 feh eamtie &1 svd-omg (1,,) 7@
A 7 Fod St el W N STH1 URfus H et @ S 71 siem
Y 9% T ¢ T N AT IS ’E H el O I @ W 2
T1,2:1L:T1n2

S HH FEAl S e A gl | stug iy o aiats 2w g
T e gt 31 faees o ww w i & wR wel | fawfia s
7 e, 25U+ln 558 Sb+ ¥ Nb+4ln

I& 9o Top Torgen & fras =2+ o o € see i s =i €, sfeen
AR T TS FEE HA 2| T A ¥ e 2 Aen wesw w2,
T foREEA 1 AR A €| ANET w6 Ao § SAfEtE SEen stfwEa
At | Bt 21 At fuger °§ w7 fefE we fem w w oA #) e o
A 95 TONE kA 1 S T S

e | Forek AT foewt ©H A Wifee s €1 gd afed wf e |
BTSSR 1 Fferam At & Herdd S & Ha 2

462

(M] u T A AR FAH 1 T
T o ToTU e A | T AT
FEAE T, 10 W F FeUHE
F % 1/12F 9 F e 2

[T gt
[T] s 7T g e feanfes T4
st T ST 2
[T Bq TF ifearfEa @@ w1 tfEad
1 AT
Ta=moia faua

HTA 754 o1 =T A = Hres T R T a7 o] S e
=g oM =1 weH 78 S

TR UEIUH B A H E A9E H A F1 AW UTw FO TFOH 6
S T T 1 T B W e T wren e 21 U sEfere 7, S, Toii



10.

11.

TR ATUF o TR T | Wi A € e Gew S0 S S5H S
= U AEE 759 W A B B

. SERIE gN 5599M WS Sl i GHgedd E = me® TEfiia fR s % =g e

TN FEEM WY TS e WA o g el ® 9| e #d, 9
ZEIH- S T % U A (198 #1 91 $ 3| TH5 | 9% e S
yureh ¥ qen s e g it G § wre S 2 gemE e
S T TAgeAd o T, v e us SHer vfEd 9| o 9 H STE
F AUR 2 3 Trm w swEm e, feet aifve whEm (e stgen
sufFa) o @ FF T ARF TS S0 S5 o TS § o9 A T Wl 2
(9T —FfFeTai) SE-e 9 B BT T Sl € R S e
sfuferard dus & S 21 gere R o6 Hered | A UH Wi A 3% qieatys
ZoAA e 3 ARl o6 famEa | 2E S el €

TeTer o6 T e iR | wat aRfve e g el At o e e
SR W U T Eek | A€ U TR HWera o ToTu sieg=a AT i STEeEhl
ZHet 2

. Ty (uf R S-S o Tad € S T o) € wftes e

2 W T *He, %0 1% =gemsel & fom fmer 21 ¥ 9% T A
2 s | ot Yot HeEe w1 RS w5 g qE S R

¥ X T TR-diTTg[ U FO-9ET I ¢ T Fo0HH TR 7
TToF ST % IRET WHE T A W % A 2l (9% 9 T 7 fE
e Wk TelOEM WS UE W U% WY S € A Th-gE w0 el
(annihilation) % 34 € 3R Y- wEH & €9 § = w50 FW 7
&1 (STl Sees) H ToieRe oh WY Sedisid g A ®u Wi
(v) % 7ok Tawiia pr-ar (Wifsiga Seas) | =i (v) Seafem i 81 =i
TS - F g w9 g A ¢l TEG § 9o v H T
yfaemor B B a9 TA-wEE S WiEA w ufaew ®, w0 e =feu?

T HE I SR B B (n o pte +v)| Ty, TH 9E § gE W
1 479 HoE T2 2| U B o wR 98 7 T W %1 goeHH g o weeE
1 gor ® gl w5 g 2l

T Ve A St S 3 ATE TH S B 21 T We sedtaa ik
IS TR S (Soat) e 8 et ofeen o wiiea 21 e s1ge
He SeAE o UYE FE ACAE S o § | HEA ¢ U # e
T (39 fF 2 13.4 5 =910 T %N 3 TEO B T Rl S EeR Seas T
e 1 T FHO 2 R AT | i et ot e st w e g

Yeanfirem e 25 S o1 HgeA 21 gersh =ien 8 e = fory =g wi
e 1 T ST T 1:1 B =enl 9 e o T % o w9
ST 3:2 BT AW (WS o HeA TPH At W o g9 o e o ferm
SR I Wl STETaRha aR1T1) T T STIat 6l 7 & Sle] Arae ST 2
B o AT =g e FeH H1 st Bt ¢l A 9, (F Al %) T
TR 3 T ST 10% B T #) & i FEE ' | wEeen § s
ST F (T AR S a,p,d,nmmwﬁmmaﬂﬁaﬁ
F)| ST Tt e | T & wieta 3o § of sEeited fRT W 9
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13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

T

W o T B R W TreteiEd e STk T syEnh fag B

e = 1.6x10°'%C N =6.023x10% 3fa =7
1/(4me ) = 9x 10° N m*/C? k= 1.381x107%J °K!
1 MeV = 1.6x10713J 1u=931.5 MeV/&
1 year = 3.154x10" s
m, = 1.007825 u m_ = 1.008665 u
m(2He) = 4.002603 u m_ = 0.000548 u

(a) ofifesm = 31 worel Tl SLi U9 [Li ® Sgeral 1 Jfaen w9 7.5
TH 92.5 #| T Wi % FsEEE HEW: 6.01512 u TE 7.01600 u F
T ol TLATY] S5 1 HhiTsdl

(b) = % R et Tt PB A VB 71 S99 55 F 10.01294 u
T 11.00931 u T SR 1 AT 9 10.811 u?l °B wd I'B #1 sge
EERCAIEL

et o S T Tt w1 s e 90.51%, 0.27% W 9.22% 3

T HEEAITR o Y] F59EE FEY: 19.99 u, 20.99 u T 21.99 u ¥

F SHT TRA FAEE A AT

e e (17 N) ® sEE-FS MeV | 9@ FINT my, =14.00307 u
Frafafea sl o sTam | S5Fe wd 209Bi Wil ®1 Seq-we MeV ¥ 9
FIEE m (3Fe) = 55.934939 u m (2°Bi) = 208.980388 u

e fau T fHeEr 1 5eAEE 3.0 g ¥ SH S 1 Tl HifAw Sz faeer o
Toft Al wE W T O 9o F o fo s g1 e & fom
H wifae 6 fame o SoCu WSt w1 oA ¥ (SCu RN =
62.92960 u)l

Frafafaa = fou Thea wiwm fafen

() 52°Ra®l o84 (i) 2P°Pu®l o-&4
(i) 2P g-a14 (iv) 23°Bi 1 f-&
(v) JCH p-aa (vi) 51 Tc =1 g4

(Vi) 2°Xe &1 TeloA &AfmEm

e feanfaa queatis w1 sl T 21 fra @o9 o 9% SR ufsRe,
yRfyeE U # (a) 3.125% 41 (b) 1% ¥ ST

Sfa FeAgE 559 T ufaead, 1fq o wEE o fau 15w wfa fiee
21 7% U, T gaet SO % my-me stew we § faeme e
2C & FR N #1 S FT geg B W SgEed o WY T s R (S
T Hfed UReEl F S W@ §) HAr @ S €, 991 SEeh] U o
2t 3% 7 S 21 MG w5 5 sty (5730 =) S A w1 A T e
% SEE T THET Wi oY FT O H T AT 2| qE qae e § vge
T et 12C wetwien (dating) TSt w1 fagia 31 9w A deesiae
T W Rl TR 7 Uferemn O & wi fiee wfa o e 2 iy e g #
Hihe $Y 1 HAHT FHIHC)



13.9

13.10
13.11

13.12

13.13

13.14

13.15

13.186

13.17

13.18

BIRED

8.0 mCi dfFzan =1 AeAtfaa |a W@ F & 0 S°Co * et 7mn =t
SAETIFA 2?7 S2Co HI w1y 5.3 = R
Sr F1 g 28 o ¥ T HEEAtE F 15 mg ® e | Fw w9
Tl o FHEAE 127 Au TS 19 o6 FHEANE 17 Ag 1 et e % s
I Hi=The HE A RIS
(a) 22°Ra WH (b) 22°Rn 7H o o479 | SeAfSq o 00 1 QA TH s
F WA HtA
faom 2 m (2°Ra) = 226.02540 u, m (22Rn) = 222.01750 u,

m (2?Rn) = 220.01137 u, m (2¥Po) = 216.00189 u.
Hedgremse 1'C w1 o frefafiad gefeo o sEr g 2,
5 C oy B+e'+v: T, ,=20.3 min
Seafsta wifef™ #1 sifawan w1 0.960 MeV 2| Zeammt o Frafafas 7w
fog m
m(MC)=11.011434 u T m(}'B) = 11.009305 u,
Q-\M FI AT HICA, WA Searsia qitsge F1 sAfeswan s % 99 o 3Rt g
EAIE L
2Ne o1 firsk, § Soste o T w1 @i 31 5 B-41 o for wefieeor fefam
IR S Terr 1 ST TS S W FI m (2 Ne) = 22.994466 u
u; m(¥Na) = 22.089770 u,
et iyt sfafdar A+ b = C + d &1 QO F=fafes w=5Fm 5w
wfewfim g %,
Q=I[m, +m, —m,—m]c
&1 fau o geweE, Wivw fBRm geEE (rest mass) €1 U T stEEl %
SR R =AY o Frefofa sfafea semadt & a1 S|
() [H+H -7 H+'H
(i) PC+2C -7 Ne+sHe
fEU T XA FEE T YN E
m (?H) = 2.014102 u
m ($H) = 3.016049 u
m () = 12.000000 u
m (2 Ne) = 19.992439 u
o R #R P Fe TiE o q TEE st 20 Al foe W e ) w5
#1 Zfie ¥ o7 faeeT SWa 7 99 YHH w1 QHH A9 BTk ST G5 WEgd i
o 3 @ m(%Fe) = 55.93494 u T m (2Al) = 27.98191 u
*%Pu % faged T 9 F7 "oU ¥ faed-god 2 v e iy s
= 180 MeV #1 4% 1 kg 9% orPu = =t woamy forgfed o ot foreeft MeV
e fage w1
fFE 1000 MW forges fuset & od #69 &71 5.00 = & =57 &t S #1 TR
F o fope 225U en? W it f finsey 80% e FEtd e #, gt gl
sl 225U o fomed | # ser g 3 ad 20U e e fawed uiEe
¥ & = Fa B
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13.19

13.20

13.21

13.22

13.23

13.24

13.25

13.28

13.27

2.0 kg =Afam % Herad | U 100 12 %1 forgd o et 3t wehifyeE @ s
Al ¢ 7 Here st freed ot s Wt €
H+2H— He+n+3.27 MeV

3 THEAl % AW H AL o AU el Sy S /| Rt
(TeRd-FelH SN T S B A T I ok S oM A SE e
Wi =T % SR F € S U -gER WU § @ S TR SR S SRt
7 7| 9% W wEd F T ggg 2.0 fm gt e A 32 i €)
THEFT R= R AV 3 sTHR W, Teien fiF Tfasia 559 1 o o o 2
(sefa AT Feft 7 S 3)) 98 R, TF i 8 U A fE #1 xea
e 2l

el s 9§ (dife) Soase @ U o Wi wtEe € T e
RIS (Capture) F84 ¥ (THH WA F HAdiw HA, 99 B K-%en, o
Tk W TeroRe U Tl € ST U e, v Seatsd e 7)1

et + X = AV +v

Zoits T afg B Soost w1 foR © o1gAe 8 °f soiwid TR oft seveE 'Y
Y oA 2, W T e sged @ R

Ifafed st

AT Tl § HTE S T FeeEE 24,312 u T T 21w e
T, JeAT T S WEEATR R A SEer % SN W fEe e 7 it
% T TRt T4 ST FEEW T TER € - 2aMg (23.98504 u),
Mg (24.98584) TF 22Mg (25.98259 u)| ¥Hf & W Siferem & 22 Mg
F1 (ZoFHM o ATER) WECEl 78.99% 3| 34 I THEATIR] FT qger
ElicaspicalEiy

R qYEHR S (Separation energy), WRE o STEN, o9F w9 €
fereht ik & s =g B TR o o srEe g 7 A R T st
F T Heb ,,Ca TH LAl TR FT =2 [ e A B

m(32Ca) = 39.962591 u

m(,;Ca) = 40.962278 u

m(5Al) = 25.986895 u

m(71Al) = 26.981541 u

forelt =i o wrew o = el = fifem & SIP(1,, = 14.3d) w 2P
(T,,,=25.3d)I TRT & 2P & 10% &I W= & 71 T 90% &7 Wd FH
% feu foraet = welten AT @

¥z fafire wfiftafml 9, w fvw, o-%0 9 afus zsam a7 @ w0 sEtE
F i w71 Fefate ae-aimast | fmr w3

22Ra > *Pb+ 4C

*2Ra— L Rn+ sHe

T 2 49 TR o o1y Q- W T T TS Y 9ien R A g s
I 2fe | T 7

it =g B 28U 3 e W faem i feeh e whE § wafir s
(Primary fragments) & S84 o TTAId HE g9 ScA(9d A& B qAql



BIRED

Wce qg1 PRu A9 SR W@ AR 2| fawed gt % fw g F wm W

R HIAY| SETH S 70 T F

m(%2U) =238.05079 u

m('3Ce) =139.90543 u

m(3;Ru) = 98.90594 u

13.28 D-T sAtwisan (ggdfmm-dfem Seam), 2H+ 3H— tHe + n W fo=m wifsm)

(a) = f5u U sAwel & omam W Afe § fage w1 %1 W MeV ® 9H
EdlEy
m(*H ) =2.014102 u
m(3H ) =3.016049 u

(b) SFEREW W& FEfead = &t e @ 1.5 fm A St 39 sl
o, FA AR o A FHehd qawT | T 9 56 T R afas st w6
HETTRA ¢ 7 SRR YR e % e e (D g9 T i) R 9 96
Fitaa T s =fe?
(ke « Tt worad foman o fom stevas e w1 = oo T o e
FOT T SiHd i s e = 2 (3KT/2): ke ; stozsEE i g9
T = 9TA dm9)

13.29 = & T gF-As °, poad w1 Tl st o g w1 st i

ST A it faa #

m(***Au) = 197.968233 u

m(***Hg) =197.966760 u

198
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