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13.1 f¥ert

et 1o o B9 Ug1 @ o Tcieh TRATY] ST IO SIS Bieh 39 ohy | Hobfad
B Sl 2 SR LAY T A S &1 AR 1 el Wigl AT o WIge i qorl
o TR B B oL o GhIUH el gE 4 g% wefi| fea © T e
1 e, WA #1 Se & gor ® 10 TR ¥ off %1 e =l soen oref @ T
MR T STHA AT o I o 1072 T4 o o9 81 SR 9=l § e al AT
¥ erfershien: fam T & 21 A% g7 WA F1 TR GG Hal o HH o aUel
F Tl s Tad T 7 o i & Ges 1 e < qenf, Ty 1 onne
Tl 5o (99.9% U #ferek) Aifew o & TEifed i 2

TCH] T G o FHEY 1 AMHE B A HIE = 22 AfE U@ R Al s
IFerge - €2 9 WeR FE YR 92 B2 T 1A § g9 39 YN & YA o
IW @I 1 FIE H31 gF ekl o fafere ol S—s+ek des, soa9H qe
ot &1 ==l & WY Y Heag eanfaed, foeed wd goa S At
fereeT i ot faeed

13.2 UIHIU] AT TS ATTHeR oht |

TRATY] H1 ST fHaAUm &1 ol d 9gd %9 2l ¢ S0 & foAu, He &
] 2C T FHM 1.992647 x 102° kg #1 o BT TREN w1 9o & fog
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fehetm sgd gfaerse 9 e 21 o1d: W] SHHI Sl oIe i o fog
ST 1 Teh 11 WISk T 531 1| S8 | oh AT SeHH e (1) HEd
&1 TEh! 1>C WA o FAHH % aNed 1/12% 9 9 oFe i 2

37d: T TR & STER

2C AT kT SHHMH
12

lu =

1.992647 x10%° kg
12

=1.660539 x107*" kg (13.1)
TRAM] S AE (u) H o9 & R fafe= adil o ] seauH, s
TRAMY] o SeHM o qul ot o R Uie e €1 Ry 39 g o s gemEeedt
uars off 1 ST % U, S 1 WA S 35.46 u @l
TRATY] FSHM! h1 Fe WO, SoHH Il EEdt (TaHI) g fRar S #
TRATY] SSAAM o G Y 91 Fordl ¢ o Tk € de o fafi= gehR o Ut weAge
1 e © foreh TE@fe o1 dl THM B § W gk SoauEl | Sial Bl B T
& I H TH A ot S Sl § SR Bl €, gHEe hean §
(A =% e 1 ol el W weeenf €, 7€ W o= gafen fen e @
Hifeh deal 1 e ARo B I Gl T & T W U S ) | 90 F weq e R
Tk el SR &9 W e Eeeen] i fgor 21 fafa= wweentent w1 e
IEA A SEe o GTYl aRerdt 2l
IR o AU, A o Q) weertien § e SoHE A 34.98 u T
36.98 u €, Sl T TEGSH WH] S2HM o QUi U & Gfeiehe € T GHeefehl
1 G TEAd] HAN: 75.4 T 24.6% | TH YRR, WHfdh FAKH AT H
ST T THEAHT h1 AIRT- ST B 37d:, Wehideh Al AT sh1 S|,

_ 75.4%x34.98+24.6x36.98
100

= 35.47 u

IE A © S FARIA T LAY SHH 2

el o foh Wad Tk ool egeleH o ot N wEeets € e germm
1.0078 u, 2.0141 u U 3.0160 u €| T Telch BEGISH LAY fSrAerT Hrdet
gl 99.985 % ®, T A1Weh, WieiH Headl &1 Th WeH i 599 ¢,

m, = 1.00727 u = 1.67262 x 10" kg (13.2)

7€ BIZSISH WA & FeA9H 1.00783 u | §, 30 foem™ T Soiae & geauH
m_=0.00055 u i ¥ ¥ I FHAM o SR 2| TGS o GH 3 HHEToh
R@ﬁwwz@ﬁaﬁwﬁﬁmﬁwwﬁaﬁéﬁwmﬁqﬁ
T S 3R i fafee grn yEerenet § fafdq fRw S 2

s § o SEY WA 1 € B B1 W W Uehlh ol A9 g § 3 T
Tl 01 21 Yeed TE fomr o foh ifies o geleeiq B € W e fagid W anenia
Tehi oF HRUT TH AT i TR a1 T et o] oF 9eft Seragiq 36k A1
o STe Bid €1 86 Wd € foh ferelt wAro) o e o e g Seledl i He
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ITeh W] Al Z, o 6K Bl €1 3Td: WA § TRl 1 el SEY (—Ze)
3Gk YF o Fel AT (+Ze) & SR 2l €, it T fegdia €9 @ 3EH
Bl €1 safey foRdt wAn] o Afues ® el 1 G, e HeRT TWETT] i,
Z Bt 2

TSI *t G
Hifr <FfEs T TRfcan Teeem & & gLt €, 70 ¥ yAe o Al
H UH UM B =1fen) SR BRgeH, SYERaM Td 2refeam o el o g El
H oTUd 1:2: 3 7 gHfely s3fRem ud orafeay & ifusi ® e o sifaftea
FS IAEA FA ol AT AMEW| 37 FHER] oF AR H faed 33 sifase
% 1 AT Sl WeM-SHM oF A § 9 &L al Huel: Th TG AR
o RIS B §1 98 94 g hear © fon wArgeti o Akt ® gieiql o erfaftea
foem™ @A A J% SIEH § S T qof 9Ee o S o ®9 H & e
21 30 ufehed &1 gfie, 1932 o, S wefas gu &1 T =i <@ fh 5
IRferm Tfaewl | Tew &0 (Th wu, dfeam TifTs g 7 e o
o g9 3rTel 3R W ==l ) H WK H W, 9@ 8§ SEH fafw
Sefsia e €1 T oft e e R A seA fafw, dfemm, wee v e
S gk ARl W THIRT ST Yo wel e €1 39 gma 9 9 T
e 3 fafe wied (foga gaenta fafewen) & <1 st Td doi waqm
o fom &1 T e W A 9o fh Ak A I3 faferer wieH i o an
BId T TR et 34 fafewon w1 qer ® sga stfue gt s Sffeem Ayt
W UEH FHUI F1 ABR ¥ W e &1 TH GHEN o qeE w1 g, 99 wefaw
3 HameMe €1 ¥ A R, W woudm W wHifed o fF 3w fafwwon #
TH T YRR o ST FU B & R el FEd T el g G wem
fml &1 ST #, 3B 9 AT HUT FH SHAFH A FE H AHAT WD hI,
S8 Wied o TEEE oF A aUe qRm I

9 TH T2 1 THEM STy aendd § WHd 21 U R,

m_ = 1.00866 u = 1.6749x10%" kg (13.3)

[ F @i & fau defaw #1935 o Aied R ¥ g R
T Th R W o fawid Tk g =g el B 2| 9 T WeH, U
TR Td T Wagfeal (311 9o h01) oh &9 H e 8 Sl ¢ ekl Aiwa
AP T 1000 s Bl g1 qefy, Wi o ok g T g 2

m,@wﬁmmﬁwmﬁﬁwwmwﬁ
S Hehdl T

Z - TOHTY HIF = YAl 1 e [13.4(a)]
N - = &7 = <Al &l e [13.4(b)]
A - 5HH &1 = Z+ N

= I T W B g wemn [13.4(c)]

W T =g & fau faerai vk &1 ot SuEm R W1 g @1 er:
et T § faer Gem U s e A B R

et fusra geifa o1 Tfaew w1 Wopa fog AX g7 WRRid fear s 2
SRl X 39 g &1 qHEte g T SeRor o fou, wof-afus # geRa
197 Au BRI FEd A §1 T 197 JfaeE B § S 79 We T 118
22 B T
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EIREY

e Tl ac oF wEEAER 1 WCEA Bl WOl ¥ WHHET ST Hehdl 2
frdl U MU q & SR o AT § Ui # Hen @ §9F e |,
W I TH-TR G e K wE & e ¥ fam w9 € sgdfem 2H oS
TESISH H1 T THEfh €, SO Uh WA U Uh g2 el €1 THoh @
et gRfead SH o U WM U & =g B ¥ 9 W@l & 32 Tmeenfish
e € Sl gomm gemetl w1 WH A =173 § A = 204 d% el 81 98 W
el € Wl goh © T dedl oh WA U1 Seh SRl forrd W R
T B ik, THEeh TR o selaieh fome WHH Bid § SHeRT THEfTh
SRR I Th S el © R TEfAT SRl e GRUN W Uh € T W
@ S @l

T weft e Rt SorWH e A 99H B § GHYIRE wedn 2l
ST, AR 3H T SHe WHWIE T UY ek R =g Ten N 9HH
T AR T e Z 9 @ gEgeie wean Bl SSend, 18Hg we
197 Ay HEIEI B
13.3 TYeR Rt |IE<T

S B 1A 12 H @ §, WIS Je 3t ot o fa=i am) e &
ST 1 IREheTT Td AU il TIRS o G | TR 1@ Aed 1 &0 &
Feh T UTHT KU o TR0 § Haferd i T3 fman 39eh JarT 6 o8 T gaT
5 5.5 MeV TIfdst 31t o UeWhT S0 1 w01 AIfaehi o Feherer wga 1 i aem
4.0% 10" m B T0f 1 R ¥ o -0 & FeR1U I TIEIS T8 TR GHA
o Wehiv o fTU el Felid 1 Ffasyor sef & ST ¢ <R, SFIHS e
iy o fafed e 2, e o1 arfass 98 4.0 x 1074 m ¥ %8 g1 =1z

I 9 5.5 MeV § 31f¥&h el o o -0 JAN HL d@l 4k 01 ARl
& e W= # 30 R FH o WIWH R q9 YRV oTeu WY AR
I ¥ wafad eH R eI WX g fRU MU ufwer § 9w W o]
S| TIEIE o URehe Uothl %0 T Ul ekl oF oFEe g9 O ok
a9 OH A9 YE Held 9l 9d R efd €S9 @ % gR N W
THE & ol § IF didd iR T BH o ©, TR desl o fawa
o frepd freren ST g 2

T YU TN ek o9 o-01 oh T T e 7T Setael o1 faf= qal
& SW ABR H1 TE B, 3 Al o AMRIT e THd IRgsar § 7 R )

TIg N T R A SoI9H e o Aifuss s e ®

R=R,A"® (13.5)
Sl R,=1.2%x107°m (= 1.2 fm; 1 fm = 10"°m) 31 a1ef & for Mifores 1
A (S R® o STHAMU 8) SoA9H H&N A & STHAMU! Bl ¢ 37d: A4
1 Sed T e ®, tefd, weft et o forq seeh A A W T e @)
faf= fer 58 o e & 59 #1 9% i 0@ B &1 AMHH Fed i Se
2.3%10'7 kg m™ o WiTehe era1 €1 W= il &t g | e 1 98 W agd
et BT 2, S ST o fAU s ohaet 10° kg m € BT €1 39 924 Rl SAEE
T guen ot S gl €, il I8 o Tl €1 3@ g © ok WA stfereRter: i
Y fiod a1 ¢ g RavEt @ 9H s o €t o | e o e 2

2022-23

443



% Hifae!

444

3&Te 0l 13.1

33(g 0l 13.2

IITEIT 13.1 AR o TI14F 1 TSI 55.85u TS A=56 ¢, ST AT T
T SifsTl
T

m,_ = 55.85
u=9.27x10?° kg

FEEE_ 9.27x10*° 1
aaad (4n/3)(1.2x107°)° 56

=2.29 x 10'" kg m™
=2 dR (Teh @il Hifdshia fig) o qred w1 e 39 T & 91 qorid €1 9
el B 56 37 dRi & %7 39 i 9ok gefifed e e @ foh =g ar = i §e
Afs #1 WE FIeR H &l

13.4 THUAME-FSA 99T AMMHRET S-St

13.4.1 THHH-SHall

SMERTEA 3y faf¥tse smuferehan fagid o STUR W I8 <9 fF S99 3= a1
& Tk T 9 ¢ fafere smifehar fasid @ Tl I8 W S o foR feRedt sifafsmen
H S Te Sl STerT-3TerT TREd e €1 TRy SRR 7 78 <l o Sord e shadt
Fofl 1 TEU EY 7 SN TH SHAA-Fell bl il o 3 TG, STt it ¥, afafda
T Hehd © 9 Toadid wehn eteid ot i SoEHE H WU S o H9e 2

9ok AU SRR 3 W ufdg SoHuE-Se qugeddl Gau fa 9w © o

E = mc (13.6)

Tl E, S99 m e THqed Sl € T ¢ Frata § wenrst w1 o @ fiwen afeiene
oM 3%x10°m s~ R

IETEA0T 13.2 1 g T80 F AT Soll ol IRepIAd it

A
el E =107 x (3 x 10%%J
E=10°x9x10'°J=9x 10"%J

39 YR, A< T UM Y1 I A ol H TR {oha1 ST a1 399 el 1 faena

HET G e 2

ERTE & FAUF-Soll Heiel o1 Wik gfte, <faemar, Tifent, seiagil
3T T B H @ISl T HUN o dre BH arel ATk Afafmansti o Aerdd o wl
b1 B ot erfaferan o St wRer fem 9 sy ® for afE soram@ o Gag St
%1 o kel o witnferd & df YR ot Afad Sl o aer gt 21 I8 Hehed T,
Ten! w1 IREARE TR fohansti wd A SMEl ol 99e & fa gyl
21 T T P AN i favE-eeg B

13.4.2 AHRT S-Sl

AT 13.2 H T4 <@ T e =32 U Wi 1 o 21 37 e oruferd @ f
TR 1S9, 3HH forem™ =2l T8 Ui oh SeF9HI o el a1 Tm oh SUel
B AR, TRTRTT S| M, U39 T W HH U1 S S| SSel o for, ey

TR o =
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180 &I ol TEH 8 WM T 8 =g 7l I,

8 Il &1 FHAAM =8 x 1.00866 u

8 WMl &l §FFH =8 x 1.00727 u

8 SaReMl 1§39 = 8 x 0.00055 u

THfey 160 o AfHE H1 STufa 5HH = 8 X 2.01593 u = 16.12744 u

FEA FUHHA 3 A W WS 6O 1 T T 15.99493 u Bl 3HH
Y 8 TefRMl 1 ZeF9H (8 X 0.00055 1) M R 0 o 9w 1 yrifier °H
15.99053 u %I

3d: TH U ¢ o SAHASE 180 AT HT FAWH, THEF Hhl o Pl FATH
T 0.13691u FH B| TYF o SHAM T 3 SZhi oh FTHM o IR AM, Hl
FoTH &7fd hEd €, IR U U 39 YehR oI fehar o ® ¢

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

FHAE-afd &1 37 1 B2 e W SRR H FHH-SHel gadeddl fagia
Tt aftreht Froren 21 <o, StferdisH T 1 SoTHM S8 SIS o SeAEEI ok AT
(3reifera sTareen § 8 Wi Ud 8 =2 1) ¥ W BIdl €, tTerdieH ek 1 Hoged
TSl SHoh Th| HI THGET S oh AN W HH il 1 AR AT RIS AR
H 8 WMl TH 8 =gl | fodfed & W® @ MUl Aw sifafted e,
AM ¢, 38 A9 1 Y BT el 36k foT Saeaesh I8 el E,, 5oq9H &ffd
Y Frefafaa geiieror gR1 deferd eidt @

E,=AMCc (13.8)

ISTET0T 13.3 TS WA FeAHM Hh oh THqed Sl 1 A Tedd Sl 3R fhT
MeV H Fd SHISY| SHeHT STAM ek 180 1 FHUH &ifd MeV/c® W e Hifory)
&
lu = 1.6605 x 10" kg
THH! Sl o AR | UfREfdd s o folt 1 6! ¢? ¥ o1 HC ¢ TS U
T gqeh
AT el = 1.6605 x 1077 x (2.9979 x 10%)? kg m?/s?

=1.4924 x 107'°J

_ 1‘4924><10*1°e

1.602x107"°

0.9315 x 10° eV
931.5 MeV

AT 1u = 931.5 MeV/c?

50 = faw AM = 0.13691 u = 0.13691%x931.5 MeV/c”
= 127.5 MeV/c?

- 180 &I THF Tewl | fawfsa w9 & fau smawad S 127.5 MeV/c? Rl

I B =2 Ud W i -9 R, f=d seEet ud §emE e U
HF SN S @ T URRA HAE, S GH O AE FHSl AE, AMHE i 445

€°€T lnr2Ibe
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gfa =IfFAsta FuF Fsll (MeV)
N

446

F7-Foll weedl 21 afg gH feret Afaer o AfAeh-holl 1 STeT-STer T
g1l B9 E RN Rl P Sl E, YIE HT! BNl ALY A(9Hh Fl € $H THR
g T wehd, e off, i 1 SA-wei g Sard € © T fre e
T Fferdi WeR fadd =5t e ¥ 92 2| TAF ok FHUN BT S wfad
T R sifusk SWRN WG Feq-e gfd e, E, ©; S fE Aifae @
SeH-Stl, E, TF 39 fommm =fasi & 9en A &1 I 2

AE, =AE, /A (13.9)

0 Ufd feeE SeH-Se w T AF Ghd © f6 g TR Aifas &1 gEeh
ferasitl § gereRd w1 o foTy Tevash Sfd el @l
fo 13.1 ¥ @gd 9§ Tl &

2g *Fe

foe wfa =feeai sv9 o=t E, @
Mo 1=y TAM T A H U e T 2

[o—— W o7 2381 1
=)

———<—| 34 U ¥ gH fefafed dgo W
forgie gftem=r 8 & —

() HHed Seg9E g@me (30 < A
< 170) & fau, gfa =ferm=d

qUF-S5M, E, |, 1 HH RIS

w9 H @ w2, sterfd o
Uik o q1 IREfdd el er 2

50

o 13.1 99 91 oF Bad o ®9 H

100 K 200 250 o A =56 o folq @9 8.75
ST | (4) MeV &1 SIfhaq AH TS A =

238 % AT 7.6 MeV =¥ 2l
T e TSl (i) gt AT (A <30) W 9
Rl (A >170) T o e &
E,, %1 WH HeFed] qUHI] ShHish
o ARl 1 qorT | STUeTHd
*4 B 2
74 YR e frehel @ odw g ®
() e ot TRt & T Wi e $w MeV sivF Sa i o g, i Heie €|
(i) 30 <A< 170 % TE § duF-Fs 1 3T=Rdl 39 924 1 9RomE 2 fF 7fyaly
7 o7 WIE! Fo7 B B 1 9 ek oh e feerd ot =gfereait W fomm wifem)
IE AT YH-USH ok had 39 FfFAAHl | gAfad SR S g6 AR T
& IR ® o1 €1 Ak I 7 e 5@ fafire fgaai & Tfgwra aa
o UfEeR @ eifiew g W 2, At g8 foamedia Aifus w1 sA-set it o
guifad & &om Aafs feet iy oF ifaea aa o 9ReER § eAfiead p
fFeraia Bl Tehd B, A TR SUF-HSll p o STIHAANT et we foh foRet
T Y SeF-Sel ph®, &l kT rdier @ forment fommd o€t € St it 6
Bt € o1 A 70 faerdii w1 H&N qgehl A F1 °H S id, df 38 i &
iR =fer F S-S AR T e s, B o §g A
Aferenter feeria 39 HIR T & q1 IS HY 1Ual, AM9H HY SeH-Soll W
A 9fg ® FA 99E TG Tl 21 Fd: U et duE-get
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R

2 3R HehT GhTehe WM plcoh SRIaR €dl €1 e o1 =8 07 FSTeeh shRuT hig
feeh Shaet 3o fehe o TRl 1 & gl &3l ©, AIHTT aen BT ggia
07 FHEEAT T

(i) T orcafads Wil AfYw, 9 A = 240, #1 Ufd AfgeEi S-S,
A =120 TIfYF &1 goiT § w9 Bl 2?1 o1:, % A = 240 HT FIE AF,
A=120 7k 3 ARl H 221 € 1, 370 faera tfew gear @ uiag 8 I
i e € o 30 ufswan o Sl faqe gril 78 faged g St fagea = &1
Hecqul GreT i e hear @ forges fama o em ogum 13.7.1 | ==
Eauf

(iv) T HIL fF < Tk MfH (A< 10) ToArad gt T 9 AIfTeR sFI €
GeRH gN oF 39 W AW i U0 R SuH-el, ek AWeRl i fd
T S il AU B 81 3Rt o1 I7 gen R sifm freera s R
e 1 gor o eifuss S ¥ sfua €1 7l Gorg 1 58 wieee § ot et fage
Bt €t T R ol 1 G ® e fawa | ew ergum 13.7.3 ® == wd

13.5 ATf9hHT ad

e o S TRATY] H geraAl 1 T frafa s @ weR guRkfed St 9 g1 STE
13.4 ¥ g0 <@ & 3ied 5o o sk o fore gfa =feeai S-St o
8 MeV & il TWHIT] 1 SeA-oll ohi ol § agd (e 21 31d: e o o ol
RER dfe T ok T T = YR o Sifesiet! Syl 9ot it Teavdehdl 81 78
A TA AT SfRRed B =1 foh (¥AERE) Werl o o ot

iR Y01 Sl | 3Afeeh YTl BIohT Wl Ta =gl a1 ol 19k o6 F&d

P W S T TR | BW 9% e € 3@ T © 1k ufa gferert q6
Foll &I STRAT HT 3 oAl BT A TH FHT G T N GHAl 2|
TS ser well o o el w1 Ge | e fean o 21 g% JH

1930 ¥ 1950 & <= fhu v fafe= w=imt g wra gen 2l
(i) TR o, TeRN o ste M Tl Hold g T Seqq | o o

fearfast =1 (MeV)
S
’)-/

T A [HETHYT del i qerdl H s it il 2 .
T S 9 i, T & R W % e o et e M/
TR0 o W ST HTT B €1 FE THIf TS 8 U g, 10

FHifeh YA I Felim il w1 gorl § Tcfs o 8 2 " o
Tl Sl ol kel Sl i qorl W ot e7edd gl gl €l .
) st i 0 e & s o o A o T
A A AAHE I oo W TR I B S ) 5E FRO, S & w9 r 4 o T O W A
STl o e o AOH el g w el I T s e, 6
forreh o uf =ffeeri du-gel fod & S R AR e e e
e ford 13.2 H <R T 81 T 0.8 fm R g 1, W feafew S e e
Sl &1 HF =AW 2 31 36 o 7 gan TR Al el % e ’

T 0.8 fm ¥ 31ferk il € Al 3 5ot TR0 o B € 2R 0.8 fm

¥ w9 g & fau 3 wledor 9 e 2 447
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(iii) =F[SH-=IH, FH-TIeH Td WeH-HeH oh &= M alel AMehd 9l o1
T 9fE & e €| A 9 faga smae w Al 12w
Farg & o S1eer <A & e | wt 9ifq g Sal w1 S W
Tfordte &9 & 2l

13.6 fsaufaeaar

edmifaeadr 1 @iel TLTH, Sohiel 4 9 1896 H HANTEST 1| AfTehi i 391 Tehral
T fohIfiTd ek ST Flaaifid U6 THecifd 1 32 i U dohie 3 Th I
e <@ RFEE-aeREm Yothe % 9 Thel W 99 YHREI SeH & 918 ST
ST T HIT | U ) 39 Yohe IR HImfther @2 o o9 Tk =i &1 Zhel
@l T UHR g HS T @A oF A% ¥ WeNhe e i Saad fhar T @t
I8 T T TR Aw wie wiet 9g gl oft| a1 foedlt UE =S oF R g B S
A o Icafsia g8 et aen et HIS SR <1< I HT 9 FR BIAUIRS we
T TEA TE S

% o fru o yEnt 3 st fa Aeanfaaar i ofee @ oo
sl e efrd g @1 38 edilfaed e/ whed € Uhid § i WhR ok
feamifoed e e ® :
@) o-&a, fad difeam v ((He) Scafsid e €,
() PB-&m, SEH Seie[ 1o qisig (o 01 fSeht SoHH o Sefergi= o ek

& Bl @ W SYET Sk el o faudd Bl ¥) Seafsid e Bl
(iii) -7, fod S== Sl (100 keV 31ofa 31fush) HieH I 2id 2|

Y U YHR oh & W ANTH IUSTHHRN H fa=ar foran S|

13.6.1 Yfgamfaea et s fam

forett eaitfoea T & fS o, P 1@ y-4 & @1 &1, 98 e <l € T TR
9g H gfd e 9 AWl e, T o faeme ga Tifvswl w 9en &
SFALUR Bt {1 afg iR T Fm3 § Tyl ) Hen N @ SR At Ha § AN
Tifesk efad &1 @ e o

e, AN/At= AN (13.10)
el A eTfaed eg-ferie 1em faeeT- e €

AtFwT ¥ fou T g § AT w6 wen | gan uftedd @ dN = - AN 3T,
(59 At — 0) @ N¥ ftad sl < g—

aN_ N
dt
« AN ®a TAeRT T T 7, 3 SHRT HF Ged HAHE Bl 81 dN, NH IRad
2 3IR s e oft fog  gehar ©1 el 98 Fones € FHifR, ga N AR | AN aifad
B 9§ 3R (N-AN) 919 ©d 2
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dN
= — _)dt
s,
TH YHIHIO T M 3R THRAT hid W,
NdN t
S - afdt
N ! (13.11)
HYAIn N —In Ny =-A(t-t) (13.12)

TET N, forelt asfemar & ¢, W feanifoea il #t T@n 21 ¢, = 0 W
TR (13.12) i JeAdieerd i W,

= gt (13.13)
NO
foae = o @ g,
N =N,e™ (13.14)

I T A 9 98 ¢ T fagd doa 09 fRE =R st e fem o arer @
FHAT| AR T 1000 el hi 37 (S8 hial forgfa f5eeh 1] o W= 3i) 1 qheE0
F A TH e AWM H F F g o @ it (W) @ S e
TRYeRT 1 & Uk guia: fo=1 frem, ST WeTiifrea-erear (799 o S19aR e €, S
GO (13.14) §R =4 fepan T B

et T 1 &7 X RUM Tehich 99 § &19d BIH aTel A114eh! i HEA Bt
21 A foF de TEiaTa § afdd B9 arel ARl 1 9@ AN, @ dN = — ANI
YTk Y R T = et

dN

Codt
THRTT (13.14) T Ageho™ Hd |,
dN
- = _ -At
R = di XNOe
HYM R =R,e™ (13.15)

e ASrfaed eraar fom o guH € [t T, (13.15)
THERO G T EHL (13.14) W 8RN T=d: R = AN,
t=0WR &l 2| ferell e 999 ¢ e X R, SH 99
srerfra ARl 61 Wem N9 1 & o gefud et 2

R =AN (13.16)
e T %1 T F1 o § T A A
arfereh qrEfiTeh Ao TR € e gWent U fafvea AW @fmgar
( Ufaer) €1 $8eh1 SI G dabie? (Wdish Bq) § S eafaem
o T e oo &1 Wfa | fafvsa faren w2

| SoRe 1 31 | o Ufd Uehe B U SN HEH R

(wdier Ci) ot TE Yoo | € S SI A Bq W 7 w9 fuw 13.3 feanifaa geifaat @1 s

q Hafud 7: & GH T

1/2
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fafe=t Yea-fsht =1 eran < o stferen fom=rar gl €1 59 701 1 e1df-31g &
SR T AT 1w 81 faet e w5 ai-amy (1, ) 9% W €, fore
Thh G, IR "en (WA fe N) @t el (e N/2) ® Sl gHL
(13.14) ®, §94 t =T, 71 N= N, /2 T&H W:

T werrSae R (1867-
1934) e H S

o vgad faefil 1896 # T
okt g1 feAtfeadr w1 @it
I A ok 3 ufd frer ol
IR HUEl Ud favewon o
fere 9fta foren, fomer woaey
Tai— fead wa wef=m— 6
JUFhIUl H9T gIA T° YUH
IR off fo= T Fee TR
U g : T8l 1903 § Aifeeht
% fau o @ 1911 o
ESIRRIERIEICaRTI

N

1
=% (13.17)
Tl (13.16) o SIER, Tqed: 47 ¥ N, T, , G079 H et 8
St ® @ wikEar R, o T T § amel T ST

T SR Heifiq Auge SiHa-3Tg (7) B SHeRl 7 o w.
(13.14) ¥ 9 foan <1 gehar 21 Rt goeioet W ¢+ At
affrd R R(DAL = (AN e ™AD) & 371 | Feft t77a 7 Sfea
A 1 91: 3 |l AR 1 P Sed AN e B T8 T
2 foF o et 1 oA HTel 1 a1 FS AM9HT 1 Sfed A
Aok BT €1 7 3THd 3T 1 A U hid oh T 3o ferd
1 TH Fcd THA O H oo TR oh T ART (LS FHRTH) HL THIA

t =0 I9As Ah! i F& N, ¥ N T Sl 3T

o

AN, [te™dt

t=—20 = AfteMdt
N, !
T GHRAT i HE W
t=1/4
T B
I GRSkl B9 GWY H TH YRR Yehe T THhd o
In2

T1/2= T =7ln2 (13.18)

Ty feanfra 7@ (S fF zafem ™ weifem) S sni-g foawa =
A (ST 15 3R 9d) i g1 § 9gd HH 8, B! I09 Tt & fomifed &1 goh
& qen yhfa o Suete T €1 wreliten, SR At stfufwast o swpfas w9 9
e foRar S ekt 2

SETEXUT 13.4 &190 & ® 225U &1, a2 o faw s1f-31g 4.5 x10° 9 2

T

3<3gUT 13.4

25U o 1 g T i UfREd 22

T,, =4.5%x10%y
= 45x10°y x 3.16 x 10”"s/y
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=1.42 x 10"s
fopedt TNt o 1 kmol & STEMIS! T&AT o sReX AT & 21 37d: 1g,

- . 0 =8
28 ¥ qEAE w e, 2128 kmol X 6.025 x 10% THTY]/kmol

=25.3 x 102 2l
- & R T,
R =N

_ 0693, _ 0.693x25.3x10*°
T, 1.42x10"

1/2

=1.23x 10*s™
=1.23 x 10* Bq

ISTEIOT 13.5 B-&F g, Tefeam i eef-a1g 12.5 = €1 25 o &% 35
IrEfead o U T 1 foha o9 sAfersfed wm?

T AR o STIER 12.5 94 918 IEfCaH o T & Yo AN S 3T
12.5 98 H 39 19 H1 R e AR L4 SN STA: 25 Wi 9% IS
Trsfem o fordlt T 1 vasAfaEfed 9 @

13.6.2 UTWHI-8T

25U &1 24Th | 19 UeWI-&F &1 Th Jofad S0 €1 39 Iikhan o difcam
Aifae (fHe ) ScAfSfd 2l 7:

238y, WATH + ‘e (13.19)
Uowl-&F H, Icafed famedst M &1 geaqH-Hea & 8H o qa A9 i
T H 4 HH Tl T TN WA FHIH 2 HA BN ¢ WA R 9w Aifve AX
% fomes A Aty | SO F TH FHR FHR FW €

2X - 4Y + SHe (13.20)
TS o S-Sl Gogedd Heel [T, (13.6)] 991 Sl S0 ¥ I8 o 7
o U9 @a: &9 had &9 IRl R F FATH IRITER TR o FF9H 9 FH
T I feofd & &) Hag €1 5o § I8 o’ SRl i A ol o &9 H STadid
B 1 A S Y Y A J e S wehar @ fF 2%Th qen He
F1 Fel 5AGE I G 2BU % g T FH B 2

YRR S-S T &9 IRl i Fod FAHH-SHl hl A 59 Ifehar &1
Q-FF YA a5 FHoif headl ¢l Tow-a |

Q=(m,-m,-m,)c’ (13.21)

Tl 1 I8 UM 39 Uk § Sd e s Sl AU SRI T Fed TSt Sl
(A% Rfgr Tfaes X fer @) off @1 wrea: e somed i (99 fw
Uew-84) o faw @ > 01
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331801 13.6

ISTEOT 13.6 © FAffad W] germH Ky T
28y = 238.05079 u  ‘He= 4.00260 u
234Th =234.04363u 'H= 1.00783 u

27pa = 237.05121 u

TET el Pa @ WietfRf=m (2 = 91) 7 % fau 2
(@) %50 o o-& | IS Fei aRewfod sl
(b) =wizy for 25U Tor: Wi Scdsi T8l T Hehdll

™
(@) 25U 1 TehT-& HIHO (13.20) o STIHR 2l 1 30 Wfshan § Scfsid S

9
& fau 9= 2
9 = (my - my, - my) c®
e H XU T e SWied ¥ H ufaeenfud & W,
Q = (238.05079 — 234.04363 — 4.00260)u X ¢
= (0.00456 u) c*

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

(b) oK 225U | U e 1 Toa: SoaSiA Bl € dl §E-UieRal 39 R ferdi-
2°U > 2Pa + IH
afg @18 wfsran Hwa & @ 39k faw,
= (mU_ Mg, — mH) c?
= (238.05079 - 237.05121 — 1.00783) u X c?
= (- 0.00825 u) c?

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

8] Ufswan &1 Q, TR, RUTHS ©; 37d: SHHT &d: &fdd g Hval e 7l
238y ek W Tk Wi Scafsid e o fole e g6h 7.68 MeV Sfl U&H
HET BEA

13.6.3 SeT-9

der-a o forelt e 9 T Soiged (p—&d) 19l T diteigd (BF—&™) o
Tod: S Bl €1 B—& qel B8 oh W Seedvl e R

PP S+e +v (13.22)
*Na -2 Na+e'+v (13.23)

F e Tl (13.14) @ (13.15) o FER & ¢, Ted f 98 wnife Tt &1 w0
Tkt foF B W e S S TR 39 B e-aTy (7,,) © R S e
21 S & foIy, SWiek el o forg ered-eng wHw: 14.3 f&q @en 2.6 99 @)
B—& T Tl o Scds o T & Teh TASfA (7 ) 1 off ScdoiA eiar &1 qe
B &/ ¥ Ui & WY Yl (v) F1 SsH Bl 2l FfeA seiae H o |
Igd Y FAAM (F9Ed: ) de SEERE FU e B 3 3T HUN o W ke
efior eI fomen e €1 A form foran ford ol oY wga o<t wEn (gedht o)

TR FR Gohd &1 T HRO1 ¢ T TR Y= 9gd *feq 2l

2022-23



iR

B—den B3l € & W SoHHE W@ A el Sgad! ©1 p-erd W AR 1 TR
FH% 7, 1 Aferh 8 Sl €, Seifeh pr—&r@ § 1 %7 81 5l €1 p—erd § g AAH
iR =2 1 W § S 2

n->p+te+y (13.24)

SrEfeh Br-a W W 1 g2 T TRl Bl 7:

pon+e+7y (13.25)
W 1 S2WA, FgH % 5o ¥ FH ¥, o W e
=R H &9 [T (13.25)] e A9 o H d qIEE, B
Sfeh =2 T Yo W &9 qod e § off Hag € [w.
(13.24)]1

A4

E = 1.17 MeV

13.6.4 TMHT-&A
WA o THM, AMwe § off fafa= el wWoEn -

v

E = 1.33 MeV

TSNS STeTET T STSId STaeed| BTelifeh g7eh Sl oh
el H ercafies fafa=rar Bt 81 suHiveess e S

60
28

Ni

FIAA eV 1 Bl 8, ST At S Tl § Soe . my 150 o0 s 5 fio a F gefie

3 MeV o HITCHM 1 BT 81 S IS SAfetd A T

Iofera steren e SRl staEen § G e @ q
TR o ST STl T o 3TaT o THM ol ol IS ScdrSid il 2| Tel TH-&T
FEAM T T8 FS (MeV), FOR X0 o IREX § w7 qUH oo fafeson 9
Hefd gt 2l

MG fRet T TR0 1 I, UewhT 21eaT dier-e | foeest e &
IS eTareen | @A 1 e H el B Safed Ak e staeen o o
iRl ° Tk B AYAT U 9 3Ifesh HieHl (FHAR HHTU i Faw H) &1
IS H &1 1.17 MeV qell 1.33 MeV (il w1 7M1 fheoll o shHar Seasi &l
G 3T 0Co IS oF B—&1d BRI oo Ni Aifeh ¥ &fd 8 &1 ufshan o
ek gia 2l

13.7 YR et

o 13.1 H <9l Q 9fq =ferasiy su-Ssi E, 9% H A =30 T8 A= 170 % &=
T e R 9 T 9 9T H U Ffrcasi S-Sl o1 3T (8.0MeV) &1 Tfeh
fehi, A> 30, 91t 9N T A AR, A > 170, 90 901 §, ST €9 T & <@
I €, U fAsiia S-Sl 8.0 MeV ¥ FH 71 A S-St eifers &1 o 39 s
o S8 A %1 ol SAEM FH BN IRUTHEIEY A HE HH hed deH-Sell
e Afgen fRet s1fen Sv-Set ATl AR | ®WdRd 8l 9 el el [oaged srf
et o T o < W 9 sifesk AreAtyw somE wel (fowed) i goeh
frehi 1 foRet Wt ek o Teom (For) i Ui § U@ @ e B

HIe Tel Yiferad S8 qRafies Sl Fidl o ot verEfte sAfafEmard g 2
T8l fomer B aTell o1 oo diee shi whife &1 Bl €1 Sefeh fondl Tifeni
Ui W, MeV HIfe 1 o1l fage gl €1 e1d: 5o 1 99 91 o fore, Tt
il kT STURN AR Gid el T Sl foe Wi 81 SEeNl o fo, 1 kg
e o foded § T 10" Sl e it €, S 1 kg Fiae o @7 ¥ 107J
Foll 9T et 2l
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13.7.1 fa@sA

Wpfaew feafad e@l o oreter TRl W AMUEHE FON WG WeH, =2,
UEHT U7 317 o TR 9§ BH aTell A9k g Sferanedi T e &4 9§ 98 GHeAmd o)
2l

fageT T Heeaqul =ggH- TfawTa gfwman 21 foee o SIev: 59 fRdt
frEm FEEfer 2Py W= 9 TeR Ul Sl § dl 9 3 HeAties 5eauH are

92

st el o fowfed & s @

iN+’U 23U 5 Ba +5 Kr + 3)n (13.26)
7t oo o e gormm o ARl o faer g oft S el TR €
in+ 50U - B°U - PSb+ YNb+4in (13.27)
Teh 3T SR R

in+2°U - Xe + 2Sr+2;n (13.28)

3 forafed saue Weanifaea Afuss g & iR 319 9 a% B-ord w1 %A <edl
wdl & 59 7 foh oid § Tl we ww | el W)

R S8 T a5t foaea sifafran o fdaa ot (Q -wm) wfa fawfea ifus
200 MeV &1 Hife HT Bt T THRT Tk 0 fefed & 2
; T foh T AE FTA=240T IR T8 A=120F T Tei ¥ faafed g
| T

A = 240 If9® & fau E, @9 7.6 MeV © (fo 13.1 @)1

A =120 9 faefed T o faw E, @9 8.5 MeV 2

- Ufq feermia S-Sl #t Al T 0.9 MeV €l

3TA: SeA-Soll § ol Afed 240%0.9 12061 216 MeV 2l

fogea =t weistl i fase el 9l sE-3cRl d =gl i Tfast HSi b
w9 ¥ GaAfad gl §1 3d o 98 STHUM o Fo4 i SN St oAl o &9 o
ufRkfora & St @1 At a Ruged o Afusa fagsd e 9 faga SccA g 2
] 59 H e g el g St sttt e fagied 9 €@ Sa el 8
T S | B9 s foar @ 77 ==t 31 fF Tt Ruae 59 w5 w5 2

13.7.2 Arfehta RuaeT

iRl (13.26) @ (13.28) o dfvfa foae @ ws eifa wecqol g wdid e 2
fageT fan o ww sifafied =g +1 sa@fq et €1 ufa e fageT o sima
2.5 =2 1 Scafa et 21 T8 Uk U € Fifer pw foraed et | 2 =gt
AN FD T 3 A H1 3 2t 21 3 tfafied =g o foraea fpanet &t e
F Ghd € a1 IR off eiferer =g 1 St e Hehdl 21 Y Uk g@en fafwman
T GEET Tt 1 I8 Taem geyem TR wHt | @ o afg 5 gaen-sifafwan
1 ggfad w9 ¥ FrEfa fF s e e wemdh ot Rl @ ged @)1 i
fuet & =& e 21 A sjEen sifafwan AtEte g S sed foaeet
farmereRTt Setl i et wehddl €, St for forelt fireria =m0 o =i 2

ETeiiten, forelt e eifwfsran i dift e o ok 31 gfaen €, S for 7@l aifvfa

T 7Er 9 T W9 § fR we e (qiE =) 1 e =gl i eten 25U o
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IRA § TRATY] STl FEHH FT JESAT S SH SRR T (1909 — 1966) T g § T o=l Wi
o WY g & TR Tk IRE, Ufieiis Suafsy 9ge vRdE AfeRtd Ruae (70 9196) i &
fmfor o foo 4 3T 1956 ¥ 191 1 Y& Rl sod Hafela Jfam i $e 3R <ot 1 Hawh i @
T TR 7o ol 3Heh 9] 3Ed F€t WAl 1960 H oAl el sfed AU (CIRUS) ol 40 MW oh
39 RuaeX # yrpfas [ S99 1 0@ T 9/ 51 Ao i @ ST fhal 721 o1l o0 TS et
J ga Td yeifirs ek fawm o fafa eef o forga wiy ot diefed foRam i o Ued aF S9Iehi
%1 faftte Iuafemi § ww o 3 # WRel TRIfa S & W wd i, e IR 6 $6e gEdaneA
Ten-iert (U o6 9 oW g9 § 3T fogea Td IeR 1Akt Al i 3Tel aAT) 1 JF 9
foram a1 & S 3 Rusr vty & fau & favw o, S wnfaet @ wfermn, gfvfan 1, 11 e 100), ga T
I SHIHT <91 T Jeel g1 vy Rueet @ fSad U-233 &1 oM &1 @e s&dre fhan 7@ €1 st M
T T ¢ viy-Ruget &1 wafid Sevd s 59 1 7, 9 s fome ud aseiet o fafe vai w
e o for glaen gm0 21 vy Ry fafa= gaeenfiel o sara & ot 9% 9ia € e fafe=
&l — e, ey, it g § swEm €

FEFT F G 2T YE U @ 9% W T F @ % g @ i fawm & fau gifaa w
foryaraa for@ wifem WM &1 ST SR TiHha qehetent o Gt &5 o emeafsl a1 sy 7= & 39k
o gEeTdl 9ol |, WA W WATfUaes @Sl i ggd i S % g, SUH U8 Gohd ot T el qifEe o
JeR i 9gd Hfad €, | 4@ & Wer waiw Aen ® €| 39 IFER € R <9 A Afug v S
I Th A RO H G B ST AN SR Tee =R | Uipfae R Hi SUF o w9 | Td 9/ 5o
1 B & ®Y § Y5 foran S 21 Ruget o eruferse sl gdHifid 7 W I TRifeE-239, TR =0
H e fiueret o $e 1 v el 21 37 Ruaed =i g goier Ruget safee shed @ @bifs g7 S@en gfwan
1 T @ o foT i =gl 1 STANT B ® (37: Hesh i TEvdehdl €l 8idl) IR 3 vifed <4 &
Afafiaa, o e &1 oM Td w1 €, 399 sfusk faueTeia el (wRifEm) & 99 o <9 € e
=R, S SEwIferR Ao o fewe W waifus wewut 7, W i Ioe Ruged o TWHe W Hifa €
S enfam-232 #1 fageTeia ZfPm-233 | seci iR {5 3ok fau faviy w9 9 sAw U wifs goEt
o sedre fhe smi

1eft IRA FTHRT o T TR0 W TSR @ 7 AR iy o SUAn Heeh R =1 ok fow off FRt %
B g1 B I A WS ATEH o Seae| See i, Wit Se Seared, Ruget w1 =, i ue yEe,
A $o GEEEA oNfE, Wivere qenienl W Y Wi e foren 1 gdifed Wi Stet Ruset (PHWRs) S <91
¥ faf= Tl W aFIT T ¥, Teet TROT 1 YUl T Hehd < 1 WRA 16 ST STeedehdl ¥ fush Wi
ST T AR Y T 21 Ruaed &t =1 U geer S o G B forega Tren ey qen dear fafwwon @
TTd Heet g S 1 Gl @ uler, IRdE WRE] S wEwH w1 TEEE 2

v seY ot Tiehet Hehd 2

235 o forgre ® Scufed =g2ia i 3fd Sl 2 MeV @it 81 3 =2 59 7%
o sTeR1 Hed 7 R Sw, e ifwert | foren forw fomn & Rusex § o fve
S ®1 e et | g1 fid et & fau §@en R (chain reaction) @i

AT WA | e ferae uered @ wgd tfush W et Sesdehdl Bl g1 e 455

fagied 1 s wifaerar 21 faged ® fiva g =i o fawe gfwan @ &1 ‘
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Il 1 Ttk =[Sl o WY YA Helg NI Hisd fohan S €1 arkad o, Jefash
o TN A < TR STESISH oh WY Tereel TRkl § g2 e e g W € den
U Soll W g o ot St @1 ge feafa 9dt & S fR et wfqwm st
S Tt i T feoR 9 et o6 el -9 i <den| 31d: Ruaed o, da
Il 1 dfgd w o foru fagea Tl o e goreh Tifvewt [ staves
(moderator) F&d 8] =1 WM a1 Sar &1 94: Y5 B a1l STaHseh <ot 9
S (D,0) T FhTge 21 1 THIY] STHAH %% (BARC), g o o7 fiugex o
THIH o T T ST 1 FA Bl &1 Ve Seured o fofu W wRa o o= fuared
Y oS o ®Y H AR Sl H STAN Bl

3TEHgh oh ITAN oF HRUT, fhdl 'R W et =2l o 51 fa@ed &1 9en
1 39k fusal TR W el =Ml o6 gN fa@edl ol &1 o qel 3T, K &1
M Tk § 2Afersh 2 Hehdl €1 39 3TUM Sl U9 FR% (multiplication factor) F&d
&1 78 Ruaet & =32 1 9fg i 99 21 K = 1, & fog Ruge &1 v9fa o
e & S frer vifem Scare &1 ygfa o fore tfeses 81 K1 91 T 9 stfus
M W foran < qen fugk 1 vfed § =Remieh! (exponentially) 8 H gfg gidt
{1 K1 91 Tk &1 T & 99 7 2H R R sifspifas & S qen Ragex
o faehie ot 81 Hera1 81 T 1986 | IohH o =Hifaer fuaet d gan faehie 39 g@g
e o1 TROT AT € Tob R Ruerex o whig gefe feharl fommemenit &1 wehdl 2|

fopan < Frear chefem S =i stawies: uqid © s+ 759 Tl (control
rods) gR1 T St 21 Foe Sl & eifafea fuaed o ek el st off ga faan
ST €1 37 TeTh 8 ol Sfevdehdl U9 W Rua # i &0 o Kot w efsm
¥ wh W HA fma ST Hewar 2

rhfdR &9 H TR S A F1EE H g9 2By geenfie s-faged g

21 51 3 fohdl =127 1 W& (capture) BT B, A1 Tedd Aeanifeed Ry &
Iaared 9= foranedi 9 e e

238 239 239 - -
» Utn > U "Npte +v

BINp = 2Pu+e +Vv (13.29)

It | T =gl o TeR § foeed @ gehar @1 fad 13.5 | e =
forge W enenfia foret Tt Rueaet o1 wefia g <eien v 21 fuge =1
i AT forae 1 &5 B 30 SUge WY gC ®9 H o dcl wd 1 T8 $o,

Whfeh €9 H U ST ofel I i sTuen XU | ge wgd R ot 8 gk
21 wie § =gl &I 7T H o T A (moderator) ol &0 T R H T TeA
(leakage) %! Ak o fAU shie Tk Weadsh (reflector) ¥ fordt et 21 wsh @qfera
et R fa@isd & Fenelt ot (SoAT) i TR gemn s 21 forafea eatfea
I o TAT i Yok o fAT a1 o1 i B 1 56 W oFereen 9 giiehen fafereol
H1 IR 7 T T ok AT Th wed F STAN foRar S @1 =g % ey w5y
Ied Al aTelt Bl (S foh hsfiaw 1 s) % ST 9§ Ruget & &g fea o
Hehdl 21 Ydeieh ¥ ISHT Ush SN 558 o1 ARG ol St 7 foag fof wm
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; _\ aedsh —p
¥ > oafed & 9
\RREED ; I YRads
= << e (A )
qigw 9
Sl
4—

forg 13.5 a1dE =2 fa@ed W enaia e Afaeta Ruee i Weflea T

1 SCUIE Bl ©1 TH 919 Y Az 1 SR TR Scare g g1 frdlt v wifem
fuet &1 wifa & TisE Regt ¥ et 9on § frgs Sae fead €1 W
fghta FRefwl oF Feor & faeim e < =i © e 3 eanifaea qon
TR Bid &1 RUsRT o Hemer, $9eh W@-T@me a9 o4fd $e o foe foreqa
g gy ford Wd ®1 WRdE W] el whEwd W oA gien yew fafire €
feartfaea il 1 =0 Aiwa qen Teysial geai § gidfdd 3 i Hqreme
o e1ee o foru weh Sqfea e e o fae W % = @l el

13.7.3 ATHRT HATT-aRi o st S

o= 13.1 o <witan o SeF-gst ae 7 off <uiar € foF Afg <1 gores ek et
Teh 3TURTRA el IR oG df Seil Fe it 81 39 Hiehan i 11T Goraa
FEd €1 39 We H Foll fad=e Afufmaet & F2 Sqew 9 kg R

'H+!H—2H+e" + v+ 0.42 MeV [13.29(a)]
H+2H— SHe+ n+ 3.27 MeV [13.29(b)]
H+2H — 3H+ !H+ 4.03 MeV [13.29(c)]

Afuafsrar 13.29 (a) ¥ T W fraeR T gg2iH Td U difae[ aA € 31k 39
TR H 0.42 MeV St fherdt 21 eifaferan 13.29 (b) H < 532 faetant diferm
T TAh] FHENR S €1 2AffRar 13.29 (o) W & 532 fHae % difean wd
Teh W A1 8| o o for < ikt b1 gae eiferen O ST stavaes © e
o S7op e STRftid Y- TEE YR S wE HY Heh| BIeillh QHI AR
YTCHeR ST B, 37d: Soh o9 el Wiqendol BTN o7d: S0 helld S7aiel IR
FH ok fou ufaq o et Tewas €1 39 holid STaid i HaE el U
sr=I=IfeRan A AifeRl ) Breeedl W faelt el ®1 SR & fon, g' emar 9
T S Hehel ® T < Wil o fU 9% STaRUgan (barrier height) @IS 400
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keV B 31fereh STIeemdt Afeen o forq sreriergimar X off etfuss enit fret wefa
T | el gR HATH ST Fl IR F o fau gafe S 3x10° K a9 W 9w
B Tkl &1 TH 19 1 UReheH, 93 (3/2)k T= K K% 91 400 keV @ T
fopa ST Hema 21

Fsll i ITANT A 30— i o fog Tf9ea Herad Ta-5e4 § 81 =1eul
SRl 99 59 o1 1 € Toh §o4 1 19 el qeh oG ST 5d ok [ THoh 0l
A 31O AT TG oF HROT, Shelld STERIY i UR 7 R S| 39 URRAT HT a9
TIHT Gora whed B

AR o 3fd: qeel | ol ol o1 Gia @ A9hig Here €1 gd o IS ol ard
AT 1.5 x107 K €, S fo 3 it oF kol o Gorad o foru staesh erqmif
A9 FET FH T Ted: GE § S el Gorgd ufwae § ofdd Seiet ¥ 9ga
Aferh Sl ol FieH 9 o

3Td: 9 AIRTT TAg oIgd S=d a9 T <6 W & 81 Fehl 7 R a9 T e
F1 U feafaal dhaa ak o ST ¥ & Iuers §) Al ¥ S S Ao
TATE o A @ & e 2l

T o g9 Al Taad sifufwa T e ufwar @ e wrgen dfaay §
TSt 21 37d: Gd o hie | eReiSH o 21 Jieiq-912i7 (p - p) = TG gRI 78
wfed e €, Frefafea sifufswanet o aq==a g =oe fohan s dena 1

H+!H—2H+ e +v+0.42 MeV (i)
e"+e = y+y+1.02 MeV (ii)
H+{H — 3He+ y+ 5.49 MeV (i)
SH +5H —iHe+ !H+ H+ 12.86 MeV  (iv) (13.30)

el srfafwan 9 o fau =g sTevas @ foF geell b sfufward <-< o) &
3R 39 YR € Boioh Sifera Afeh fHerert W gifesm &1 Teh A1 aqd| 3R
T 2(1) + 2(ii) + 2(iii) +(iv) W foar & @ Fa@ g ghm,

4 H+2e — j;He+2v+6y+26.7MeV

A (4 H+4e ) — (3He+2e7)+2v+6y+26.7 MeV (13.31)

d: IR TEGeH WA AR TH iHe WHIY] TAW © iR W uhRA H
26.7 MeV Feil s Bt 2

frelt dR o ofd: Yol W ohow dlferaw w1 € Fefo T g S-S e o
BTEgoH (e o o<l ) %W Bl 8, IS 31 B odl 81 T8 a1 379 Tocd
o HN1 Hepfad Bl € fSEd His &1 a9 9¢ a1 €1 478 %hig & a9 10°K d%
¢ S @ Fodd &t foRal IA: 8 i, W 36 9 gifaem wed ¥ qiafdd gefl
TH YR 1 Uihdl § Herdd R 98 S| GE&A del el shl S 81 Hehell 1 T
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iR

-t gk (fa 13.1) o 3id R feug 9t qai o1 o 5@ ufean 9 =5 &
el

Td HT AR AT 5x10° I T 9 Ig IFHH M S 7 R g Rl IR 5
IR T % T W ok AT ST TSN ST 8| STk I, TISgIer
S Tk QT qe G 3T B TR THE G ST e o R Heprad s ol
a8 g 1 wie 1 qI9 93T 399 I 1 a_Y AR e o fad gd T
ofle? ]9 (red giant) T uftafda & ST

% A A o foeed § o 0.9x235 MeV (=200 MeV) el fage &l 8, afg
A 50 kg 25U 1 Y Af9eh fa@fed g1 Sme @ @ 4 x 10'°J el 3cq= 8| 98 i
20,000 & TNT o HHqed © Sl Th Wl faehie & fau gafw 21 o€l o o Aifeshia i &
sAfafa frdsa T faehie weaar 21 6 3TRd 1945 &1 g5 H Ugcl SR Uk W] I s
STAT fRan T SRR 3 ST o ¥ felii W T ] 96 R fasmie 20,000
TNT o 9Aqed ol feAtfeea IRl 4 T & ¥ 3,43,000 fanfai amet sex o 10 &
forariex & &1 = & A 0 66,000 T T, 69,000 FA T, IEL &1 67% § AH
ARG G89-TeH Bl TE|

Yo sfufswane o fou savas 3=9 a9 fawed 99 g 3= fHan S 9l 21 1954
H 10 B 24 TNT &1 forhicsd &oal o HAqed Helashie &1 gieo fea = 3 aq =
BIESISH oh WHEATh!, SR Ud difean 1 G eidl 8, egiSH o8 Hgard 8| GH /Ml
Tl € feh ga wifsraamredt AfeRTa sfemR ety % fgw 70 ® S 7es T 92 g6 W HE aR
geet @ Sfted 1 G B Ghd B | QH iR faead | 9 fath gest w1 adue sfted 7wl
ST, sfesh 9 eamnifaea omufite H et g o foau ot gest WX Sfeq v g 7@ @R
27| Hgifie TS % SHR W S IREYE YRS ST ¢ SHeE! UNR (prediction) 7 @ R
Teh el AT TiTd 7 9IRS € S it Aearifaea sfyre aed w1 @ agHed ¥ adt

AR gd | geoft &1 AR o aret et fafezon 1 srawnfua #X )

13.7.4 THafad a iens 9oas

forelt aR ® B et arg-A1THeh i fshal 1 a0l Tah arq-Anaehia giaa 9§ fomean
St B1 ot i domm Rueet o1 Sega ifqest™ €M &l 10°K 99 o e o
TR Y T W S hTT BT €1 $H 919 W SU eFTcHeh ST qe gersril
(=) 1 T B 21 <fer 39 99 i S @ o Tt i a5 Sueted e
®, 37d: T 19 I SHE @ Tk AT &1 9Rd Gfed foava o ¢ <91 39 gay o
el o fashrd o garRa €1 31 FAE o %t gF W, Gre § fah dorr o
AN & T A wfea IgH T "
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3IreYor 13.7

30T 13.7 Tefafad 9o o SW <ifee ¢

(a)

(b)

(c)

T

(a)

(b)

(c)

1 AR sfafwaet o S (S fe 9 13,7 § e ®) et
TR (3@ & AU 2H, + 0, 2 H,0) % &9 | Hqfea &2 4 7 ai
fre 9 ¥ A1 3R TRl Hgfera gl

Tferta stfuafwan § fFe TR Seq9M, S | (31 THH Serel) aeeldl 272
T fomR & fof haa e e o & somm-Set U g H 95e S Hehd
T Safr Tt e § 9 w9t 7 g 21 98 we S @1 HHEE)

fordt Tt stfafsan & Sqfaa s &1 feufd ® fo stffsran o Fefientor o
Tl AR Tl del o TRATS w1 GEn guE g 21 e wamafis et
¥ WE % go1 GASH H e G g 81 W] R Afaerta sifafear o
Aeiaeor o & Tehdl B 37 e AR o Yok dc o WA i e
T TR BT Tavaw T | i, s sttt | wieH den =g
Tl i GEAT Yok ®Y § G el €1 [arEdd |, iush Sl o uRHsd
¥ =g o ot gfed g T8t ?1 o%qd: Sl e 9o oot ‘St e’
Giferd Ted €1 70 30 fawg W gl o iR fomR =&l S ] et sifufmane
[ foh Gefiehtor (13.26) ] H WHIHT0 o QT 3R FieiHl 1 TEamd qen =52t
1 e gus-goE 9 H g9E

TH S ® b A 1 SeF-Sll o1 AT oh SoA0M § FUMcash ANRH
(soTmm &fd) g €1 =i foreht skt sifufsran & wieir qon =2t < 6
TeAd wRierd @t ¥, o7 Afafwan o M AR =g qen Wi 1 Fa fawm
FA9H (rest mass) THH Bl €1 Ry frelt ifaerta siffemean § o 31k &
T AT el SeA-Sol ATATHAT b SR A ok AT9ehT 1 opel FLF-Fsll b
T B 9 T {1 T Se-SefieAl 1 e’ AfewTg Ifafwa § st
B areft st Fehe arelt St oh ®9 H Yehe Fia1 €1 Stk S-Sl goaHH
¥ NTEH <l €, 7: € hed € foh fehdl feRTa iffrer o < @A ok et
FoAAMl 1 SR ol o €9 § IR & Sar € (A 5ok famdid St el
SHUF o SR % &9 § gRafdd e S ?1)1 3 w9 H v sifafma
SEHHM-SST o 3 EARl 1 Teh S

FEAM-S9l oh A FAAT i g 9, Tagiaa: T qaEfens sifafhnan Tifvent=
sAffenan & gued 21 frdt Tamafe sifafwar § sreenfyd sreen ferer oreft
Tt stfuafsran o6 ST STR oF AT qen SsTust i yEmfe (At )
T el oh AR 1 T HIA 1 Hleh TUETTE S-St o fRe wmy
o] S10] o el FeAHH | FUNCH A (SHHE- &) i g9l €, gaferg
& forshd Frehrer erd € fon fondlt et erffspan o <A @Ik o weemopedt qen
U o el TAAMT 1 AR Foll o ®Y W YRafdd el STl € A1 ol ohed
FAM o R o ®Y H URAfdd gl gEifae ® St €1 i, R
Tt AfafsRar ¥ Ford s &fadl s aREmnn i fme ° e
FeAHM efael 1 ol | e @@ A1 B el 21 W 9§ A€ Gron @
foF Ty B T (S W W@ ¥) TR R vemfie sfufwar § @R
SHAM-Soll T SIdEqRT &l sial
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QT

. Y% TRA] § Uk A el €1 AR dFefiE g @) e w1 e

] B @ 10* T B Bl ¥ TRA] HT 99.9% W AT FoAHE
sk ® gifed g 21
TS o TR R KA, W] SHAM SHEA (u) T Y S &) gRer
o STIER 1 TTHIY] SHM 308 (1u), '2C o T TWAIY] & S99 o6 1/123
T o S Bl 2
lu=1.660563 x 102" kg
faer & Tk FRER w01 2l 8 o =32 Fed 1 THRT SEHM T S
& i ? A WA
fehell dc <h1 TRAY] G 239 A o WA AR | Wi it g et )
M G&AT A, THIUeR e § Ui T =Jgii shi el Sl o ave gl
?; A=Z+N: T8 NI | faemE gl #1 gen fide s 2
T AR FSI 96 Tk =FAEs (nuclide) F1 2 X G o9 &% 2,
S X 39 TEEfh gita w1 Gohd 2l
UM 9] §&A Z, T fafa= =2 9@ N o <JFiEe Tae7e heard
g1 3 =aEe fSieh felt SeaM Ge A 1 HF 9UH & gaEikes qe o feeh
T =2 9= N# 9F 99 gEgeied head ©
AR qed &1 1 3ifereh EeIieRl o AT B &) dod W1 IHIY] e
SHeh GHEIehT ok ST sh1 7R A7E Bl B1 Vel WR W At qreitent
T Fe Tgerd 9 R
THF I MAHR AR ITH! T B FeifRa &1 1 Fehel 81 goie
TehIU TN o STHR TR AR h1 a1 1 i ST ehell €1 T8 T T §
fep fent st foeen Treforiad g 9 = et
R=R A"
el R, =T Fadish = 1.2 fm. 78 <@ € foh ek 1 o A R fsfk 7
T 3R TE 107 kg/m> 1 I 1 il 2l
Ak o AR =P T qeH Ted WE o AW ael gR 99 2 2l
Teehta 9a =Jgi[ Td gieq # fasdg 7w
AHTT SEH M EHel S0 STaFdl o el oAHH L ¥ HH 2l 81 AR
3R TGk FITdl o FAUHl T R FoFAH T heam B
AM=(Zm,+(A-2m)-M
HEHTE 1 FTHAN-Sel H51d E = m ¢’ 39 §FAF AW &l sl o &9
¥ T YR I hl €
AE, = AM ¢*
ol AE, T4 &1 G- weand 81 A= 30 ¥ Wh A = 170 F9H
e o T W i =i S-Sl w1 7 o fEd €1 98 a8
MeV ufd =i 21
TRt wfraet @ et e qEEts gferansti &1 qaT ¥ e 39 ara
T fuss gt 2
el Tifrepta wfswan &1 @-wH @

Q = 3iffm wfast St — URfYe wifas <=t
TSIl GETUT & HR, e Thd ¢ Th

Q = (IR A ST AN - A\ SHAET HT A A

fednifaeeda o ufteeT & foed & T woifa o e, o 9 g y et
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Iafeld ek TUARE e STl &, STl o-foreol diferm & ifie €; p-fereol
ToR € qe y-fRtel X-freol, § off o e & fae gae A 2

11. feanfaea e=a &1 F98 2: N () = NO) e
TE 2 ek steren famed feert® 21 forsht eamfas &1 ed-amg (T, ,,) 98
T ¢ TSEH Sh1 el W@ NSh! URIWeh W w1 et @ St @1 S
Yt THA § e N oo YR 7E 1 e U 9 @ S 2
Tl/2=ln—2=rln2

12. 59 W Sad1 § dfud A S e § ardd AT | aRafid g € dt
Foil forger et 21 forgea o wh 9t e <1 oI wel § fasfsa g s
7 SeEnd, 2550U+in -1 S+ % Nb+ 4ln

13. Tg q2 ok fawied | foa =2 795 a1 € Sud 1ferd S B ©, e
SAfaferan w1 FHEAT TS AT T ST UiRAT W G B el IAF 2,
U forgie 1 YRY Hidl g1 AHwE 99 faehie # sifEta gaen sifafma
oSt @ et ?1 TfreRTg Ruget § 78 fefa 1o fer )« W @1 Ruge §
22 gfg TOF K FT AR 1 SHE @S 2

14. Tg7 H gorch ATk faer? Tk e Aifsh A §1 g8 afed @ o |
BIESIST TMHeh! o1 Eiferm el § Horam S 1 9 2l

siferer TwidT YeteR fammd TR
u

5!
S
Bq

feoroit
foemoita faw=
1. e %o 1 S ATHeh o Qgs W ¥R T hidl 1 0AT] SeAHH S
9 fra9 1 ared @1

2. TR YHIUH g1 HG 1 TE AIHE i B 1 HE UehT O GRIUH o
462 SR T Y TS B W e e arn e 81 U gt ©, i, e
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10.

11.

Weh 01 ek ok STTaY foaeor § gifad giar @ Safeh Yot o1 3K 3§ o9
3 HUT AMHH Fo9 | FIied Bl

3MEETEA §RI S99 TF Soll &1 FUGEIdl E = mc? I&feid fhT 99 & 918 o190
TH SAYE WU TS el WAV % gUek Rl w1 A A8l R, 9
FEAHM-Soll L&V o Ueh Uehiehd (198 o1 o1d shd &1 Wehid o =1e am awqa:
T € AU ST Tvere=ia A0 AfWehtd Hifdehl | W Sl 81 FeAHH e
Sl i GAgeadl o oM, AT ST U9 39eh Wi §id oh €9 § ST
1 SR 2| TE 2 1 SUAN wien, TRE AW wiwa (e sreren
SfAfRaT) o Q-FH I YR T8 3iqH SmHi o Ue) T o9 el S Tl 2
(ufd feerai) SeF-Foll g k1 UHfa Je @i © foh SwmEd At
Affemand Hue € S <1 etk AHeh| o Tordd | o1 Teh R ek o HIeAeh
T ATl |1 A9l o faged § <@t S Fehdl 2l

Herdd o foTe geteh Afen] H 9 YR et gl d1feq difh o el faad
Ferel 1 IR Y Hoh| FE HRO 8 o Geror o faw e1cg=d a9 1 STevashdl
Bt R

TEfy (i i) duq-Soil o Gad © R sod o+ & ufkeds s
? W TH “He, '°0 1% =Jereiisel & forw R 8 €1 9 TRA] 1 @@
& e W off Sl ST T TR 1 Y= JET S

&M 2 o goreRA-ifsIgi Teh hUI-Tiehtl 97 81 ek SoTH ThEHH &
Tk ORI o IRl THE W faadia geHfa o e €1 (T qE T R R
Sd TH TS T U Ui Uk WY AW €l UH-SE ol fereli
(annihilation) X A & R y-forwul B & ®9 § Sl I8H FW 2
o1 (TR SE) W Sl oh WY Scafsid B el S G-l
(v 21 5Ees foudia *-em (Wife Seasi) § =il (v) S g €1 =i
T G-I F T FU-UET I S 8 THA °§ FSw 0 H T
SieroT B 21 d9 TA-de S 9ief[ 1 faehen €, 0 B =ew?

T ol 2 ST €A € (n— p+e +v)| Ry, TH e ¥ G Wi
1 &F T TE T1 TH B BT FRV T8 § R W 1 5HHE =g o 5oHE
1 g § el w9 g 2l

W UethT A Sfiel Seasie o 1S 7T Sesi eidl €1 T HIe Scafsid shich
HIE ATk SEIfad (Touan) Sferee § et sfereen o eftedr 81 UethT 37efen
w121 IS o UTE IS AR SeIfid STaee § @ Fehdl 81 Th &1 e
Y (i for ot 13.4 W <9 71T ONi o Fertor H) T FRLOl o1 HHER ScisH 39
1 o1 T FA ¢ fom ARt | off weAmE 1 € e fafae St W g 2
e Ak o ST 1 T 71 Teioh e | Tifa o fere =g
Wil T WA 1 STA I 1:1 BT =Ifeq| AR AIeRi o w=faE o fod g
ST 3:2 B e (WA oF el T aiel Hfehyul oF T o R o fag
Hferen =g ol STTeR@ehdl BF 1) 37 Tl ST ol 1 W& et ek STl Bl
1 1 AeRT § 2T e Ui T siferhar Bt ¥1 o H, (Tl dell o) W
GEELEhi o | ST 10% & TRl 21 =1 7iWeh S0 ®9 § WEremen 3 s
S € (3 T AR el W o, p, d, n 3T 371 Ui o TE GRS ST
B1) | STl woEenen fava # ugel o w@rietd Sl | ot sreeiehd o S €
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13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

™
AN o YT TA i § FEAfAfEa eihe eueh fau syanh fag &
e = 1.6x107'°C N =6.023x10% 9fa i
1/(4ne,) =9x10° N m*/C” k =1.381x10>°J K"
1 MeV = 1.6x107'%J 1 u=931.5 MeV/c?
1 year = 3.154%x10” s
m, = 1.007825 u m_ = 1.008665 u
m(4He) = 4.002603 u m_ = 0.000548 u

(a) wfiferzm o g1 Tl THEnfhl SLi T JLi 1 Sgerdl sl Giaed sHe: 7.5
T 92.5 71 3 GERAIFRI o FHEE %A 6.01512 u TE 7.01600 u &
ofifersd 1 ITATY] A F1G i)

(b) = = = Tl Tt OB Ud ['B 81 ST 59ME %89 10.01294 u
TS 11.00931 u T SR 1 WA R 10.811 u 1 1°B T L' B T agern
d it

it o < Tl geenten] i Sger %A 90.51%, 0.27% Td 9.22% =

T GHEhT o TRHIY] S| A 19.99 u, 20.99 u W& 21.99 u €1 FaH

1 SiEd THY] FAEM 1 Hife)

g AM9E ('2N) 1 dHA-Fsl MeV | 1@ H1NT¢ m =14.00307 u

frfafad siiwsi o MR | °Fe Td 200Bi 9! %! deq-Fsit MeV W 3

HINT m (5$Fe) = 55.934939 u m (2Bi) = 208.980388 u

T fRU U fach 1 59 3.0 g T1 S Sl w1 O] KIS S 39 Fqeeh ok

it =il TS Wi Rl TH-GI Y T I o T avash | Sl & fau

A e 7 faew ofa: $cu wEmEt w1 s ® (Scu w1 gemE =

62.92960 u)|

Frefafed & fau Tifverra aie fafen :
() 2°Ra 1 o-& (i) 2°Pu &1 a-&F
(iii) 2P f-& (iv) 2°Bi &1 f-&F
v) ['C1 pr-&d (vi) 92 Tc =1 f'-&a

(vi) 20Xe 1 Sl AR

ok Aeanifaea guene w1 erufy Tad B fhad wHa % 9% @l U,
YRS Ufeeadl &1 (a) 3.125% T (b) 1% @ ST

Shiferd hTege 5o i AT Ufaeadl, Uid UM h1ed o fau 15 &= ufd fiaee
1 77 Ufsreeran, Tl et 1AC % - ey uE H faee fedfia
"2C % HR A T S F GG B W AR & @Y 38! == e (S
I Hferd fereerdl &1 &Y Wl ©) THTE B S 2, def $heh! Ufsredr Y
B & B S Rl 'AC T S tefg (5730 a) SR A T A T Ufsea
o YR W HHT TlTehe 3117 1 TUMT 1 S Tehell &1 7T qAIaedl T | e
B At '4C FweERY (dating) TSfa #1 fasid 21 9w AR fF Hiesie
ﬁwﬁ@rwﬁﬁ&ﬁe&m9 & wid foee wfd o el 21 ey =t g
[iehe 3 T AThE hiterT|
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13.9

13.10
13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

R

8.0 mCi Hfshaar 1 eArtfored &ia 9 & & foy SoCo 1 fohat @i 1
eI 2?7 S9Co &1 @14ig 5.3 ad 2

%0Sr &1 1ufg 28 o ¥ W THENF & 15 mg HI e ) 1 22

Tl o FHERR 197 Au T T o FEeie 107 Ag i AR e o ST
%1 Hi=Tehe [ F1d i)

(a) 26Ra T (b) 22°Rn T4 & -8 H SfSA o-F01 1 Q-AF Td il
Sell FIA i
feam €:m (2°Ra) = 226.02540 u, m (22Rn) = 222.01750 u,

m (2°Rn) = 220.01137 u, m (21°Po) = 216.00189 u.

Hedgaazs 1'C &1 @ fefafga gHiw & S ERr B €,

6 C—of Bte'+v: T,,=20.3 min

Ieatsta Wil 1 Aferehan Sl 0.960 MeV 21 Seqd Ml o fefataa |
few m &

m(z'C)=11.011434 u 9 m (y'B) = 11.009305 u,

Q-9 T AT RIS TF IcafSId difsrer i Afeehad Sl o6 1 W 39! gl
Fifsal

25Ne o1 TR, B~ STHSIA o T &1 21 €1 39 B4 o fore e fafen
R Scafofd SeraAl i stfehad s St 1 RN m (2 Ne) = 22.994466 u
u; m(¥Na) = 22.989770 u,

fordt iyt Afafear A+ b —» C + d &1 Q-AF F=fafad gt g/
gRefia B €,

Q=[m,+m,-m.-mJ]c®

el f&u T gerE, Afushia oM %o (rest mass) B KU U sfiskEl &
YR T a1y T Fefafed sfafEard Semad § a1 S

() JH+'H —»? H+H

(ii) ©2C+’C -7 Ne+;He

fRU U TRE] SoHUE 39 YR €

m (?H) = 2.014102 u

m (®H) = 3.016049 u

m (12¢C) = 12.000000 u

m (2Ne) = 19.992439 u

A o6 &1 SSFe ATWeh oF < WA staFel 28 Al § foraed W forem =31 s Sl
1 gftc § Ig faged 9d 22 39 YA %1 QA Hd Hich I qeh F&d i
@ ® : m (®Fe) = 55.93494 u T m (2 Al) = 27.98191 u

239pyy ok foraed 1 wgd % 220U @ fuerd-sod €1 wfa fagie foqea siraa

94 92

St 180 MeV 1 3R 1 kg U 29Pu o @+t ] fawfed &f af et MeV
Fell foge gf?
feFE 1000 MW forees fruser o a8 $em &1 5.00 o § = &1 S 21 IRe
H zo fopa 235U en? WM ofifee R fuses 80% wHA it & 2, TRt HYOl
Tt 28U o fomed ¥ €@ S5 € 7; qon 20U s shad faged g
¥ @ = w2
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13.19

13.20

13.21

13.22

13.23

13.24

13.25

13.26

13.27

2.0 kg SFANEH & Gera ¥ Tk 100 91 1 forgd ofq fhat < yehifera wan s
ekl €2 Herr sifafwan fetad o S wehdt €

H+>H— jHe+n+3.27 MeV

T TSI o AW HI FH o T peAld ST HT HaE A RIS
(HHa-pelim 3T i HEE H1 0H T4 S o o FH oIl 39 heli™
TfeRor Siet & SRR BT € S Uh-GH Bl Tk H W S W 3 o AR
BT 81 98 I Gehd © TR g2 2.0 fm el e aret g el #1)
THFT R= R AV & SHR W, 1T & T 53 1 5 e STer 8
(s1efd AW fAst 78 2 @)1 TRl R, UF foaid € ud A i # germ
TE B

et fores @ B (Wifsiei) Scasi &1 U o= giaant fwan @ 9 soeee
URIeTl (Capture) #ed € (HH WA &1 A(afeh e, Si¥ foh K-hen, @
R T goIe IRIE Y ol € SR Uk e, v Sctsd i 7)1

e +4X— AY+v

TITET o A% B* Scdst STl 6@k | 319Ad € dl Selagq rugol ft avas &9
Y IrEd B, W o o a7 2

ITfafed Tvmd

afrerd SRl # T 1 Sl WA Serd e 24.312 u & T 21 9 i
T, gedt TR 58k HEeAIeh! ki FTYET SEeTdl o SHR R oo man 71 Frfiferam
o N TR dem SR ¥ 3 VR - 22Mg (23.98504 ),
25Mg (24.98584) T 2$Mg (25.98259 u) | & | yrat Fr=iiferem # 2:Mg
1 (FSAM o IER) Sgerdl 78.99% Bl 1= Tl GHEAIRI 1 wgerdl
Yfehe sl

2 YUFRI0 Fell (Separation energy), RS % FIHR, 98 el € St
foreht ek | s =32 1 Fhter o fou smawae @it 71 e R e siteet
1 KA Foh ,Ca TE 27 Al TfWeR! &1 =g JUFR Sl 91 Hiag
m(30Ca) = 39.962591 u

m(2lCa) = 40.962278 u

m(%5Al) = 25.986895 u

m(37Al) =26.981541 u

forelt =it o wiewrw o 2 e =@ames ffea € 2P(T,,=14.3d) W 2p
(T,,,=25.3d)I TRIH %P & 10% & T 2l 81 399 90% &7 I HiA
& for forae w92 woiten et B8R

Fo fafere aRftufal o, T T, o~ 9 1 Sea9H are T &0 Safsid
Ftoh afad g 1 fefatea sm-gfwaet w faer i

223 209 14
ssRa— ", Pb+ (C

“eRa— %gRn+ ;He

T <A1 & Simaed o fu Q-HF w1 AT ST SiR gwiEy foh S wfward S
1 gfte ¥ g9 B

e =il gR1 238U & fades W fomm wifsw) foreht fage wfsran o mefie o
(Primary fragments) o e-&TF o ¥ i ~2d Scdrold @l sl el
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13.28

13.29

EIREY

40Ce T ¥Ry MW IR W B ¥l fawed ufwar & faw @ o "W w

TR SIS AevT 3Mihe 36 TR € :

m(2%U) =238.05079 u

m('49Ce) =139.90543 u

m(%Ru) = 98.90594 u

D-T afafsran (SZEiEm-gifcad §edq), 2H+ °H— ‘He+n T fo=R sifsT)

() = fau T Tkl o MuR W Afafwan o fogaa o &1 99 MeV ¥ 9
il
m(>’H) =2.014102 u
m(3H ) =3.016049 u

(b) TFERTH T grefeam T 1 o @ 1.5 fm 7F efifsia) 59 stffsman
H, S AT o HeA helrd Ufaehsor ¥ UR UM ok fag fhaet mfas st st
TRl &2 ARl TR e ok forq T4 (D aen T i) o fohe a9 @
Hftaa feran ST =nfee?
(Herd : fordt Soram fopan o fau strevees Tifas sistl = S fan o g
FUT T A G A Sl = 2 (3KT/2); ke : AeeaHH Fdiw qo
T = WY q)

T T e H, - i fafmRer sgfEl we ol st stfukan wifast

EiEIG Wlﬁm%:

m(***Au) = 197.968233 u

m(***Hg) =197.966760 u

198
79 Au

1.088 MeV
Y,
0.412 MeV
’YZ
0
198
8o HE
o7 13.6
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13.30 T & FAAR H (a) 1 kg BESSH o TAdd o 99 forqa el o1 Ieha

13.31

Fifsru| (b) foge Ruaet 7 1.0 kg 2°°U o fawed o fogsa =i &1 qfiewed
wHifsral (C) T (b) T § famaa Seiistl 1 gor Hitsal

M oy for 9 =1 @&d 2020 @ 200,000 MW o sifert S o1 21
THHT 10% 9ehia vifer d= o o g1 81 3 foh Ruge &6t eiea s
Teqal (oA kI fogd W aRafda s 1 emdr) 25% 71 2020 % #d 9% AR
<1 o1 Ui oY fohe fa@ie e M it stemaenal R U wfd forgea scfsia
Fell 200 MeV 2|
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