:-
-
.
Fa )
-
HAEAT 13

o

13.1 yftem

el 31 ® T el B TR Yeieh TRATY] T Sl SIS €t $8oh ohy § Gehfad
1 STl @ 3T AT 1 AR S &1 A 1 el WIge WHTY] o WSS 1 gerl
T Th! HH Bl B 0FHIl o FeRIvH Gael WA 3 e wei fhen € fR it
1 o, ] 1 B &1 ge § 10% T4 @ oft % e w=ifew) gwen o @ fm
ek o1 STEIG TCATY] ok 3T o 10712 T4 o o9 1 TR 9Is8) | e al TCAT]
o arfererira: R T & B A eH TRATY] 1 WSS aGehT hell o HE o aXel
# T dl ek 7d T o o o o wres o1 e i qenfu, WAy okt e
Gyt SoTEM (99.9% § eifue) iy & & gHifed g 2

TCH] 1 G o FHEY 1 AMHE H1 o B = 22 AT U@ R A 36
e -1 €2 9 WER fohd YR 2 €2 39 A U gH W YR o el oh
IW @ISH 1 FAE 31| §H A9ehi o fafyme o, SH—s7eh WEs, a0 el
i # == & WY Y Gag dednfrad, faged @ HopH St afaeE
e i ot foeem

13.2 UIHIU] GHHN T AT sl QLo

AT 1 FAHH fReiu™ i ol § 9gd %W Bl €1 SSEl & oy, e o
AT 1’C T SSHM 1.992647 x 102° kg B1 g SISt URE 1 A ok g
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fehciom agd Gaersie A el €1 3Td: AT SeTHHI i o hid ok oIy
SETHA 1 Uk 3= WISk WA [ 1| S8 Wk 1 URHIY] SeAH HI (1) FeEd
E1 THeR! 2C WA % A o aNes 1/12% 9 9 oFe i 2

37d: T TR & STER

2C AT kT SHHH
12

lu =

_ 1.992647 x102° kg
12

=1.660539 x107*" kg (13.1)

] FHE JE (u) B e & R faf= adil o W] soomH, SRgeH

A o SAEH % qUi TSl o ke uie S €1 W 39 Fem o e gt
e ff ¥ S % U, S 1 TE] §eHE 35.46 u @

TRHIY] SeAM T A1 WO, FoAHH duishEadt (TeRHIE) g fher S 2
TRHIY] SSFAEI o |G W Tal Sl € o Tk € ded ok fafe= WehR o U@ qeATIpet
1 3t & foeh THm@feh 701 Al THE B € W eh Soqul 3R el 81 T
& q HI G WA gonfal Teh STl 0 Sat el €, HEHe el ©
(FAH o emEEierd w1 o Bl § gueenfih €, 98 AW 3% wwfoy fan w0 @
Fifen dedll o1 3Ted WRON W 3 Heft Wep & T W U S €) | 3 Y qa wen b
Yol et SAERIE ®9 8 Grer] 1 fagor 21 fafa= aaeenfreri 1 wne
IEAd A SSei o GTY aRed @l

ISR F T0, FARA o 3 GHEATR © 9o ge9HH %uY: 34.98 u TS
36.98 u ¥, Sl foh TESIoH WA S| o ol Turel o WiThe B 1 57 HEeet-ien]
%1 WU SEerdl HHY: 75.4 T 24.6% B 39 YN, Whfdeh FA- AT
ST 3 THEehT o1 YIRA-371Gd €1 3Td:, Wiehfdeh Sl THTY] <l SoTdMH,

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

35.47 u

& A © S SRS 1 AT S B

Tl % Toh el Toh dcd eESISH o W i wEete © e e
1.0078 u, 2.0141 u Td 3.0160 u €| T8 Bieh BEgISH W] et dmder
agerdl 99.985 % ®, ol A, W HEadl €| Teh FeH i FoA9H €,

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

g TEEISM THT] o FAAM 1.00783 u H H, TUH fo=MM T Soiaed o FoadM
m_=0.00055 u FI ¥H ¥ W FHHM o SR Tl TGS o SO I THeenfeh

memﬁ%lmﬁwwﬁr@ﬁéﬁwmﬁﬁ
T S ARt fafEt grn wEmeenet o fafa fey S €

ek o o AT W 1 € B 1 WA W Tehish o a9 Bl € SR T
Tl 01 | Ted I8 o= o T i | soiee B © W deien fgid W e
Tehl o RN TH AT i TR e T fordt ] o |+t Seraeid 3Hen A1fieh
o S8 BId | BH Wd © foh forel O] o AR o Wl 59 goiel i e
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Yok TR Al Z, o e il €1 37d: TRAIY] | SelaHl i el STET (—Ze)
3Gk YR o el AT (+Ze) & SR 2l €, Fifeh TCAr] fodia €9 @ 3IEH
B B1 gHfere forelt wam] o Tifwes W Wi ) W, aead: Sl IRHTI] ShHieh,
Z =t R

LT & G
Fiifer SFEREM e TEfeam erge & € wuedte €, 3 | Yol o A1
o TH UM B =1feq| wifrd BrEgieH, SYARTm Td gefeam o Afenl o S ml
H eud 1:2: 3 71 z@faw ggdifem ud gefeam o fushi o e & sifafie
FS WA T ol AT AW 37 FHER] oF AR H faedE 3| rifase
Tod I U R GEH-SoAHM o WIS W o¥e i ol HHY: Tk TS & W
o T Bl 1 98 ded $ATa hial © b wRwmveti o Afien] § Wit o srfafe
formm wH aren T8 I]EH $A ff Th qd "Ee o U o ®9 H OEl Bl
21 39 URemed &1 gfie, 1932 §, S <efas g0 & T = <@ S
Sfferom AfgRi W Tew FON (Tt FuI, Fferm AT B § e fawm
T B9 3Te S9N W == 1) HI GBR H S €, 9 39 5w S fafwo
Icafsid g 21 F8 ot urn e T 3 Serd fafewr, difermm, s wd ArEeiee
Y T AR ¥ THTRL ITY UeH ael e 71 39 Y 9% 9 U
e 3 fafe wied (fog@ gaeta fafewon) 2 <) s ©@ Hom Heeo
el &1 T w W oA =@en fR oAk 3 I fafewor wer o oad

EQ
BId @ TR Hoi 39 faferton &t o o aga sifues it s dffera iyt
W U T HT dOR ° WG A &) T g o g 1 g, o wefaw
4 HdoSHeh @1 § T fohdl, 39 heqw ¥ HAIfed o T 3 fafeen #
Teh U YR & SIEF w0 B € TR 2T hed 1 el Ud Heml G
Frdl o1 ST R, 3BH W AT FHU FT FHEA A KW H GHAD UG h,
9 dieM o TEEE o A aUe 9l T

I TH H h1 FAHH STl AUl § SHd 81 98 €,

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

2 #1 WY & fau Jefas w1935 & AEd [ERR @ g fwe
T T HH WM % fawia TF qe 2 swerl g 81 aE T W, T
TR T U Fiagiel (39 el h01) o w9 W eifad g Sl g1 geehl e
A @MHT 1000 s et 21 aenfy, AfHw o fiw qe wowEh g 2

a4, ﬂg‘wﬁ = freafafea uef e Hord fogl 1 SUA wieh THHArE
S gehdl 2

Z - TH] HF = YAl i HEA [13.4(a)]
N - =27 §&q1 = =gHl 1 GE [13.4(b)]
A-ZFHH & = Z+ N

= =eHl Td JeHl i Fal g& [13.4(c)]

e TS =2 o fau gl v # ot SEm fR S g @1 e
forddl T § feer GEm Sl S H WE A gl Rl

foreht Mt wonfa =1 Tfas & Hoha fog 4X 8RN WRRiT fFn s 2
Sl X 39 TS 1 TEEE fAE ¥ OSSR o fau, w@ei-ifaes sl Hehd
197 Au BRI FEd A E1 T 197 JfaeE B § S 79 W T 118
M T Tl
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s@ fordt a8 o wEEfeR] #1 GE H Wod 9 99l ST 9w e
el feu U a@ o GEeenfeR] o AIfYeR] § Uiel S 9@ @ §6F g R,
WY 4 TH-GR Y A A Wen #1 gfe ¥ fo e € ggdfem dH S

e ZRfead 2H # & Her Td 1 =2 e B qc @l o 32 Hueerfie
R ¥ R S Seme F W A =173 8 A = 204 7% &1 31 TE €W
el € Wl goh € T dodl oh WA U1 Seh sl foerd W R
w3 B Hfeh, THENeh AR & gelaieh fomE WHM B § SRl THEtTh
aer i TH S B T SR sEfin SRl oed ORell H wh @ wH W
@ S

W gt Tfvs e some 9@ A 999 2§ GHYRE FEdd Bl
IO, Af9h SH T SHe HHHINS 2l Q’@ Tifyen SRt =2 §@& N 99H
Bl Wfehe T ik Z = A T HEe &1 Serene, 9 Hg ud

197 Au THRE €
13.3 Afieh T @SSt

S B 1A 12 | 3@ ®, WIS o8 Sl Asfifen o FeiH A Aifes ok
I &1 IREReTT T TAOHT il WE{IGIS o6 Fold R IR Td AEed 5 @l &
ek T UTHT HUI oh YehivH | Fafod Tfas AN foranl 39eh TN 9 I8 T gall
& 5.5 MeV TIfdst 31t o UeWhT U 1 w01 AIfehi o Feheeer Tga i 0 T
4.0x 10 m B w0l %1 WA Y o -0 o Y10 hi TIHIE A T AR GHEAEN
o Wehivi o fIU ol Feltm 1 Jfashdor sio & SRS €1 <R, SFIHE e
s o ffed el B, fyes o1 arafaes @es 4.0 x 1074 m ¥ &9 g1 =)

I 9 5.5 MeV § 31f¥a& ol o o -0 FAN HL Al Ak 0l AT
o freey w9 A S0 I FH o el SR a9 yEvH ey W AR
Tl ¥ yifad B o SR T@IE gN fRU T qftemerl @ Ww WH SEd
AT IS o IR Uehl HUT TS Tl AIfqsh & oFee Jo ol o
¥ @ Gl Y hoel Widetul od W enenRd €1 9 g0 o g e W
EIHE o URehel H M Al FR TR B O ©, AT WS o fov
o frerd feren S Gewar 2l

T YU TANT ek S o-0T oh &I T e 7T Seteel o1 fafa= aal
& W DR HI T €, T qel o AR g T aRgrga 9 96 R T

I U@ T TR A AU GEA o AfWes i B o

R=R,A"? (13.5)
W&l R,=1.2x 107°m (= 1.2 fm; 1 fm = 10"°m) s@e1 319 € foF ek 1
A (S R® o STHAHA! 8) SoHH G&A A oh STHHMI! 8idl 81 37d: e
1 ¥ T B ©, e, weft e o fow gmen 71 A W R @ s 2
fafa=t e 5@ o e o 59 #1 95 HT WE T 1 AMARTT § F1 A
2.3x 10" kg m™® o |i=Tehe Bl &1 G gl shi ol | S 1 9E 9 ogd
arferen Bl ©, S Sl o feIu sed sheret 10° kg m 2 &€ Bl B1 39 924 Rl SAEE
T guen ff <1 Ul 2, FifF TE 70 TEd & 3@ Ioh ¢ o ) rfureniem: i
¥ o e B g et @ W gor | 92l 9l | R e e 2
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3dTe0r 13.1

33(g0l 13.2

IITEIT 13.1 AR o T14F h1 TSI 55.85u T A=56 ¢, THH] AMTHT B
AT Hifg|
'A

m,, = 55.85
u=9.27x102% kg

FEEH_ 9.27x107%° 1
aaas (4n/3)(1.2x107'°)° 56

=2.29 x 10" kg m™
M IR (TF Tt ikt fig) ® uared 1 o9 50 T & T qeria 81 98
Tuiian & foF 39 dRF @ %o 39 Him 9ok Seiifed B T R R e R e T §e
Tfush #1 WE FIeR H &l

13.4 TEUME-FSA 99T AMMHRA S-St

13.4.1 SHH-SSl

SRR A o0 fafre stifarshar fagid o6 STUR W 98 391 foh Sm™ St o
& % 0 w9 ¥ fafire smifierdr fagid © Teel 9w AET S o fo feRdh sifufman
H e e Sl ST STen Tl B €1 Wy SRR 3 e <9 o SeAme sheret
Foll o1 THU B & SR EH S-Sl 1 Foll o 31 B, ST St §, et
F GHA ¢ a1 Toadd g s1efd S 6 geruH § w9 & o g9e 2

THeh ToIU SR A S 9ibg SoadH-Sell Gaqedd Hay o @8 2 ¢

E = mc? (13.6)

el E, S99 meh aqed Sofl @ T ¢ fafa o wehrer &1 & 2 et afeene
T 3%x10%°m s %I

IR0 13.2 1 g T oF AT o1l ol GRepIed ehifeg]

'
e E=107° x (3 x 108)2J
E=10°%x9x10'*J=9x 103J
Y YR, AR Tk T 9=1ef i ot S ° TWaRa o S af s Feil i fowna
HqET g B 2
STERTEA oh SHAM-Sell qa i UEfith gfte, =fererail, ekl serdemi

3T B & H @IS T FUN o o g drelt Akt stfafwenstt o et o wl
b1 B ol erfaferan o ot weer fem 9 sty @ for afE soqmm o ag S
w1 ot gRererl o wftnferd w @ grfies Sl SAfad Sl o SUe Bl B T8 Gehe T,
Teh! T IREARE T ohaneti Td A SMEl 1 99 o faw dgergul
B T ol P AT i favE-aeg R

13.4.2 TR FIqT-Shall

AN 13.2 | THA <@ ok Afoer =52 T Wiei 1 & 21 37d: ¥ sTuferd § fm
¥R T FoAHH, 3HH foramM =2l Td WAl oh FeF9Hl o6 el AR Tm oh Se
B AR, TRTRTT S| M, U9 Sm W HH U1 S S| SSel o fof, ey

YT o =
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180 &I ol TEH 8 W TS 8 =g 7 I,

8 <&Ml 1 §HAH =8 x 1.00866 u

8 Ul 1 §FFH =8 x 1.00727 u

8 TRl sl SFHM = 8 x 0.00055 u

THfey 180 o A 1 STUfad 5oHH = 8 x 2.01593 u = 16.12744 u

FEH SUIHTATH o A R W 180 1 A FEAE 15.99493 u Bl T
Y 8 TefRHl 1 FeF9H (8 X 0.00055 1) M W 0 o M 1 Yrifis °H
15.99053 u 2|

3q: TH U € R SHASH 180 Ak T FHWH, THEF Hehl o Pl FAWH
¥ 0.13691u FH ¢l AF & SHAM T TUh ! o M o W AM, i
FeTHT & hEd €, IR THR! i T WehR ook fehal Sl © :

AM=[Zm, +(A-Z)m,1-M (13.7)

seAaH-aifd a1 1o N 22 A W SARREA H SHHH-Sell qugedd fagia
Y gftreet fomar 21 <ifeh, SHeRAIST TR 1 SAUM ST SI2shi oh ReHH oh AN
(erafua staeen § 8 WelH Ud 8 =J2iH 1) W W Bl 8, SIS A 1 Taqed
Foll Hh FIZh! H1 THGET el o AN W HH B &1 AR A9 Ao IR
H 8 UMl TE 8 =gl | fodfeq wTW =@ @ sMukl Aw SifafRem e,
AM ¢, 38 9k 1 Y T el 36k fAQ eT1aeaeh I8 el E,, Foq9H &ffd
¥ frefafad geie gr wafad eid @

E, =AM (13.8)

ISTET0T 13.3 TS WA FoAHM Heh o THged Sl i A Tedl Sl 3R fhe
MeV ¥ Fd HISY| SHHT STAM FHleh 150 1 FA0H &fd MeV/c® W e hifoy
T
lu = 1.6605 x 10" kg
THH! o1l o W UiEfdd w oh T gH g8l ¢> @ U1 #d € Ud U §
o 59k
TAGEd Seh = 1.6605 x 1077 x (2.9979 x 10%)? kg m?/s?

=1.4924 x 10°J
1.4924x107'°
————————— €
1.602x107"
0.9315 x 10° eV
931.5 MeV
FYEl 1u = 931.5 MeV/c?
50 & faT AM = 0.13691 u = 0.13691x931.5 MeV/c?

= 127.5 MeV/c?

~ 180 1 3HF Tew! # fafom w3 & fAU seRasw H 127.5 MeV/c? Rl

I FS =Ml T YIEHl ! qE-919 ke, Ffv= eew @ seam™ aren T
R ST ST @ TH AR HAE, S GH BEN A8 FHSl AE, AMHE i
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FeT-Foll heardl 21 Afg gH et Afysh o AT9eh-sho 1 TeNT-3TerT T
B @ BH 3 RN Al FA Foll E, IH HE B0 T ACAF Hl BH 39 FER
e T whd, vy off, e 1 deA-sei g i Sadt &€ 2 T fee s
¥ fererai WeR fardl =8t @@ @ WS 2| AE o HUN b seH vl bl
T R wfusws SWRN WG FeF-wf §fd e, E, ©; S fE Afaew w6
SeH-ell, E, TF 39 foumm =fawsi i & 9en A &1 I 2
AE, =AE, /A (13.9)
&0 9fa gfeeai SuA-Fel % T AF Gd € fF e fRE aifaew #osee
fersitl § gereRd w1 o foy SfEvash Sid Sl €l
fos 13.1 ® 9gd ¥ A9k o
fau ufa Sfee sa7 ot E, W@
TIHM & A § W% fE@mn e 2

—
=)

pe oo 12 I
20 o [O—— SW 197 28811

f ° | WU H ' fEfafad dsu w

(#1: foreie e & & —
oLy (i) weEEd FemE Hemst (30 < A
< 170) o fou, 9fa —gfeem
?°H qUF-Sel, E, |, 1 AE RIS
2L2H w9 4 fa @ €, stela w
I o Tl gRafdd Tal g 2|
0 50 100 150 200 250 WA=56Q;1\FTQF’WQW 8.75
ST WEAT (4) MeV &1 sifushad HH To A =
forT 13.1 s=UE 9= o %o o ®9 H 238 & T 7.6 MeV S¥iid 2l
T R SuT-ws| (i) h THF (A< 30) TS 9
fert (A >170) 31 o foa &t
E,, &1 WH HeFed] qUHI] ShHish
o IRl i o | STUehd

4 2l 2

gfd =IfFAsta 6 Ssll (MeV)
N

7 YR e frehel @ wgT g ©
() oE St TRt § a Wi =R $5 MeV sivF Sa i o oy i Heie €|
(i) 30 <A< 170 % T § SeA-Foll ! 3=l 36 94 1 UROH € T 71f9ahiT
T o7 WIE o7 B B 1 9 AR oh iR feer et i@t W fomm whifem)
T 3T UH-USHH o hadl 3 aasil ° guifad M S 39k AR 9
o URER ¥ ot €1 Ak HE o feera 5q fafre =fiea o iy 99
o IR @ eifush g R 2, df 7 foamei Aifus &t S-St 1 afe o
yuifad & wom afs fedt Tifvs o Tifas 9o &% IR o stfusan p
=Jferai B Fehd B, T THh! TEF-Fol p o ARAIT M| A R R
TqF HT S-Sl phe e, &I kT Trdier & forent fammd o=l & St sl 1
Bt 1 379 A g9 et i Ge 98] A &1 9 Sei, @ 369 A %
iR ~forerai= 1 deF-FHs gafaa @1 enit i, et off o Tifvss o
Aferenter foeria 39 HIR W & TN IS HY 31Uel, A(9H HT Se-Soll |
446 AF g5 1 F INE 0 T 8| ;Wi R duA-ss e @
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2 3R HehT GhTehe WM plc oh SIeR BIdl €| AITHeh! o1 = o1 fSieh hRoT shig
R eherel 319 Tehe ok ATehi oh1 &1 eiferd il ©, T9%1F Fcil %7 Gglta
O FHEEAT B

(i) Th offerer W AR, W@ A = 240, %1 ufd faeEtd suE-Se,
A =120 T 1 qoil § w9 Bl 21 o%:, 9% A = 240 1 HIE AR,
A=120 % 3 e & 221 ® d, 376 Yl aifuss sear 9 g &l 7
$fira e € o 20 wiswan o St foqer Bt 98 fage g St fae 8 i
Heaqul Hrem1 i Afiered s € fomes fawa § eq e 13.7.1 § ==
Eaul

(iv) T HITL fF < Feach Mf9H (A< 10) TArFd gt T IR TR sA €
oo B o1 39 9 AR 1 Ufd feerdi SuA-Sel, goioh ATWehl ki U
e e St 9 atferek €t €1 Rt 219 9 g ok sifem Freerr o hor wRfue
e 1 gor o eifuss S o sfua §1 78T Gorg 1 38 wiee § ot ol fagea
Bt I gd R Sl o1 Ha € e fawa @ ww ergum 13.7.3 9 =t i)

13.5 Sf9eha ad

I oA S ] H gelagHl i T At Han € sAR guRfad g o g1 ST
13.4 % &0 3@ T iigd so9mM o s o forg gfa =i S-St e
8 MeV & il TWHIT] 1 SeA-Foll i qoil § agd Afush 81 31d: ek | o ol
TR SiY T o T Tk f9= YR o SiferaeTedl SRl 9ot i STaveehdl 81 T
A TAN Al VR S =T foh (SFERE) WMl o ot o

eyl Ft | Afeeh YHTet SRt WeHl Te =q2iHi QI bl AR o6 Fad
ST | 94 T TR BH U Teel &1 3@ o © 1o Wi femit qe

TSl I STl 1 ST ol Bl oY TUH YRfd § HE S FWehdl €|
AT Se ool o Fo At w e § = R e #1098 9=

1930 ¥ 1950 & = Ty wu fafa=T s g Wi gam 2|
(i) YehTT e, STeEN o did O dlel Shalld 9c] T SeaHMl o o

feerfast =t (MeV)
SN
——)-/

A ol TeceehtUl el i qoil § STcafeeh viferenel el €l

TFHT So Tl B, A S R W % S o 9Tl e k/
Yfaertur ae T SATUY T B 21 9 ST Hwe 81 U ©, -100

Fiifer AFE T Fe™ aedl B qoH H T@F Jad B 2 " - ) ’
eS0T 5iel ol el el i gl § ot STl el g ¢

(ii) =IfRA o o U TR FS HRMIe § 3TfHeh il | 39 o4 ﬁq:;;i,—j{l: aﬁiﬂzﬂ;g&ﬁjﬁq
T Sl AR I A @ Hew Y & S 21 39 RO, S & w A Y A T W A
o T W F A A A A #; e IR T s g e
WW%WW—'@W@W%@W&@ R e gfaerdor se| SRt o
1 feafost ot IR 37k ofte Y 5 | Ha T AW TF FRFT o e v s S o s S
s fom 13.2 # @i T €1 @ 0.8 fm g r, R feafas & # @ a2
Sl 1 A W 2N 31 e o1 A gen TR A A & o ’

T 0.8 fm ¥ 31fersk il ® @ 3 =t MR ol B € @R 0.8 fm

T &4 iAo fou 3 giaewdo oot g 447
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(iii) =[SH-=IH, =SH-TIeH Td WeH-HeH o sfte o alel Aehd 9l T
T URA o e & AW o faga smae W T2 )
Fard & 7w SAeqen < & e | # wAifa kg gl w1 i W
o &9 T2 2

13.6 fsarufaeaar

YeAmifaeadn 1 @ISl T, Sehiel 4 T 1896 | HANTEST 1| ATkl i 99 Fehrel
T fohIfiTd ek ST FIaaifid U THRcifd 1 3T i U dohie o T Iah
REe @t RFEH-IR R Tethe & $ IHel W Y9 YR SeM & 9 SHA
3R] 1ol TS | oue e 39 Yohe 3IR HIiuithes wie o = Wk =il 1 Thel
@l T YRR T HS Toh @A oF d1% 9 WeNhe T i Saad fhar T @t
g g1 T TR A wie el 9g gt offl I8 fordt UHt <1 o RO g3 B S
Aifiteh § Seafeld gg enfl a2 hiel ST SR =it <l i 9% T hISHThS W
T UET TE B

ae | e U gE 3 gwien fe eanifaeead w Aifaeia afteeT @ foed
sl i afa g @1 39 AsAidfaed & wEd € UHid § A YRR o
feamnfoa em e § :
@) o, fred @faam T (‘He) Seafsia g &,
(i) B-&=, 9 scleeM te@n aisiie (TH U1 SIEeRT Sea9 @ Seiged o ael

B B § W a3 T & foadd Bl §) Scafsid B g
(i) y-&r, fEd =9 S (100 keV 1er 3ifersh) HieH Seqfsid eid 2|

Y U YR oh & W AN IUSTHHRN H fa=r fan S

13.6.1 Ifsamfaed et s fam

forelt Afeamifes 7o & fEd o, B 31a y-21 &1 @1 e, I8 U S @ foh uehi
g H gfd g a1el ekl w1 g, T o foeme o Tl wt 9en &
AT it 81 A% &y T quA § ikt w1 G N @ i AceHa § AN
ek affaa 8 @ 8

ANy
At

HAUdl, AN/At= AN (13.10)
el \ Heaiifae eg-fiemie Siere faeea-femis 8

AtEHa § fRU U T | ARl i wE W gen uiedd 8 dN = - AN e,
(519 At — 0) @ N¥ 9fed =i < &—

aN __an
dt
« AN &I AfTeR] HT @A ©, 37d: THH HH Hed YHHE Bl 71 dN, NF afed
2 I gHeht *1E oft Fog &1 Tohdl 1 Tel T8 ROTHS € Fifeh, ol NATThT § AN &
g 9§ 3 (N-AN) 919 &d 2
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dN
— = _Adt
SR,
B wﬂw EDl aﬁ' AR TR i W],
T dN
— =-A|dt
) N f (13.11)
AU In N —lnN =-A(t-1t,) (13.12)

7E N, WWw%mWﬁmﬁﬁW%ltfow
wﬁwus.mﬁgﬂsﬁaﬁaﬁmﬁm,
N

lnN— =t (13.13)
[0}
o9 =8 U 2 g,
N =Nye™ (13.14)

ST &3 A A AE § T fd S U9 R R ST e fEm w aed T
YT A & 1000 sl kT 7 (I hret forqfd foraeh s o w1 <fT) st qdem
F A Y IE ARN H fF F T A ww W afgm (W) = S e
gkt <1 & ek quia: o=t fram, s@ Aeardfaea-erear 99 o STER el €, i
T (13.14) R = T T 2

fordt T T & S RUMG Uehish 90A § &fad g aTel IRl 1 9@ gt
21 A foR de SEEiaTe § afdd g9 arel ARl 1 9' AN, @ dN = — ANI
¥eTeT U1 R e = Bt =

__dN
dt
THRTT (13.14) T Agehad Hd I,

R = d_N_xN At
T dt ¢

#gal R =R,e™ (13.15)

g Hegiifaes aaar Tag & 9o © (e 9. (13.15) &1
G T T EHL (13.14) WIS B TWRA: R = AN,
£= 0 W &I T 31 Fret FHfvEd W (W &I W R, 59 H
et TR 1 gen N fre w9 gafig g 8

R = AN (13.16)
ootz AT A A o G el T A
siferer TR |IOA TR © d SHeRT Wk Tafved A @l
( Qfeeaan) B SEehT SI HE saed (Fdieh Bq) ® St fedfarem
o AT A0 Sehtd i wgfa | ffysa feran e R

ﬂl ZTI/Z

| SeRtel 1 e | & Ul Uehe B U SHA HG Y

(wdftr Ci) ot gE= y=er | @ S SIAme Bq ® T w0 o 13.3 ifednfies ysifeat w1 e

g gafud @ | YAF T

1/2

T oYY & T YSd

1 R/ =1Ci=3.7x 10" &7 9fd ¥ehe = 3.7 x 10'° Bq FT G Tl @ I 2
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92)
)
—
1
I~
©
0
—

450

fafi=1 feai-fvent = eraar < o eiferen fo=an it 81 56 707 i eref-a1g ok
TR I A/IAT S Wehell 71 fopelt Aga-fqen & end-ammg (T, ) o @ €, forew

1/2

TEH WA, IR " (9 fe N)) el (steiq N/2) ® Sl gL
(13.14) ®, 994 t =T, 91 N = N/2T@ﬁq1

T weTSaE F= (1867-
1934) Ui H =

o vead faefll 1896 # 3T
okt BRI feanifaear w1 @
T A ok 3kl o ot i
3eh ATEMM TS ol
fere ufka foran, fomeh werasy
Fai— feam wd uratEE— #1
JARRLU] HYT g o8 YoH
AR off fo= q Feiet TR
U §C : Tl 1903 § wHifqent
& fau o gmu 1911
TEAfeRH o fou)

N

In
fie=
.693

A

o

(13.17)

Tl (13.16) o IHER, Tqd: 47K 9@ N, T, , 979§ et 8

aﬁ%a‘rqﬁlﬂm&%ﬁaﬂwﬁaﬂuﬁwa@l

Tk R Heifud AOge SAEa-a (7) B gHeR 9 o T,
(13.14) ® 9req fopan S gehel 21 forel goeiawel t 9 ¢+ At °
& s R(OAL= (AN e A T T8 | weft ¢vma aa Shfem
Ted 21 37 37 |elt ! BT FA oM L AN e M BT T T
2 T oo W] o1 Ser el 1 a1 o TIh! 1 STa H1ed
arfereh BIdT 1 37d: Hd @11 1 A 9l i o forg SeR offer
1 BH FA THI 0 H oo Toh oh TTT AN (ST FHRTH) L THI
t=0 TR IUcTed A9l 1 G&AT N, ¥ 9N 31 M| 37

ANOTte'“dt B
r=—0 = AfteMdt
N, :
Y AR Sl HH W
t=1/4
T B

Iq GROTH 1 BH G99 § TH YRR YHe HT THd o

(13.18)

T feanfee a (S T 2Efem @ oRifem) Rt snef-arg fova 5t
] (TN 15 3RE o) ! qoil § 9gd 9 €, HIH! G0 Ugd & fasfed & ok
T a1 Uha § Suetsd & €| Bleiiieh, ST AMTWeh1g Afufemanati § Turpias &9 9
e fepan S weha 1

SETEXUT 13.4 &190 & ® 225U &1, a2 o faw a1-31g 4.5 x10° 9 2

T

3<3glUl 13.4

25U & 1 g T i UfREd # 2?

T,, =4.5%x10%y
= 45x10°y x 3.16 X 10”s/y
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=1.42x 10Ys
Rt THENtT® & 1 kmol § STENTE! §& & SRR B 21 374 1g,
g
q . e -3
25y wREWE w1 we, 108 kmol X 6.025 x 10 TTH]/kmol
=25.3 x 10% 2l
- &IA AR T,
R =N
_ 0693, _ 0.693x25.3x10%°
- - 17
» 1.42x10
=1.23x 10*s™
= 1.23 x 10* Bq

ISR 13.5 B-& g, TEFEAH 1 -3 12.5 o 21 25 a9 918 T5
IrEfea o W TA W1 fohaT ofwr eifaefeq wwm?

TA RS o6 STIER 12.5 94 918 TEfead o T I Lo TR S| STTe
12.5 a8 ® 39 o9 w1 R e A 49T SN STd: 25 W 9% S
erRfeam & fodt T &1 wsifaafeq s @l

13.6.2 UTHT-§F

25U &1 24Th | &9 UeWI-2 &1 Th Jfad 30 81 39 Uiwan o gifcm
ﬁ%(;He)Wﬁﬁm%:

338U—> 334Th + ;‘He (13.19)
Uowhl-&F H, Icfed fauedst Mfve &1 geq9m-Hea & 8H o Jo A9 i
T | 4 HH T T T WA FHH 2 HH T | W= hE ger wifaw AX
o fomest AT Aty H SO F TH FHR TR FW €

2 X > 55Y + JHe (13.20)
TS o FAUM-Sol aqedd Hael [, (13.6)] 91 Sl S0 § I8 o 7
o To1 @a: &9 shad &9 IRl F1 Fol FATH IRITER TR o FH9H 9 FH
B =1 feorfa & &) dud 21 5or9H | T S SRl 1 s el o €9 H i
I 21 MR oA w1 YR W 98 T R S whar € fF 2%Th 9en fHe
1 Fol ToAHA aEE § 28U o 5oFAE U w9 g B

YRR SEHM-3S Td &9 IRl hl el ZAHM-Sell hl 3T 9 Yk
Q-FF ¥ fageds Fofl weard &l Towh-ag o

Q=(m,-m,-m,)c’ (13.21)

Foll T I8 TH 39 UfRa ® G e Tias S SAYET SR bl Fe TS Holt
(A yrfuer ifwer X feem &) off 21 Tyed: fRe somEd i (S9 fe
Uew-a9) & faw @ > 01
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33180l 13.6

ISTEY0T 13.6 ' Fefofad wHm] germe fie e @
28y =238.05079 u  2He= 4.00260 u
234Th =234.04363 u 'H= 1.00783 u

27pa= 237.05121 u

Tgl Ui Pa d WeUfHRfaw (Z = 91) 7 & for 2l
(@ U @ o-&F 9 Sc@fsid ol ki Hifsm)
(b) =¥iET & 238U wa: Wield Seds el Y Fehll

&
(@) 238U 1 Ucthi-&/ THiehor (13.20) o STFER eIl B1 39 Tkl | Scafsiq sl

92
= fog g 2
Q= (m, - my, - my) c*
g ¥ KT U stfhe SWied g H wfaeenfud & W,
Q = (238.05079 - 234.04363 — 4.00260)u X c2
= (0.00456 u) c?

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

(b) A U ¥ T W & Tq: IS el ¢ -l 39 Foh forei—
o U = g'Pa + H
Ife =€ gisha WHel Bl 3 ferg,

= (mU e, — mH) c?

(238.05079 - 237.05121 - 1.00783) u X c?

= (- 0.00825 u) ¢?

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

5] Ufshan &1 @, TR, BUTHS ©; 37d: SHHT T&d: &fdd e e el 2l
288y AR W TH WA IR FH & T 6 39H1 7.68 MeV Fslt T&H
HEAT B

13.6.3 -89

der-a@ o forelt e § T Soiged (p—&d) S1dl Tk diteied (BF—&™) o
Td: IS Il B B8 qel B8 oh W Seedvl e R

ZPoYS+e +v (13.22)
2Na -2 Na+e' +v (13.23)

3 o Tl (13.14) @ (13.15) & R & §, TS fF o8 wnyfer ¥ w1 <
TRt o A T e afad g T 39 AR etd-aTg (7, ,) © SR S Hehdr
21 TR &% Ty, Ik &l o fog sref-ag wHE: 14.3 faq @en 2.6 o9 )
B—& W ol o IS o 1Yl & Uk QIS (7 ) W1 oft Scusiq gt B ae
B* —erd H wifsiZi o Wy FfEAl (v) w1 SeEsiA gl B i Selaeiq i g o
g HH FAHM (HEd: ) a1l SFERT w1 e 81 3 31 Holl o Gl sheel
effo =i fopan e €1 3 famn fomen foRd wered 1 wgd =<t AEN (gelt o)
R Y Hehd 21 T FROT € TR SR G Sgd hicd T
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B—den Bl € & | geauH WEn A TEl "eerd ¢ p-e | AW 1 W]
HHlH 7, 1 A 8 Sl 8, Sieh Br-er@ | 1 ¥ € Sl €1 p—er | ot AHh 1
HfRaT =2 1 W § S €

n-op+e+y (13.24)

SR B'—er@ | W 1 =g | S g ¢

pon+e+y (13.25)
ST 1 SoTH, P % T W FH T, o el H e
=2t § &F1 (@0, (13.25)] %ot S & HL A HIE, B
SR =2 1 UieiH § & o etoeen § off Hord 7 (S
(13.24)]1

A4

E = 1.17 MeV

13.6.4 THT-TT
WA o FHA, A | off fafae e 'R e g

A

4

E = 1.33 MeV

SN STeree qe AT Taeend| greliieh 37eh Ssfl oh
ael | ereafues fafa=tar gt 81 s et &l W

60 ..
Ni

28

FIA eV 1 B 8, STafsh TR ol =l § Sofiell 1 oy 154 N S

3T MeV o hIfeHM o1 Bidl | 5a shiE Iaferd A1 e

IS STeren st STafs oo § HWehfid g €
ek o I ST T o A o THME FST H1 Bl Seatsid aidl 2| Tgt TE-er
FEAM Bl T8 FS (MeV), FR X-THl o qfew ¥ %9 quresd o fafwon 9
Hefed it 2

A= fordt T foRor o1 SaSi, TothT 21YeT diel-&1T | fases Aifes 1
IS eTargen | @A 1 37een H el 1 S3feid e afea stawen ¥ oI &1
iRl § Tk B AYA Uk O 31y B (FHAR GHHU Hi TaLq H)
IS H &1 1.17 MeV a1 1.33 MeV SSiiall w1 T fRol o e Seasi &l
G 3T S0Co A oF B—&F BN oo Ni ifer  &ifd 8 &1 ufshan o
wef¥fd g 2

13.7 et St

o= 13.1 9 =¥ T 9fd fertat™ suF-Ss E, b H A=30Td A= 170 4
Tk oS T A €1 TH A H Ui RS S-Sl T 3R (8.0MeV) B €t
e, A > 30, 9Tt 9T TS AR AR, A > 170, 91l 91 H, S| &H 98l € 3@
I ©, Ufd faasitl S-Sl 8.0 MeV ¥ FH 71 A S-St sifursh & o 3 sferd
eh S 9k 1 hel SoTHH KA BN TROMAEEEY S 1§ o el seH-Ssl
e Iy fhet itk dem-ei arel AIfWeh | ®NdRd 2 a Fel ol forqad srf|
fordt o Tfes o < = < 9 sy Areafie somm el (faged) siar g
ifsrer] w1 forelt 9t e o SoeE (Hord) &) gfeen § tw & g 2

HIFel Tol Uiy S qRufier il Hidl | Soerdt werfte sAfafwmand g 2
el foqe B aTedl ol Soiae diee i hife i el ¢ Safh fehe T
el |, MeV shife 1 il forqer Biel €1 37d: %4 o1 GHH Wil o foaw, Tmafen
il T TURN AR Gid ol A Sl foe whid &1 SEeNl o ey, 1 kg
P ok ferged W @ 1014 el Ura Bt §, Selfeh 1 kg higel o <@ 9§ 107J
Foll g Bl 21
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13.7.1 fa@s=

iepTereh Afedmifaee el o STl ARl W = AIRIT HON SF G, =2,
UeHT H07 377 o YR 9 BF arell T1h T Fishaieti T e 3 § T2 GH9eHd aqedr
K

fagie T Heaqul =JgiH-Te AT gfehan €1 forde o SSevm: s frdt
e THENfER 2By W gL W YeR FUF1 1 € @ 9 < weAfqe S ot

92

Tfyewta el § fawfed & o ¢ :

N+’ U - 23U - Ba +50 Kr + 3)n (13.26)
7t foran o meafies geauE el iRl & e g oft Sooe B weRd €
tN+ 3P0 - 2°U - 13°Sb+ JINb + 4, n (13.27)
Teh 3 IS R

on+2°U - °Xe + 2Sr+2;n (13.28)

3 ferafed Saare Wednifaea e 8 & SR 39 oo q% B-&1F o1 A <ol
wdl & 59 7 foh oid § Tl we ww A el W)

g S8 T a5t foeea sifafswan o fdaa ot (Q -wm) wfa fawfea ifus
200 MeV &1 &hife &1 Bl B SHehT 3Thel g9 Ttad id § :
; A foh T AME FT A =240 I T8 A =120 < @el § faafed g

| &

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

A =120 9 foafed Tk o fau E, e 8.5 MeV 2

- Wfd i@ S-Sl it wfe ST 0.9 MeV @l

d: S-Sl H el @ied 240%0.9 el 216 MeV 2l

forge w1 weTstl w1 foued sl 9gel &F-3cl e =gl i TAS HSl ok
®Y § GaAfad el €1 3d o T SAHUE o FoF ] BN el O o ®9 T
Rftr & St @1 e fesed | Aifweta foadea s 9 foar@ SR g 2
W] &9 H e g Al ged Sl sAfEta it faged 9 € Sa el @l
T SN W B o TR @ 78 ==t i fob T Rueet e o e 2

13.7.2 f9enta Ruaet

et (13.26) @ (13.28)  afvia foesd & wh @ifa weeyl Tea wdid e |
fagie fran o ww erfafted =ggi 1 Sata el €1 ufa gifeEm faged o oiiwa
2.5 =2 w1 Scufa eidl 31 98 ek U € iifeh o forge T ® 2 =il
T FD H 3 A w1 I B 71 3 Al =g o1 foie et wt yweT
T Hehd B e IR off efures =g2iT R Scafd B Wehd! €1 39 Tk Sg@en rfafma
1 GAEAT T © 1 98 ToeR Hege G Wl A @ o A 36 e sttt
1 gyfad &9 § R fFa s 56w e st Rl @ ged §) e
fluat & =) 2 21 A Juen sifafwan siftafa g S @ sog faueTe ue
forrerit it forfa =1 Tenet @, Sk for ferdt ekt s o < 21

greten, ferelt sf@en tfufsran ol diftd e & Ton @R gfaen 2, S fom =@l afvfa

1 e @ o W S A = (A ) g e = et 2oy W
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IRA § TRAV] Sl FEAHH i YESAT . SH SRR T (1909 — 1966) & g § T o=l Wi
o W H | T IRE, UfieiiEe Suafey ugd RdE ARt Ruget (7ol W) i WA
fomior o S 4 3TTed 1956 § 11 w1 & fohan sod Hafia giEm i So 3R STot i " i aE
T TR 7o ol 39eh 9] 3EA FE€r WeAl 1960 H 91 HArel gfedr Ruax (CIRUS) ol 40 MW o
30 RugX o yrhfas I $69 1 W@ T6 IR ST Heeh i 6 SWIHTE TRl 721 off| STo0d TS et
3 7 e g Ayt fome o fafv=r &= | fowga sy i dicfed fohaml wrfed o Ted ] <!
&1 fafire ycf@l § T o I H TRl WRItem G5 &1 & ud 7, 599 9Rd § Sue qahaeH
TR (U o Hoa 99 So9 § 39Arn foge i ua IeR A1k |rnil i 7ol 1) &1 AF IR
foran o o S o Rua oy o faw & fohe e, s st € wifern, gfvfen (L 1w 1), g9 e
I I <91 1 TEen oe1 vy Ruaet © fed U-233 =i $oF &1 ate s&aurel fhan 7= 21 St A
T T ¢ viy-Ruget &1 mefes Sevd vifs w9 72l ], 9w st fase e st o fafe=t vai
3 o T glaen wem@ e 21 vy Ry fafa= aueenfeni o Saaed o ot 9 ¥iq € e faf=
&=l —sa, Siwfy, Hf enfg & v 2

s 1 q&d Sevd Y& W € F8 W1 ¢ o 9 o qiees d onfder foehm o forg wefer e
forgereria foega viferm e o1 ST SR IRGRTT qehelen! o Gt & o et o1 Y| 9= o <9k
o YR a6 |, 9Rd H WU @S i e T S HE g3, ST IS Tohd T & =T e &
SR @l ogd Hifha €, W e % Wer wat| "en § €] U S UR € AR <9 3 AIhg vl S
1 TH A =RON H qA T ATl A TR Uge =RUT B Uishfaeh ZRIEH i $6F o €9 W U9 9 WA
1 Heh o ® § YK a1 ST 21 Ruaet o safyre &l gganfid s | 9 witEm-239, TE =R
¥ el Rueet o $o o1 1 el ©1 & Ruged i i goieh Ruat sufey sed & it s0 @e 9fhan
1 ST T o T e =gl 1 STE el @ (3T: WS i SAFvdehdl e eidl) SR 3 wiferd S o
i, f5a we 1 $oF @d #w €, S sifere foeeeiial weief (wRifam) &1 o= ot <9 21 de
=0T, S refenferen Aol o fede o Heifess Heweyel @, 08 g g Ruadl & 3| W emenid @
S iftEm-232 #1 fageTeiia RFem-233 o ol 3R fh 37 forg fasiy &9 @ s e o gt
H semre fhe S

7+l NG HEAHH o E =01 W SR @I § IR e o SuA weht dre =1y o ferg oft skt ehrd
B g1 €1 I J Wi ATEH o Seae| Sue FEfon, Wi St Seared, Ruget w1 =, fEito ud e,
A S GAEEIEE SNfE, Hivere dehienl W ¥ W Y foeren €1 Wefifed Wl Sl RUat (PHWRs) S <91
¥ fafe= T @ AT T ¥, Teet <RO1 1 quidl 1 Hohd < 1 WRA 376 ST STevdehdal U sfuss s
el o1 IeAEA Y @1 €| R &1 =1 Ud weer S o dey o fasga geen yeie qen e fafemon 9
Te Heieh g FE o1 Wl @ ule, WRATT 9] Sl HrEiH 1 UeEH B

fogen 1 s wifashar 21 fagen § et g =2 o faae ufwar & 1 ‘
70T A +ft freha wehd €
235 o forgre ® Seafed =g2ia i i d St 2 MeV it 81 3 =2 & a%
T‘E%WHTFH fRan e, fem ifseRi 9 foran forg fomm 21 Rueey & 9 Fva
SIS Ffrem Akl 9 29 g =gl o faw g@en fRa (chain reaction) i
T e § v faaeda ukiel @ wgd e W ol STEvEshdl gl €1 A 455
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Al ! eIk T o |1 YA Teg 5N HiEd R S €1 ard o, wefor
o YN A <9I T BTEGIe o 1o FeArey TRt § =g oher R B S © qe
TG el Wi g o ot St ?1 Te feorfa S € € St fom el wiawe whiw
I el 1 3 fEer 9uE el oF WY SAHH-HmH &I Zahd o Tueed |, dg
=il 1 Hfgd FH & foa fameda Ayl o wer gk At (9= st
(moderator) F&d &] w1 WA fsha1 Al 81 WH: Yo 8 del STaweeh 5ot 9

W (D,0) T JhTee &1 e WA STHAH &5 (BARC), g o 370y gy o
W%mﬁwmmm%mﬁrm&fmw IRA o o7 Ruaed
o eravees o ®9 W A Wl 1 SYAN Bl 2

STEHSH oF ITAN o HR0, fRdl TR R et =gl o g1 foaed &1 §&n
1 3Tk o TR W e =Ml & g1 fa@edl =1 9@ & Wl 31U, K
T Tk § ek € Hehdl €1 39 31U i JU %1% (multiplication factor) Fe&d
g1 98 Ruat & =gl 1 gfg ol 4udl 81 K = 1, % foig Ruegex &1 vwgfa wifas
Fedrdl 8 S feer vifer SceA &1 wgfa o fow tfess 81 K1 91 T 4 3ifus
M W A < qon Ruaer &) vifed o ==mdis! (exponentially) %8 | 3fg gidt
21 K1 UM T &1 H& o S99 A 2F W Rusen sifagifaes & S qen fugs
¥ foremic oft 2 Gehal 21 9 1986 § Foh & wHifeet Ruaet o gan faehie 39 gas
T2 T TR Al ¢ o T Ruae ® ig gefe forat fammemni &1 wehdl 21

o R fremn hefiam S8 =eiH-saeius 9<ef @ st f99% i8] (control
rods) gR1 Teran St ©1 Feren sl o eifditen Ruaedl o e ol &1 ot W oo
ST €1 5 8Tk DS i SMavashdl Ued W Rusy # fHidwe &0 i Ko |7 gis
9 TH 9 &9 R S G 2

ihfah €9 H U S ool P H TR 28y et d-foweda s

B v 3od foREt =2 %1 U89 (capture) B €, @1 3fedd FeAfRd R &
Seareq e fopaneti 9 2 2

238 239 239
w U+n -5, U—->g "’ Np+e +v

Z9Np = 2Pu+e +v (13.29)

wRIfEm ¥ T el % Ter ¥ famed © ka7 o 13.5 | ardia g
forges W el freh Tiaerta Rueet =1 wefiga wey <grien w21 R 1
Hie MR faae %1 & ¢ 308 Sug e gT &9 § o dcd wd &1 T Lo,
hfdeh Y 9 IR S ofel AR Y eTuan 20y H g wgd TEE off 8 wehdl
21 e H =2l *l 7S % & oIy 7S (moderator) ot B &1 W & 9 w2
(leakage) ! Uk o foTT hie Tk Wada (reflector) ¥ Bt gt 81t wyfea
Yideter g forged | fekelt o1l (Iw1) w1 FiXaR geren s 7)1 forafeq et
IR & T 1 Yk o ToAT a5 ol BId 21 39 |l oo § Bk fafecon
1 S8 T M 34 o TIU Tk el 1 SYAM TR S €1 =g o STeeiyor i
I=a a1 oTelt B8l (S8 TR hsfyem & o) o Suam 9 Ruset i« fwa S
Hehdl 21 Ydeieh § ST U FRIFHN 58 o] TIFAMRG 1 St 2 foed foe am

2021-22



EIREY

; _\ MaaTd ——p
Yy > ZafeT & 9
IREEE3 ] I Rades
g§_< w15 " (wm <)
qigsw 9
Sl
—

forx 13.5 ad =2 fa@ed W ennfia frelt AT RugeX &1 Sefiha T

1 SCUIE Bl B TH 99 Y Tas b1 S[HRT T Scare gian 81 fenelt o wifer
fuet &1 wifq & T Regt ¥ et 9on § frds Sar fead €1 W
et el o et & foeiw oA 3 B ® it 4 Fednfaea qen
TN Bid &1 RUs o Hemer, S9eh W@-T@e a0 oAf9d $e o foag forega
T yey fHd W 21 ARdE ] el wEiwE H oA glen yey fafire €
feartfoea emafyrel =1 w8 | qon sTeusiel geai § qRafdd s i Grerst
o I o U Uk WfEd SUge Al o Tash e W wd @I R

13.7.3 AR EAIT-d | Fott S+

o1 13.1 o <erfan v S-St oo T off <wiian @ T Afg S wereh ek e
Tk 3TelThd o] AR SAIG al Sell e Bl 1 39 iRl Wl AYHTT Yot
FEd &1 3H TWE HI ol fodr=eh Afulmaied o o Seew T iy e

H+H—2H+ e +v+0.42 MeV [13.29(a)]
*H+2H— jHe+ n+ 3.27 MeV [13.29(b)]
H+2H — SH+ H + 4.03 MeV [13.29(c)]

arfaferan 13.29 (a) ® < Wi et T T2 e T uifsrei s § 31k 39
R § 0.42 MeV St Feberdt 1 @ifafrar 13.29 (b) ® < 572 faaes diferm
1 ToART GEEeh oA &1 Tfafmar 13.29 (o) B & gg2iH et ts dfead wd
Tk I S © | Here o fora S ifehi ot ga atferen O o1 eTeveh © o
foF 37op o= eThftia - TUEE YR S wE Y Heh| BTwlih JHI AT
YFTeeh AT §, 37d: S alel ohelld Widehtol €I 31d: 399 sheild S1adiel UR
F0 & fau ggfaa ol g oTevash €1 39 helld Telid Y S el ud
SR T ARl 1 et W wedt #)1 See & fon, T et 9
<9I T Gkl ® T < Wi o faIu 98 STeRi€gTal (barrier height) @ 400
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keV B @1ereh SAeed ent o foiu sraivguen 3K off eiferes gl ferelt wief
g o el gRI Heltd STekiY &l UR S o foig gata et 3x10° K ad W 9w
& Tehdll &1 TH 19 1 Ufshe, G5 (3/2)k T= K ¥ K& 91 400 keV @ ™
fehan ST weman 21

Fell Rl ITANT A 301 i o fog Tfveta Head Ta-5ea 9 81 =1sul
TN a9 39 o1 1 2 o6 54 &1 19 99 qeh @/ ST S ek T 36k 01
A 31O AT TG oF HROT, SheAld STERIY i UR A FR S| 39 UHAT HI a9
TIFTT GoroT Fed

AR o 3fd: T2l | Tl Sl o1 Gia @9 AR oreE 21 g o hie w1 dd
AT 1.5 X107 K €, St T 3fd Soil o 01l o Herd o foiu SMeeaeh STArd
A9 § TR K T TqRd: gF H B ol Hored giwmae o oiea Seietl o wgd
AAferss ol ATt W 90T o B

31d: 19 AR TT Gera ogd S=d a9 T < W & 8l Tehal & AR a9 T <@
1 UE fearfqal ohae ari o i § € Sueted €1 d § Sl S drq-A1HeR
FTE o e 9 g e 2l

g o B Al G stfufwmen uw agER wiwan @ e wrgee dfee §
et Bl 31: g o i W SRS UF B §iZH-912i (p - p) T € 5N T
Hfed g 7, Frfafaa efafwaet o qq==a g0 oo fonan S "ehdl 2

'H+!H—2H+ e + v+0.42 MeV (@)
e"+e — y+y+1.02 MeV (ii)
%H+}H—)2He+ Y+ 5.49 MeV (iii)
°H +3H — iHe+!'H+!'H+ 12.86 MeV  (iv) (13.30)

Qeft Afafsran gF & fou T steves © fF weell I sifafwmard €-a) am &
R 30 YhR ) Tioh Sl Afeh fietrt S giferad o1 T ek 9| 3R
BH 2(i) + 2(ii) + 2(ii) +(iv) W fo=OR & q@ Fa 9@ 30,

4'H+2e” — iHe+2v+6y+26.7MeV

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

IFd: IR TGS WA fAae T iHe WHN] SN © SR W WRkaAr
26.7 MeV St e it 21

forelt aR o @id: Yed W ohael Elfead w1 g i T2 g Se-sid e o
eEESH (Elferom o o5el 1) FH 2l €, Hhig 31 e el 81 THE AN 319 Toed
o N1 Hepfad Bl ¢ fSed shie &1 a9 g Sl €1 4fg i€ 1 a9 10°K d%
¢ S @ Fodd &t fRar IA: 8 i, W 36 9 gifem wed § afiafdd gei
TH YR 1 Yihd § Held " gl 9 SoAHM WAl aTed dedl o1 S 81 Hehdll 81 U]
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EIREY

-Gt gk (fa 13.1) o 3 R feua 9t qai o1 o 5@ ufean 9 7 =
el

gd T g 1 5x10° 99 § q1 T SFIEE Tl S @ 5 gd # eik 5
3RS T qeh I W@ o AU Tevae SEgieH SUCsd €1 $Heh UYEd, BEgIer
STl %ok ST a2 A ST B RN 3HH ¥ 379 ol o N0l Hepfad B <
S99 g =1 %I &1 a9 98| 399 g 1 a9l AeR0 Herd o fSae ¥
& 319 (red giant) ® 9Rafda g smam

Th E T % faded ® @mET 0.9%235 MeV (=200 MeV) S faqa gidt 8, 9
AT 50 kg 25U 1 gAS A9 fa@fed g1 STl e 4 x 10'°J S e B T8 Sl
20,000 & TNT & HAqed § St Tk Wl faehie & fau qafw 21 o€t amn o Tifushia i &
Afata fde T faemie wedma 21 6 3T 1945 & 5 | Ugell a1 Tsh YA Fferd
3TN TR T SRRt 3 ST ok e fetfivm W wsw w9 firmn fawwie 20,000 2
TNT & HAged ol Aeartfeea Ioarsl 3 Wk &0 | 3,43,000 farfaa et s & 10 &t
foretHier &3 &1 T2 & feam 399 66,000 X T, 69,000 W& TU, IR &1 67% T AfuH
ARG d89-8d Bl TE|

Toaa sifafwaret o fou smavas =9 amd faeed 99 g1 30— fohal S 9&hdl 21 1954
H 10 B 9 TNT &1 fovhicsdh &Hdl o THqed Helfashie 1 qdem fwan mm 3 a9 e
BISSIS oF HHEATTR, TYLINEH Td Lifeaq &1 Gaed gl 2, BIESISH 99 Hedd o | TH |
STt B fob gae wifsraemedt ATt efemr wenfd Y f&u g € S #ES Th @24 SaM W %E aR
geaft W Siae w1 THET HX Wehd 2| TH AR faeay § 7 fath gest 1 adam Sted 7w @l
ST, sfesh 9k edmifaea oTufite 1M et 9a o fau off gesft W Sitaq v v e R
2| Sgifass TorIeT % SUR W S URgYd IWEHT ST § @R YR (prediction) TE & TR
T e AR T 0 GRS & S it earifaea sulite aed w1 ate agHed ¥ aii

R gd | geeft &1 31X o et weft fafeon 1 srEwifua &Y

13.7.4 THafaa amo T So=m

forelt AR H B dTelt arg-A1fAeRTa Gfshal o1 N0l Tk ard-ATaehia I 9 fran
STl 21 foreh it Soraa Ruaet &1 3299 iR 89 &1 10°K a9 o 909 |
TR T T W S ST Bl € 56 A W e eTeHeR STl qe seieeil
(A1) T T g #1 <fF 59 99 ki SR W@ o folu i a5 Suete e
%, o7d: 39 19 S S WA Teh AK€ 9Rd Gfed fove % g 39 39 Hew |
Fferral oh TorshTe H WATEEd B 1 S WA o el e W, WHEA © TR Hera fuee
AN & T AEfHa wfe ggH Y "
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3ITeYor 13.7

30T 13.7 fefafad gei o S <ife ¢

(a)

(b)

(c)

T

(a)

(b)

(c)

1 TR afafmae o gt (SEn fe 9 13,7 § fiu ®) wEEtes
TR (3@ & AU 2H, + 0,— 2 H,0) % &9 H Hqfem €2 4 7 ai
e &9 H A1 IR FHR Ffad gl

et afafewan § fohe YR geaum, St § (A1 SHR Soidl) aeerdl 872
e foem ® o et et fran ® € sormm-Set U T 8 §Eel S gehd
& Sefer TEEtes e °§ 98 &9t TEl e €1 U8 el e 81 SHeR

ot TEmafeR stfuafsran oF wgfera g &1 feafa o for sifufsren o avieRor o6
Tl 3R Gl qel o AR i wE geH et 21 Rl wemEte sifafwmen
o wRATET o gl HaeH | uRedd @ ern 81 W Rl Tifenta erfufmer §
ALl oft B Tehdll B 31d: ARTT tfAfHan § Yo dedl oh TRATYSH i TEA
1 T €T STavEs el R eleilte, ARt afufswman | e qen =gt
T 1 GEA gk w9 U G el €1 [Gd |, oreiush Sl o uREsd
o 78 o ff gifiea g T 81 o%qa: Fol e 9 gt o g’
Gferd &d €1 BH 39 fave W g8l i SR formR el i ] et srfufmansti
[S8 for THiehRoT (13.26)] § W<l o S TR FieiHi ot Geard qen =i
%1 A gUh -9 9 § g9 2

B WA € foh s w1 S-Sl o1 AT % FoAEH H HRUMHS AEH
(5oTu &ifd) = @) <feh fohelt fereRtar saffshan & wiefAl qen =g <Y BT
FEATd TRfed et §, o stfufenan o S SR =gt qen g 1 et foRm
T (rest mass) THM BT €1 WXq fepet fwent etfafsran & sl ik o
TfTeRT ST Fel -1l STATRAT o AT 3R o AMTeh] i Fd dLF-FrsTl ok
THM BT a9 el 81 37 SUF-Setisf o St Atuenta srfufemean § srawifia
B Freft s1eran Fehe aTell STl oF ®9 § Yehe BT 71 Hfeh SE-Sell SoHEM
o I <t 7, o7 W shed ® foh TRl Tt sifafwan & S IR & e
AU 1 SR ol o w9 H URafid g W@ § (A 39 fauda et pa
THUH o 3 o ®Y W qRdidd g Wl 21) | 39 ®9 | kg rfafwan
FAUM-Foll o A EIAR0T H1 Tk IS 2

SEAM-Sl oh Sd:FAa0T i Sfie 9, fagiaad: T qaEfe sifafsran T
srfufsran o wued 21 fond et sifufwman o sraenfua steren Ferer areht
Sl AR o6 AT 3TR oF TRATULSTl Qe STUsT i qEmEfew (Tfawa &)
T Seiiel o AR 1 TR FHIA 2| e THEAE TeH-Se oft ferdt
o] 310] o ol FoAHH H FRUNCHSE FAEH (FUH-&ifd) i e 7, gafan
&0 frehy fehrel wend € o fenelt Tamafer sifuferen o <Y 3K o aeamoged den
LS o el FSAHM h1 M ol o ®Y H YR el Sl € A1 Sell e
AUl o 3 o &Y W ufEfdd g guifase @ S 21 ereliien, fhd
Tt AfafsRar § Hord gsemE afadl w1 aiEmnn ATt e o dord
SoAu i@l i ol § he @@ T HH el 81 9 ®9 H € URon @
foF T Wi @@ € (S W T ?) fv fEe wamte sifafEa § wE
SHAAF-SHS 1 A :FIG0T &1 Sl
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EIREY

.

. ek WEATY] W ek AR el €1 A eFefi B Bl Adeh whi e

TRATY] T 551 @ 10 T BT Bl €1 THIY] HT 99.9% ¥ Al SoHH
iy & FmifEd e 2

TRATET % TR W FSAHM, THIY] SAEH TRIEAl (u) § A ST @1 R
o STTIR 1 THIY FHTH $HTE (1u), 2C o Th WAV o §F9H o 1/129

AT o SR B
lu=1.660563 x 107> kg

e | u FREfE w1 g € o =g wed €)1 59T SFEM SRt Sl
& g € fore Wt
fopeft el 1 TRHY] WA Z3W e o WAIvEeh ek T WA i HEen et 2l
SEAM A A, TS ek § Yl T8 =i ol el T oh ae Bidl
?; A=Z+ N Tl NI ° fommm =i #1 wen ffde s 2
Teh TIRTT TSIl el Tk JFAEE (nuclide) 1 7 X gRI o4 d &,
el X 39 TEEts gt %1 Hehd 2l
UM Y] §&A Z, T fafa= =[eiH 9 0 N o FJFIEs gae7@ Hhoard
T 3 gaerge e o SomM 9@ A 61 9 99 8 95Eiie a1 o ook
T =Jgi & N1 91 THE & gEgeie HEdd B
AfereRier e q A1 Stfereh GHEteRl o fHor B B qe 1 WA SeTHH
Yok THEeh o SoAHHI 1 9T A7 eidl ©1 STel R § dreasd qeeent-ieni
1 Trdey gl 9 2
T I MeAHR WL SThT Tk B Fuifa 1 1 wepel 21 gl
ThIU A o STHR W A1 kT R A0 HT ST Gehdt 71 @ 9 T R
for fwent =1 foreen frfafad g @ = et 2
R=R A"
W&l R, =T fodier = 1.2 fm. T8 <1 € fo ek o1 oet A W FeRR 72}
T A T8 107 kg/m® 1 HIfE T Bl B
Ak o AR = T qeH ITed WE Yo AHHE a6l g 99 e 2l
AT 9 =P T W 9 faug T8
TR TT S| M eH ST+ 3Te7dl o el S8 T ¥ %9 Bl 21 e
3N THeh TaFel o EAHM 1 A FoFHM &fd Feeld Bl
AM=(Zmp+(A—ZJmn]—M
SR 1 TAAFE-Fell fH51d E = m c? 39 $A9H S Hl Sl oh €9
o 39 YR e HIA T
AE, = AM ¢*
Sl AE, Tf9e &1 qe7-eif wearnd 81 A= 30 ¥ Wt A = 170 FA9H
TEA % WG ° 4 i seF-Sell 1 99 e fEd @1 g9 e 8
MeV 9fa =feerai 2
AT Ffshaneti | S[El Sl TarAtTh FiRansti i qol | o 39 aa
T SR B 2l
ol Tifrepta wfeman &1 @-wH @

Q = 3iftm wfas St - URfYe wifas @it
S-Sl G0 & HRU, e Hehd ¢ T

Q = (R AT T AN - AfqH SHAET HT A A

feaitfoeaa o qite € food € 7 yonfa o i, o @1 g = o fenot
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Iafeld ek TUARE e Sl ®, el o-foheol difersm & ifue €; p-fereol

TR € qe y-foReel X-foroo, § off S wneed o fe gaw fafeor 2
11. Yfednifaes emm &1 77 &: N (9 = NO) e

7 2 e v foeen feomiss 21 foarelt eamfs = ed-a1mg (T, ,) 9@

T © e SRt el WEA NSh! URIWeR WM i oMl @ St €1 Sfrea

A 98 AT ? TG N T YRRTE 91 # e ! U 9 © S 2|

’1‘1,2=1n7=71n2

12. 59 ¥ gad1 § dfuq A S gad § |a e § uRardd i g al
Foil forgert et 21 forgea o w9t Afwes <1 B wei o fawtea e st
2 S, 25U+in 1% Sb+ 9 Nb+4ln

13. Tg 72 ok fomied | foa =2 ¥95a e € Sud a1 3o =i ©, e
SAfafsran &1 AT USH B T T9 UfHA H S B Al T g2,
U fag@ied 1 YRS % €| ARt a9 faehe o sifEta geen sifufma
I @ B B AR Ruaet o 7 FeEfE o fer @ e 21 Ruge &
=2 Jfg O ke 1 HH 1 SR @l S R

14. Gora | golch ek THoreht Toh agl A1f9sh o &1 g9 gfed g9l ari |
BRSS! o1 e ARl | Heram Sl 1 9id 2

sitferen Tfdn WeftR fammg i ECT
u

S—l
s
Bq

feoquit
faemuita faua
1. TR 57 1 S Ak o et R R FEY e {1 ] Some s
g fg &1 urem 7@

2. SoIER YHIUM GRI A i TE A9 1 51 1 I Ueh 01 b1 o
462 YR T 1 TS B W g o arn e 81 UE gEta §, i, e
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10.

11.

EIREY

TR 01 ek ok STae faaeor ¥ guifed eiar 8 Sefeh Yot o1 3R 3§ o9
3 HUT AMHHE Fo9 | Fferd B

3MEETEA §RI S0 T Soll 1 GUGEIdl E = mc? I&feid fhT 9 o 918 o790
BH SAYE WU TS el WAV % gUEk Il w1 A9 A8l e, 9
S-S T8I0 o Ueh Uehishd [74W i o1 ohid 8| Wehid o 7 e o
G B qe THRT faverEa WO Afehte Sifdent § g S 81 e e
Sl 1 HAGeAd o oW, AfYET Sl ud 3Heh I Wid o 9 ° ST
1 YR B T W 1 SUAN heh, fRdl AfWeRid wimEn (& Sten
FAfufsran) o Q-HF i YR Tol 3ffqq SeuMi o uei § =ert fohall S Wehell 21
(9fq freraia) ser-Seit 9% 1 YHid Te I T fop Femerd it
rffemand S € S <1 etk AHeh| o Tordd | 91 Teh R ek o HieAieh
THM ol & AIeR] o forged ® <@l ST Hehdl 2

oo o foTT geten ATWeh! § qai< IR el ol =1feC difsh o hard favd
eI i UR Y Hoh| F&T R0 € foh Tera o foTu e1eges a1 i eyashdl
Bl B

TEfy (i o) duq-Seil o Tad © iR 3od -+ & ufkeds s
? W TEH “He, '°0 % Jaemeel & fau fer e €1 98 WA & @e
& e o off el WA 1 TR 1 9= HET S @)

& < foh SoieA-UITSIg Teh SHU-Sideol T 8| §7oh SeAWH ThEHM 2l
3ok STAT o IR gEH W faudd wehfa % e €1 (F8 9 e © fe
S Ush Solag U Uk UiWEH Uk WY W € al Uh-g@R w1 faedio
(annihilation) %X 34 & 3R Y—WWW%W‘?WWW%I
& (TR IEeH) W Seld o WY Scafsid B el 1 TA-=fel
(v 30 fauda *-em (Wi Sese) § =1 (v) St e 81 e
e UH-FfEAl 1 FTH HU-UART T B B1 Fhid H Th U T TH
HiehT eral 81 a9 GA-WeH S 9ieq 1 Giqehur €, # e wew?

Toh o 2 TR B ® (n— p+e + V)| Wy, TH & ¥ G Wi
1 &7 T el 21 UET B 1 HROT I8 7 5 e 1 gomHH <2 o SoquH
1 g 0 ol w9 g 2l

W: QT A1 el Scesia oh 1S 7T Sedsi BIal €1 Tl HIi Scatsid hich
HIE ek SENTIa (IouaR) Sfereen § Fefat sreeen § iedl 81 Ut 1o
w121 IoHsi o IYEI hig AT SEITd STk | @ Hehdl €| Teh &l A9
Y (i for ot 13.4 W <9 TTQ ONi o FeRtor H) T FRTON o1 HHER ScisH 39
1 <1 T YA € foh ERT o off qeamopet i € aee fafes St & e €
Feanfare ek o STEfe 1 e 2 gtk e o T o forg =g ue
TSl b1 T T STU RIS 1:1 BF =Wl AR AIfehi oF TNiae o fog 2
ST 3:2 BT =feTl (WM oF e TR dlel Wfehyol o Uvid o Fed o fag
AR =i ohi TRl BTN ) S Tl ST ohl 7 @ ael Hifveh STErRl 8Kl
Bl o feht | =i Steren Rt Sifuehar B €1 e, (W el o) T
HEELfehi o | SIS 10% & TRl €1 =1 =fieh i &9 o FEmemen o s+
S & (3 T R el W o, p, d, n 6T 31 Uil o FE gRI S ST
B1) | Tl woEenen fove ® el o @it Sl o off Sfacifehd R S €
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13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

HEH
AW F Y BA F H FAfafad st eues faw syanh fag =it :
e = 1.6x107'°C N =6.023x10% yfa =
1/(4ne,) =9x10° N m*/C” k =1.381x10*°J K"
1 MeV = 1.6x10"3J 1 u=931.5 MeV/c?
1 year = 3.154x10" s
m, = 1.007825 u m, = 1.008665 u
m(4He) = 4.002603 u m_ = 0.000548 u

a) olifera o < Trft geeentehl SLi e [Li 1 Sgerdl 1 Hiasid %Esl: 7.5
TH 92.5 1 T HHEeh! & FoAHM HAY: 6.01512 u T8 7.01600 u B
SHiferm o1 TTATY] A J1G RIS

(b) R o = wreht Tt OB w U'B #1376 39T 1 10.01294 u
TS 11.00931 u T TR 1 WA R 10.811 u Bl [°B v !B &1 agaa
M hiferg)

it o e Tl et @1 SEerd SHY: 90.51%, 0.27% Td 9.22% 2|

T GHEehT o TRATY] S| HH: 19.99 u, 20.99 u T 21.99 u g1 FaEH

T THd TRAM] S G i)

g A9 (12N) 1 d¥A-Fei MeV | 1@ H1S¢m, =14.00307 u
frafafea sl o MR W Fe e 209Bi Tfhi ®1 GvE-Fsi MeV § 3
FIT m (3Fe) = 55.934939 u m (29Bi) = 208.980388 u

T XU U fqach 1 5I9H 3.0 g T G Sl w1 MO KIS S 39 Fqech ok
[eff <l TF Wi Sl TH-TH | 3T i o faQ Tewae g 9iad o fag
79 e R faee pofa: S2cu wEmEt w1 e ® (Scu w1 geme =
62.92960 u)|

Frefafaa o fau et g fafae :
(i) 22°Ral o-&4 (ii) 33°Pu T o-&F
(i) 2P f-&1F (iv) 2°Bi &1 -8
(v) JCh B (vi) 2 Tc 1 p-&™

(vi) 20Xe 1 Sl AR

e fedntfaea et &1 suig Tad {1 fha A o oK sEeRT Uferee,
YR Tfeeadr &1 (a) 3.125% T2 (b) 1% & ST

Shifad seAge §54 1 9 Udeadr, fd I we o fau 15 &@ gfd fime
21 77 Ufsee, T waenfh 1AC % - sew 9 ¥ famme feanfaed
"2C % HR B T ST F g B W IHS o WY TR S fmA (S
STk Tferd Qe i o+ Wl €) FHTS 81 S 8, 701 $8eh! Ufeeed &H
B IE B SR R 'AC T S ey (5730 Td) SR A i At T ufsea
o YR W HHT TlTehe 311 1 TUMT 1 ST Tehell &1 7T qUed Torae | wge
BN At 'AC FweERY (dating) TSfa %1 fasid 21 g€ AR fF Aiesige
ﬁwﬁwﬁa@aﬁmgmuﬁrﬁﬁzqﬁww%ﬁqgaﬁawaﬁ
[iehe 3T &1 ke HiTeT)
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13.9

13.10
13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

EIREY

8.0 mCi dfsraar =1 eArtfees &ia 9 3 & fay SoCo 1 fohat @i 1
TRl B2 S9Co T 37efg 5.3 o 2
NSr I T 28 I T TW HHEAF F 15 mg T e T @ 29
Tl o FHERNE 197 Au T T o SEEIf 107 Ag i AR 5 o S
1 Hi=Tehe [ F1d HifsTg)
(a) 22°Ra o (b) 22°Rn T¥ehi o -1 | Sc@fSd o0l 1 Q-9 o Tt
EX GBI
feam €:m (%2°Ra) = 226.02540 u, m (22Rn) = 222.01750 u,

m (2°Rn) = 220.01137 u, m (21°Po) = 216.00189 u.
edgariieg 1'C &1 e FreAfafad GO & HER 8 €,
6 C—o¢ Bte'+v: T,,=20.3 min
Seafsid qifsiei i fehaa s 0.960 MeV 21 SeamMl o fa=fatad o
few o @
m(z'C)=11.011434 u 9 m (y'B) = 11.009305 u,
Q-9 T TUAT HIFS TF IcAfSId difsier i Afeehad sl o | | $Heh! gl
HifSUl
25Ne o1 (R, B~ STHSI o TN &I Bl €1 39 B4 o fore e fafan
R Scfold SeraAl i stfehan s St 91 RIS m (2 Ne ) = 22.994466 u
u; m(¥Na) = 22.989770 u,
fordt Tyt eIfafean A+ b —» C + d &1 Q-9 fr=fafed gt g
ufkefod eiar 2,
Q=[m,+m,-m.-mJ]c*
el f5u U germE, AW foim e9| M (rest mass) B fGU MU aAfwEl o
YR W T o Fretfafea sfafpand somad € = s
() JH+H —=? H+*H
(ii) ©C+5’C -7 Ne+;He
f& MY A A T UER €
m (?H) = 2.014102 u
m (®H) = 3.016049 u
m (12C) = 12.000000 u
m (2Ne) = 19.992439 u
A o6 g1 SSFe AfWeh oF < WA stadel 28 Al § foraed W forem &3 s Sl
1 gfe § = fagsd G922 56 WhH 1 Q -0 1d hich 3791 deh T&Id il
@ 2+ m (¥Fe) = 55.93494 u T m (28 Al) = 27.98191 u
239

¥Pu % fa@ed 0 9gd F9 255U ¥ faen-Sed 1 i faeed fogea siea
St 180 MeV 81 3R 1 kg U 229Pu o @it wamy] foaafed &f af et MeV
TSl faqe M2

fHE1000 MW foree fiuget o o118 $o9 %1 5.00 o ¥ =49 8 =ar 21 IR
F zad ferer 225U en? W ohfSe for Ruset 80% Hwa it & &, 3okt Jqf
St 25U o forged | & 3o g8 §; a9 25U =perse shad foee wiwe
H € = B 2l
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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 SFIREM & Terdd | Tk 100 a1 1 faea oy ferait <0 wehifera warn s
ekl €2 Her sttt feted o s wehdt €

H+>H— jHe+n+3.27 MeV

T TSl T AT hI FH o T FeAld ST HT HaE A RIS
(HoFd-FalA ST FT HeE H AF 31 €M o o o a1 39 Fem
iRt e o SIS idl € S Teh-SE ol Gueh | @ S R S de SR
BT Bl 98 I ahd ¢ TR g2 2.0 fm g9 e 9wt gg et #1)
THEHW R= R A2 % SR W, 3T o TR 57 1 S T 3ToR 3
(s1efd A W fAst 78 2 @)1 F=l R, U foais € ud A i # ge s
TE B

foreht s @ B (UifSigH) Scasiq 1 T o iadrh fwan @ o seieee
AT (Capture) #ed € (TAH WA &1 afeh Hell, Si9 fom K-hen, @
R T TIeH IRIE Y ol ® SR Uk e, v Seted i 7)1

e +45X— ,AY+v

TuIfe o 4% B Scos STl feR 9 o1Ad € al goige ufare o srevas ®q
T I{Ed B, W sE ol rEa e Rl

fafed 31T

afrerd ARoft | AT 1 sfed e s 24.312 u K@ T #1 9% i
M, ool TR Hokh FHEeh! o1 Hdel sgerdl & SMER W f&an o 31 Feiferam
o T T qOT ST FoAUM 39 UHR § - 22Mg(23.98504 ),
25Mg (24.98584) T 2SMg (25.98259 u) | T | yrat Fr=fiferes # 2:Mg
1 (S o STER) TEAd 78.99% B 3T I THEAR] BT T HI
qfthe hifST|

2 JUFRTT Tl (Separation energy), TRHMI & TGN, 98 S € S
forelt Tfrer @ W =g 1 FerTeM o g sewass et 21 e fRw e sfishet
1 T B s0Ca TH 27 Al IfTRT Y = JeERRIT ST I Hie
m(30Ca) = 39.962591 u

m(2lCa) = 40.962278 u

m(%6Al) = 25.986895 u

m(37Al) =26.981541 u

fereft =i o wiewrw & 2 e =@ames fifea € 2P (T, ,=14.3d) W 2p
(T,,,=25.3d)I =T H P & 10% & T 2l 81 399 90% &7 I i
o fou forae 99 ydian s geft?

Fo faftre aRfeafa |, te T, o-Fo1 9 2ifyes SmE are T S0 Saafsa
ek i el 2| frefafaa ea-ufmearet w e st

“23Ra— X9Pb+ 4C

“23Ra — “Rn+ He

T AT & SRS o foly Q-9 W1 O HifST iR TeifEe o <R ufeard sl
1 gfie ¥ Hua B

e =il g1 238U o fages W foam wifsw) foreht fage wfsean o mefien ot
(Primary fragments) o de-&d o YD ohls =Jgid Icdfold gl ol qef
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40Ce T ¥Ry AW IR W B ¥l fa@ed ufwar & faw g o wW
R ST SEvae Mihe 36 ThR © :

m(*¥U) =238.05079 u

m('42Ce) =139.90543 u

m()Ru) = 98.90594 u

13.28 D-T ffufshan (SFRam-difess der# ), 2H+ 2H— $He+n W foa=R &ifsT)
(a) = feu Tu stiersl & eMuR W Afafwan o fagea e &1 o= MeV ® I
ST
m(?H) =2.014102 u
m(3H ) =3.016049 u
(b) TSI T Trsfead I T 5 @9 1.5 fm 91 ifsa) 39 sifafswan
H, S AT oF HEA Shelrd Ufaehsur ¥ IR UM ok fag fhaHt fas st st
ATl &2 SAfhal TRY e ok forg i (D aen T 1) o fohg a9 @
Hftaa feran S =few?
(Here : fordt Herad foran o fau etrevaes Tifas 1l = S o | Gord
HU 1 3 qrdg TS St = 2 (3KT/2); k : dieesa i qen
T = TH dM)
13.29 = < T eF-AH H, p-art i fafewor sngfaat ud f-wui i eAfershan nfast
T T wife) fe o
m(***Au) = 197.968233 u
m(**®*Hg) =197.966760 u

198

1.088 MeV

0.412 MeV

T2

198
8o HE

o 13.6
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13.30 T4 & AWK ¥ (a) 1 kg TESSH o Haad o 99 foaqed el &1 qfiered

13.31

FHifeul (b) fo@e RuaeX ® 1.0 kg 2%°U & fawed # foqsa =i &1 dfiewem
HifSTl (¢) qe (b) 9o H faqga Setieti i qor hifaq)

A ofifsTe o 9ra &1 we 2020 % 200,000 MW od wifskd S =1 2
THHT 10% 9shia vifem da= o W g1 81w for Ruser &6 siga s9am
Terl (o1 ki T o ufafda &3 1 &rmar) 25% 21 2020 o 31 9% TR
<9 ! 9fd o foha fogera em &1 sawaeRa Mt 2°U ufa foaes st
Felt 200 MeV R
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