STEATT 13

Y W M

13.1 yftem

s e1eaa | g9 el © foh Weieh TRATY] 1 ¢TSSl SIS €leht $6eh ohg W Gehfad
1 STl @ ST AT 1 AR S {1 A w1 el WIge WHTY] o WSS i el
o T HH Bl 81 Q-0 o Yehiv Heell YA A U€ wefi fhen € b Aifues
1 o, T 1 B &1 ge § 10% 4 @ oft % e w=few) gwen o @ fm
ek o1 STEIG TCATY] ok 3T o 10712 T4 o o9 1 TR 91s8) | e al CAT]
H srfurpierd: faa T & 21 9% & TRA] 1 GE TGIH FEl F FHR ok I
# Tl s T9d T 7 o o o e &1 e < qenf, WAy e
Gt SoTHM (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 o qUi TSl o ke uie S €1 W 39 FEm o e gt
e ff ¥ S % AU, S 1 9] §eHE 35.46 u R
TRHIY] SeFM ol ALY WO, FoTHH duishEadt (TeRHI) g fRer S )
TRHIY] SEFAEI o |9 W Tal Seidl € o Tk € dcd ok A= Weh R o U@ qeATopet
1 3Nficd & TSop THER 07 9 THM Bid € W gk Sl | SR il 81 Th
& q I Gl WA gt TSeeh 5ol W STt el €, HEHe hEeldl
(FAH o emEEierd w1 o B § gueenfh €, 98 AW 3% wwfog fean w0 @
it deall W1 Ted gRoft 3 gl T & LM R 91 S € ) | e | var s
Yook dcdl SRk & § e FHEeh! a1 fagor €| fafa= woeentrent 1 qme
IEAd A SSei o GTY aRed @l
IR & T, FAT & 3 gHLfw § 59§99 HuY: 34.98 u T§
36.98 u ¥, Sl foh TIESISH AT S| o ol Turel o Wi-The B 1 57 qHeet-ien]
%1 WU SEerdl HHY: 75.4 TS 24.6% T 39 UHN, WHfdeh FA- AT
ST 3 HHEehT o1 YIRA-3719d €1 3T, Wiehfdeh Sl qHTI] <l SedM,

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

35.47 u

& A € S SIS 1 AT FHA B

Tl % foh ¥ Teh dcd eESiSH o N wEete © e e
1.0078 u, 2.0141 u Td 3.0160 u €| T8 Bieh BEgSH W] fSeent dmder
Tt 99.985 % ®, ol A9, W HEadl €| Teh FeH i FoA9H €,

m, =1.00727 u = 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 A T ol AT AW 37 FHER] oF AR H faed™ 3T ifase
T I U R GEH-SoHHM o WIS H ¥ Wi ol SHHY: Tk TS a WS
o T Bl 1 98 ded $ATa hial © b wRwmveti o Afien] § Wil o srfafe
formm wH aren 9 I]EH $A ol Th qA "Ee o U o ®9 H OBl Bl
21 39 URemed &1 gfie, 1932 §, S <Sfas g0 &1 T =M <@ s
Sfferm AfgRi W Tewt FON (TehT FuI, Eferm Tfgw B © e fawm
o B9 e S9N W == w1 i GOSN H S €, @ 39 e S fafwo
Icafsid € 21 F8 ot urn e T 3 Serd fafewon, difemm, s wd ArEeiee
Y T AR ¥ THTRL 3T YA arel e 71 39 Y 9% 9 T
a3 fafe wie[ (foga gaeta fafewon) 2 o) s @ Hom weeo
el &1 T S W oa =en TR oAk 3 I fafeor wed o oad

EQ
BId @ TR el 39 faferton &1 gor o aga sifues ot s dffera ifveni
W U FOT T dBR 9 WC B &1 T g o g % g, i wefaw
3 HaweHe €1 ¥ T R, 3W woud W wHifed e fr SSdW fafewon H
Th U YR & SIEF KU B € TR 2T hed T el Ud Heml G
frml 1 3T #, IBH TH AT FU HI SHEA A R H GHAA GG R,
9 Wied o TEEE o A aUeR 9l T

e TH JEH Rl SHH STcfush Felefal § S 81 98 €,

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

22 *1 @Y & fau Jefas w1935 & AEd [WERR @ g fwe
T T G WM % fawia TF qe 2 swerl g 81 aE T W, T
TR T U Fiagiel (379 el hO1) o w9 W eifad g Sl 81 gHehl S
Y @MHT 1000 s et 21 aenfy, Afaw % fiw qe wowEh g 2

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

2018-19



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 T

197 Au THRE €
13.3 Afieh T @SSt

S B 1A 12 | 3@ ®, WIS o8 Sl Asifen o FeiH oA Aifes ok
I &1 IREheTT T TAOT il W{IGS oF Fod W IR Td Aded 7 @l &
Feh T UTHT HUI o YehIUH W Hafed Ufag TarT fean 37k war § I8 ¥ gal
& 5.5 MeV TIfdst 31t o UeWhT S0 1 w01 Akl o Feherer wga 1 gl T
4.0x 10 m B w0l %1 TWa Y o/ -h0T o Y10 i TIBIE A T AR GHEAEN
o Wehivi o U el Fettm 1 Jfasdor So & STRarE €1 S, SFIHS e
s o ffed el ®, fues o1 arfaes @es 4.0 x 1074 m ¥ %9 g1 =)

I 9 5.5 MeV § 31f¥& ol o o -0 TAN HL Al Ak 01 AT
o freey w9 # S0 I FH e el iR @ YHvH Stey W AR
Tl ¥ yifad g o ok TwiE gN fRT T qfeerl @ 9w WH - SEd
S| RIS o URhe Uewl HUT TS Tl Aifash o eFes Jod ol o
¥ @ Gl Y hoel WideRtul §d R enenRd €1 9 g0 o g N W
EIHE o URehel H M dl R TR B oA §, AMWehd HiEw o foav
o frerd feren S Gewar 2l

TH YehIUH TN ek o o-S0T oh & T i 7T SeteeHl o1 fafa= aal
@& FW DR HI T T, T qeEl o AR g ST aRgrsa 9 9 fhe T

I qrE T TR A AU GEA o AW i B o

R=R,A"? (13.5)
W&l R,=1.2% 107°m (= 1.2 fm; 1 fm = 10"°m) @e1 319 & foF ek
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 37 dRF @ %o 39 Him 9ok Siiifed B T ? R e R T s ae
Tfush #1 WE FIeR H &l

13.4 THUAME-FSA qUT AMMHRA S-St

13.4.1 SHH-SSl

3TMERTEA A o9 fafdre smufierar fagid o STUR W I8 S foh SHE Se1l
& T o0 w9 ¥ fafire smifiedr fagid O veel 98 HE S o fo feRdht sifufwan
T S T Sell STeTTT-3fer TEr B €1 W ST 3 T <9 foh oA shed
Foll o1 THYU Y & S EH S-Sl 1 Foll o 3 B, ST Soff §, et
F G ¢ a1 Toadia yH srefd S * goHH § wuidid & o 99e 2

Heh ToU SRR 4 S Wibg SorHH-Sell Goqedd Hay o o8 2 ¢

E = mc? (13.6)

el E, 591 moh THqed el & Td ¢ Tefd o Tehtet w1 o € TSt wfeene
T 3%x10°m s %I

IETETOT 13.2 1 g 1Y oF AT oMl bl GRepfad it

'
e E=107° x (3 x 10%)2J
E=10°%x9x10'*J=9x 10%J
Y YR, AR Tk T 9=1ef i ot S ° TWARa a1 S df s Feil i fawna
AT g Bt 2
STERTEA oh SHHAM-Sell qa i UEfith gfte, =fererail, ekl serdemi

3T T & H @IS T FHN o o g drelt Akt stfafewenstt o etemem 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 =

2018-19



EIREY

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 SAEREA H SHHH-Sel qageddl fagia
T gftreet fromar 21 <ifeR, SHeRAST TR 1 S $Uh Skl o FeHH ok AN
(erafua sraeen W 8 WelH Ue 8 I 1) W W Bidl 8, SIS e 1 FHqed
Foll Hh FIZh! H1 THGET el o AN W HH Bl 1 AR A9 ATeRdoH R
H 8 UMl TE 8 =gl | foafed www =w® @ sMuskl Aw fafed e,
AM ¢, 38 A9k 1 Y T el 3ok fAIQ ST1avaeh I8 el E,, Foq9H &ffd
¥ frefafaa gefe gr wafad aid @

E, =AM (13.8)

ISTET0T 13.3 TS WA FoAHM H%h oh Hged Sell ol A Tedl ol 3R
MeV ¥ 1A HIfST| SEHT ST ek 60 w1 Ze0M &fd MeV/c” H e hifSu)
T
lu = 1.6605 x 10" kg
THR! ol o Wl W UREfdd i o folg &9 gHeh! ¢® | TOT d § e U
o 59k
e el = 1.6605 x 10727 x (2.9979 x 10%)? kg m?/s?

=1.4924 x 10°J
1.4924x107'°
— = - o €
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 9§ A9k o
fau ufq Sfee so1 oot E, W@

—
=)

E 0 =g | °Fe “Mo [ T - W@Aﬁwﬁ@mwé|
E 4}16/\((0 s - @ U% H ¥ fmfafaa @em
- 2 [N forgie gftem=r 8 & —
& |[*u (i) TeIad gemE W (30 < A
Ty < 170) % fou, wfa =R
% oy qUA-FS1, E, |, 1 A @RI
2 C w9 H @ @ €, stefd e
& o H I o Tl gRafdd Tal g 2|
0 50 100 ‘ 150 200 250 WA=56Q;1\FTQF’PT9:PT 8.75
ST e (4) MeV 1 Tfi®as 7 U5 A =
forT 13.1 s=MH & o %o o ®9 | 238 & T 7.6 MeV S¥iid 2l
T R S-S (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
%Y Bl 2
7 YR e frehel @ wgT g ©
() TE St TR § d Wi R $5 MeV sivF Sa i o oy i Yo €|
() 30 <A< 170 % TUH ¥ Se-oll ! ST=Al 9 de4 1 IR0 2 o 71fiepia
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 %
i foemai i &1 duA-o gefad T8t e it fRdt ft s Ay 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 sfud €1 78T Gorg 1 38 wieea § ot ol fagea
Bt I gd R Tl o1 Hid € e fawa § ww ergum 13.7.3 6 =t i)

13.5 Sf9eha ad

IE =t S WA § seial 1 i fEfa e @ gun guRfed et 9o 81 ST
13.4 % &0 3@ T liga so9mm o s o forg gfa i S-St e
8 MeV & Sl TWHIT] 1 SeA-Foll shi qoil | agd Afush 81 31d: Heh H o ol
TER 1Y T o T weh f9=1 YR o Siferemelt SRl aet 1 STaEehdl 81 T
a1 31 Ay Sifdaenelt g1 =T fof (Uefa) Wil o ot ot

TfeRsl Ft | 3Afeeh YHTet SRt Wl TS =2l QI hl AR o6 Fad
ST | 94 T TR BN U TEe &1 3@ I © 1o Ui feemrt qea

TSl I STl 1 T ol Bl oY GUH Yehfd ¥ HE S FWehdl €|
AT Se el o Fo It w Geg § = g e #1098 9=

1930 ¥ 1950 & = Ty wu fafq=T =il g Wi gam 2l
(i) FYeRTT e, STEEN o id O dlcl Shalld 91 T SeaHMl o o

feerfast =t (MeV)
SN
——)-/

AT STl TeceehtUl el i qoil § STcafeeh gifenel el 2l

TFHT So 561 B, A o SR W % S o 9Tl e k/
Yfaertur de T ST T B 21 98 ST Hwe 81 U ©, -100

Fiifer AFE T FeA™ aedl B qoH H TAF Jad B 2 " - ) ’
TecehT0T §iel Al Sheli™ el i gerl § ot STl el g ¢

(ii) =IfRAA o o U TR FS HRMI § 31U il W 39 a4 ﬁq:;;i,—j{l: aﬁiﬂzﬂ;g&ﬁjﬁq
T Sl AR I A @ Hed Y @ Sl 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 99 Y SeM & 9 SHA
ITeh] 1ol TS | oue &) 39 Yohe 3IX HIwfthes wie o = Wk =il 1 Thal
@l T YHR T HS T @A oF d1% Sd WeNhe e i Saad fhar T @t
IE I T foR A wie el U€ gt o I% TR UE <is o RO gIm = S
Aifiteh § Seafeld g2 el de hiel ST SR =it <l i 9% HT hIEAThS we
T UET TE B

o | fRu U gE 3 gwien fR ednifaeedr e Afaenia afteeT @ foed
sl Tifes afd grar €1 S8 Sailfaed eF wed €1 WHfd W i YER ok
feamnfoa em e  :
@) o, fed @feem i (‘He) Scafsid g &,
(i) PB-&, F9 sl steran uisiie (T 01 STt SMM i Soieeiv o Jek

B B § T S8y St T & foadd Bl §) Scufsid B B
(i) y-&r, f5Ed =9 s (100 keV 12 3ifersh) BieH Sedfsid eid 2|

T Y YR oF & W S IuSAr § fa=r fan smem)

13.6.1 Ygamfaea et o fam

forelt Afeamifes 7o o fad o, B 31a y-21 81 @1 e, I8 9 S @ fo uehi
g H gfd g a1el Akl w1 g, T ° foume e Tl wt 9en &
A Bt 81 A% &y T quA § ki 1 G N @ i At EHa § AN
Tfver &ffad 8 ® 8l Al

AN

=N
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 W A 9E & T f S U9 R R ST e fEm T aed T
XM A & 1000 sl kT 7 (I hret forqf foraeh a1 9 w1 ) st qdem
F A ETH IE ARN HE fF F T A ww W g (W) = S e
gkt <1 & ek quia: ot fram, s@ Aeaidfaea-erear 99 o STER e €, i
T (13.14) R = T T 2

et T *T e X R Tehich 99T | &ifad € aTel AfeRl st g@ gt
21 A foF de TEiaTe ¥ afdd g9 arel TR 1 9@ AN®, @ dN = — ANI
¥eTeT U1 R e = Bt =

_ _dN
dt
THHRTOT (13.14) T 3Tk Fid T,

R = d_N_xN At
T dt ¢

#gal R =R,e™ (13.15)

g eTfaed st oM % 9uF © [ . (13.15) &
FHheA T T EHL (13.14) 9IS B TWRA: R = AN,
£= 0 W &P <X 31 Fret FHfved W (T &I W R, 59 6
et TR 1 gen N9 fre w9 § gafig 2 8

R = AN (13.16)
itz AT ) A o G i T A
siferer rEfiTeR WO TR © a9 SHeRT Wk Tafved A @fepgar
( 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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<t
(9p)
(o))
—
1
O~
©
Q0
—

450

fafa= eai-fueht ) e < o erferes fa=Tar Bidt 81 39 701 &1 e1df-e1 &
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@ﬁu1

T wetrSas R (1867-
1934) dicie # S|

H wgaH faetl 1896 #
Sehtel g Aearifeead i @
J T SN Sk e fer gl i
SR ATl TS favei ok
fere ofta femen, fomer woasy
Toai— eaq wd deffEm—
JUFh{Ul H9E gl T8 HH
AR off T q Feel EhR
U §U : Tl 1903 § Hifeert
& fau o gmu 1911 #
AR & feu)

N

In
fie=
.693

A

o

(13.17)

FHfl. (13.16) o THR, TOq: I G&A N, T, , F99 | Tefl &l

W%ﬁW&’ﬂg’FﬁWﬁaﬂ%ﬁWWI

Tk R Heifed AOge SAEa-3 (7) B gHeR 9 o T,
(13.14) @ W fepan w1 bl 1 Forelt woaieel ¢ W ¢+ A W
& M R(OAL= (AN e A T T8 § |eft (o7 aa Shfea
Ted 21 37 37 |eft ! B FA SeM AN e M BT T T
2 o o e o1 S hicl A A1 o TIh! 1 STeH w1l
arferen BIdl 21 37d: Hd @11 1 A 9Tl i o forg Ser offer
F1 H FA THI 0 W oo Tk ok TT AN (74 THRTH) HX THT
t=0 TR IUcTed 9! 1 G&AT N, ¥ 9N 31 AN 37

ANOTte'“dt B
t=—20 = AfteMdt
N, :

Y AR Sl HH W
=1/
T B

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

(13.18)

T feanfee a (S T 2Efem @ oRifEm) [t snf-arg fova 5t
AT (ST 15 3RS a¥) i Gl § 9gd HH 2, HIB1 G9A Yged & fermifed € goh
& e Yol | Sueted el B Eeliteh, SehT AR 1T SAfutsmaneti o qrepfash &9 9

3 foRan S gehar 2l

SETEXUT 13.4 &190 & ® 225U &1, a2 o fau s1-31g 4.5 x10° 9 )

T

3<3glUl 13.4

25U & 1 g T 1 UfREd # 2?

T,, =4.5%x10%y
= 4.5x10°y x 3.16 x 10”s/y
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=1.42x 10""s
ferelt Toeenfieh o 1 kmol ¥ STENTS! H&A o sRISK WA 81 €1 37d: 1g,

50 TS F WS, - kmol X 6.025 X 107 WA/ kmol

387 10
=95.3 x 102 2|
.. 8Fd R T,
R =N
_ 0693 _ 0.693x25.3x10
T, 1.42x10"
=1.23x 10*s™
= 1.23 x 10" Bq

ISEATT 13.5 f-&F 5N, TEfem &1 sed-a1 12.5 o 21 25 99 918 35
IrEfea o W TA W1 foha ofe eifaefed wwm?

TA RS o6 STIER 12.5 94 91 TEfead o T Wl Lo 9T S STTCl
12.5 99 § 39 oY &1 R e AR 14 FT IR ST4: 25 WA 9% S
erefean o fordlt ToH 1 14 ifemfeq wmm @

13.6.2 UTHT-§F

25U @1 2% Th ¥ &9 Uowl-41 1 Uh Jafaa S<e 81 39 Uihar § diferm
ﬁ%(;He)Wﬁﬁm%:

ggSU—> 334Th + ;*He (13.19)
Uowhl-&F H, Icfed fauedst Mfe &1 Seq9H-Hea & 8H o Jo A9 i
qE H 4 HH B & T WA HHIH 2 HH A | HHEG: TR g s 4 X
o fomest A Aty H S0 F TH FHR FHR FW €

X = 4AY + iHe (13.20)
TS o FoAUM-Sol HHqedd Hael [T, (13.6)] 91 Sl S0 § I8 T B
o To1 @a: &9 shad &9 IRl F1 Fol FATH IRITER TR o FH9H 9 FH
B =1 feorfa & &) ud B1 5or9H | T S SRl 1 s il o €9 | i
I 21 MR oA 1 G W 98 T fFA S whar € fF 2%Th 9en fHe
1 Fol ToAHH aEE § 25U o 5oFAE § w9 g B

YR SEHH-3S Td &9 IRl hl ol ZAHM-Sell bl 3T 8 Ufha
Q-HF I [q52s FHoif hEelrdl 2| Towl-ar |

Q=(m,-m,-m,)c (13.21)

TS w1 AT A 39 Uik H S et TfaS el AU IR w1 e st e
(A yrfuer ifwer X feem &) off B Tyed: fRe somEd i (S9 fe
TeH-89) o fam @ > 01
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33180l 13.6

ISTEY0T 13.6 e ffafad e germe fie 7§
255y =238.05079 u  ‘He= 4.00260 u
234Th =234.04363 u |H= 1.00783 u

%7pa= 237.05121 u

Tgl Ui Pa dc WU (Z=91) 7@ & fog 2
(@ 35U @ o-&F 9 ScEfsid sl ki Hifsm)
(b) =iET & 225U wa: Wield Seds el e Fehll

'
(@) 38U 1 Ucthl-&/ THiehor (13.20) o STER Bidl B1 39 Fiehan | Scafsiq syl

92
o ferq &= ?:
Q= (MU_MTh_MHe) c?
v KT MU stihe SWied g H wfaeenfud & |,
Q = (238.05079 — 234.04363 - 4.00260)u % c?
= (0.00456 u) c?

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

(b) 3 25U ¥ Tk Y H1 Wd: IS el & o &E-TieRaT 38 YR fere—
o U - g'Pa + H
If% I8 Wisha |9al 81 a1 35en fog,

= (M, - M,, - M,) 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] i &1 @, HifR, BUTHS ©; 37d: SHHT T@d: &fdd e q9a e Bl
288y T § TH WA IAIq FH & T 6 3691 7.68 MeV Fst T&H
HEAT BN

13.6.3 HeT-&9

der-ea H fRdt T1fve ¥ U Soiae (B—&™) SI¥aET U uifsied (B —&™) @&l
Td: SeAS Blal B B—& qel B8 oh WSSl e R

Zp 2 S+e +v (13.22)
*Na -7 Na+e' +v (13.23)

F o Tl (13.14) @ (13.15) & R & §, TS fF o8 wnyfer €t w1 ST
Tkt o A T A a2 WY 39 & -3y (7, ,) W SR S Hehd
21 TR % Ty, Ik &l o fog sref-ag wHE: 14.3 faq @en 2.6 o9 )
P& H ol o IS o 1l &l Ueh QIS (7 ) W1 oft Scusiq g &1 ae
B —erd H wifSigi o Wy A (v) w1 Seqeid gidl B1 il Selaq i g o
g HH FAHM (HEd: ) drl AR w1 e 81 3 31 Holl o Giel 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
aHl | ereafues fafa=tar et 81 wEifvers et &l

60 ..
Ni

28

FIEHM eV 1 B0 €, T AR Foft W H FoMA T 154 o e 5 e e s

3T MeV o hIfeHM o1 Bidl 2| 5a shiE Iaferd e e

ST Sfere e STNfS STawe | Gehidd el €
ek o I ST T o A S THE FST H1 B Seatsid Bidl 2| TgT TE-8
FEAM Bl T8 FS (MeV), FR X-THl o it ¥ 9 quresd oo fafwoi 9
Hefed it 2

A= fordt T foRor o1 S, TothT 2199eT diel-&1F | fases Aifes o1
IS eTargen | @A 1 37een H el 1 S3feid e oafed stewen ¥ oI &1
iRl § Tk B AYA Uk O 3k BIIHl (HHAR GHHU Hi T H)
IS H 81 1.17 MeV a1 1.33 MeV Siial i T fRol o el Seasi &l
G 3T S0Co A oF B—&1d BN goNi ifver # &ifrd 8 &1 ufshan o
wef¥fd g 2

13.7 et =it

o= 13.1 9 <2 T 9fd fertat™ suF-Ss E, o H A=30Td A= 170 4
Teh oS WA 9 €1 TH A H Ui RS S-Sl T 3R (8.0MeV) B €eteh
e, A > 30, 9Tl 9T U 9 AR, A > 170, 9 901 H, S| &6 98l € 3@
I ©, Ufd feasit seF-Soll 8.0 MeV ¥ HH 71 A S-St aifursh & o 34 sferd
feh S ek 1 hel SoTHH KA BN TROMAEEEY A 1§ FH el deH-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 TEENfE 2By W gL W YeR FUFT 1 § @ 98 < eAfqe S ot

92

Tfyewta el § fawfed & o ¢ :

N +PU - 23U - Ba +50 Kr + 3)n (13.26)
7t foran o meafies geAuE ool 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 379 a0 de B-&1F 1 %A <ol
wdl & 59 7 T oid § Tl ©e ww A el W)

g S8 T a5t foeea sifufswan o fdaa ot (Q -wm) wfa fawfea ifus
200 MeV &1 &hife &1 Bl B SEehT 3The gH fT=iad oid 8 :
; T foF TR 9 FTA=2407 3R 98 A =120 % I wel § fowfed e

| &

A =240 If7® & fau E, @9 7.6 MeV © (fo7 13.1 @)1

A =120 9 foefed Tk & fau E, @+ 8.5 MeV 2

- Wi iR S-Sl el T 0.9 MeV @l

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

forge w1 weTst *i fomed sl 98el &F-3cRl a1 =gl i TAS HSl ok
®Y § GaAfd el 81 3 o I STHUE o FoF ] BEAAd el O o ®9 T
Rford & St @1 AR fesed | Afveta fadea s 9 foarq@ saarA g 2
W] o9 H e g Al ged Sl At it faged 9 € S el @)
AT SN W B o TR @ 78 ==t i fob Tt Rueet e e w2l

18.7.2 f9enta Ruaet

Tt (13.26) @ (13.28) o afvia foeed 9 wh @ifd weeyl Tea wdid e |
e fran o ww erfafted =ggi 1 Sata et €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 WM 993 &1 & ud 7, 599 9Rd § Sue gahaee
TRt (U o Hoa 99 So9 § 39Anh foge i ua IaR AIfiehia |rnil ol 7ol 1) 1 AN IR
fopan o o S o Ruax oy o fow & fohe e, s wnfier € wefern, gfvfen (1, 1 we 1), g9 e
I I <90 1 TEen oe1 vy Ruaet © fe U-233 1 $o &1 atE s&aurel fhan 7 1 S A
T T ¢ viy-Ruget &1 nefes Sevd vifs S 2 ®, 9w et fase e dsheieht o fafe=t vai
3ier o T glaen wem e 21 vy R fafa= aueenfenl o Saaed o ot 9 ¥ia € e faf=
&=l —sa, Siwfy, Hf enfg & v 2

s 1 q&d Sevd Y& W € F8 W1 ¢ o <90 o g d enfdden foehm o forg wefer e
fargereria foea vifem e &1 ST SR TRIRTE qepetent o @l & o et o1 Y| 9= o <9k
o YR a6 |, 9Rd H WU @S Sl e 1 S HE g3, ST IS Tohd T & ==l e &
9ER @l ogd Hifhd €, W e & Wer wat| e € 3@ UR € AR <9 3 Fhg vl S
1 TH A =RON H qh T ATel A TR UEe =RUT B Uishfash FRIEH i $6F % €9 W U9 9 WA
1 Haeh oh ® § YK a1 ST 21 Ruaet o 37ofire i grganfea s | 9 wiEm-239, TE =Rl
¥ el Rueet o $o o1 1 hTal ©1 & Ruaed i i geieh Ruat sufey sed & it sT0 g@el Jfhan
1 ST T o T de =gt o1 STE el @ (3T: WS i SAEvdehdl e eidl) SR 3 wiferd S o
i, f59 we 1 $oF @d #w €, S sifr foeeelial weiefl (wRifam) &t o= off <9 21 dem
=0T, S refentferen del o feda o g meweyel @, 08 g goeh Ruadl & 3| W enenid @
S eiftEm-232 #1 fageeiia RFEm-233 o et 3K fh 37 forg fasiy &9 @ s e o 9=t
H semre fhe S

7ol NG HEAHH o SE =01 W SR @l § IR e o SuA weht dret =1 o ferg ot skt e
B g1 B 3 A Wi AT TE Seae| Sue FEion, Wit St Seared, Rueet w1 =, fEio ud yEeE,
A S GAEEIEE TS, Yo dehienl W ¥ W Y foeren 21 wefifed Wil Sl RUaY (PHWRs) S <91
¥ fafe= Tl @ AT T §, Teet <RO1 1 Uil 1 Hohd < 1 WRA SFe ST STevdehal U sifush W
el o1 IcAEA Y @1 €| R &1 =1 d Weer S o Sey o fasga geen yee qen Aedr fafemon |
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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http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx

9RA ¥ Afeha Irfem |a T

|

Il I BeToh =2l o WY Yee Helg g1 Hikd fehan S © 1 s W, wefae
o TN A <t TR SRS o WY WeAreY TRt § =i o fEer g S § qel
TG Sl W g o ot Wit @1 gg feufq Swh @ © S R el wfawm i
1 Tl i 3T fer guE el o WY AHA-9HH i Zahl 37d: Ry o, dig
=2l i dfd w o fau foged ifvenl o w1 gaeh Tl [92 stavees
(moderator) F&d &] w1 TN fehal Sl 81 WH: Wo B el oA <ol AR
W& (D, 0) T JhTee &1 e TRATY] STHAH %% (BARC), g o 37qq ey o
W%mﬁmmwﬂ%ﬁm%mﬁam%mwwéﬁmﬁm
Y sfemen o ®U H 9T Wel 1 STAN S 2

3TEHgeh oh IYAN oF wRUl, fohdll TR W vt =Ml o g1 fo@el &t ge
1 39k fusel TR W el =eHl o gN fa@el o1 9@ o el 319, K &1
M Tk W 31fuesh B Hehdl 81 39 31U 1 70 &R% (multiplication factor) #&d
&1 7% Rt § =2l 1 9fg < &1 99 1 K = 1, & fore Ruet =1 ygfa wifas
el @ S feer vifed Scared &1 w9 o foiu Ufess €1 K &1 9 T 9 i
M W T T qon Ruaer &) vifdd o w=mdis! (exponentially) %8 H 3fg gidt
{1 K1 9 Tk &1 G & 90 7 eH W e sifisifae g e qen Ruget
¥ forehie off 2 Henal 81 91 1986 H Feh o wHifeet Rut # gan foehie 30 gas
e 1 TROT Al € Tob ARt Rt o shig geie foral fammemenit &1 ehdl 2|

fopan < Freror chefiem S8 32— ravive ugiel o =+ f795% %€l (control
rods) gN1 fohan St 21 Freses et o etfafie Rused o e/ ol 1 «ff vy fvan
ST 1 3 T&Th BE shi ST Ug W Ruaet o e %1 w2 Kot 91 9isi
Y TF 9 HH fFa S gHdl 2

Whfdeh & H U S At PEE 7 g 28U gt s-foded B

21 v 3uH foRel =529 %1 U89 (capture) B €, @1 3fedd HeAfRd ©RifEm &
I e Tl @ =i 2

238 239 239 - -
» Utn >, U "Npte +v

o2 Np = gi°Pute +v (13.29)

TR W S =2l o Wer o foed e wehar ®1 fem 13.5 § @i =g
forgiea W eneniia foreht Tifaerta FiueeT &1 Seeliea gy <eian @1 21 ot &t
i THTT foae &1 &5 21 500 SUgs 9= §¢ &9 § L6 acl @d &1 I8 Lo,

Wiehfceh ®9 H U S offel AEH ki 37Uen 22U H g wgdl REH ot 8 gk
21 Hie § =gl &I 4 H o T 7w (moderator) ol 1 T R H I weA
(leakage) i Ul o foTT shie Tk Wede (reflector) ¥ Bl 2idl 81 wh wgfea
yfidersr g forged o fekett a1l (Iv1) i FRaR geran s ) foraifea feamtfoaea
SR} o G 1 Y o ToTT o ol Bid 1 39 9 oeren § B Tehnes fafecon
1 STEX A M I ok TIT Uk sherel o1 SUAN feman Sl €1 =2 o STawir whi
Ied Al aTelt Bl (S foh hefiam 1 s ) o SuEm 9 fuset i &g fma
Hehdl 2| Ydeieh ¥ ST Tsh FRGHN go8 ol ARG i St & foag fof am
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; _\ 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 30 919 Y Tas o1 S[HhT T Scare g 81 fenel o wifer
fuet &1 wifq & T Regt ¥ &t 9on § fds S| fead €1 W
AMfgshta el o Frertor ® fa9iw e < e @ it 3 eanifaea qen
TR Bid &1 RUs o Hemer, $9eh W@-T@eE 9 =afad $o o foag forega
T yey fHd W ?1 ARdE ] el wEiwE W oA guen yeu fafire €
featfoea emfyrel il 0 Qg qen Togsiel goai d gRafda wi sl Gureet
o I o U Uk W SUge Al o fash e W = @I R

13.7.3 TR HAIT-all § FHott S

o 13.1 ¥ <9Ifan 7 S-St @ e oft wian € f Afg S gtk e ey
Teh 3TelThd oSl AR SAIG al Sretl s Bl @1 39 iRl 1 AYHTT GoraT
FEd &1 3H TWE HI ol fodr=en sAfufmaiet & %o s A= 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
URA W 0.42 MeV St Febordt 1 eifafrar 13.29 (b) ® < 572 o 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 3d Soil o 0Nl o Held o foiu SMeaeaeh STArd
A9 § TR K T Td: gF H B ol Hored gimaie | oied Seietl o ¥y
AAferss ol ATt W 90T o B

37d: 19 AR TT Gera ogd S=d a9 T < W &l 8l Tehal € AR a9 T <@
1 UE fearfqal shae ari o ik § € Sueted €1 qi § Sl S drq-A1HeR
FTE o e 9 g e 2l

g o B Al Gorad stfufwmen ww agER ufwan @ e wrgee dfee §
et Bl 31: g o i W BRSISH $UF B §iZ-912i (p - p) T € 5N T
Hfed g =, Frfafaa sfafwaet o gq==a g0 =Fed fonan S "ehdl B

'H+!H—2H+ e + v+0.42 MeV (@)
e’ +e — y+y+1.02 MeV (ii)
%H+1H—)3He+ Y+ 5.49 MeV (iii)
°H +3H — ‘He+'H+!'H+ 12.86 MeV  (iv) (13.30)

Reft Affsran eR & fou T steves © fF weell I sifafwmard <-5) am &
R 30 YR ) Tk Siforad Afier fietet S giferad o1 T A1k 9| 3R
BH 2(1) + 2(ii) + 2(iii) +(iv) W fo=OR & q@ Fa 9@ 30,

4'H+2e” — tHe+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 fEm T % faeed ® @mET 0.9x235 MeV (=200 MeV) S faqad gidt 8, af
AT 50 kg 25U 1 gAS A9 fa@fed g1 ST df e 4 x 10'°J S e Bl T8 Sl
20,000 & TNT & HAqed © St Tk Wl faehie & fau gafw 21 o€t amn # Tifushia s
Afata fde T faemie wedm 21 6 3T 1945 & 5 | Ugell I Tsh YA Fferd
ST fhan T ARt A ST ok e felfive R ww w99 firmn fawwie 20,000 2
TNT & HAqed ol Aeartfeea Ioarel 3 Wk &v | 3,43,000 fenfaa amet s & 10 o
foretHie &5 &1 T2 &2 e 399 66,000 T T, 69,000 W& TU, IR &1 67% T Ay
ARG d89-8d Bl TE|

Toaq sfafware o fou emavas =9 a9 faeed 99 §N 30— fohal 51 9&hdl 21 1954
H 10 W 29 TNT &1 fovhicse &9d o 9uqed Helfaehie &1 qdem fwan mm 3 a9 e
BIESIoH o AL, S wd difead &1 Garaq eidl €, BEgior o8 Head &1 TEl /Ml
STt B b gae wifsraemet ARt efomR wenftd Y e g € S 78S Th @2d SaM W %E aR
geaft W Siae w1 THET H Wehd 2| TF AR faeay § 7 fath gest 1 adam Sted 7w @l
ST, sfesh 9k ednifaea omufite M aret ¥9a o fau off geaft W Siteq v i e R
2| Sgifass TorIeT % SUR TS URgYd IWEHT ST § @R YR (prediction) TE # TR
e e AR T I GRS & S it earifaea ulite aed w1 ate agHed ¥ i

R gd | geeft &1 31X o At weft faferon 1 srawifua wY Tl

13.7.4 THafaa aa Aifrena So=a

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

et TomafeR Afafshan oF wgfera g &1 feafa o for sifufsran o TvieRor o6
Tl R Gl qel o R i wE 99 et 21 el wemEtes srfafwmen
o wRATET o gl HaSH | uRed" @ e 81 W el g erfufmer §
AL oft B Tehdll B 31q: AHRTT AfAfHan § Y dedl o GRS i TEA
1 Werd €T STavEs el R elcilie, Akt srfufsman | e qen =gt
Tl i GEAd gk ®Y Y G el € [arEde |, STeiush Sl o uResd
o =g o ff gified g Tl 81 o%qa: ol e 9 et o ge’
GIferd @d €1 BH 3 fave W T8l e SR fomr el i ] et srfufsmansti
[SI9 foF THiehoT (13.26)] TRt o S TR Tl 1 Geard qen =2
%1 A gUh-gosh 9 H g9 2

B WA € feh A i S-Sl o1 AT & FoA9H § FOMHS AEH
(5oTuH &ifd) B §1 ik foRelt fererta siffshan & wiefAl qen =g <Y T
GEATd TRfed Tedt §, o stfuferan o S SR =gt qen g 1 et foRm
oMM (rest mass) THM il €1 W et st stfufren o seff @ik o5
feRT ST el SA-Hell STFATRAT o T 3R o AMeh] i Fdl dL=-Frsll oh
THM I A el 81 37 SUF-Setish o i Aruenta srfufeman § srawifia
T areft St Freher dTell STl oF ®9 § ehe BT 71 Hfeh SEH-hell SoHEM
o FIE <t 7, o7 W shed § foh TRl At sifafwan & S IR & e
SAUM 1 SR ol o &Y H uRafid g W@ § (A 39 fauda et $a
S o i o &Y | uRafdd e St 21) 1 3 ®9 H At sifafman
FHUMF-Foll o 3 EIA0T H1 Tk SEET 2

SEAM-Sl oh Sd:FAT i Sfie 9, fagiaa: 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
& B ® fSa W i
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 IRTT TSI el Tk JFAEE (nuclide) 1 7 X gRI o7 d &,
el X 39 TEEts gt %1 Hehd 2l
M Y] §&A Z, T fafa= =2 980 N o JFIse qaee7@ heard
T 3 aerge e o SomM 9@ A 61 9 99 8 graiie a1 o fSeh
foIu =Jgi e N HH GHE B gEgeie HEdd B
AfUhTT el ] A1 Afersh HEenfeRl o Y0 Bid &1 el b1 AT eI
SHoh THEeh o SoAHHI 1 9T AT eidl ©1 STel R o dreaed geeent-ieni
1 Trdey gl 9 2
TH I MeAHR AR SThT Tk B Feifa 1 1 "epel 21 gl
WhTUT TN o STTUR W AT 1 52 S 61 ST Gehell €1 F@ 9T T
fop fwent = foreen frfafaa g 9 = et )
R=R A"
W&l R, =T foaier = 1.2 fm. T8 <1 € fof Tk o1 o1et A W FeRR 72}
T X T8 107 kg/m> 1 HIfE 1 Bl
ek o AR =P T qeH Ted WE o AHHE g6l g 99 e 2l
AT 9 =P T we 9 faug T8
AT THAME M el 319 STe@dl o el SAUE Tm 9 %H el ¢ ek
3R THoh 3TEl o FoAHMI i 3R FeFH &7 Fead Bl
AM=(Zmp+(A—Z]mn]—M
SR 1 THAF-Fe1 H951d E = m c? 39 $A9H S Hl Sl oh €4
¥ 39 YehR oA il © :
AE, = AM ¢’
Sl AE, Tf¥e &1 qe7-Feif wearnd 81 A= 30 ¥ Wt A = 170 FAH
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
SEHAHH-SST GUETUT o hRUT, HE Hehd § Toh

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 Aifwes <1 B wel o fawtea e st
2 S, 25U+in 1% Sb+ 9 Nb+4ln

13. Tg q2 ok fawied | foa =2 ¥95a e € Sud a1 S0 =i 7, Saen
sAfafsran w1 AT USH B T TH UHA H S B Al T g2,
U fagied 1 YRS % € ARt a9 faehe o sifEtn e sifufma
I @ B B R Ruaet o = FeEfa o fer @ w e 21 Rege &
=2 Jfg O ke 1 A 1 SR @ S R

14, Gorg | gofh ek THerhy Tk ag) Aifash o €1 99 gfed g9t ari |
BN Ieh] o1 e el | Gerad ol 1 9id 2

sitferen Tfdn WeftR fammd iiECT
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 faermi) sum-Soil o Tad © iR sod -l & ufkeds s
? W TEH *He, 190 % Jaemeel & fau R e €1 98 WA %1 @e
& e o off el ST 1 TR 1 Y=o /A S )

& < foh SoieA-UiTSig Teh SHU-Sideol I 8| $7oh SeAWH ThEHH 2l
Toh STAT o IR FHH W faulid gefd % e 21 (F' 9= T © T
S Ush Solag U Uk UMW Uk WY 3 € al Ueh-g@R w1 faeliod
(annihilation) %X 34 & 3R Y—WWW&*WﬁWWW%I
& (TR IEe) W Sed ok TWiY Icdfstd BN el 1 TA-=fel
(v 30 faudd *-em (e Sese) § =1 (v) St e 81 e
e UA-FfEAl 1 FTH HU-UAHT T B B| FhA H TE H T TH
HieRT eral 81 a9 G-WieH S 9IS 1 Widehur €, # e wew?

Toh o 2 TR BT ® (n — p+e + V)| Wy, TH /e ¥ G Wi
1 &7 T el 21 UET B 1 RO I § e 1 gomHH <2 o SoqmH
1 g 0 ol w9 g 2l

W: QT I1 el Scesia ok 1% 7T Icdsi BIdl &1 Tl Hii Scafsid hich
HIE ATk SEITa (Touar) Sfereen o Fefal srewen § iedl 81 Ut St
w121 IS o IYE hig AT SEITd SFeee | @ Hehdl €| Teh &l A9
Y (1 for ot 13.4 W <9 TTQ ONi o FeRtoT H) T FRLON o1 HHER ScisH 39
1 <1 T YA € foh AeRT o off qeamopeti i € aee fafe St & e €
Feanfare ek o ST 1 TgeH 2 gtk e o Tife o forg =g ue
TSl b1 TEAT T STU RIS 1:1 BF =Wl SR AIfehi oF Tiae 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
AT F Y9 BA HA ° FAfafad st eues faw syanh fag =it :
e = 1.6x107'°C N =6.023x10% yfd @i
1/(4ne,) =9 x 10° N m*/C? k =1.381x10%J K"
1 MeV = 1.6x10"%J 1u=931.5 MeV/c?
1 year = 3.154x10" s
m, = 1.007825 u m, = 1.008665 u
m(:He) = 4.002603 u m_ = 0.000548 u

a) oliferr ok < Trlt geeenfehl SLi e [Li 1 Sgedl 1 Fiai HEsl: 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) TR o = wireht Tt OB w U'B ¥1 376 %o 1 10.01294 u
TS 11.00931 u T TR 1 WA - 10.811 u Bl [°B v 'B &1 agaa
M hiferg)

et o e Tl el w1 SEerdl SH: 90.51%, 0.27% Td 9.22% 2|

T GHEehT o TRAETY] S| A 19.99 u, 20.99 u T 21.99 u g1 FaH

1 3{Hd TET] FSHEH T i)

oA AR (12N ) HT deF-Fel MeV H @ HIE m =14.00307 u
frfafed siiewei o SR W SSFe wd 200Bi AT 1 deH-3 MeV | T
T m (35Fe) = 55.934939 u m (33°Bi) = 208.980388 u

T XU U fgach 1 59 3.0 g T G Sl w1 MO KIS S 39 Tk ok
qoff 1 TF el Sl TH-TH | 3T Hhid o faQ Tewae g 9iad o fag
7H i R fase pfa: Scu wEmEt w1 e ® (Scu @ geme =
62.92960 u) |

Frefafaa o fau Tifverta g fafac :
(i) 22°Ral o-&4 (ii) 33°Pu Tl o-&F
(iii) 2P f-&F (iv) 2°Bi 1 -8
v) JCh B (vi) JZTc 1 p-&™

(vi) 20Xe 1 Sl AR

e eartfoea gaeenfen s ey Tod 21 fohad Toa o oI5 gEeh! Ufere,
YRS Ufeadl &1 (a) 3.125% T (b) 1% @ S

Shifad seAge §54 1 9 Udeadr, fd I we o fau 15 &@ gfd fime
21 T8 Ufsee, T waenf 1AC % |- sew 9§ famee feanfied
"2C % HRO B T S F Y BH W AHSH o W TR S fomA (S
SR Fferd QferRzerdn w1 AIC Wt ©) T € S €, qe Skt Wfsradr
T IE B SR R 'AC T S ey (5730 F) SR A i A T Ufsea
o YR T SHRT HiTehe 3T 1 TUMT 1 ST Fehell 21 &l Qraiesl T o Wk
BN At 'AC FwefERy (dating) TSfa #1 faeid 21 g€ AR fF Aiesige
ﬁwﬁwﬁa@aﬁmgmuﬁrﬁﬁzuﬁrww%ﬁqgaﬁawaﬁ
Hf=Tehe 3119 1 SAhe IS
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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 Hfshaar =1 eArtfees &ia 9 3 & feay SoCo 1 fohat @i 1
TRl 22 S9Co T 31efg 5.3 o 2
%0Sr &1 1ufg 28 o T W THENF & 15 mg HI e ) 1 22
Tl o FHERNE 197 Au T T o SHeIf 107 Ag Rl AR e o ST
%1 Giehe A 1T HifST)
(@) 2Ra Wd (b) 22°Rn Wi o o-& § SIS -0 1 Q-0 T Tl
TS [ IS
feam &:m (2°Ra) = 226.02540 u, m (22Rn) = 222.01750 u,

m (22Rn ) = 220.01137 u, m (21°Po) = 216.00189 u.
edarareg 1'C &1 e FreAfafad Tt & SHER 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 m &
m(z'C)=11.011434 u & m(y'B) = 11.009305 u,
Q-9 T TUHT HITST TS Scafsia qifigia i STfehan sl o TH | S9! garT
it
25Ne 1 151k, B~ Icdsi oF W19l & 2 1 56 a7 o fore weitever fafay
IR SRS Teiarei oht Stferhan TSt osfl A HITSTT m (2 Ne ) = 22.994466 u
u; m(?Na) = 22.089770 u,
fordt Mg fafeean A+ b —» C + d &1 QAW fr=fafed T gm
uRefea g 2,
Q=[m,+m - m,-mJc
el U U g, A foim geawH (rest mass) €1 U T stiwel &
YR W warEy foh frefofed sfufwmand soaed & =1 s
() JH+H —=? H+*H
(i) ?C+*C =29 Ne+;He
fRU T qRAM] g 3 YRR €
m (?H) = 2.014102 u
m (®H) = 3.016049 u
m (12C) = 12.000000 u
m (2Ne) = 19.992439 u
A o6 g1 SSFe 4ok oF < WA stadel 28 Al § foraed W foream =631 s Sl
1 gfie 9 I8 fowesd G99 B2 38 YA %1 Q-0 1d Hich 3T deh T&d il
faan 2 : m (%¥Fe) = 55.93494 u T m (2 Al) = 27.98191 u

239py o ferged 0 98 9 220U 9 fHerd-Se €1 Wi foee faqem siiwa

94 92

St 180 MeV 81 3R 1 kg U *9Pu o @it wmy] faafed &f af fhet MeV
TSl faqe M2
fHE1000 MW foree fiuget o o118 $o9 %1 5.00 o ¥ =49 8 =ar 21 IR
H g fora 235U en? WM e ok Ruset 80% THa e &l 7, 79t Hof
Fet 225U o fored | & 3o g8 §; a9 25U =perse shad fored 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

ot s @ B (UifSiEH) Scasid 1 T 7 iadrh i @ o seieee
AU (Capture) #ed € (THH WA &1 Aafeh Hel, Si9 fm K-hen, @
R T TIeH IRIE Y ol ® SR Uk e, v Sedted i 7)1

e +45X— ,AY+v

TuIfE o % B Scos Sl feR @ o1Ad € df seiged ufue o srevas ®q
T Ir{Ed B, W sE ol erEa e 2

ITfafad A=

afrerd GReft | HTTEE 1 Sied TR gerHH 24.312 u & e @1 9% sid
M, Yool TR THoh FHEeh shi Hel SIgerdl & &R W f&an a 31 Feiferam
o T T dem 3T FoAUM 3@ UHR § - 22Mg(23.98504 ),
25Mg (24.98584) T *SMg (25.98259 u) | & | yrat Fr=iiferem # 22Mg
1 (S o STIER) TEAM 78.99% B I I THEAR] BT TG HI
qfehe hifSu|

2 JUFRT0 Fell (Separation energy), TRHM & @R, 98 S € S
forelt 1feh @ W =g 1 FerTeM o g sewass et 21 e few e sfishet
1 T B ,0Ca TE 27 Al IfTRT Y = TR ST [ Hite)
m(2ca) = 39.962591 u

m(2lCa) = 40.962278 u

m(%5Al) = 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 fomm wifsw) foreht fage wfshan o mefien o
(Primary fragments) o de-&d o YD ohls =Jgid Icdfold gl ol qef

2018-19



EIREY

40Ce T ¥Ry W IR W B ¥ faed ufwar & faw @ o W
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-difesm "er# ), 2H+ 2H— tHe+n W foa=m &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 fohe a9 @
Hftaa feran S =few?
(Here : fordt Horad foran o fau etrevaes Tifas st = oo fohan | S
HU 1 3fHa qrdg TS St = 2 (3KT/2); k : dieesa i qen
T = TH dM)
13.29 9 < T eF-AH H, p-art i fafwor srgfaat ua Sl i sAfershan nifast
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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