:-
-
.
Fa )
-
HAEAT 13

N W M

13.1 yftem

s e1eaa | g9 el © foh Weieh TRATY] o UFTeeT SIS €iehY Sk ohg W Gehfsd
1 STl @ ST AT 1 AR S {1 A w1 el WIgs WHTY] o WSS 1 el
H HT HH B 21 orF o FRIoE Gadt w3 e wefi| fren € fF e
1 o, T 1 B &1 ge § 10% T4 @ oft % e w=few) gwen o @ fom
ek o1 YT TCATY] ok 3T o 10712 T4 o o9 1 TR 9Is8) | e al CATT]
¥ srfurpierd: faa T & 21 9% 1 TRA] 1 GE TGH FET F FHR ok IR
F Tl s Tad T 7 o o o e+ e < qenf, WAy 7 e
Gt STHM (99.9% T eifue) iy & € gHifed g 2

TCH] 1 G o FHEY 1 AMHE H1 o B = 22 A U@ R A sHeh
e -1 €2 3 WER o6 YR 2 €2 39 <A™ U €H W WehR o el oh
IW @ISH 1 FAE HO1| §H A9ehi o fafyme o, SH—s7eh WEs, A0 el
i # == o WY Y Gag dednfrad, faged @ Hopd St afae
e i ot foeem &

13.2 UIHIU] GHHM T AT sl QLo

AT 1 SAHH fReU™ i ol § 9gd %W Bl €1 SSEll % oy, e o
AT 1°C T SHM 1.992647 x 1072° kg B T SISt TRE 1 A ok forg
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feheiom agd Gfaersie A el €1 3Td: WA SeTHHl ol o hid oh folg
SETHA 1 Uk 3= WISk WA {1 1| S8 WIS 1 URHIY] SeAH HI (u) FeEd
E1 THeR! 2C WA % FHH o aNes 1/12% 9 9 oFe i 2

37d: T TR & STER

2C 9] kT SHHH
12

lu =

_ 1.992647 x102° kg
12

=1.660539 x107*" kg (13.1)
Y] SHE AEE (u) B e & R fafa= adi o W] $oomH, eRgeH
] o SAEH % qUi TSl o ke Uie S €1 W 39 Fem o e gereeedt
e ff ¥ S % U, S 1 TE] §eHE 35.46 u @
THIY] A ol ALY WO, FoHH duishEardt (TeRHIE) g fhen S )
TRHIY] SSAAEI o |9 W Tal Heidl € o Tk € e ok A= Weh R o U@ qeATIpet
o1 e © FSer TaEfes o1 § SHE B € W 3ok Sl | SR Bl 81 U
& q HI Gl WA gt TSeeh 5ol W St el €, HEfHe hEeldl ©
(FAH e emEEerd w1 o Bl § gueenfik €, 98 AW 3% wwfog fean w0 @
Hifer el w1 Ted gRof ® 3 gl T & LM W 9 S € ) | e | var wen
Yook dcdl SAERIieh & § e FHEehi o1 fagor €| fafa= woeentrent 1 qme
IEAd A SSei o GIY aRed 2l
IR & U, FAT & ] gELfe & 5o §o99F HUY: 34.98 u T§
36.98 u ¥, Sl foh TTEIoH WA S| o qol Turel o Wi-The B 1 57 Heet-ien]
1 WU SEerdl HHY: 75.4 TS 24.6% T 39 YN, Whfdeh FA AT
S 5 HUETehi 1 WIRA-37Gd €| 31q:, Wehideh Sl WA sl S,

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

35.47 u

€ A € S SR 1 AT FHA 2

Tl % foh Had Teh dcd eESiSH o W i wEete © e e
1.0078 u, 2.0141 u Td 3.0160 u €| T8 Bcieh BEgISH W] et dmder
Tl 99.985 % B, ol e, W HEadl €| Teh FeiH i FoA9H €,

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

g TS TH] o6 FAAM 1.00783 u ¥ ¥, SUH fo=MM T Soiaed o FoadM
m_=0.00055 u I M ¥ W SHHM o SR Tl TGS o SO I THeenfh

<A H TEfeam wea ¥ wfn A ser @ o wRo Wl o
T S AR St fafEt grn wEmeene o fafda 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 e | soiee B © W deien fgid W e
Tehl o RN TH AT i TR e T fordt ] o |t Seraeid 3Hen Afieh
o STET BId | BH WA © fop forel O] o AR o Wl 59 geiel i e
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IHoh TRHTY] Al Z, o SXe il €1 37d: TAIY] | Selal i el TET (—Ze)
3Gk YR o el AT (+Ze) & SR 2l €, it TAn] fodia €9 9 3EH
B 81 gHfere forelt wam] o Tifwes W Wi ) W, aead: Sl IRHTI] ShHieh,
Z =t R

LT &t @I
Fiifer SFEREM e Efeam eRge & € uedte €, T ° Yol o AIdeh
o T UM BT =1feq| wifhd BrEgisH, ST Td gefeam o el o g™ ml
H equd 1:2: 3 71 AT ggdifom ud 2efeam o fusht o e & eifafie
FS IAMA T ol AT AMEW| 37 FHEAR] oF AR H faedE 3T rifase
T I U1 R GEH-SoAHM o WIS W ¥ Wi ol SHHY: Tk TS d W
o T Bl 1 98 ded $ATa hial © b wRamveti o Afien] § Wil o erfafe
formM wH aren 9 I]EH $A ff Th qA "Ee o U o ®9 H &l Bl
21 39 URemed &1 gfie, 1932 §, S <fas g0 & T =M <@ s
afferom AfgRi W Tewr FON (TehT Fu1, ferm Tfgw g © e fawm
o B9 e U W == 1) H GBR S S €, @ 39 5w SeE fafeo
Icafsid g 21 F8 oft urn e T 3 serd fafewon, difemm, s wd Aeiee
Y T AR ¥ THTRL 39 YA ael fEed 71 39 Y 9% 9 U
e 3 fafe wie[ (foga gaenta fafewon) 2 o) s @ Hom Heeo
el &1 T S W oa =@en TR oAk 3 I fafewor wer o oad

Ed
BId 1 TR e 39 faferton &1 gor o 9ga sifues it s dffera ifveni
W U FON T dBR 9 E B &1 T g o g 1 g, o wefaw
3 HaweHe €M1 9 T fRAl, W whoud W wAlfed en T SEdW fafewon H
Th U YR & SIEF KU B € R 2T hed T el Ud Heml G
frml 1 3TN #, IBH TH AT FU HI SHEA A KA H GEHAA GG R,
9 died o TEE o A aUeR 9l T

I TH TJEH Rl SoHH STcfush FAUlefal § S 81 98 €,

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

2 &1 @Y & fau Jefas w1935 & e [WERR @ g fwe
T T g WM % fawia TF qe 2 swerl g 81 qE T W, T
TR T U Fiagiel (39 el hO1) o w9 W e g Sl g1 gHehl S
HY @MHT 1000 s et 21 aenfy, Afaw o fiw qe wowEh g 2

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

Z - THY] SHF = YIH i HEA [13.4(a)]
N - =27 &7 = =gl 1 GE [13.4(b)]
A-ZFHH G& = Z+ N

= =Ml T JeHl i ol g& [13.4(c)]

e TS e o fau gl v # ot SuEm R S g #1 e
foredl T § ferra GEm Sl S WEN A gl Rl

forelt Mt wonfa =1 Tfas & Hord o8 4X gR TR fFn s 2
Sl X 39 TS 1 TEEE fAE T OSSR o fau, w@ei-ifaes sl Hehd
197 Au BRI 9 A §1 T 197 JfaeE B § S 79 We T 118
2 T Tl
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g et qc o wEeenfeRl &1 Al % Wed ¥ GHSAE S Gehdl 2
fopet fou U de % wEEATIRl o ARl § WA % Hen @ WA e €,
WY I TH-TR G Ml kI wEwm & e ¥ fa wn € sgdfem 2H oW
TESSH 1 Th HHE €, W@W@@Wéﬁ%lm@i
TR grefea™ SH W U W UH % I B 1 qcd W@t o 32 g
3 ¥ R o W H W A =173 § A = 204 TF B ¥ 7 7w
el € Wl goh € T dodl oh WA U1 SHeh sl foerd W R
HTd B Hfeh, TR TR % gelaieh fomrE WHM B ® SRl THEtTh
N Wl TH S B 8 3N TEfGT IR ofed GRof W UH B T W
@ W 2

W gt Tfvs e some 9@ A 999 2§ GHYRE FEdd Bl
I, A9h 2H T 2He WW%I@WW et =g S N 99
g‘l@rﬁmmmzfﬂ?%‘f T HEe &1 Serene, 9 Hg ud

197 Au THRE €
13.3 -fieh T @SSt

S B 1A 12 | 3@ ®, WIS o8 Sl Asfien & FeiH WA Aifies ok
I &1 IRERETT T T il WE{IGS o6 Fold R IR Td Aded 7 @l &
Feh T UTHT HUI o YehiUH § Hafed Ufag TarT fewan 39k v § I8 ¥ gel
& 5.5 MeV TIfdst 31t o UeWhT S0 1 w0l Al o Feherer wga 1 g T
4.0x 10 m B w0l %1 WA Y o/ -h0T o Y10 i TIBIE A T AR GHEAEN
o WehIv o fTU el Fettm 1 Ffashyor Sol & STRarE ¢ e, SFIH e
s o ffgd e ®, fues o1 ot @ 4.0 x 1074 m ¥ %9 g =T

e T 5.5 MeV § 31fued ol o o -0 FAN HL Al Ak 0l AT
o freey w9 # S0 I FH @ el iR a9 YwvH ey W AR
Tl ¥ yifad g o SR TWiE gN fRT T qRemerl @ W@ WH - SEd
S| RIS o IR Uewl HUT TS Tl Tfqshl & oFes Jod ol o
9 @ Gl Y held WideRtul §d W eeiRd €S9 g0 o g N W
EIHE o Uiehel H M dl FW TR B OFd §, AT HiEw oh foav
A frerd feen ST Gewar 2l

T YehIUH TN Heh foH o-0T oh & T e 7T SeteeHl o1 fafa= aat
& W DR HI T €, T qeEl o AR g ST aRgrsa 9 9 fhe T

I qEl T TR A SHUM WA o AW i B o

R=R,A"? (13.5)
W&l R,=1.2x 107" m (= 1.2 fm; 1 fm = 10"°m) 3@e1 319 & foF ek 1
A (S R® o ST 8) SoHH G&A A oh STHHMI! 8idl 81 37d: e
1 ¥ T g ©, e, weft i o fow gment 7 A W R @ s )
fafa=t e 5@ o T o 59 %1 95 HT WE T 1 MBI §F F1 A
2.3x 10" kg m™® o |i=Tehe Bl &1 G qgrell shi gorl | S 1 98 9 agd
arferen Bl ©, S Sl o feIw sed sheret 10° kg m 2 &€ Bl B1 39 924 Rl SAEE
T guen ff <1 Ul 2, FifF 7€ 70 TEd & 3@ Ioh ¢ foh ) rfureniem: i
¥ o e 81 g et @ oW gor | €l wnen | R e e 2
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3dTe0r 13.1

33(g0l 13.2

IITEIT 13.1 A2 o T4F 61 TFTH 55.85u T A=56 ¢, THH] AMTHT B
A Hifrg|
'A

m,, = 55.85
u=9.27x102% kg

FEEH . 9.27x107%° 1
aaad (4n/3)(1.2x107'°)° 56

=2.29 x 10" kg m™
M IR (TF Tt ikt fig) | uared 1 o 50 ¥ & T qoria 81 98
Tuiian & foF 39 dRF @ %o 39 Him 9ok Seiifed & T ? R e R T T ae
Tfsh *1 WE FIeR H &l

13.4 THUME-FSA qUT AMMHRA S-St

13.4.1 SHH-SSl

3TMERTEA A o9 fafdre sufieral fagid o STUR W I8 <M foh SHE Ss1l
& T o0 w9 ¥ fafire smifieRdr fagid @ Teel 98 HE S o fo feRdh sifufwan
o S T Sl STeTTT-3fer TEr B €1 W SR 3 T <A foh oA shee
Foll o1 THU B & S EH GHHH-SSl1 i Foll o 3 B, ST Soff §, TR
F G ¢ a1 foada g s1efd S w goruH § w9 & o g9e 2

e oY SRR 4 S WG SoqHH-Sell Gogedd Gad o o8 2 ¢

E = mc? (13.6)

el E, 591 meh THqed el & Td ¢ Tefd o Tehmet w1 o € TSt wfeene
T4 3%x10°m s %I

IETEAOT 13.2 1 g T=1¢ oF AT Soll bl GRepfed it

'
e E =107 x (3 x 108)2J
E=10°x9x10'*J=9x 10%J
39 YR, AR Tk T 9=1ef i ot o1 ° TWaRa fhan S df s Feil i fowna
AET g Bt 2
STERTEA oh SHAM-Sell qa i UEifith gfte, =fererail, Tfeehl, seraem

3T T & H @IS T F o o g drelt Akt stfafwenstt o etemem o wl
b1 B ol erfferan & ot weer fm 9 sty @ for afe soqmm o ag s
w1 ot gRererl o wftnferd w3 @ grfies Sl Afad Sl o SUe Bl B T8 Gehe T,
Teh! T IREARE T Tohaneti Td AT SMEl 1 99 o faw deergul
21 TS e P A B favE—eEq B

13.4.2 TR FIqT-Shall

AN 13.2 | THA <@ foh AToer =2 T WieiH 1 & 21 37d: ¥ sTuferd § fh
4R 1 FoAHH, 3HH foremM =2l Td WAl oh FeF9Hl o6 el AR Tm oh SUel
B AR, TRTRTT S| M, U39 S W HH U S S| SSel o foru, oy

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

8 =JZHI 1 §HAH =8 x 1.00866 u

8 UMl 1 §HH =8 x 1.00727 u

8 TRl sl SFHM = 8 x 0.00055 u

gHfey 160 o A 1 STufad 5oHH = 8 x 2.01593 u = 16.12744 u

T SUIHHATH o T §R W 80 1 A FAAH 15.99493 u Bl T
Y 8 TefRHl 1 ZeA9H (8 X 0.00055 1) M W 0 o M 1 Yrifis aH
15.99053 u &I

3q: TH UM € R SHASH 180 A T FAWH, THEF Hehl o Pl FAWH
¥ 0.13691u FH 2| TYF o SHTE TS Uk HIhl o TIHM & 3 AM, Fl
FeTHI & hEd €, IR THR! U T WehR ook fehal Sl © :

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

seaH-aifd a1 1o F 22 A W SAEREA H SHHH-Sel qageddl fagia
T gftret froman 21 <ifeR, SHeRAST TR 1 SoAUH ST Skl o FeHE ok AN
(erafua sTaeen § 8 WelH We 8 I 1) W W Bidl 8, SIS 19k 1 e
Foll Hh FIZh! h1 THGET el o AN W wH Bl &1 AR A9 ATRdoH R
H 8 el TE 8 =gl | fodfeq ww =w® @ sMuskl ¥w ifafed e,
AM ¢, 38 Tk 1 Y T el 3ok fAQ STavaesh I8 el E,, Foq9H &ffd
¥ frefafed wefie grr Hefua et ©

E,=AMCc (13.8)

ISTET0T 13.3 TS WA FoAHM A% oh Hqed Sell i A Tedl Sl 3R
MeV ¥ Fd HIFY| ST STAM ek 150 1 FeA0H &ffd MeV/c® W e hifsy
T
lu = 1.6605 x 10" kg
THH! ol o W qREfdd S o T gH S8l ¢> @ U1 #d € Ud U §
o sk
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 THF Tew! # fafom w & fAu sewasw H 127.5 MeV/c? Rl

I} FS =Ml T YIHl ! IE-919 AR, = eew @ $eam™ aren T
TR ST ST @ TE AR HAE, S qH BFN A8 FHSl AE, AMHE i
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Fe7-Foll dhedrdl 21 Afg gH et Mifsh o AT9eh-shol 1 TeNT-3TerT L
B @ BH 3 RN Al FA Foll E, E HE B0 T ACAF Hl BH 39 FER
e T whd, ey off, e 1 deA-wei g9 i Sadt & 2 T T s
H feerai WeR fardl o=t @@ ¥ WS 2| AAE o HUN k1 e vl bl
T R wfusw SWRM WY FeF-ef §fd e, E, ©; S fE Aifae @
SeH-ell, E, TF 39 foumm =fawsi i & 9en A &1 I 2
AE, =AE, /A (13.9)
&0 9fd gfeeai suA-Fel & T AF Gd € fF e fRE Tifaew #1 oz
fereitl § gerRd w1 o foy STevash Sid Sl €l
fos 13.1 ® 9gd 9§ vk o
fau ufa Sfee s¥1 oot E, W@
TAM & A § WS fe@mEn @ 2

—
o

pe oo 12 I
20 o [O—— SW 197 20811

; s +—| 3@ u% # ' frfafed dso W

(#1: foret e & & —
oLy (i) TeEEd FemE HEemsd (30 < A
< 170) = fou, 9fa —gfeema
?°H qUA-S5l, E, |, 1 HH RIS
2L2H w9 4 fa @ €, seid T
I o T gRafdd Tal g 2|
0 50 100 150 200 250 WA=56Q;1\FTQF’WQW 8.75
SN WEAT (4) MeV &1 sifushas 71 To A =
forT 13.1 soWE & o %o o ®9 | 238 & T 7.6 MeV s¥iidm 2l
T R, S-S (i) &h THF (A <30) TS 9
qfeht (A >170) 31 o g &t
E,, %1 WH HeFed] qUHI] hHish
o MRl i o | STUehd

4 2l 2

gfd =Afeast 6T S (MeV)
N

7H ¥R Fre frehel @ 0w Tk €
() T St TRt § d Wi e 5 MeV sivF Sa i o oy, i Heie €|
(i) 30 <A< 170 % T § SeA-Foll ! 3=l 36 94 1 UROH € T 719t
qeT o7 WIE o7 Bd B 1 9 ek oh fier feerd et it W fomm whifem)
T 3T UH-USHH o hadl 3 FJaasil ° guIfad s S 39k AR 9
o URER § ot €1 Ak HE o feerat 5w fafre =feea o Afvwta a9
o IR @ eifush g R 2, df 7 foamei Aifus &t S-St 1 afe o
yurfad & wem afs fedt Tifvs o Tifas 9o &% IR o stfuean p
=Jfoerai B Fehd B, T SHh! TEF-Fol p o ARAIT M| A R fR
TF HT S-Sl ph, SEl kT Trdier & forent fammd o=l & St sl o1
Bt 1 376 A g9 Sl 1 Ge daei A &1 9 Sei, @ 369 A %
iR =fforerai 1 deF-Fs gAfad @1 enit i, et off o Tifvss o
Afererter foeria s9eh HIR T & TN IS HY 31Uel, A(IH HT Se-Soll |
446 AF g5 F1 FA INE 0 Tl S| ;Wi R duA-se e @l
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2 3R HehT GhTehe WM plc oh SIeR Bl €| AITHeh! o1 = o1 fieh hRoT i
R eherel 319 Tehe o ATehi b1 &1 eiferd il ©, T9%1F Fcil %7 Ggita
O FHEEAT B

(i) T offerer WRl AR, S A = 240, &1 ufd faerEtd SuE-Se,
A =120 T 1 qoil § w9 Bl 81 o7:, 9% A = 240 1 HIE AR,
A=120 % 3 e & 22 ® d, 370 Yl aifus sear 9 g &l 7
$fira sean € o 29 wiean o St foqer B0t 98 fage g Sl fae 8 i
Heeaqul HreqT i Afiered & € fomes fawa § eq e 13.7.1 § ==
Eaul

(iv) T HITL fF < Feach Af9H (A< 10) TArFd gt T IR TR sA 2
G B o1 39 9 AR 1 Ufd =Jfeerdi SuA-Sel, gotoh ARl ki U
e e St 9 3tk €t €1 Rt 219 9 g TR sifem Freerr o vor wRfue
e 1 gor o eifuss S o sfua €1 78T Gorg 1 38 wieea § ot ol fagea
Bt I gd R Tl o1 Ha € e fawa 9 ww ergum 13.7.3 @ =t i)

13.5 STf9eha ad

oE =t S WA § el 1 i fEfa e @ gun guRfed ety g {1 ST
13.4 % &0 3@ T iiga so9mm o s o forg gfa =i sm-sst e
8 MeV & il TWHIT] 1 SeA-Foll i qoil § agd Afush 81 31d: =Heh | o ol
TER 1Y T o fu weh fa= R o Siferemedt SRl oot i SRl 81 T
a1 3aT Ay Sifdaeelt g1 =T foh (U)Wl o ot ot

TfeRsT Tt | Afeeh YHTet SRt Wl Ts =2l QI bl AR o6 Fad
ST | 94 T TR BH U TEe &1 3@ I © 1o Wi faemrt qea

TSl I STl 1 ST ol Bl oY TUH FRld § HE S FWehdl €|
AT S ool o Fo it w Geg § = g e #1098 9=

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

feerfast =1t (MeV)
SN
——)-/

A STl TeceehtUl el i qoil § STcafees vifeenel el 2l

THT o Tl B, A o SR e % S o 9Tl e k/
Yfaertur ae T SATUY T B 21 I8 et Hwa 81 U ©, ~100

Fiifer AFE T FeA™ Fell B qoF H TAF Jad B 2 . - () ’
TecehT0T 5iel Al el el i gl § ot STl el g 2

(ii) =IfRAAl o o 30 TR FS HRMI § 31U Tl W 39 o4 ﬁq:;;i,—j{l: aﬁiﬂzﬂ;g&ﬁjﬁq
T Sl AR I AT @ Hed Y @ Sl 21 39 RO, S & w A Y A T W A
o T W F A A I FAgw #; e IR T s o g
WW%WW—'@W@W%@W&@ R e gfaerdor se| SRt o
1 feafost ot IR 37k ofte Y 5 | Ha T AN TF FRFT e e 7 B S o s S
s fom 13.2 # @i T €1 @ 0.8 fm Y g r, R feafas & # @ a2
Il 1 A A 2R 31 g o1 A gen fF AR A & o ’

T 0.8 fm ¥ 31fersk il § @1 3 =t MR el B € @R 0.8 fm

T %9 gfE o fow 3 giaewdo st g 2 447
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(iii) =[SH-=IH, =SH-TIeH Td WeH-HeH o sfie o el Aehd 9l o1
T URA o e § AW o faga smae W T2 )
Fard & 7w SAeen < & e M F Aifa kg gl w1 W
o &9 & 2

13.6 Ifsamfaeaar

YeAmifaeadn 1 @ISl T, Sehiel 4 T 1896 W HANTEST 1| ATkl i 99 Fehrel
Y fohIfiTd ek ST Flaaifid U THRaifd 1 3T i U Sohie o Tk Iah
REe 3@t RIEH-IR R Hethe & $ IHel W 99 YR S & 9 SHA
3R] 1ol TS | oue e 39 Yohe @I HIwithes wie o = Wh i<l 1 Thal
@l T YRR 3 FS T @A oF d1% 9 WeNhe e i Saad fhar T @t
IE IR T fR A% wie el U€ gt ot I TR U =S o RO gam ' S
Aifiteh § Seafeld g2 el ae hiel ST SR =it < i 9% HT hIEHThS we
T UET TE B

o | fRu U gE 3 gwien fe eanifaedr w Mg aftseT @ foed
sl Tifer afd grar @1 S8 eailfaed e wed ¥ Wpfd W oM YHR ok
feamnfoa em e @ :
@) o, fed @fcsm e (‘He) Scafsia g &,
(i) PB-&, F9d sl steran disiie (T 01 St SMM i Soieid o Jek

B B T S8y St T & foadd Bl §) Scufsid B B
(i) y-&r, f5Ed =9 s (100 keV 1er 3ifersh) wieiH Seqfsid eid 2|

T Y YR o & W ST IuSAr ¥ fa=r fan smem)

13.6.1 Yfgamfaea et s fam

forelt Afeamifes 7o o e o, B 319a y-21 &1 @1 €, I8 9 S @ foh wehi
9g H gfd g a1el Akl w1 g, T ° foume e Wil wt 9en &
A Bt 81 A% Ry T A9 § ki 1 G N @ i At EHa § AN
v affaa 8 © 8l Al

AN

=N
FAUdl, AN/At= AN (13.10)
el \ Heaiifae eg-fiemie e faeeT-femi® 8

AtEHA ¥ fRU U g | ARl Y we W gen uiedd € dN = - AN e,
(59 At — 0) @ N¥ 9fted =i < g—

aN _ N
dt
« AN &I fTeR] T @A ©, 37d: THH HH Hed YAHE Bl 71 dN, NF afead
2 I THhT *1E oft Fog &1 Tohdl 1 Tel T8 FOTHS € Fifeh, Gol NATThT H AN &ifad
g W © 3 (N-AN) 919 &d 2
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dN
—— = _Adt
s,
Eee) wﬂw =T aﬂ'—ﬁ' AR HRA FH W,
N dN
— =-A|dt
) N f (13.11)
AU In N —lnN =-A(t-t,) (13.12)

7E N, WWW%W%@ﬁﬁmﬁﬂaﬁﬁméltfow
wﬁwus.mﬁgﬂsﬁaﬁwmﬁm,
N

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

ST &3 A A AE £ T fed Sed U9 R R ST e fEm T aed T
XM A &H 1000 sl kT 37 (I hret forqf foraeh a1 9 w1 ) st qdam
F A EH T AN H fF I A A ww W g (W) = S e
ki <1 &/ ek quia: o=t fram, s@ Aeaidfaea-erear 79 o S8R e €, i
T (13.14) R = B T 2

et T *T e X R Tehich 99T | aifad g aTel AfeRl st gE@ gt
21 A foR de TEiaTe § afdd g9 arel AR w1 9@ AN, @ dN = — ANI
YT U1 R e = Bt =

__dN
dt
THHTOT (13.14) 1 3Tk Hid T,

R = d_N_xN At
T dt ¢

#gal R =R, e™ (13.15)

g AeTfaed st oM % 9uE © [ . (13.15)
HHhe T T EHL (13.14) 9IS B TWRA: R = AN,
£= 0 W &P T 31 Fret P W (W & W R, 59 W
et TR 1 gen N9 fr w9 § gafid g 8

R = AN (13.16)
eoftifazes Ao 1 A o G i T A
siferer TR |IOA TR © a9 SHeRT Wk Tafved A @fepgar
( Qfeeaan) B SEehT SI U saed (Fdieh Bq) ® St fedfaem
o AR N0 Sehtd i wgfa | ffyea feran e R

TVIZ 2T1/2

| SeRtel 1 e | & Ufd Uehe B U SHA A A

(wdfter Ci) ot gE Y=o | € S SIAm Bq ® T w0 o 13.3 ifeanfies ysifeat w1 e

g gefud @ &9l Y& T

1/2

T oYY & T YSd

1 =/ =1Ci=3.7x 10" &7 9fd ¥ehe = 3.7 x 10'° Bq FT G Tl @ I 2
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0
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fafi=1 fea-fvent & eraar < o eiferen fo=ran it 81 56 707 i eref-e1g ok
TR O A/IGT S Wehell 71 fepelt Agai-fren &1 end-ammg (T, ) o€ @ €, formw

1/2

TEH G, IS Hen (9 fe N)) el (el N/2) ® Sl gHL
(13.14) ®, 994 t =T, @1 N = N/2T@ﬁq1

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

H ugaH fheftl 1896 # T
Sehtel g Aearifeead i @
J T SN Sk ufa fer gl i
SR ATl TS favei ok
fere ofta fomen, fomer woasy
Toai— eaq wd defEm—
Fh{Ul H9g g T€ YUH
AR off T & Aeiet EhR
U §C : Tl 1903 § Hifeert
& fau o gmu 1911 #
AR o feu)

N

In
fe=

.693
A

o

(13.17)

Tl (13.16) o IER, Td: 47 9@ N, T, , 97d  o7eft 8

aﬁ%aﬁm&ﬂﬁwwﬁaﬂuﬁwawﬁl

Tk R Heifud Auge SiEa-a (7) B gHeR 9 o T,
(13.14) @ W fepan <1 @bl 21 Forelt wwaieel ¢ W ¢+ AL W
& M R(OAL= (AN e A T T8 § Teft ¢vma aa Shfem
Ted 21 37 37 |elt ! B FeA SfeM AN e M BT T T
2 ToF o e o1 S il A A1 o ! 1 STaH w1l
arferen BIdT 1 37d: THd @11 1 A 9Tl i o forg Sek offer
1 EH FA T 0 Y oo Tk o T AN (ST2IET HHIREH ) HT THA
t=0 R IUcTed 9! 1 G&AT N, ¥ 9N 31 MM 37

ANOTte'“dt B
t=—20 = AfteMdt
N, :

Y AR 1 HH W
=1/
T B

Iq GROTH 1 BH G99 § TH THER YHe FT THd o

(13.18)

T feanfee a (S9 T 2Efem @ oRifem) Tt snf-arg fova @t
P (TN 15 3RS o) 1 qoil § 9gd 9 €, G G0 Ugd & fasfed & o
T a1 Uha § Suetsd & €| Bleliieh, SR AMTWeh1g Afufsmanati o Turpias &9 9
et fepan S ke 1

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

T

3<3glUl 13.4

25U & 1 g T i UfREd #4122

T,, =4.5%x10%y
= 45x10°y x 3.16 x 10”s/y
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=1.42x 10"s
ferelt Toenfier o 1 kmol ¥ STEIS! H&A o sRISK WA 81 €1 37d: 1g,

. © . -3
28§ G w1 g, 2138 kmol X 6.025 x 10*° TRH]/kmol

=925.3 x 10% 2l
- 8@ R T,

R =AN

_ 0693 _ 0.693x25.3x10%° _,

N
1.42x10"

1/2

=1.23x 10*s™
= 1.23 x 10* Bq

ISR 13.5 B-& g, TEEIH 1 -3 12.5 o B1 25 a9 918 q5
TrEfeam o W THA 1 foRa sfe eifomifeq w2

TA RS o6 STIER 12.5 94 918 TEfead o T I Lo 9T S STTC
12.5 99 § TH T HT fHT e A AT =M 37d: 25 A 918 S
Trsfeam o fordll T o1 vasAfaEfed 9mT W

13.6.2 UTHT-§F

28 1 2%Th H &9 UeWhl-&1F %1 Tk Jafold S0 €1 39 ufman o iferam
HTFW(gHe)WﬁH%ﬁT%:

28U — 2%Th + jHe (13.19)
Uowhl-&d H, Icfed faeest Mfie 1 SeqqH-Hea & 8H o Jo A9 i
qo ® 4 F Il € T WA i 2 Y BT S| WE: R 9w e AX
o fomest AT Aty H SO F TH FHER TR FW €

2X - 44Y + SHe (13.20)
TS o FoAUM-Sol SHqedd Hael [T, (13.6)] 91 Sl S0 § 7€ T 7
o To1 @a: &9 shad &9 IRl F Fol FATH IRITER TR o FH9H 9 FH
B 1 feorfa § &) Gud B1 59 | TSI SRl 1 s il o €9 H i
I 21 MR o F1 G W 98 T fFA S whar € fF 2%Th 9en fHe
1 Fol ToAHH aEE § 28U o 5oFAE § wH g B

YR FATH-S Td & 3Rl hi el SAHM-Fel k1 X T ikl &I
Q-FF SAUE] a5 FHoif headl ¢l Tow-a |

Q=(m,-m,-m,)c® (13.21)
Foll 1 I8 TH 39 Ufewan ® SHd e Tias S SAYET ST i Fe TS Sl
(afs yrfuss ifwer X feem =) off 21 oy fodt somedt ufeen (59 fw
Tewl-a9) o faw @ > 01
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33180l 13.6

ISTEY0T 13.6 ' Fefoiad 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 o for 2l
(@ U @ o-&F 9 Sc@fsid sl ki Hifsm)
(b) =iET & 238U wa: Wield Seds el Y Fehll

&
(@) 238U 1 Ucthi-&/ THiehtor (13.20) o TR eIl B1 39 Fiehan | Scafsiq svil

92
= fog el 2
Q= (m, - my, - my) c*
g KT MU stihe 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 22U & T W[ 1 Tq: IS el ¢ @ -TihHAn 39 Foh forei—
» U = g'Pa + H
If% I8 Wfsha |9al 81 a1 35eh fog,

= (mU W gy mH) c?

(238.05079 - 237.05121 - 1.00783) u X c?

= (- 0.00825 u) c?

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

8] ufsan &1 @, HifR, BUTHS ©; 37d: SHHT T@d: &fdd e e e Bl
288y R § TH W IS FH & T 6 391 7.68 MeV Fsll T&H
HEAT B

13.6.8 HeT-&9

der-eg H fRdt iy 9 U Soiae (B—&™) A¥El T uifered (B —&™) @l
Td: SeAS Bl 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) @1 (13.15) & R & §, food foF o8 wnyfers €t w1 w1
TRt o A T e afad g1 g 39 AR i etd-aTg (T,,) © SR S wehdr
21 TR & Ty, Ik &l o foq eef-ag wHE: 14.3 faA @en 2.6 o9 @)
B8 W ol o IS o 1l &l Ueh QAT (7 ) W1 oft Scusiq g &1 ae
B* —erd | wifsIZi o Wy FfEAl (v) w1 SeEsid gl B i selaeiq i g o
g HH FAAM (HEd: ) a1l AR w1 e 81 3 31 Holl o Gl el
effor == fopan e €1 3 fam fomen foRd wered 1 wgd =<t AEN (gelt o)
R Y Hhd 21 T FROT € TR SR G Wgd hicd T
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B—den B2l € &l o geaue e A TEl "eerd ¢ p-a | AW 1 W]
FHlH 7, 1 A 8 Sl 8, Sieh Br-e@ | 1 ¥ € Sl €1 p—er | qet AHh1
HfRaT =2 1 W § S €

n-op+te+y (13.24)

SHfeh B'—erd | W 1 =g H S g ¢

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

A4

E = 1.17 MeV

13.6.4 THT-TT
WA o THA, A o off fafae e wR e g

A

4

E = 1.33 MeV

SN STeree qe IATd Taeend| grellieh 37eh sl oh
ael | ereafues fafa=tar et 81 s et &l W

60 ..
Ni

28

FIA eV 1 B 8, STafsh TR Foff =l § Soefi 1 954 N S

3 MeV o hIfeHM o1 Bid1 | 5a e Iferd e e

ST Sfere e STNfS STawe | Gehidd el € i
ek o I ST T o A S THM ST H1 B Seatsid Bidl 2| TgT TE-8
FEAM 21 T8 FS (MeV), FR X_THl o qfiew ¥ %9 quresd oo fafwon 9
Heifed it 2

AT fordt T foRvor 1SS, TothT 2190eT diel-&1a | faees Aifies o1
IS eTargen | @A 1 37een ® el 1 S3feid e e stewen ¥ o1 &1
iRl § Tk BT AYA Tk O 3k B (HHAR GHHU Hi T H)
IS H &1 1.17 MeV a1 1.33 MeV SSiial i T fRol o el Seasi &l
G 3T S0Co A oF f—&1d BN goNi ifver # &fd 8 &1 ufshan o
wef¥fd g 2

13.7 et =it

o= 13.1 9 =¥ T 9fq fertat™ suF-Ss1 E, b H A=30Td A= 170 4
Tk oS WA 9 €1 TH A H Ui RS S-Sl T 3R (8.0MeV) B €eteh
e, A > 30, 9Tl 9T U R AR, A > 170, 91l 91 H, S| &H 9gel € 3@
I ©, Ufd fasi seF-oll 8.0 MeV ¥ FH 71 A S-St aifursh & o 3 sferd
feh S M9k 1 hel SoTHH KA N TROMAEEEY A 1 FH el deH-Ssl
e YR fhet eifeeh dem-etl ael A1fWeh | €T 2 a Fel ol forad srf|
fordt o Tfes o < W < 9 sifye Aeafie somm el (faged) siar g
ifsrer] w1 forelt it e o goee (Hore) &) ufeen § tw & g 2

HIFel Tol Uiy S qRufie ol Hidl | Soerdt werEfTe sAfafmand g 2
el foqerd B aTell ol Soiae diee i hife i eidl ¢ Stk fehe T
HeRal ®, MeV whife &1 il forqer Biel €1 37d: %4 o1 GHH Wl o feaw, Tmafen
il T 1Y AR Gid ol A Sl foe whid &1 SEeNl & foy, 1 kg
P ok forged W @ 1014 Sl 9ra Bt §, Selfeh 1 kg higel o <e 9§ 107J
Foll g Bl 21
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13.7.1 fa@s=

iepTereh Afedmifaee el o STelrel ARl W = AIRIF w0 SF G, =2,
U H07 3717 o YR 9 B arell TThT Fishaiedi T &M 3 § T2 GH9eHd oot
K

fagie T Heaqul =JeiH-TRe AT gfhan €1 forde o SSevm: 5id frgt
e THENfE 25U W gL W YeR FUFT 1 § @ 9 < WeAfqe S ol

92

Tfyerta el § fawfed & 9 ¢ :

iN+’U - 23U - Ba +50 Kr + 3)n (13.26)
7t foran o eafie goAuE el el & e g oft S B W €
EN+ 3P0 - 2°U - 13°Sb+ JINb + 4, n (13.27)
Teh I ISR R

on+2°U - °Xe + 2Sr+2;n (13.28)

3 ferafed Saare Weanifaea e 8 & SR 39 a0 de B-&1F 1 %A <ol
wdl & 59 7 T oid § Tl we ww A el W)

g S8 T a5t fowea sifufswan o fdaa ot (Q -wm) wfa fawifea ifus
200 MeV &1 whife &1 Bl B SEehT 3Tehe §H fT=iad oid 8 :
; T foF TR Af9E FTA=2407 3R 98 A =120 % I wel § fowfed e

| e

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

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

- Wi i@ S-Sl wfed T 0.9 MeV @l

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

forge w1 weTst *i fomed sl 9gel &F-3carl a1 =gl i TAS HSl oh
®Y § HaAfd el 81 3 o I SAHUE o FoF hl BN el o o ®9 H
Rfor e St @1 AR fesed | it fadea s 9 foar@ SR g 2
W] &9 H e g Al ged Sl At e fage 9 € S el )
AT SN W B o TR @ 78 ==t i fob Tt Rueet e e e 2l

18.7.2 f9enta Ruaet

TR (13.26) @ (13.28) H afvia foeed & wh #ifq weeyl Tea did e |
e fran o ww erfafted =2 &1 Sata el €1 ufa gifeEm faged o eiiwa
2.5 =2 w1 Scufa eidl 81 98 ek U € Hiifeh o forge weAen | 2 =i
T P H 3 A w1 I BN 71 3 Al =g o1 fawe et wt e
T Hehd B e IR off erfures =ggii R Scafd B Wehd! €1 39 Uk el tfafma
1 GAEA a1 B T8 ToeR HegeH Gl Wl A @ o A 36 - sttt
1 ggfad &9 § R fFa s 38w e st Rl @ gedt 81 e
flua & 7€) 2 ?1 A Juen sifafwan sifafa g S @ sue faete ue
forrerit it frfq =1 Tenet @, Sk for ferdt ekt s o < 21

greten, Terelt sf@en atfufsran ol difta e & Wen @IR gfaen B, S fom =@l afvfa

1 el @ o W S W = (A g2 g e = ) et 2y W
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IRA § TRAV] STl HEAHH I YHSAT . SH SRR A9 (1909 — 1966) F g § T =l Wi
o WY T HI T Th IR, Ui Sqafey 9ge AR Aifentd RuseX (70 M) i = @
fomior o S 4 31T 1956 § 11 1 & fohan sod Hafeia GiEm i Se 3R STot i " i aE
ST fohdl TR o1l SHeh A% 3E 98! HeAl 1960 H & el sfean Ruaex (CIRUS) ol 40 MW &
39 U ¥ grpfaen oM 387 &1 0@ @ 9RI ST Tk bl T8 ST TRl 71 o1 3T TS 953
3 7 e yrefie Ayt foae o fafv=r &5 | fowga sy i dicfed foham wrfed o Ted ] <9I
&t fafire Suafsr=i § ts of i o TRl wEeitad 999 &1 & wd i, 59 9Ra | $69 gadeneE
Tehriert (Ut o6 g oW $9F 9 ST foeeda wd 3ek Akt |t &l oTel ed) &1 A6 99
fopan o= o S o Rua oy o faw & fohe e, s et € wefern, gfvfen (1, 1 e 1), g9 e
I I <90 1 TEen oe1 Y Ruaet @ fed U-233 =1 $oM &1 ae s&aurel T 7 21 St A
T e ® TiY-Rueet 1 wofies Sevd i SE el 8, 9 et fam e dehtent o fafe el W
3ie o T glaen wem@ e 21 vy Ry fafa= aeeenfent o Saaed o ot 9 ¥ia € e faf=
Seli—sa, sy, Hfy snfs § s 2

s 1 &d Sevd Y& W € F8 W1 ¢ o <9 & qriees d enfdden foehm o forg weferd e
forgereria foega vifem WeM &1 ST SR TR qehetent o @it & o et o1 Sy 9= o <9
o YR a6 |, 9Rd | WU @S il e 1 S HE g3, ST Ig Tohd T & =T e &
9ER @l ogd HifHa €, W i % Wer wat| Hen ¥ €| SE@eh SR € AR 29 7 Ifehig vt W
1 Teh 19 =0T | G B aTell A STOART| 98l =R H Uepfash GFFH &l 391 o €9 H Td 91 5
1 Haeh oh ® § YK a1 ST €1 Ruaet o 37afyre i grdanfea s | 9 witEm-239, TE =R
¥ el Fueet o $o o1 1 hTdl ©1 & Ruaed i i weieh Ruat safay sed & ifeh s g@e 9fhan
1 ST T o T de =gt o1 STE el @ (31: WS i SAevdehdl e eidl) SR 3 wiferd S o
A, f5 @ 1 $oF @d @ €, S sifer foaeeiial weiefl (wRifaEm) &t o= ot <@ 21 de
=01, S <refentferen Asl o feda o Heifess Heweyel @, 08 g goeh Ruadl o 3| o enenid @
S eiftEm-232 #1 fageTeiia RFEm-233 o ol 3K R 37 forg fasiy &9 @ s e o gt
H semre fhe smi

7ol NG HEAHH o gER =0T W TSR @I § IR e o SuA weeht dre =1y o ferg oft skt ehrd
B g1 €1 3 A WS ATEEH TS Seae| See Fefn, Wi St Seared, Rueet w1 =, fEio wd ye=eE,
A S GAHEIEE SNfE, Hi¥erse dehienl W Y W e foeren €1 Wefifed Wl Sl Rust (PHWRs) S <91
¥ faf= Tl @ =FIT T E, Teet <RO1 1 quidl T Hohd < 1 WRA oFd ST STevdehdal U sfush W
el o1 IeAEA Y @1 €| R &1 =1 d W= S o Sed o fasga geen yee qen e fafemon 9
TeIe Heeh g FER w1 S @ ule, WRATE 9] Sl HrEiH h UeEH B

aden areY o bl Wehd B
255 o faged ¥ Seufd =2 &1 3iwd S 2 MeV Bt 81 3 =52 5 T
%mmqlmqlm 7o Tifsyent 9 foran T fomm €t Rusex @ 9 frsha
SIS Ffrem Akl 9 29 g =gl & faw g@en fRa (chain reaction) i
T @ § v faeeda ukie @ wgd e AN oy STEvEshdl gl €1 A 455

fogen 1 s wifashar 21 fagen § ot g =2 o faae ufwan & 1 ‘
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http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx

9Rd ¥ Afeha vrfem |a T

|

Il i EeToh =2l o WY Yee Helg g1 Hikd fehan S © 1 e W, wefaen
o TN A <t TR SRS o WY WeAreY TRt § =i onte fEer g S § qe
TG Sl W g o ot Wit 81 gg feufq S©h @ © S R el wfawe i
1 T i 3T fer gue el o W AHA-9HS i ol 37d: Ry o, dig
Il i dfd w o fau fogeda ifvenl o w1 goes Tfvewl [92 savses
(moderator) %&d &] w1 WA fehal Sl 81 WH: Wod B4 el oA Siel, AR
e (D, 0) T JhTee &1 e WA STHIH %% (BARC), GoE o 378y ey o
W%mﬁmmwﬂ%ﬁm%mﬁﬁm%mwwéﬁmﬁm
Y sfemeh o ®Y H 9 Wel 1 STAN S 2

3TEHgeh oh IYAN oF wROl, fohdll TR W Fevct =2l o g1 fo@el &t ge
1 3Tk fusa TR W el =eHl o g fa@e o1 9@ o el 319, K &1
M Tk W 31fush B Hehdl 81 39 31U 1 Y07 #R% (multiplication factor) F&d
&1 7% Ruger § =2l 1 9fg < &1 99 1 K = 1, & e Ruet =1 ygfa wifas
el @ S Teer vifed Scared &1 w9 o fou Ufess €1 K 1 0 T 9 a1
BM W TR < den Ruase &1 vfe o =@l (exponentially) 8 H 3fg st
{1 K1 9 Teh ! & o ST 7 gH W Ruser aifspifas g S qen Ruget
¥ foremie off & Henal 21 91 1986 | Foh o wHifeet Rut # gan fowhie 30 gas
e o TROT AT € Toh AR Rt o shig geie forarl fammemenil &1 wehdl 2|

fopan < T chefiem S8 =g2ia-ravive giel o =+ f795% %8l (control
rods) gNI feha St 21 Freses et o etfafien Rused o e ol 1 ff vy fvan
ST 21 5 TeTh BE shi ST Ug W Ruaet o i s ¢ Kot 9+ 9iisi
Y TF 9 HH fFa S HEA 2

Thfaeh €9 H U WM ael e H TR 2BU et -fageda g

21 99 3oH ot =329 %1 UeW (capture) B €, @1 3fedd FeAfRd wRifEm &
I e Tl @ =i 2

238 239 239 - -
» Utn >, U "Npte +v

o2 Np - 53°Pute +v (13.29)

TR W HE =2l o Wer o foaed e wehdr ®1 fum 13.5 § i =
forgien W eneniia fereht et Rueet &1 Weeliea gy <eiian @1 21 Ruaex &t
i TRTT foae %1 &5 21 368 SUgs Q= §U &9 § L6 acl @d &1 T8 Lo,

Wiehfeh ®9 H U ST offel AEH ki 37uen 22U | g wgd REH ot 8 gk
21 Hie § = *I 43 H o T 7w (moderator) ol 1 T R H F weA
(leakage) =i el o 1T shie Tk Wade (reflector) ¥ Bl gl 81 wh wgfea
viiderer gr forged o fekett a1l (Iv1) i FRAR geren s 31 foraifea feamtfoaea
SR} o G 1 YA o ToTT o ol Bid 1 39 | oo § BTk fafecon
1 STEX A 3 I ok TIT Uk el b1 U feman Sl €1 =g o STawi whi
I=d &dl aTelt Bl (S TR hefiam 1 s) o STEm 9 fuset i &€ fma
Hehdl 21 Ydeieh 9 ST Ueh SN 5o8 ol ARG i St @ foag fof am
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; _\ MaaTsd ——p
Yy > ZafeT & 9
IREEE3 ] I YRades
@é—<: w5 " (wm W)
qigsw 9
Sl
—

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

1 SCUIE Bl B 36 919 Y Tas ol S[HRT T Scare g 81 fenel o wifer
uet &1 wifa & T Reget ¥ et 9on § frds S| fead €1 W
Aifgehta FRefel oF Frertor o fa9iw e < e @ it 3 eanifaea qen
TR Bid &1 RUsT o Hemer, S9oh W@-T@e 9 =afad $o o foag forega
T yey fHd W ?1 ARdE ] el wEwE W oA guen yew fafire €
featfoea emfyrel il 7 Qg qen Tegsiel goai § IRefda wi &l Gureme
o I o U Uk W SUge Al o fash e W = @ 2

13.7.3 AR EAIT-all § FHott S

o 13.1 ¥ <9Ifan 7 S-St o e oft <wian € fo Afg S gtk e ey
Teh 3TelThd oSl AR SAIG al Setl e Bl @1 39 iRl Wl AYFTT Gorad
FEd &1 3H e HI ol fodr=en sAfulmare & o SsEw 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 difsrei s § 31k 39
URA W 0.42 MeV St Feherdt 1 @ifafrar 13.29 (b) ® < 572 o diferm
1 TART YU oA &1 Tfafmar 13.29 (o) ¥ & gg2iH faett tw dfean wd
Tk I S © | Here o fora g ikl ot ga atferen O o1 STeveeh © o
foF 37op o= eTehftia - TUEE AR S wE Y Weh| BTwlieh qHI AT
YFTeeh AT &, 37d: S ale Shelld Widehtol €I 371d: 399 sheild S1adiel UR
#0 & fau ggfaa ol g oTevash €1 39 helld STelid 1 SR el ud
SRR T ARl 1 et W wedt #)1 See & fon, 9 et |
<9I T Tkl @ T < Wi o faIu 98 STeRi€gTal (barrier height) @ 400
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keV B @1ereh Seed eent o foiu sraivguan iR o eiferes =il fonelt wier
g o el gRI Heltd STekiY Sl UR S o foe gat| et 3x10° K drd W 9w
& Gehdll &1 TH 19 1 Gfshe, G5 (3/2)k T= K ¥ K& 71 400 keV @ ™
fehan ST weman 21

Fell Rl ITANT AN 3091 i o foQ Tfveta Head Ta-5ea 9 81 =1sul
ATl a9 39 o1 1 2 o6 54 &1 919 998 qeh @/ ST S ek T 36eh 01
A 31O AT TG oF HROT, Shelld STERIY i UR A FR S| 39 UHAT HI a9
TIFTT Goro7 Fed

AR o 3fd: qeel | Tl Sl o1 Gia @9 A9 HoreE 21 g o hie w1 dd
AT 1.5 X107 K €, St T 3fd Soil o 0Nl o Herdd o foiu S1rewaeh STATd
A9 § TR K T Ted: GA H g ol Hored giwmane o oiea Seietl O wgd
AAferss ol ATt W 90T o B

31d: 19 AR TT Gerd ogd S=d a9 T <6 W & 8l Tehal € AR a9 T <@
1 UE fearfal shae ari o ik § € Sueted €1 q)i § el S dra-A1HeR
T o e 9 g e 2l

g o B Al Gorad stfufwmen uw ageR ufwan @ faw wrgee dfee §
et Bl 31: Gd o i | SRS SUF B §iZ-912i (p - p) T € 5N T
Hfed g B, Frfafaa sfafwaet o gq==d g0 =Fed fonan S "ehel 81

'H+!H—2H+ €+ 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 Afufsran e & fou e steves © fF weell I sifafwmard €-a) am &
3R 30 YR ) Tk Sl Afer fietert S giferad o1 T ek 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 WhmaAr
26.7 MeV Sl e it 21

ot O o @id: Yed W ohael Elfead w1 g i T2 g Se-sd e |
eEESH (Elferom o o5al ) 4 2l €, Hhig 31 e el 81 THE AN 319 Toed
o HNU1 Hepfed Bl © fSed shie &1 a9 ¢ Sl €1 7% i€ & a9 10°K d%
¢ S 1 Fodd i fRan IA: 8 i, W 36 9 gifqem wed § aiafdd gefi
TH YR 1 Yihd § Held " gl 9 SoAHM WAl aed dedl o1 S 81 Hehdll 81 U]

2020-21



EIREY

FA-Sot gk (fa 13.1) o ¥ R feua 9@ qai 1 o 5@ ufean 9 7 =
el

gd I g I 5x10° 99 { q1 T SFIEE ol S @ 5 gd & eiR 5
3RS T qeh I W@ o AU Teavae SEgieH SUCTsd €1 $Heh UYEd, BEgIer
ST o ST a2 G 31 8H RN 3HY I 379 el oh hR0T Hpfad B oM
S99 g =1 i &1 a9 98| 399 g 1 el AeR0 Herd o Sae ¥ T
& 319 (red giant) ® 9Rafdd g smam

Th Em T % faEed ® @mET 0.9x235 MeV (=200 MeV) S faqad gidt 8, 9
AT 50 kg 25U 1 gAS A fa@fed g1 ST qf e 4 x 10'°J S o B T8 Sl
20,000 & TNT & HAqed § St Uk Wl faehie & fau qafw 21 o€t amn o Tifushia i
rfeifsma e TATy] faehie e 21 6 o7& 1945 i 9§ § Ugall IR Teh LAY g
STATT fhan T SRt 7 ST ok v felfiv R ww weEvy 99 firmn fawwie 20,000 2
TNT & HAqed ol Aeartfeea Ioarsl 3 Wk &v | 3,43,000 farfaa aret s & 10 &t
foretHie &3 &1 T2 & e 399 66,000 T T, 69,000 W& TU, IR &1 67% T AfH
ARG d89-8d Bl TS|

Toaa sifafwane o fou emavas =9 a9 faeed 99 §N 3= fohar 51 9&hdl 21 1954
H 10 W 29 TNT &1 fovhice &9 o 9uqed Helfaehic 1 qdem fwan mm 3 a9 e
BIES IS o FHEAT, S wd difead &1 Searaq eidl €, 5o o8 Hedd 81 &l /Ml
STt B fob gae wifsraemet ARt efemr wenftd Y e g € S 78S Th @ed SaM W %E aR
godft @ o 1 G FR Ghd | QH ARTRT faeag 9 | fgth gedt @1 odam Sfed T @
ST, sfeh 9k edmifaea omufite M et 9a o faw off gesft W Sitaq v v e R
2| Sgifass TorIST % SUR TS UGy IWEHT ST § €T YR (prediction) TE ® TR
e e AR T 0 IRA & S it Wearifaea sulite aed w1 ate argHed ¥ i

R gd | geeft &1 31X o At weft fafeon 1 srawifia wY

13.7.4 THafaa o Tifirena 9o=m

forelt AR # BF dTelt arg-A1fAeR T Gfshal o N0l Tk drd-ATaehia Ifda 9 fwan
STl 21 foreh it Horaa Ruaet &1 3299 TR 89 &1 10°K a9 o 909 |
TR T T Wi S ST el €1 56 A W Se eTeHeR STl qe seieeil
() 1 a0 B 21 <fer 39 99 i S @ o Ty i 9% Sueted e
%, o7d: 39 19 I S WA Teh AR €1 9Rd Gfed fove % g 39 39 He |
Ffertail oh TorshT® o TAERA B 1 3 WA o el e W, WHeA © TR Hera fust
AN &l T AEfHa wfea ggH Y "eh
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3ITeYor 13.7

30T 13.7 F=fafad 9o o S <ife ¢

(a)

(b)

(c)

k3

(a)

(b)

(c)

N TR afafwmaet o g (S fe 9 18,7 § fiu ®) wEEte
TR (3@ & AU 2H, + 0,— 2 H,0) % &9 ¥ Hqfem €2 4 7 ai
fore &9 H A1 IR FHR Fgfad gl

et arfafswan § fohe YR SoauM, S § (A1 SHR Soidl) aeerdl 872
A foem ® o et et fRan ® & sormm-Set U T H §Sel S gehd
& Sefer TEEtes e § 98 w9t TEl e €1 ¥E e e 81 SHeR

foneht TEmafer stfafsran oF wgfera g &1 feafa o for sifufsran o TvieRor o6
Tl R Gl qel o AR i wE g9 et 21 fehd wemEte srfafwmen
o WRATET o gl HaeH | uied @ erar 81 W el i erfufmer §
ALl oft B Tehell B 31q: ARTT tfAfHan § Y dedl o GRS i TEA
1 erd ST STavEs el R eleilie, ARt stffman | e qen =gt
Tl i GEAT gk w9 Y G el €1 [arEde |, STeiush Sl o uResd
o =78 o ff gified g Tl 81 o%qa: el e a1 et CoiEH ge’
Gferd &d €1 BH 3 fave W Tl e SR formr el i ] et srfufemansti
[S9 foF THiehoT (13.26)] H TRt o S TR Tl ot Geard qen =2
%1 A gUh-9osh &9 H g9 2

B WA € foh A i S-Sl o1 AT o SoAHH § FUMTHS AEH
(5oTuH &ifd) B ?1 ik fohelt fereRtar saffshan & wieiAt qen =g ST BT
FEATd TRfed Tedt 7, o stfuferan o S SR =gt qen g 1 et foRm
T (rest mass) THM Bl €1 WXq fopet fwenta stfafsran & sl ik &
TRt T el S-Sl AAfRaT o SRR SR o AR T Ft TeF-Ssl ok
THM T A9 el 71 37 SUF-Setish o S Arenta srfufsman § st
T arelt s1eren Frehe aTell STl oF ®9 § Wehe BT 71 Hfth SEH-ell SoHEM
o I <t 7, o7 W shed § foh TRl Mt sifafewan § S IR & e
AUl 1 SR ol o ®Y § uRafid g S § (A 39 fauda et pa
S o i % &Y | uRafdd e St 21) 1 3 ®9 H Aiqewt safafman
FEAUMF-Foll o 3qEIA0T H1 Tk S 2

SEAM-Sl oh S FA i Sfie 9, fagiaad: T qaEfe sifafsman T
srfufsan o gy 21 fond et sifufwman o sraenfua steren fFerer arelt
Sl AR o6 AT 3TR oF TRETLSTl Qe TS i qEmEfew (Tfawta &)
T Seifel o AR 1 TR FHIA 2| ek THEAE TeH-Ser oft ferdt
A1 310] o ol FoAHH H FRUNCHSE AMEH (FH-&ifd) i e 7, gafan
&0 frehy fehrel Tend € o ferelt Tamafen sifuferen o <Y oK o aeamogsdi den
LS o el FSAHMl h1 AW o1l o &Y H YR el Sl § A1 Sell e
AUl o 3 o &Y W ufEfid g guifase @ S ?1 ereliien, fhd
Tt Afafshar § Ford gsem afadl w1 aiEmn At e o derd
SoAu i@l Bt ol § he @@ T HH edl 81 9H ®9 H TE URon @
foF T Wi @@ € (S W T 2) fv fEe wamte sfafE § wE
SHAAF-HS 1 SAqFIG0T &1 Bl
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EIREY

QRIIT

. ek WCATY] W ek AR el €1 AIeh eFefi B Bl Afeh shi e

TRATY] i 551 @ 10 T BT Bl €1 THIY] HT 99.9% § Al SoHA
iy & Tmifed e 2

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

AT o SR B
lu=1.660563 x 10" kg

e o w FREfE w1 g € o =32 wed €)1 39T SEE SRt Sl
& g ® TS W
fopeft el =1 TRHTY] WA Z3W e o WAIvaeh ek T WA i HEen et 2l
SEAM A A, TV ek | Fiel T8 =i ol el T oh ae Bidl
?; A=Z+ N Tel NI o fommm =i #1 wen ffde w5 2
Teh TIRTT Gl el Tk JFAEE (nuclide) 1 7 X gRI o4 d &,
Sl X 39 TEEfs gt %1 Hehd 2l
UM 9] §&A Z, T fafa= =[eiq 9&a N o <JFIse qaee7@ heard
&1 3 aeTge e o SomM 9@ A 61 9 99 8 gHaiie a1 o fSeh
AT =Jgi e N 9 THE & gEgeie HhEdd 2
HAfUhTeT el ] A1 3Afersh THEenfeRl o Y0 Bid &1 el 1 AT SeHA
SHoh THEeh o SoAAMI 1 WIRT AT 2idl €1 STl R o dreded qeeent-ieni
1 Trdey g 9 2
TF I TAHR TR SThT Tk B Fuifa 1 1 Fepel 21 gl
ThIU A o STHR W Ak kT R A0 H ST GeRdl 1 @ 9 T |
fop fwent =1 foreen frfafaa g @ = et 21
R=R A"
W&l R, =T foaieh = 1.2 fm. T8 <1 € fo ek o1 oct A W FeRR 72}
I SN FE 107 kg/m> 1 HIfE 1 Bl B
ek o AR = T qeH Ted WE Yo AHHE ael g 99 e 2l
AT 9 =P T He 9 faug T8
A(hT T M el 3199 STe@dl o el SAUE Tm 9 %H el ¢ e
3N THeh TaFel o EAHM! 1 A FoFHM &fd Feeld Bl
AM=(Zmp+(A—Z]mn]—M
SR 1 TAAF-Fel H951d E = m c? 39 $A9H S Hl Sl oh €9
o 30 YR e HA ©
AE, = AM ¢
Sl AE, Tf¥e &1 qE7-Feif wearnd 81 A= 30 ¥ Wt A = 170 FAH
TEA % WG 4 Fferai S-Sl 1 99 e g {1 g a8
MeV 9fa =ferai 2
AT Ffshaneti | S[El Sl Tt JiRansti i qo1 | o 39 aa
T SR B 2l
ol Tifrepta wfeman &1 @-wH @

Q = 3iftm wfas St - yRfYe wifas @it
FEHHM-Foll ST & HRU, e Hehd ¢ T

Q = (RFIE AT T AN - AfqH THAHET HT A A

featfoeaa o aitre € food € 7 yonfa o e, o @1 g = yfenot
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Iafeld ek TUARA e Sl §, el o-foreol difersm & ifue €; p-fereol

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

7 2 & v foeen feomiar 21 foarelt eamfss = ed-a1mg (T, ,) 9@

T © e SRt el WEA NSeh! URIWeh W i oMl @ St €1 Sfrea

A 98 AT ? TG N T gRRTE 91 # e U 9 © SR

’1‘1,2=1n7=71n2

12. ST9 ¥ gad1 § dfuq A Sfush gad § |q e | uRardd i e al
Foil fomgert et 21 forgea o w9t Aifwes <1 B wei o fawtea e st
2 S, 25U+in 1% Sb+ 9 Nb+4ln

13. Tg q24 ok fomied | foa =2 y95a e € Sud 31 3o =i ©, e
sAfafran &1 AT USH B T T9 AR H S B Il Yo g2,
U fag@ied 1 YRS % € ARt a9 faehe o sifEhn gaen sifufma
I I B B R Ruaet o 7 FeEfE o fer @ w e 21 Rege §
=2 Jfg O ke 1 A 1 SR @S R

14. Gorg | gofeh ek ooy Tk ag) Aifash s €1 g9 gfed @9t ani |
BIESISH HT4eh! o1 Elferad TMen] H Herdd Sl 1 9 2

sitferen Tfdn WeftR fammd iiECT
u

S—l
s
Bq

feoquit
Taemuita faua
1. TR 57 1 Sed ek o st R R TEY e {1 ] seorme s
g fg &1 urem 7=

2. SoIER YHIUM GRI A i TE A9 1 51 1 I Ueh 01 bl o
462 SR T A 1 TS B W i arn e 81 UH gEfa §, i, e
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10.

11.

EIREY

TR 01 ek ok STal faaeor ¥ gifed eiar @ Sefeh Yot o1 3R 3§ o9
3 HUT AMHH $o9 | Ffed Bl

3MEETEA §RI S T Soll 1 GUGEIdl E = mc? I&feid fhT 9 o 918 o190
BH TAYE WU TS el WAV % gUEk Rl w1 A9 A8l e, 9
S-S T8I0 o Ueh Uehishd [714W i oI &hid 2| Wehid o I e o
Gt B qe THeRT faverEa WO Afehte Aifdent § 9 S 81 e e
Sl 1 HAGeAd o oW, AfYHTE el Ud 3Heh I Wid o 9§ STAM
1 YR B @ W 1 STAN heh, fREl fWeRd Wi (& Sten
Ffufsran) o Q-HF i YRfeh Tol 3ffqH SeaaMi o uei H oert fohall ST ehell 21
(9fq freraia) sem-Seit 9% 1 Ypfd Te Il T fop Fomerd it
HAfafrand G € S 3 geteh AR o Hero ¥ I Tk i e o wreAfis
THM ol & AR] o forged ® <@l ST Hehdl 2

oo o foTT gateh A1TWeh! § qai< IR el ol =1feC difsh o hard favd
3ERIY 1 IR Y Feh| TET HRO1 € foh Herar o oIy e7eg=a 19 &1 fegdshal
Bl B

TEfy (i faermia) duq-Seil o Tad © iR 3od - & ufkeds s
? W TEH *He, 190 % Jaemeel & fou fer eid €1 98 WA %1 @e
& e & off el ST 1 TR 1 Y=o /A S

& < foh SoieA-UiTSg Teh SHU-Sideol T 8| $7oh SeAWH ThEHH Bl
3ok STAT o IR gHH W faudd gehfd % e 21 (F' 9 T © fe
SE Ush Solag U Ush UMW Uk WY 3 € al Uh-g@R 1 faeiod
(annihilation) %X 34 & 3R Y—WWW%WﬁWWW%I
&1 (TR IE) W Sela ok TWiY Scdrsid B el 1 TA-=fel
(v 30 fawda *-em (e Sase) § =1 (v) St e 81 e
TS UH-FfEAl 1 FTH HU-UfGHT T B BI FhiA H TH U T TH
HieRT Bral 81 a9 GA-WieH S 9IS 1 Hidehur €, # e wiew?

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

W: QT A1 el Scesia ok S1g 71 Scdsi BIal &1 Tl Hi Scafsid shich
HIE ek eI (Iouar) Sfereen § Fefal srewen § iiedl 81 Qe 37
w121 IS o YT hiE AR SETd SFeee | @ Hehdl €| Teh &l A1Heh
Y (i for ot 13.4 W <9 TTQ ONi o FeRtoT H) T FRTON o1 HHER ScisH 39
1 <Rl T YA € foR eRT o off weamopeti i € aee fafes St & e €
Feanfarer ek o ST 1 TG 2 gtk e H Tife o forg =g ue
TSl bl T T STU RIS 1:1 BF =Wl AR AIfehi oF TNiae o fog 2
3TU 3:2 TFI =feTl (UM oF e TR dlel Wfehyol o Uvid o Fed o fag
SR =i ohT TRl BITT1) S Tl ST ohi 7 @ alel Hifveh STER 2Kl
{1 o fehl § =i St Tt Sifuehar e €1 e, (W dell o) T
HEELfehi o | SIS 10% & TRl €1 31 =fieh Him &9 o FEmemen o s+
S & (3 T iR Feliedll R o, p, d, n 361 37 i o TE GRS ST
B1) | Tl woenten fove o el o @it Sl o off faeifehd 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 H FAfafad i euer 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 = 1.6x107"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) oliforr ok < Trlt geeentehl SLi e [Li 1 Sgerdl 1 Fiai %A 7.5
TH 92.5 B1 T GHEehI & FoAHM HAY: 6.01512 u T8 7.01600 u B
Sfiferm =1 TTATY] SIHM J1G HifS)

(b) TR o = wreht T OB w U'B ¥1 37k $oTH HH1: 10.01294 u
TS 11.00931 u T TR T WA 9 10.811 u Bl [°B v ['B &1 sgama
M hiferg)

it o e Tl el w1 SEeldl HH: 90.51%, 0.27% Td 9.22% 2|

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

1 3AHd TET] FHEH T i)

AgESE A9 ('2N) 1 d¥A-Fsi MeV | 1@ HIfSC m =14.00307 u
frfafed sifwei o SR W SSFe wd 209Bi ! 1 deH-3 MeV | T
T m (55Fe) = 55.934939 u m (35°Bi) = 208.980388 u

T 3T U fgach 1 59H 3.0 g T G Sl w1 MO KIS S 39 Fqech ok
qeff I TF el Sl TH-SH | 3T Hhid o faQ Tewae gl 9iadl o fag
7H wifae e fase pofa: S2cu wEmEt w1 e # (Scu w1 gemm =
62.92960 u) |

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

(vi) 20Xe 1 Sl AR

e eaitfoea waeetier &1 ey Tod 21 fhad ToT o oI5 gEeh! Ufere,
YRS Ufeadl &1 (a) 3.125% T (b) 1% @ S

Shifad seAge §54 1 9 Ufdeadr, fd I we o fau 15 &@ gfd fime
21 T8 Ufsee, T waenf 1AC % - sew 9§ famme feanfaed
"2C o HR B T S F g B W IHSH o WY TR S fomA (S
SR Fferd Qferzerdn w1 AT Wl ©) T € S €, qe Skt Wfsradr
T IE B SR R 'AC T S ey (5730 F) SR A T A T Ufsea
o YR T SHRT HiTehe 3T 1 TUMT 1 ST Fehell 21 &l Qreiesl T o Wk
BN At '4C FweERY (dating) TSfa #1 fasid 21 98 AR fF Aiesige!
ﬁwﬁwﬁa@aﬁmgmuﬁrﬁﬁzuﬁrww%ﬁqgaﬁawaﬁ
Hf=Tehe 3119 1 SAhe TSl
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13.9

13.10
13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

BIREY

8.0 mCi dfshaar =1 eArtfees &ia 9 3 & foy SoCo 1 fohat @i 1
STeREHl 22 S9Co T 314y 5.3 o 2
NSr I T 28 I T TH HHEAMF & 15 mg T e T A 29
Tl o FHERNE 197 Au T T o SHeIi 107 Ag i AR e o ST
1 Hi=Tehe [ F1d HifsTg)
(a) 22°Ra o (b) 22°Rn ekl o - | SRS o0l 1 Q-9 ol il
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.
edgartieg 1'C &1 e FreAfafad Tt & IHER 8 €,
6 C—o¢ Bte'+v: T,,=20.3 min
Seafsid qifsiei 1 afehad s 0.960 MeV 21 SeamMl o fa=fatad aF
few o @
m(z'C)=11.011434 u & m(y'B) = 11.009305 u,
Q-9 T TUAT HITS TE IAfSId difsier i Afeehad sl o6 | | $Heh! gl
HifSUl
25Ne o1 (R, B~ ScHSIA o TN &1 Bl €1 39 B4 o fore Tefem fafan
R Scfofd SeraAl i stfehan TS S T SIS m (% Ne) = 22.994466 u
u; m(¥Na) = 22.989770 u,
fordt Tyt eIfafean A+ b —» C + d &1 Q-9 fr=fafed gt g
ufefod eiar 2,
Q=[m,+m,-m.-mJ]c*
el f5u U germE, AWt foim g5 M (rest mass) B f&U MU aAfwst o
MR W Ty o Fretfafea sfafpand somad € = s
() JH+H —=? H+*H
(ii) ©C+;’C -7 Ne+;He
f& MY A e T AR €
m (?H) = 2.014102 u
m (®H) = 3.016049 u
m (12C) = 12.000000 u
m (2Ne) = 19.992439 u
A o6 &1 SSFe AfWeh oF <1 THM stadel 28 Al § foraed W forem =31 s Sl
1 g § = fags G9e €2 56 WohH 1 Q -0 1d ohich 3791 deh T&Id il
f@an 2+ m (¥Fe) = 55.93494 u T m (28 Al) = 27.98191 u
239

PPu & fa@ed 0 9gd F9 255U ¥ faen-Sed 1 i faeed foge e
oot 180 MeV 81 3R 1 kg U 29Pu o @it wm] foafed &f af fhet MeV
e fae M2

fHE1000 MW foree fiuget o a1 €o9 %1 5.00 o ¥ =49 8 =ar 21 IR
F zad fere 225U en? W ohfSe for Ruset 80% wwa it Tl €, 3okt ol
Tt 235U o forged | & 3o g8 §; a9 25U =perse shad foed wiwe
H € = B g
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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 TFIREM & Terad | Tk 100 91 1 faea oy ferait <0 wehifer warn s
kel €2 Her sttt fetad o s wehdt €

H+>H— jHe+n+3.27 MeV

T TSl T AT HI FH o AT FAd ST BT HaE A RIS
(HoRd-FaA ST FT Heg H AF 31 €M o o oM a9 Fem
iRt e o SIS idl € S Teh-SE <l Gueh | @ S R S de SARifd
BT B1 98 I ehd ¢ TR g2 2.0 fm g9 e 9t gg et #1)
THEHW R= R A2 % SR W, <3 o TR 57 1 S T 3R 3
(s1efd AW fAst 78 e @)1 F=l R, U foais ¥ ud A i # ge s
e B

foreht fer @ B (UifSiEH) Scasiq 1 T 7 iadrh giwan @ o seieee
Il (Capture) #ed € (AW WA &1 Aafeh Herl, Si@ fm K-when, @
TR T TIeH IRIE Y ol € SR Uk e, v Sedted i 7)1

e +5X— ,AY+v

TuIfe o % B* Scos STl feR @ o1Ad € dl geiged ufare o srevas ®q
T I{Ed B, W sE ol erEa e 2

faRed 1

afrerd Gt | SIS 1 Sied TR gerHH 24.312 u & w81 9% sid
M, ool TR Hoh FHEeh shi Fel sgerdl & &R W f&an ma 31 Feiferam
o N THEfE dem S FoAUM 39 UHR § - 22Mg(23.98504 ),
25Mg (24.98584) T 2SMg (25.98259 u) | Y& | yrat Fr=iiferem # 2:Mg
1 (S o STIER) TEAd 78.99% B 3T I THEAR] BT T HI
qfehe hifST|

2 JUFHT Fell (Separation energy), TRWMI & TGN, 98 S € S
forelt T1feh @ Wk =g 1 FerTer o g sewass et 21 e few e sfishet
1 THHA B soCa T 27 Al IfTRT Y = TR ST [ Hie
m(30Ca) = 39.962591 u

m(2lCa) = 40.962278 u

m(%5Al) = 25.986895 u

m(37Al) =26.981541 u

feoreft =i o wiewrw & 3 e =memes fifea € 2P (T, ,=14.3d) W 2p
(T,,,=25.3d)I TRT H P & 10% & W 2l 21 399 90% &7 Il i
o foru forae 99 gdian s geft?

Fo faftre sRfeafa |, te T, o-Fo1 9 2ifyes Som™ are T F01 Saafsa
ek i el 21 frefafaa em-ufmearet w e st

“23Ra— 9Pb+ 4C

“23Ra — “Rn+ He

T T & SRS o foly Q-9 W1 O HifST iR TifEe o <R ufmeard el
1 gfe ¥ Hua B

e =il g1 238U o fages W fomm wifsw) foreht fage wfsean o mefien ot
(Primary fragments) o de-&F o YD ohls =Jgid Icdfold gl ol qef

2020-21
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40Ce T ¥Ry AW IR W B ¥l fawed gfwar & faw @ o wW
TR ST SEva Mihe 36 YhR @ :

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=R &ifsT)
(a) = fau Tu stirsl & oMeR W Afafwan | fageaa e &1 9= MeV ® I
B
m(?H) =2.014102 u
m(3H ) =3.016049 u
(b) ST T rsfead I T 5 @9 1.5 fm 91 ifSa) 59 sifafswan
H, S AT oF HE Shelrd Ufaehsor ¥ IR UM ok fau fhat Tfas st st
ATl &2 SAfhal TRY e ok forg i (D aen T 1) o fohe a9 @
Hftaa feran Srn =few?
(Here : fordt Heram foran o fau etrevaes Tifas et = S o | S
HU 1 3 qrdrg TS St = 2 (3KT/2); k : diees e qen
T = TH dM)
13.29 9 < T eF-AH H, p-art i fafewor sgfaat wa Sl i etfershan nifast
T T wife) fem o
m(***Au) = 197.968233 u
m(**®*Hg) =197.966760 u

198

1.088 MeV

0.412 MeV

T2

198
8o HE

o7 13.6
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13.30 T4 & AWK ¥ (a) 1 kg TESSH o Haad o 99 foaqed el &1 qfiered

13.31

FHifSul (b) fo@e RuaeX ® 1.0 kg 2%°U & fa@ed # foqsa e &1 diewem
HifSTTl (¢) qe (b) 9o H faqa Setieti &1 qor hifaq)

A ofifsTe fo 9 &1 ee 2020 % 200,000 MW fod wifsrt S =T 2
THHT 109% 9shia vifem da= o W g1 &1 9 for Ruser &6 eiga s9am
Terl (o1 ki T o wfafda &3 1 &rmar) 25% 21 2020 o 31 9% TR
<9 ! 9fd o foha fogera Jem &t sawaea Mt 2°U ufa foaes st
Felt 200 MeV R
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