:-
-
.
Fa )
-
HAEAT 13

I G M ¥ S

13.1 yftem

e e1eara | g9 IRl ¢ foh Wcieh URAIY] o UFIaeT SIS elehd Seh ohy W Gehfsd
B STl @ ST AT 1 AR S &1 A9 T Shel WIgST WA o WSS i gl
T Tl HH Bl B 0FhUIl o FeRivH Halt w3 T wefie fwmen € o e
1 o, T &1 B &1 g § 10% 4 9 oft % e w=ifew) swen o € fom
ek o1 TG TCATY] o 3T o 10712 T4 o o9 1 TR 918 | e al TAT]
o arfererir: Rem T & 81 A ed TRATY] 1 WSS aGehT hell oh HE o aXel
# T dl s 3d T o o ot o @res o1 e i qenfy, AT k1 ente
Gt SoEM (99.9% T eifue) ifye & € gHifed g 2

TCH] 1 G o FHEY 1 AR B A HIE = 22 AfE UE B Al sEen
e -1 €2 9 WER o6 YR 92 €2 39 A W gH 3H WhR o el o
I @IS 1 FAE HO1 €H A9ehi o T ol SH—S+eh |5, Soq9H el
i # == & WY Y Gag Sednfed, faued 1§ god S i
REeeT i ot fae=d

13.2 UIHIU] GoIHI TS ATTHeh ht |

AT 1 FAHH fReUm i ol § §gd %W Bl €1 SSEl % U, e o
AT 1’C T SHM 1.992647 x 1072° kg B g SISt URMEN 1 A o forg
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feheiom agd gfaersen A el €1 oTd: WA SeTHHI i o i oh folg
SEAHM 1 Teh 11 Wk T&d 521 1| S8 | oh WA SeIHH e (1) Hed
21 THR! 2C WA % T o aRes 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)
TRYTY] $A9H TS (u) § o W fafa= aci o W] geq9H, gegieH
WHY] o STEH o U1 U o ke UIT ST €1 g 39 TEE o 3Heh gereed
e ff ¥ I % AU, S 1 9] S 35.46 u g
AT STHHT T T IO, SoaHH uishEATd (SeRHieR) gri famen s B
THY] SSAHHT o IO 9 vl Jeidl € 5 T & aed o fafee geRR o T e
1 Sifred © foreh Tam@fe o1 d THM B0 ¥ W 3k Soaul | Sial Bl 81 T
& a H U wE genfoar feh SerHEl ¥ SieR g1 €, gueefe shednd §
(T =% gEiera w1 ot & o wewentien ¥, @€ AW 3= swfae e T @
fifeh deell oh1 Ao WROM H 3 Wl ek & T W T S € ) | Y el e
Yook dcdl SAERIieh ®q § he FEEehl w1 fagor €| fafa= gweenfreri &1 @
oAl el S<eH o WY aSerd! B
ISR F T0, FARA o 3 GHEATTR 7 fSeh gIHM %u: 34.98 u TH
36.98 u ¥, S foh TEISH WA SoTdH o Yol Turel o WiThe &1 3 HHeei-en]
1 WU SEAdl HAN: 75.4 T 24.6% | TH YHR, Wehideh Sl AT
ST 3 AHEehT o1 YIRA-3719d €1 37d:, Wiehfdeh aeiii- THTT] 1 FeaHM,

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

35.47 u

& A € S FARIA 1 AT FoHA B

Tel d% foF Ha¥ BoAsh dcd BEeSH o ff I wweenfie e gerum
1.0078 u, 2.0141 u TF 3.0160 u &1 T Telch B AT ot Qe
Tl 99.985 % ®, ol HIHeh, W HEadl €| Teh FeiH sl FoA9H €,

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

g TS TH] o FAM 1.00783 u ¥ ¥, TUH fo=MM THh Soiaed o FoadM
m_=0.00055 u FI M ¥ W SHHM o SR Tl TGS o SO I THeefh

<A H TEfeam wea ¥ efan A swerh @ % wRen Wl o
T S 3R i fafedi grn wEmmeenst ® fifq fRw S )

ek o o AT Wi 1 € B 1 WA W Tehish o a9 Bl © SR T
Tl 01 21 Yeel I8 fomr o o e o geleei[ B © W saied fagid W anenia
Teh! oF HRUT 38 A=A 1 TR T 7o Tt wmmo] o 9eft soiaeid STeh A
o STET BId | BH WA © fop forell W] o AR o WY 5 goieRl i e
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IHoh TR Al Z, o SE il €1 37d: TAIY] | Solel i el e (—Ze)
IGeh A4k o el AT (+Ze) o SR Bial 7, Fifeh TAT] foregdta &9 9 I
B B gHfere fordlt wam) & Tifees ® Wit ) WE, qaead: Tl IR i,
Z Bt 2

TSI * @I

Fifer sFIEn wd ZEfeam srgeH & & gweentis €, 38 9 Yoie o A
o T UM BT =1feq| wifrd BregioH, SYRTM T grefeam o Afyel o Seamml
T eud 1:2: 3 71 z@faT ggdifom ud gefeam o fust o e & sifaftea
FS WA T ol AT AMCW| 37 FHEAR] oF AR H faedE 33 rifase
S Hi HET hl HIH-SSTAH oh HEeh! H o L al HEY: Tk TS 1 HEh!
o T Bl 1 98 a2 ST il © foh qRemvpet o Aivent o Wil o stfdier
foemm WA aren 9% 3EH 3 ff Uw HA W o6 Ul o ®9 § g gl
21 39 URemew &1 gfie, 1932 §, S <efas gu ® T =i <@ s
Aftferm el W Gew wU (YewT U, Efead Tias e & e foam
T BH 3Te U W == ) i SR H S S, 9 399 9 IS fafwo
Icafsid ed 21 Fg oft e e T 3 Serda fafetor, diferm, s we Ao
Y BeAsh ] W THTF I e el Fhed 81 39 9HY a% 6 T
WWWW(WWW)%?%WEWWW
& fEm = T s W U wen oAk 3 seEe faferor w6 W9
éﬁﬁﬁﬁ@ﬁfﬁﬁ#ﬂvﬁaﬁwﬁa@ﬁwﬁsﬁéﬁ%wmﬁaﬁ
W U N HT ASR W I B &l TH qEE o g % g, S wefw
J GaeHe @1 W g fRAl, 3@ wheuw H uEifed o f Sqeim fafeen o

59 9o o TME o TR SXER uE T

39 B A F FEM Ay qeidd ¥ WFQ 21 U w,

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

=2 # @iv % fau defas @1 1935 o e R 9§ G R
TN T G W & fawia uE qad =g s g ¥ U UE W, UE
T U@ T Il (317 got 01) % €9 § «fFd @ S ¢ g6 S
HF @MHT 1000 s et 21 awrfy, AfHw ok fiw qe wowEh g 2

a4, mgwﬁ = freafafed uef e Hord fogl 1 SUAM ik THAR
ST Hhdl Tl

Z - THY] HHIF = YIHl Tl GE&A [13.4(a)]
N - =27 &7 = =gHl 1 GE [13.4(b)]
A - 5FHA G = Z+ N

= =2Hl T YeHl i Fal g& [13.4(c)]

W Td =2 % oAU faeraid ok &1 ot SwEn R W1 "eRdr ®1 e:
frdt wmy § feed gen Ul SomH Gel A B 2

foreht Mt wonfa =1 fas & Hora o8 4X gR TR fFn s 2
SRl X 39 g &1 qHEte g T SeeRor o foau, wovf-afus # geRa
197 Au BN FH kA El 3EH 197 JfaeE B & fHH 79 W w118

W%ﬁ%l
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e fordl 9 oF TEEN H WA H Wedl ¥ GHSET ST Gehdl 2
fordll U U G o TR o T § G w1 e @ 9He e ®,
WY I TH-TR G e K wEwm & e ¥ fae w9 §) sgdfem 2H oS
TESNF H Tk GHEeh §, U9 UHh WeH TS UH = B &l THh W
TR grefea™ SH W U W UH % I B 1 ae Wt ok 32 g
e & St soqum wesii w1 WH A =173 ¥ A = 204 % Tl 21 U8 W
A & o ok € T ael o TEEtTe 0 Sk geleite o W R
T B Hfeh, THENeh TRATET % selaieh fomE WHM B § SRl THEtTeh
FIER ot TH S B ? SR sOfeT S oed WRvil § uw € wWH W
@ S R

W ufi Tfvs S smH @ A 99 B © HYIRE wead ol
IO, Af9h SH T SHe HHHINS &1 T e fSehl =2 S N 9aE
T A T w2 f9 @ gEggiie wEan 21 SSewond, 198 Hg ud
197 Ay HEIEI B
13.3 Tf9eh =T €3S

S B 1A 12 | 3@ ®, WIS o8 Sl Asifer o e A Aifies o
I i IRGHETT TH T hi| FIHIS o Folld T MR & Aded 3 &0l o
Teh T UEHT HU o YehIUH § Fafed Ufag TarT fowan 37eF war § I8 ¥ el
& 5.5 MeV TIfdst 31t o UeWhT S0 1 w0l AIfeehi o Feherer wga 1 g T
4.0x 10 m B w0l 1 Wa W o/ -0 o Gh1UH i TWIHIE A Tg HHHL GHAET
o Wehivi o U Shael Fettm 1 Ffaswyor 9o & ST €1 R, SFHs e
iy & fafed =i 2, iy o1 arafass e 4.0 x 1074 m @ %8 g1 =g

g 89 5.5 MeV ¥ AfYEH Sell o o -H TAF HL d Ak @l ARl
o frreey w9 #1 30 S FH 8 el iR q9 YR ey W A
I 9 gdfad BF o SR WIEIE gN fRu U 9ol § W WM a9sa
S| IR o UNhed Uohl U U Ul A9l o oFee gad Ul o
¥ @ Gl Y hel ideRdul o W emeiid €S9 g0 o g e W
TEIHE o el | M ol S TR BN oA @, AR GiEsl o fawd
o frerd feen ST gl 2l

T YU TANT ek fSH o-0T oh & T e 7T Seteel o1 fafa= aal
& SR DR HI T 2, T ql o AR WEs edd IRgsd d = ey

I U@l T TR A SAHE GEAl o AR i B o

R=R,A"? (13.5)
W&l R,=1.2x 107" m (= 1.2 fm; 1 fm = 10"°m) @e1 319 & foF Tferek 1
e (S R® o SRAMU ) Soq9H @ A o SSHAMUT Bidl €1 37d: Aveh
1 ¥ T e ©, e, weft et o T gmen 7 A W R e s
fafa=t fyeh 5@ 2 ol o 9 1 98 1 0@ B €| AHHIT § hl S
2.3%10'7 kg m™ o Wi=Tehe era1 €1 W= Uil &t gl | e 1 98 WM aga
At Bl ©, W Sl o fIT sed sherel 10° kg m 3 € Bl €1 59 924 Rl STEE
T guen off <1 Gkl 2, FifF 7€ 70 Ted & 3@ Yoh ¢ o w] sfurspivm: i
Y o g B T et @ 99 5o § W€t 9 o R e e 2
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3dTe0r 13.1

33(& 0l 13.2

IITEIT 13.1 AR o TI4F 61 TSI 55.85u T A=56 ¢, THHT AHHRT T
AT Hifg|
'A

m,, = 55.85
u=9.27x102% kg

FEHE 9.27x107%° L
AT (@n/3)1.2x107°)° 56

=2.29 x 10" kg m™
M IR (TF G ifasra i) | qgrel &1 79 39 ¥ & 91 qo i €1 T
Tl ® 5 37 dRF o %7 39 diwn 9ok Giifed @ e R R e ar W uw ae
Mk 1 TWE FTeR FW B

13.4 THUAME-FSA 99T AMMHRET S-St

13.4.1 SHH-SHSl

HEETET 7 v fafire smfarerdr fagid o TR W I8 <3 foh seq Sl
& Tk I w9 2 fafire sufesnar fagia o Tect e W S o iR Rt srfuferar
T S T Sl SFeTTT-3fer Tferd B €1 R SIS 3 T <9 foh e shee
Foll 1 T T 7 SR TH FAHH-Ssl1 i Sofl ob 31 &I, STt Seit |, wRafdia
T ehd ¢ a1 Tl verd ereffa St bl SoAEM W ®Uiafa e o e @

g0 U e 4 S 9fag Soa9H-Sell gageddl Ga o 98 © ¢

E=mc (13.6)

el E, 591 moh THged ol 8 Ud ¢ Fefd o Tehtet o1 o € TSt wieene
oM 3x108 m s @

IRV 13.2 1 g T oF AT o1l ol GRepIe hifeg]

'
e E =107 x (3 x 108)2J
E=10°%x9x10'*J=9x 10%J
9 YR, AR Tk UM U1 1 off ol § TR fohan Q@ 399 o1t i fawma
G g Bl 2
STERTEA oh SHAM-Sell 9a i UrEfith gfte, =fererail, ekl Serdemi ud

3T B &1 H @IS T FN o o g drelt ARt stfafwenstt o etemem o W
<1 21 ferdlt erffran & Sl e fem 9 stfuym € for afE somm 9§ Hag oot
i ot gfeherl | wfnferd Y af gRies Sl A St o SUe Bl 81 I8 e T,
TRt bt IREARer 3= foRansti we MfvehTa Sl &l wwer o foru Aeyul
21 T el P AN i favE-eeg R

13.4.2 AR SATT-Falt

AT 13.2 § T <@ o e =32 U Wi 1 o B 37 e o7uferd @ f
¥R 1 FeA9H, 3HH foram™ =2l TE Ui oh SeF9H o el IR Tm oh SUe
B AR, TRTRTT S| M, U39 T W HH I S S| SSel o o, ey

YT o9 =
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180 I ol TEH 8 W T 8 =g ¥l I,

8 <&Ml 1 §HAH =8 x 1.00866 u

8 Uil 1 THH =8 x 1.00727 u

8 TR el SHHM = 8 x 0.00055 u

THfey 180 o AMfHer 1 3Tufard 5eIHH = 8 x 2.01593 u = 16.12744 u

FEHM SUIHHATH o AT GR AT 180 1 WA T 15.99493 u Bl T
Y 8 TefRHl 1 FeF9H (8 X 0.00055 1) M W 0 ok 1w 1 Yrifieh °H
15.99053 u &I

3q: T U ¢ o SARASE 180 A HT FAWH, THEF ekl o Pl FAUH
¥ 0.13691u FH ¢l F o M TS TUF Heeh] o UM o 3 AM, i
FoTH &ifd Ed €, SR SRl HH T YhR ekl fohal Il €

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

FeqaH-aifd b1 7ol I 27 TS WSS 1 SHHH-Shel qeqedd fagia
A gftreet fomar 21 <ffeh, SHeRAST AR T SAUM STk SI2shi o FeH oh AN
(eraifua sraeen § 8 WelH a8 =i 1) W W Bidl §, SRS W w1 qHqed
TSl Heh e 1 THATA S oh AN W A Bl B ARG Y SRS A1Weh
H 8 UMl TE 8 =Ml ¥ fodfeqd wTm W a1 eMuwl dw Sifdfiem e,
AM ¢, 38 Tk 1 Y T el $Heh foT sraeash I el E,, Foq9H &ffd
¥ Frefefad gefientor grn Hefed et §

E, =AM (13.8)

IETEAOT 13.3 T WA SS9 T o G0ged el 1 9 Jedt S 31k
MeV ¥ Fd HISY| SHHT STAM ek 180 1 FAUM &fd MeV/c® W e hifoly
&
lu = 1.6605 x 10" kg
T Foll o ekl H gRafid w0 ok fau g9 5@t @ 9 o i § ud o €
foh g5en
TAGEd Seh = 1.6605 X 10727 x (2.9979 x 10%)? kg m?/s?

=1.4924 x 10°'°J

1.4924x107'° g,
1.602x107%°

0.9315 % 10° eV

931.5 MeV

A 1u = 931.5 MeV/c?

50 & faT AM = 0.13691 u = 0.13691x931.5 MeV/c?
= 127.5 MeV/c?

~ 180 1 3HF Tew! # fafaa w & AU sewasw F= 127.5 MeV/c? Rl

A B = T WMl w1 TH-I" R, T srae @ gedH e T
RSP ST A GRA HAE, Sl G B TE Fel AE, HE i
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FeT-Foll dweardl 21 Afg gH et Mfiysh o AT9eh-shol ! STeNT-3TerT Ll
B @ BH 3 RN Hl FA Foll E, IE FHEA B0 T ACHF HI BH 39 THR
dre el "ehd, TRy oft, T 1 seF-wo 98 df wardt & @ fe fee e
¥ Ffaer WeR foaad orsl e ¥ 9 71 M9k oh HUN ki duq vl
T R sfusk SWERM W9 FeF-ef §fd e, E, ©; S fE Aifae @
SeH-ell, E, TF 39 foumm =fawsi i & 9en A &1 I <
AE, = AE, /A (13.9)
TN Ufd i SuH-Ss ol U AF "ehd © fh e el i 1 gEen
fersitl § gerepd G o foTy Tevash id Sl @l
o 13.1 ® 9gd ¥ A9kl o
faw ufd e suq i E, T
T & A § WS fE@mEn @ 2

—
o

pe oo 12 I
20 o [O—— SW 197 238y 1
Y

s s | WU A ' fEfafen dgu w

(#1: forete e & & —
eLi () TFEd gemE gemsti (30 < A
< 170) = fou, 9fa —Afeema
. -l E, | 1 | AR
2L2H w9 H @ @ €, sfefd )
I o @il gRafda Tal & 2|
0 50 100 150 200 250 9% A =56 a; fa-q 9T 8.75
ST HEA (A) MeV 1 3ffieran A1 U6 A =
forT 13.1 s=UE &0 o %o o ®9 H 238 & T 7.6 MeV S¥iid 2
T fereraiT Su-Fi| (i) h THF (A< 30) TS 9
qfeht (A >170) 31 o foa &t
E,, %1 WH HeFed] qUH] hHish
o IRl 1 qoqT | STUeTRd

%Y Bl 2

gfd =Afeast= 6T B (MeV)
I

70 YR e Frehel g wehd ®
(@) e ot TRt § q Wi R 5 MeV siF Sa i o oy, i Yoo €
(i) 30 <A< 170 % TH | sef-Foll ! TRAl TH a4 1 IRomH B o T1iepia
qeT o7 WIE Fo7 B B 1 o ek oh iR feera ot =gferei W fomm wifem)
T 3T TH-USHH o hadl 39 (ATl | gHIfad 36T S 3Hen AR a9
& IR ® o1 1 AfE I o e 5@ fafire fgaa & i 9a
o IR @ eifush g R 2, df 7 foamei s &t S-St 1 afe o
yufad & wm afs fed wifas o Tifas 9 &% IR o sAfiean p
=JfFeTar 8l Thd B, A1 SHR! dUF-Fsll p o STIRATA gt A TR foreht
TF H S-Sl phe e, &I kT Trdier & forment fammd o=l & St Sl o
Bt 1 316 A g9 Sl i Ge 95 A 1 4 Seid, 9 39 A o
iR ~fforerai T de-FHe gAfad @ en i, et off ag Tifvews o
Afereier e 3Tk iR Ted € q91 I3 ki 37Uen, s 1 deq-Sel |
446 AFI g 1 ol Y@ 0 T 81 ;W = duA-sel fed @

2019-20



EIREY

? 3R gHehT ThTehe WM plcoh SRISR 2dl €1 e o1 =8 07 FSTeeh Rl whig
R eherel 319 Tehe o A9ehi <h1 &1 GeIferd il ©, T9%1F Fcil %7 Gglta
O FHEEAT B

(i) T offerer W AR, S A = 240, ®1 ufd faerEtd SuE-Se,
A =120 o T 1 qoil § w9 Bl 81 o%:, 9% A = 240 1 HIE AR,
A=120 7 3 et | 221 € 1, 370 faera tfuew gear @ uiag 8 I
ZfiTa el & Tor 30 wiepan § Sotl forger el 71e fore g1 it forgerd € i
Heeaqul HHEAT i AfieTe hedr € ek fawe o ew erqun 13.7.1 | ==
Eaull

(iv) Heo A foR < Btk e (A< 10) Telfad gt Tsh 9 TR sFI €
T B o1 39 9 AR 1 Ufd =Jfeerdi suA-Ssl, goioh ATWehl i U
e e St 9 3tferer SRt 81 3HeRT 219 I8 g TR sifom freRm & wmo wRfes
e it qor & sifue e § afer ¥ el gorg i 39 ufeean | ot St fagsa
Bt a9 gd 1 Sl o1 H ¢ e fawa § ww erum 13.7.3 @ =t i)

13.5 SR ae

o€ e S Y] W gelergil b T AR il € eHR Guiied seld oel €1 ST
13.4 % &0 3@ T liga so9mm o s o forg gfa afererai sea-sst e
8 MeV & il TWHIT] 1 SeA-oll ! ol § &gd ifush 81 31d: =deh o o ol
TER 1Y T o T Tk fa= YRR o SiferieTTedt STeRor aet w1 Skl 81 T
A TAN Al Wl 1 =fe foh (SAERE) Werl o o ot

TfeRsT It | 3Afeeh YoTet SRt WeHl Te =2l QI hl AR o6 Fad
ST | | T TR BN U YEel &1 3@ o © 1o Wi fmit qea

TSl I STl I T ol Bl oY TUEH Yhfd W HHI S Wehdl €|
Tt e aell o Fw AfTa w1 Gag ¥ F= e @ € 9w 9=

1930 ¥ 1950 & <= fau T fafa= wamt 571 9 gem 2|
(i) IeRTT a1, STEEN o diF O dlcl Shalid 9ol T SeIH Ml o did

feerfast =t (MeV)
SN
’_)-/

SR A I M o e L o O | G [ 2 B o A Y .
T e et 1, A o AR el % o= o AT peltw k/
TR0 o W T T Bl €1 98 g Hee @ U g, 100

Fifeh AMTHT I Felld =il w1 gorl § Tl oa g 2 " e
T St T Sl Sl i qorl W ot eTedd gl gl 2l

) ot e 0 e e & s o o A o T
M el e o ool ¥ FehT I & STl &1 99 R0, S & w9 r 4 o 0 Y W A
el SIS WIEA o AM9h] | ‘Tl h1 Ggwan’ i fefd o S @ Wémagm%qa'rﬁw@
e ftomereReT of =ffeeri dum-Se Fod & S 1R AR e e o i o
ﬁﬁwﬁaﬁaﬁtmmﬁﬁ@ﬁwmﬁwq&m Haifus el q9 211 & S/ ] o5
s fort 13.2 H @i T 81 T 0.8 fm g r, R feafew S e
Sl 1 A AW 2R 31 e o1 T gen TR AR A & o ’

<0 0.8 fm ¥ ek el € Al A 5ot SR & B € 3R 0.8 fm

¥ w9 I & fau 3 wfaedor 9 e 2 447
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(iii) =[SH-=IH, FH-TIeH Td WeH-HeH oh sfte M alel AMehd 9l o1
T URA o e & AT o faga smae WA T2 )
Farg & o S1eer <A & e e wt 9ifd e Sa w1 S W
Tfordter &9 & 2l

13.6 fsaufaeaar

Yeanifaed &1 @isl TTE. Sehiel 4 9 1896 | AN 1| ARl i 99 Fehrel
T TorhifiTd hieh STt FIa1fld T Tpsifid o1 31eAa hid U oohiel 3 Th Teh
REe 3@l RFEH-IR R Tethe & $ IHel W 99 YR S & a1 SHA
3R] 1ol TS | orue &) 39 Yehe SIX HIwither wie o = ek =il &1 Thal
@l 3t YR hE S Toh @ oF 91§ o1d WA @< Sl Soed fohdm 741
IE 1 T TR A% wie wielt 9 gt offl Ig foRdt Ut <1 oF RuT g3T Brm
Aifiteh ¥ IS gF el 94 shiel TS ST =iel T bl 9E T HIAUNhS =L
T UET TE B

o | e Tu gAm 3 gwien fe Aeanifaeed e Aifaeia afteeT @ foed
el Aifuer erfrd el @1 39 ASiNfRd &9 FEd 81 UHid § o YHR o
fegiifes a9 B ¢ -
@) o-&@, fad difeam v ((He) Scafsid e €,
(i) PB-&=, S99 soRA A¥an UisieM (T8 U1 fSEe S™M @ Seiae o ae

2l Bl © W A6 Sk TR o foqdd el §) Scafsid g 2
(i) y-&r, f5Ed =9 s (100 keV 1o 3ifersh) HieiH Seqfsid eid 2|

9 Y% YR oh & W ATTH IUSTHHRN H fa=ar foran S|

13.6.1 ifeaiufaea araar = fam

ot Feanifaea 703 & fad o, P 1@ y-e7 &1 @1 81, T8 I Sl € foF Ui
9g H gfd g a1 AWkl i e, T o faeme ga Tifvswl w1 9en &
SFTHAEI B g1 A fKu MY T § ARl w1 e N el 3R At wHa § AN
iy eifad &1 @ @

AN o
At

e, AN/At= AN (13.10)
el \ Hegiifaee eg-fiemie Siere faeeT-fem® 8

AtFTa H U U g | Afent s gen | gan et @ dN = - AN e,
(S5 At — 0) @ N gRed sl T &—

aN __an
dt
« AN &I ARTeR] T @A B, 37d: THH W Hed YARHE Bl 71 dN, NF afadd
2 I TUh! *IE oft Tog &1 Tohdl 1 Tel I8 ROTHS € Fifh, oI NATTH | AN &ifad
B 9§ 3 (N-AN) 919 & 2
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dN
— = _Adt
S,
9 wﬁaﬂm el aﬁ'—ﬁ’ AR AT FH W,
N an
— =-A|dt
) N f (13.11)
A In N —lnN =-A(t-1t,) (13.12)

7E N, WWW%WWﬁWHﬁH@T%I%=OW
W(l&ﬁ)ﬁmw‘m
N

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

WﬁWW%%%WW@WWWWW%W@
FH| AT T 1000 Fedli hi 37 (S8 hial forgfa f5eeh 1] o RIS 31) 1 qheE0
F A EH e AN H F I g e @ (W) @ S e
ki <1 &/ ek quia: =t fram, s@ Weardfaea-erear 799 o ST ER el €, i
T (13.14) 5N = T T 2

fordt T T & S RUMG Uahish 90T § &fad 8 aTel ISRl i 9@ gt
21 A foR de SiaTa § afdd B9 arel TRl 1 9@ AN, @ dN = — ANI
YA TR R 19 =men i 2

__dN
dt
THRTT (13.14) T Agehald hid |,

R = d_N_XN At
T dt ¢

#gal R =R, e™ (13.15)

g Hegiifaea araar fa| & S © (e g, (13.15) &1
THEROH H T EHL (13.14) U BRM T=A: R = AN,
£= 0 &7 T 21 o Y T £ &P X R, 56 T
erfra TR 1 @ N® 7 w9 § gefd et 8

R =AN (13.16)
feantfaea Tfaehi &1 T&a o1 gor |, fheh T 1 e
31 it AOE U7 ® q THe U Tfved AW i
( Qfeeaan) B SEehT S HE saed (Wiieh Bq) © S ednfaa
o AT 0 Sehtd i wgfa | ffysa feran e R

| SoRTe 1 31 | o Ufd Uehe B U SR AR RN

(wdfter Ci) ot E= Y=o | € S SIHme Bq W T w0 o 13.3 ifednfaa gefet @ e

g gefud @ | YAF T

1/2

T oYY & TS g

1 :/d =1Ci=3.7x 10" &7 9fd ¥ehe = 3.7 x 10'° Bq FT G el @ I 2
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fafi=1 ea-ivent =t eman < o eiferen fo=ar eidt 21 59 701 o1 a7ef-37 o
SR W A W Gehel €1 Ferelt Wea-ifss i sref-emg (7 ) 9% wwA €, o

1/2

TEh G, IR " (9 fe N)) el (Ui N /2) ® Sl gHL
(13.14) ®, ¥94 t =T, @1 N = N/2T@ﬁq1

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

o vgad fAefil 1896 # T
ot gRI AfeAmfaedn w1 @i
I T ok 3 ufd frer el
IR THUEl Td favewon o
fere ufka foran, fomeh wemasy
Fai— feam wd uratEE— *
JFh{Ul H9d gIA TR YUH
AR off T & el EhR
U g : T8l 1903 § Aifeert
@& fau o @ 1911 #
TEAfeRe o fou)

N

In
Te=
.693

A

o

(13.17)

Tl (13.16) o SIER, Tqed: 4 9@ N, T, , G609 H et g

aﬁ%aﬁqﬁlﬂm&%ﬂaﬁwﬁwﬁmwm

Tk R Heifud AUge SAEa-e (7) B gHeR 9 o T,
(13.14) 9 9 fepan S wehar 21 Forelt goeiowel ¢ ¢+ At
& Mfaw R(OAL= (AN e A T T8 § Teft ¢ om0 aa Shfem
Ted 21 37 37 |eft Afeehi B e oM AN e M BT TR T
2 Tor o TR o1 STa hTel 1 U1 FS AWeh! 1 Sia i
aAferek BT 21 91q: Td 3T KT T W A o foIw ot fer
F1EH FA THI 0 W oo T b T AN (7S FHRTH) HX T
t=0 R IUcTed 9! 1 G&A N, ¥ 9N 31 BN 37

ANOTte'“dt B
t1=—pQF » N Ajte'“dt
N, :

T TR H HH T
t=1/A
I BT

Iq GROTH 1 BH GLY § TH THER YHe FT TR o

(13.18)

T feanfes a (S9 o 2Efem @ oEifem) Rt rf-arg fova @t
P (TN 15 3RE o) 1 qoil § 9gd H €, 16! G0 ugd & fasfed e o
& e Yepfd | Sueted el B Eeliieh, SehT AR 1T SAftsmanet o qrepfash &9 9

IaeA TR S Tt 2

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

T

3<3gUT 13.4

25U & 1 g T i UfREd ¥ ©?

T,, =4.5%x10%y
= 45x10°y x 3.16 X 10"s/y
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=1.42x 10"s
ferell oenfier o 1 kmol ¥ SENTS! G o sRISK WA 81 §1 ofa: 1g,

58U TS F W, - kmol X 6.025 X 107 WA/ kmol

387 10
=95.3 x 10° 2|
.. &A@ R T,
R =N
_ 0693 _ 0.693x25.3x10
T, 1.42x10"
=1.23x 10*s™
= 1.23 x 10* Bq

IS 13.5 f-&F 5N, TEfeam 1 erf-a7 12.5 o B1 25 a9 9% U5
ITEfea oF U TA T TR ofe eifasfed wwm?

TA RS o6 STIER 12.5 94 918 Iefedd oh T &l Yo 9T S=T| 3T
12.5 9 | 3§ Y &1 fH oTen A 14 A6 S ST 25 WA 9] IS
erefeam o fordt Tod 1 14 rfomfeq wmm @

13.6.2 UTHT-§F

255 1 2%Th H &9 UeWhl-&F 1 Tk Jefold ST 81 38 ufwan ® iferam
e ($He ) Sc@fsia g 2:

ggSU—> 334Th+gHe (13.19)
Uowhl-&F H, Icafed faueds Mfve &1 Sea9H-Hea & 8H o qa A9 i
qE H 4 HH BT § T WAV HHIR 2 HH e | HHEG: R ga wfaw AX
o forsrest fores A4y o ST BT 3 THR R FW ¢

IZ\X—>A2142Y+§HC (13.20)
TS o S-S Foqedd Heel [Fl. (13.6)] 991 Sl S0 § 78 o §
o To @a: &9 shad &9 IRl R Fel FATH IRITER TR 5 FF9H 9 FH
B 1 feorfa & &) Gud 81 sordH § 7 o) SRl Y A ol & &9 H S1edid
B 1 A S H YR W A F R 1wkt @ fF 2%Th qen ‘He
F1 P 5ATE I G 2BU % g T FH B 2

YR SAH-3Sl T & SRl i el FATH-Sell 1 AR 39 Yk 1
Q-HF I [q52s Foif Haeldl 2| Towhl-ar |

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

TSl 1 I8 UM 39 Uk § WA e fast el SAUE SRT T Fe TSt Sl
(A yrfuer ifwer X feem &) off B Ty fRd soed wiwmen (S9
Tewl-a) & fau 9> ol
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33180l 13.6

ISTEY0T 13.6 e fefeiad wam] semH &g e
285y =238.05079 u  ‘He= 4.00260 u
234Th = 234.04363 u |H= 1.00783 u

B7pa= 237.05121 u

Tgl Ui Pa d WU (Z=91) 7@ & fou 2
(@ 35U @ o-&F 9 Scafsid el qiehfer Hifsa
(b) =iz &k 25U wa: Wield eds el Y Fehll

'
(@) *%U o1 TewT-&rR THIH (13.20) % STIER B 1 36 Wi § scafsid sl
& fau g ®
Q= (MU_Ml‘h_MHe) c?
v ¥ KT U stihe SWied g ® wfaeenfud +9 |,
Q = (238.05079 — 234.04363 - 4.00260)u X c2
= (0.00456 u) c*

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

(b) A *U & T W[ H1 Tq: IS el ¢ O -l 39 Fohn ferei—
% U > 37Fa + H
If =g uferan w9a &1 @ 39k forg,

= (MU N MPa S 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

T8l fsran &1 @, iR, BUTH ©; 37d: SHHT &d: &fdd g el e 2l
288y R § TH WA IR FH & AT 6 369H! 7.68 MeV Fst T&H
HET B

13.6.3 SieT-&9

drel-a | fordlt MY ¥ T SolgeM (B —&1) 31al U difsie (B—ad) &
Tord: SeASA eIl €1 & Al BT—& o WA S e €

Zp 52 S+e +v (13.22)
*Na -7 Na+e' +v (13.23)

F e gL (13.14) q (13.15) o o99R & €, fog fF g gmfe e &1 w0
Tkt fof A T A S e WY 39 & -y (7, ,) W SR S Heh
21 TR % T, Ik &l o forq sref-ag wHE: 14.3 feq @en 2.6 o9 @)
P& W Soiaei o IS o 1l &l Ueh QAT (7 ) W1 oft ISt g &1 aen
B* —erd H wifSigi o Wy A (v) w1 Seqeid erdl B1 il Seleq whi g §
g HH FAAM (H9Ed: IA) dlel SFER HU el B 3 3121 HUN o WY shed
effo =i fopan e €1 3 fam foman foRd wered o1 wgd =<t AN (gest o)
R Y Hhd 21 T FROT € TR SR GG wgd hicd T
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B—den Bl € &l o geaur WEem A TEl "eerd © p-e | AW 1 W]
FHlH 7, 1 e 8 Sl 8, Sieh B'-er@ | 1 %H € Sl €1 p—er | Hot AR
gfehen =2 1 W | w2

n-op+te+y (13.24)
SEfeh Br-a W WA 1 g2 § TR Bl §:
pon+e+y (13.25)

Wi T SHM, <2 o SAAE ¥ FT €, 37d: W 0o
=R H & [T, (13.25)] e A9 o FT E qIEE, B
SeIfeh =2 1 Uiei § & gad etoeen § off Hord 7 (S,

(13.24))1

E = 1.17 MeV

13.6.4 -8
WA o FHM, AMwe § off fafa= el wW oW g

E = 1.33 MeV

v

TSNS STere qe STSId STTEed| BTeii(oh Seh Ssll oh
el o sreafues faf=rar gt 81 THiiess et Wl ok

60 .

Ni

FIAA eV il Bl 8, s Ao S Tl § SoMM F g g5 o s 3 o setie

3R MeV & HICHN 1 Bl 81 5 F1s Iqferd e 7

ST Sferee e STNfS STawe | Gehidd el € i
Tk o Al HST TR o A % THM Sl H1 B ScEfSid Bl g1 T8l TE-&
FEAM 21 T8 FS (MeV), FSR X-TH & IR § &1 quresd ol faferon |
Hafd et 2

T fordt T fopor o1 SoaS, Tt 210eT -4 | faseas Aifves o1
Iafsra rereen © @A 1 Srae § Bl 21 Sl AR SR stereen S
i o Tk B AYST Uk 9 ek Bl (HHAR HHHU i Aaw H) i
IS H &1 1.17 MeV qell 1.33 MeV el a1 1M1 fheoll o shHar Seasi &l
G 3T S0Co AHEF o f—&1F BRI oo Ni ifer ¥ & 8 &1 ufshan o
weffa g 2l

13.7 A9 el

o= 13.1 9 <9 T 9fd Ffertast™ duF-Ss1 E, b H A=30Td A= 170 d4
Tk oS WA A €1 TH AT H Wi ferAsii sier-Soll oRTHT 3T (8.0MeV) B geteh
feRi, A > 30, 9Tl W T R A9, A > 170, 9l 9T H, S9 86 Tl €1 <@
o €, Ufd ferAsi S-Sl 8.0 MeV ¥ ¥ B AfE S-St eifereh 81 o S st
feh S 9k 1 el SoTHH A BT TROMHEEEY a7 1§ wH el aeH-Ssl
e Iy fhet eifteh dem-el arel IfYeh | ®9daRd & d el el Toe i
fordt 9 s o6 W < W sifer reAtis somE wel (fa@ed) sAuan gerch
fert o1 forelt Wi e o wosE (Ferr) S giwar § UE & g 2

FIFel TF YeIfera S qRaies Sel didl | Sead werten sitafward g )
el foqe € aTedl ol Soiae diee i hife i eidl ¢ Safh fehe T
Hfehal ®, MeV whife 1 il forer Biel €1 31d: %4 o1 GHH Wil o feqw, Tmafen
il T 1Y AR Gid ol A Sl foe shid 81 SEeWl o foy, 1 kg
T ok foeie T T 1014 ol I Bt 7, ek 1 kg HF o <69 9 107J
Foll 9T et 2l
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13.7.1 fa@s=

ieptereh Afeamifaed e o STl ARl W = AIRIT w0 SH G, =2,
U1 07 3717 o YRR 9 BH arell M9k g Sfenanedi T e <4 § 78 GHeAm ot
K

fagied © weayqul Fg2H-tRe TRt Ufwan 21 fage o Seevn: e frd
e gEeefer 28U R =2 ¥ Y8R FE Sl ¢ d 98 < w1t $eque ol

92

Tfyewta el § foafed & 9 ¢ :

N+’ U - 23U -1 Ba +50 Kr + 3)n (13.26)
7t foran o weafies geAuE ool el & e g oft S B wehd €
N+ 3P0 - 2°U - 13°Sb+ JINb + 4, n (13.27)
Teh I ST R

on+2°U - Xe + 2Sr+2;n (13.28)

¥ foraifed Scurg Aeanfaed s gid & iR 398 q dsh -2 1 HH wordl
wdl & 59 7 T oid § Tl we ww A el W)

g S8 T a5t fodea sfafwan o feaa ot (Q -wm) wfa fawifea ifus
200 MeV &1 &ife 1 Bl &1 THHT Ahel gH feferd wd ¢ :
; T foF TR A FTA=2407 3R 98 A =120 % I wel ¥ fowfed e
| &

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

A =120 9 foefed Tfak o faw E, @+ 8.5 MeV 2

- W iR S-Sl st wfed ST 0.9 MeV @l

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

foraeT w1 weTist Hi fomed sl 9gel &F-3cRl e =gl i TAS HSl ok
w9 W G gl 21 3d § F8 AHUM o Fod i e&didid el SoAl oh & H
Rftr & St @1 e fused | Afweta foadea s @ foarE@ SR g 2
] 59 H faged g arell ged St st i fage § @ s Bt /)
I ST ¥ g9 o faear o g8 == il fop et fuae o %l & 2

13.7.2 faata Ruaey

Tt (13.26) @ (13.28) o afvia foeed 9 wh @ifd weeyl Ted wdid e 8|
faged foan o ww eifafta =2 #1 Safa g 21 9fa fm foaeT o g
2.5 =2 w1 Scufd Eidl 31 98 Ueh U € iifeh b forge weAe ® 2 =il
T P H 3 A HT I BN 71 A A =g o1 foie et w5t e
T Hehd B a9 IR off efures g2l R Scafd B Wehd! €1 39 Tk Sg@er rfafma
1 GAEAT T © 1 T8 TeR Heges G Wl A @ o Al 36 - sttt
1 ggfad &9 § R fFma s 38 e s st Rl @ gedt §) e
ot § =€t e ?1 At g@en sifufwan aifeEta e @ @ s faaeTe ue
forrerit it forfa =1 wenet @, Sk for ferdt ekt s o < 21
gretten, Terelt sf@en tfufsman i difta e o weh AR gferen @, St fo =@l afvfa

T yEr 9 T W9 § R we =g (qiE =ge) W e =g i sTen 25U o
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qRA | TLATY] STl ik i S T BIH SEAR 191 (1909 — 1966) o ged H e Tasal g
F WY & B M| Th IRIH, Tdeiids STAfsy Tgd IRAE AMfeha Ruaex (791 9Me) i &A1 T
fomior o fS 4 3TTed 1956 § 191 w1 & fohan sod Hafefa Gi=m i $e iR STet i " i 0@
T foRa T ol Sk 9% 3Ed 91 el 1960 H & &AEl sfedl RUSX (CIRUS) ol 40 MW oh
79 fiuaer # wifas oM $om &1 @ U@ 90 Sl WS i TRe e fShar 1 o1 ST Ue |1eed
3 7 e g Ayt foae o fafv=r &5 | forga sy i dicfed foham wrfed o Ted ] <!
=i fafere Syafemi & wh o 2 o w@Rel R a9 &1 W e i, fe IRa § $um qEdanee
TRl (U o Ho 99 S69 § I9AnT forge i ua 3ek IfAehia Wil ol 7ol 1) 1 AN IR
fopan o o S o Rua oy o faw & fohe o, s et € wifern, gfvfen (1, 1 we 1), g9 e
I I <90 1 TEen oe1 e Rt @ fed U-233 1 $o o1 aie S&dure T T 1 S| T
T e ® viY-Rueet 1 wofiss Sevd i SE el ], o et fa e dehieh! o fafe el W
3ie ok foI glaen wem e 21 vy o fafu= aaeenfien o Saed o ot 9 9 € e fafe=
&Sl —sei, Sty v e § S €

s 1 ed Sevd Y& W € ¥8 W1 B o <9 o g enfie fosm o forg gefe w
fagereria foega vifem e 1 ST SR YR qehrint o Gt &l § eeafeR o= Sq) 7= o <9
o YIEeTdl 9o |, WRA § WRETfUaeh @S i ggd i S 1 gell, SHE 98 Tond el fR @l i %
SR @ ogd HifHa €, W oifem o Wer vat| e § €] S¥eh SUR € BAR <9 3 TAhTE vl S
T TH T =100 A G S el A STIER Uge =RU H Uiehfash FREH i H % ®Y § Td AN WA
1 Heh oh ® § YK a1 1 21 Ruaet o s7afyre i ggfanfea s | 9 witEe-239, TE =R
¥ el Rt & $o o1 1 shidl 1 3 Rusedl 1 e ot Rueer safae shed € ifs 3 geen gfman
1 ST T o foru e =2l o1 STEN eial © (7d: Hesh i Sqavaehdl el erdl) SR 3 wfe S o
i, f5 @ 1 $oF @d o €, SUY st fomeeiel geref (wRifam) &1 o= off <9 €1 dwa
=R0T, S refentferen Ao o feda o Haifes meweyel @, 08 g goe Ruaedl o | o el @
S efiftFr-232 %1 fageeia RFEE-233 H a5l 3R {5 g7eh fore fasia &9 9 s o wifs g
o SEH fopT STa)

areft I TR o T TR W TSR @l ® AR i o SuAn Heeh R =1 o forg off ekt
B g1 B I A WS ATEHH TE Seae| Soe i, Wit Se Seared, Ruget & =, i e yEe,
A S GAHEIEE S, Yo dehienl W Y W Y feren €1 Wefifed W ol RUsY (PHWRs) S <91
¥ faf=1 Tl W SAIE Y ¥, Ueel U1 1 quid] o1 Hehd I 1 WA TS YT SAevdshdl 9 31k W
el o1 SeUTE R @1 | Rusedl 1 o1 U geier S o Gay W forqga qren ey qen e fafwmon @
o Heielt g FEe w1 S 9§ Ule, WRdTE TRETY] Sl i H Rl UEH B

fagen 1 s wifashdr 21 fagen § fraet g =2 o faae ufwar & =1 ‘
7987 A +ft freha wehd €
255 o faged § Scufd =2 &1 oiwd Soi 2 MeV Bt 81 3 =52 5 7
o g1 ¥ 7 fRan s, fem iRl 9 fran forg fomm 21 Rueex 9 9 fsva
I B Ffrem ekl 9 59 9 =2 & faw g@en fRA (chain reaction) i

T WA A g foae uered @ agd sifush W 6t sTevashdl Bl €1 e 455
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http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx

R | wfeRra vifer |9 T

|

=20 1 BeTeh <Al o WY YeATEY Helg gRI Higd e Sl 21 and o, Jefae
o TR A < o STRSISH oh W1 Tere TRkl § =i e feer g W € den
TG Sl W g o ot Wit #1 gg feufq o< @ © S R e wfawe i
1 Tl i 3 fer gue el oF WY AWH-9A i ol ofd: ey o, dig
I & Higd w o o fogea Tl o @ gaes Aifaenl [ stems®
(moderator) F&d &] w1 AN fehal Sl €1 W Yo B ol A< <ot AR
W (D,0) T JhTee &1 ST WA STHIH %% (BARC), o€ o 37qq et o
W%Wﬁ%ﬁ%ﬁ%lﬂmwm%mmwﬁmﬁm
Y oS & ®Y H AR A H STAN Bl B

3TEHgeh oh IYAM oF wRU, fohdll TR W Feovat =2l & g1 foa@e &t ge&
1 39k fusel TR W el =Ml o6 g fa@edl ol &1 o qiel 3Tu, K &1
T Tk W 31fueh B Hehal 81 39 319 I 70 #R% (multiplication factor) F8&d
&1 7% Ruget § =2l 1 9fg = &1 99 81 K = 1, & foe et =1 ygfa wifas
el @ S feer vifed Seared &1 w9 o fou Ufess €1 K &1 0 T 9 21
M W fopan < qen RuaeX &t wifda ® =Remaiel (exponentially) %9 o gfg it
1K 91 T 1 G % 999 1 89 W Ut sifassifae g S qen ot
¥ forehie oft &1 Hera1 81 91 1986 | Foh o =Hifee U # gen foemie 30 gas
e o1 TROT Al € Tob ARt Rueet o shig gefe forarl fommementt &1 wehdl 2|

fopan < o Shefiam S9 =giH- e gred | s+ 759 @l (control
rods) gNI foha Sl 21 Freses et o etfafien Rused o e ol 1 ff vy fvan
S €1 S & el i SAEvgehdl Ted W Ruget § e &0 &t K1 9 s
Y T 9 A o s g 2

Wfder &9 H U S Al PEE 7 g 28U gt d-fodeda B
21 va 398 el =12 &1 T8 (capture) €A €, d1 3Tedd e TR
Iare e franedi 9 = @

238 239 239 - -
» Utn —>g, U—g'Npte +v

o2 Np = 5;°Pute +v (13.29)

Rt | He Sl o WeR ¥ fawed € "ewar 21 fa 13.5 ° ardg =g
forged W anenfia foret iyt w1 dielieha grey i T 21 Ruset &
e TR foge 1 &7 €1 708 Suge e g¢ ®9 | $oF ql Td &1 @ o,
rehfceh €9 H R ST ofed I 1 U 25U § g oy I oft B Hehdl
21 ®ie § =g *I 4 H o T 7w (moderator) ol & T R H I weA
(leakage) =i e o fTT shie T W (reflector) ¥ Bl eidt 81 weh wqfea
viiderer g forged o el o1 (3W1) o1 FRAR gern S 7| forafed eanifea
SR} o G ] Yok o o0 931 o B0 21 36 9 suaeen § gifiehes fafmon
H IR T T T ok AT TH Fed F STAN A S 21 =g % ey &
I=d al el Bl (S 6 hefiam w1 o) o STEm ¥ Ruset &1 &g foHan =1
Hehdl 21 Ydeieh ¥ ST Ush FRGN 568 o1 ARG *1 St 7 foag for wm
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; _\ Maasd ——p
\ > afz @ o
IRREED 5 I gfREdh
@é_<: e (g )
qigs 4
]
—

forx 13.5 ad =24 fa@ed W o et Afaenta Ruee 1 Wefiga T

1 ICAEA Bl B TH 99§ ez ) e faga scaed g 2| fre o wife
uet &1 wifq & T Regt 9 @t 9on °§ frds Sar fead €1 W
i fRefei o Feor & fawm e 3 g © it 3 feanfea qen
TN Bid &1 RUs o Hemer, $9e W@-T@eE 9 oA4t9d $e o foag forega
e wEY fRd W €1 GRAE TE] Sei hrEiwH W A geen yeu fafire )
feamifoea smferel =1 %0 Aferg den reqsiel seai o gRafdd o i Franett
o 1T & T Uk wgfea Sugs Aie o T W e W @R

13.7.3 ATHRT HATT-ari d st S

o1 13.1 & <wifan = den-wst oo 7 o < € T Afg <1 geres Aitven et
Teh YR &1 e oG dl Sol e it @1 39 kAl i A9HIT Gerad
FEd T 3H TWE BT ol fodieeh AR & v I A= Ky T

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)]

arfufeman 13.29 (a) ® < Wi et T 72 Td T it o © iR 39
WRA § 0.42 MeV St Feherd! 1 eifafewan 13.29 (b) ® <1 72 faomerr diferm
1 TART YU oA &1 TafRar 13.29 (o) ® 1 g2 Aot tw dfeag
T FI T €1 AT ok foaw &1 Aifehi w1 g tfureh O ST ey © e
foF 37op e eThftia - TUEE AR S wE Y Weh| BTwlieh QHI AT
YTCHeR STEfI B, 37d: Soh o™ el Widendol BN o7d: S0 helld STaiel IR
# & fau qgfaa ol g oTevash €1 39 helld ey Y SR el ud
AR T AfTRT w1 Hemet W AR Fd T S & fau, 7w a9
T S Hehell ® o6 < Wil o fAU 9% STaRIUgTn (barrier height) TS 400
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keV B @iereh Seeemd Tifent o faw staiegan e off ifere git| foreht gie
g | el gRI HetH STekiY Sl IR HH o fau gate e 3x10° K ad W 9w
& Gehdll &1 TH 19 1 G, G5 (3/2)k T= K ¥ K& 71 400 keV @ ™
foha ST Heman 21

S 1 ITART A 3 L o foru Afaenta deam @-5 9 8 =
ATl 99 39 o1 1 © Th 564 &1 19 q6l qeh a3/ ST S/d o [ THeh 0l
A 31O AT TG oF HROT, helld STERIY i UR 7 H S| 39 URRAT HT a9
TIFHT Gora7 Fed §

AR o 37d: et § ffd i 1 Gia 99 A9ha Herod ©1 gd o %ie & ar
TN 1.5 X107 K €, St T a5l o 0 o Herd o foiu SMreeaieh STAT
A9 FET FHH T Ted: GE § S el Gorgd ufwae § fed Hetiet @ wga
AAferss ot ot W 90T o B

3Td: 19 AR Gerd ogd S=d a9 T <6 W &l 8l Tehal 8 AR a9 T <@
1 UE feorfqal shae ari o il § € Sucied €1 d § Sl S qra-Aen i
FTE o e @ g e 2l

g o B Al G sifufmen ww SgERw uiwan € fad wrgE dfam |§
et 21 31: G o i W BRSISH $UF B iZH-912i (p - p) T TSEe 5N T
Hfed g B, Frfafaa sfafwaet o qq==a g0 =Fed fonan S "ehal 81

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

Qeft Afferan g1 & fou e stervas © fF weell I sifafwmard €-5) am &
3R 39 YR 1 Boioh SIfera Afeh THeTeht W gifeam &1 Teh A4 aq1d| 3R
BH 2(1) + 2(ii) + 2(iii) +(iv) W fo=aR & @ Fa g9@ T,

4'H+2e - iHe+2v+6y+26.7MeV

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

IFd: IR TGS WA fAae T iHe WA SN © iR W Wik o
26.7 MeV St e it 21

ot O o 27d: Yedl W ehael EifeEd w1 € i T g Se-sie e o
TR (Eiferam § o<el X) wH el 8, g 31 8 odl 1 388 N 310 T
% HNU Geplad il © 59y IS 1 a9 a3 Sl 81 4% IS 1 a/d 10°K o
¢ S @ Fodd &t fRal IA: 8 i, W 36 9 gifaem wed ¥ aiafdd gei
TH YR 1 Uihdl § Herdd R 98 S| G@&A del dedl shl S 81 Hehdl 1 T
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EIREY

TH-Sot gk (fox 13.1) o 3 R feua 9@t qai &1 o 5@ ufean 9 = &
el

g HT g I 5x10° 99 § q1 T SFIEE ol < @ 5 gd ) eik 5
3RS T qoF I W@ o AU STevae gRgieH SUSd €1 ok UYE, BISISH i
S o SO 9 G 31 B M| 3HY A 379 Tocdl oh hRO Hpfad B M
58 g 1 i 1 a9 93 3HE G 1 aE A0 e o fed i T
oflcT ]9 (red giant) T uftafda & ST

% A AT o faeed § o 0.9x235 MeV (=200 MeV) el faged & 8, afg
AT 50 kg 25U 1 g A fa@fed g1 ST df de 4 x 10'°J SSl S0 B T8 Sl
20,000 27 TNT & HHqed & S T Wl faehie o fau gafe 21 o€t a0 § aifasia =i &
Afata fea T faemic weemd 21 6 STRd 1945 &l 5 | T8cll o) Tsh GH9] I
3TN TR T STHRERT 3 S ok v feifiver R ww w9 fiven fawmie 20,000 2
TNT & HAqed ol Aeamdfeed Ioasl 3 Wk &0 ® 3,43,000 farfaat amet e & 10 ot
foretHie &3 &1 T2 & e 399 66,000 T T, 69,000 W& TU, IR &1 67% T Al
ARG de9-8d Bl TS|

Toaa sfafware o fou smavas =9 a9 faeed 99 g1 30— fovdl 51 9hdl 21 1954
H 10 W 27 TNT &1 faehics &mdl & 9uqed Helfaehie &1 e fwan mm 3 59 o
BIESISH oh GHEATI, SRIREH o dAfean o1 Goad el 8, eEgieH o0 Hgand 2| Td /M
STt B b gaq wifsraemedt At efemr st s e 7e € S 7ES T 924 TaM W % aR
godft @ o 1 G®TE FR Ghd B | QW AR faeag 9 | fgth gedt @1 adam Sfed 7w @
ST, sfes 9eh edmnifaea oufite o1 et ¥9a o foaw ot gesft WX Sftem v A 78 @R
37 Sgifaer TSt o SMYUR WS qREyd SWRET Tl ® SEh! N (prediction) 78 ® T
e e AR T 0 GRS & S it Wearifaea sufite aed w1 ate agHed ¥ i

3 g @ gealt &1 31X oM aret weft fafrwon wi sEwnfua # A

13.7.4 THaftaa aw tens 9oae

forel R ® S arelt Au-AehTa Ufsha 1 a0 Toh qrd-ATaeh d Jfod § fwan
STl 21 foreh it Soraa Ruaet &1 3299 AR S8 1 10°K a9 o o0 |
TRE T TR VIR S T Bl €1 9 I W S eTesh ST qel SeteRiel
() R Tagor B 21 <fer 39 919 i S W@ o folu i 9% Sueted e
€, o7d: 39 19 i S WA Tk A €1 9IRd Gfed fave & g 39 39 Hew |
Ffertal oh TorshTe H TATERd B 1 S WA o el e W, HHEH © TR Hera fuse
TS ol T A v 9gE & wehl|
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3IqreYor 13.7

30T 13.7 F=fafad 9o o S <ifee ¢

(a)

(b)

(c)

T

(a)

(b)

(c)

N T afafwmae o gt (e fe 9 13,7 § fau ©) wEmts
TR (3@ F AU 2H, + 0,— 2 H,0) % &9 | Hyfea €2 4 7 ai
e &9 H A1 SR FHR Hgfad gl

Tierta tfuafwan § fFe TR Seq9M, Sl | (31 THH Sfel) aeeldl 272
T R € ok et Afrshr fohan o & geaam-Set U R § SRel ST Hehd
& Safer TEEt e d @8 St T g 21 T8 e ITHe ¢ qHEnEy|

ot TEmafeR s1fafshan oF wgfera g &1 feafa o for sifafsran o g o
Tl R gl qel o AR i wE qeH et B e wamEtes srffwmen
o wRATET o gl HaeH | uRed= W erar 81 W el Aifenia erfufmer §
ALl oft 81 Tehdll B 31q: TR Afufhan § Yol dc oh WEEt w1 e
1 Werd T SAavae el B g, s sifdfeman o et den =g
Tl i GEA Yok ®Y W G Tl € [d |, STtush Sl o uResd
¥ =78 o ff gified g Tl @) o%qa: $ol e 9 et CoiE ge’
GTferd T@d 21 BH 39 v W AT o iR feem T ] ARt sifufmans
[ foh Gefietor (13.26)] H GHIT01 o ST 3R FieiHl 1 e qen =52t
%1 A gUh-gosh &9 H g9 2

B WA € foh I 1 Se-Soll o1 AF o FeA0H | FUMHS IREH
(e &) gran {1 <k forelt Tifgerta sifaferan & wieiqt qen =gt < =B
FEATd TRfEd Tedlt §, o atfufsman o S SR =gl qen wieiHt 1 et fovm
MM (rest mass) M il 81 W foret et srfafsman & arff @K o
TfTeRT 1 Fe SEF-Tell STARRAT o6 IR ST o AR HT Fal SEH-Zsl oh
THM BT STEYIeh &l 81 37 SeF-Soliell T 3 eh1a ifuferan o srerifo
B arelt S1eran fehe arelt STl oh ®9 H Yehe BT €1 Hith S-Sl SoaHH
o FIeH <t 7, o7 W whed @ foh ferdlt Mfrenta sifafemean & ST 1R o e
AU 1 SR ol o w9 H UREfid g W@ § (A 39 fauda et e
THAUH o 3 o ®Y W qRdfdd & Wl 21)| 39 ®9 | kg srfafman
THUM-Foll o A EIA0T H1 Th ST 2

SEAM-SSl oh Sd:FAAT i g 9, Tagiaa: T TaEfes sifafnan Tifvent=
srfufsan o gy 2| fond @t sifufwman o saenfuq sremn feher areft
Sl AR o6 ST SR oF TRAETULST qef TSt &i THEfeh (Afyew &)
T Seifel o SR 1 TR HIA 2| ek THEAE S-S oft ferdt
HEN 3] o Pl T W BONCHs AN (SAHM-&7fd) =i <0l €, $afery
&0 ek fehrel wend € o ferelt Tamafer sifferan o <HT @R o qramoged qen
IS o el FSAHM h1 AT o1l o ®Y H YR el Sl © A1 Sell ohed
AUl o 3 o &Y W uRafid g gEifase B Sl 1 g, Rt
Tt AfafsRar § Ford oM &fadl 1 aREmnn TR fmen o derd
S &Ifal 1 ol B e @@ A1 HH Bl 81 9E ®9 § e eRon ©
foF T wiiq @@ © (S W T ?) fR et wwmfe efufwer o @i
SHAAH-HS 1 Ad T &1 Sl
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EIREY

ARIIT

. ek WCATY] W Ueh AR Bl €1 AW e g 81 e st e

TRATY] i B @ 10 T BT B €1 TREIY] HT 99.9% U Al goHM
iy & FmifEd e 2

TRAMET % TR W FSAHM, THIY] SAEH TRIEAl (u) § A ST @1 R
o STTIR 1 THIY FHHH $hTE (1u), 2C o Th AV o §F9H o 1/129

AT o SR B
lu=1.660563 x 10> kg

i o u RO w01 g @ o/ =32 wed &1 STkt ST o Sa
& B ® TS W
fopefl el o1 TRHY] WA Z3W e o WAIlvaeh ek T WA i HEen et 2l
SEAM &A1 A, TV M9k § Yiel T =I2Hi i el G oh ader it
?; A=Z+ N Tl NI o foemm =gt #1 gen ffde & 21
Teh TIhTT TSIl SAefal Teh S (nuclide) 1 7 X gRI o7 hd &,
Sl X 39 TEEfe gt %1 Hehd 2l
UM 9] §&A Z, T fafa= =2 9@ N o JFEe Tae7@ hoard
&1 3 gaerge e o SomM 9@ A 1 9 99 8 gHEiie a1 o 5ok
T =Jgi e N1 9 GHE 8 g9geiie HEdd B
Afrehier e q A1 SAfereh GHEteRl o T B &1 de 1 TRAT] ToAEH
SHoh GHEeh oh SoAHMI 1 9T 77 eidl €1 STel WK 9 dreos qeeent-ieni
1 Trdey gt 9 2
T I TeAHR AR ITh! Th B feifa 1 1 Fepdl 21 gl
ThIU A o STHR W A k1 B A w1 ST HeRd 21 e uren T @
fop =fwent 1 foreen frfefea 9 9 =1 gt 21
R=R A"
W&l R, =T foaier = 1.2 fm. T8 <11 € fo ek o1 sea A W el 2
T S T8 107 kg/m> 1 HIf H1 Bl B
Ak o R = T JieH Ted WE Yo AHHE gt 5 99 e 2
AT 9 = T We 9 faug T8 sl
TR TT S| M eHe ST 3Te7dl o el SoA| i T W %9 Bl 21 e
3R THoh 3Tel o FoAHMI I 3 FeFH &ifd Fead Bl
AM=(Zmp+(A—ZJmn]—M
HEHET W FTHAN-Sel H951d E = m ¢’ 39 §FAF AW Hl sl o &9
o 30 YN e HA T
AE, = AM ¢*
Sl AE, T4 &1 qE7-Feif hearnd 81 A= 30 ¥ W A = 170 FA9H
T o WE W yfq =i sea-Sisl 1 7 o o 81 98 o 8
MeV 9fa =frea 21
AT Hfshaneti | S[El Sl TartTh FiRanstl i qol | s 39 o
T SR B 2l
ferelt frenta fepen &1 Q-AF R

Q = 3iftm wfas St — URfYe wifas <=t
FHHM-Foll GO & HRU, e Thd ¢ T

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

featfoeaa o aftee € foed €t 7 gonfa o sk, o @1 g = o fenot
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IAfeld ek TUARE e STl &, el o-foreol difermm & ifie €; p-fereol
TR & qe -l X, § off S weed & fae gae e 2

11. Yfednifoes emm &1 7 &: N (9 = NO) e
7 2 e v foeen oo 21 forelt et &1 end-a1g (T, ,) 9@
T © e St el WEA NSeh! URIWeh WM i oMl @ St @1 Sfrea
A 98 AT ? FE N T YRRTE I #1 e ! U 9 @ SR
Tl/2=lnT=71n2

12. V9 F¥ g ¥ sfuq A sk gear § sfud At ¥ ofefid @ @
Foil forgert et 21 forgea o wh 9t e <1 oI wel § fasfsa @ s
2 S, 25U+in 1% Sb+ 9 Nb+4ln

13. Tg q2 b fomied | foa =2 795 a1 € Sud 1frd 39 =i ©, e
SAfaferan w1 AT TR HIAT T SE IiRAT W IHH B el TAF 2,
U fa@ied 1 YRS %l &) Aihig a9 faenie § i@t gaen sifufwan
I | Bt 7)1 Al fuger § 7w FEfd e feor @ R e @) fuge §
=2 Jfg O ke 1 A 1 A W@ S

14. GorF | goich Aok THelht Tk agl 19k o &1 g afed @t ani |
BIESISH HIT4eh! o1 Elfera™ el H Hera= S 1 Hid 2|

aitferer i 'oica fammd R
u

S—l
s
Bq

femuit
faemuia faue
1. TR 57 1 e M o Frest R R T e {1 e s s
g frg &1 arem 7@

2. TSR YHIUH g1 A 1 TE IS i B 1 HE UehT U GRIUH
462 SR T A Y TS B W e arn e 81 U gt ®, i, e
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10.

11.

EIREY

YeRTO A1 o et forwor @ geqiferd gin @ Safeh Uethl 07 S 39 S
3 HUT AMHHE Fo9 | Fferd Bl

MR BRI ST TS Soll o YA E = me? TSRid fhT SH o =15 31
BH TAYE WU TS el WAV % YUk Rl w1 A A8l e, 9
THAUMF-SS HXETU o Teh Uehishd 1199 ! o1d hid 8| Yepid H g8 fam awqa:
T © AT ST Tavere=a A0 Afeht Hifdehl § e Sl 81 SeH e
Sl i HAGeAd o oW, AfYHTE el ud 39 I Wid o 9§ STAM
1 AMUR 21 3 99 1 YA Hieh, TRt Tfveia ufman (e steEn
sfufsran) o Q-AF i YRR Tol 3ifad Seami o uai o =k fehan S Hehell 2
(9fq freraia) seF-Soit 9% 1 B Te i T fop Fomed it
rffepand S € i <1 etk AHeh| o Tordd | 91 Teh R ek o HieAfieh
THM ol & AR o forged o <@l ST Hehdl 2

oo o foTt geten A1T¥eh! § 9ai< GRS el oMl =Ifeq difsh o hard favd
eI i UR Y Hoh| T8l ShRUT € foh Tera o foTu e1eg=s 1 w1 egashdl
Bl 2l

Tty (Wi =Jfeeri) sua-Se o Fad © R sed oR-eR € afeds s
? W TEH *He, '°0 % Jaemeel & fau R e €)1 98 WA &1 @e
& e & off el ST Y TR 1 Y=o qE S

& < foh SeiaA-WITSIe Toh HU-Uidehtl I8 €| eh SoAuM ThEHH 2|
Tk SMATN o IRl gHH W fauda gefd & e €1 (F8 wEn e © T
S Ush Solag U Uk UMW Uk WY 3 €l Uh-TR T faeliod
(annihilation) %X 34 & 3R Y—Wﬁﬁ&@ﬁmwmé‘l
& (TR IeESH) W Sei o WY Il B alell U G-t
(v 39 fauwda *-em (e Sest) § =il (v) Seated e 81 e
e UH-feAl 1 FTH HU-UGR T Bl 1 Uhid § FH HUI H Tk
HieRoT il @1 qd GA-HISH S Hiei[ 1 GideRol €, & el ST

Toh o I ST BT ® (n - p+e +¥) Wy, T & ¥ g qieH
1 &7 T T 21 T B R RO I8 © TR W T SoAEE =g % gerHH
1 g 0 ol w9 g 2l

: QT A1 Sfiel Scdsi oh S1E THT Scdsi BIdl €1 TTH B IedisTd ieh
g s SEIfUd (Isadt) S7ereen § FeTae afereen § wiedn &1 el fem
w1el ISl o YYEd IS AWk ILU el | @ Hehel &1 Tk &1 A114eh
Y (i for ot 13.4 T g9 TTQ ONi o Fertor H) T TR0l o1 HHER ScisH 39
1 <1 T THIOT € TR AERT o oft qeamopet i € awe fafes St &) e €
Feanfarean i & STeifie 1 GgeH 71 Tk AR § i o o =gH o
TSl b1 TEAT T STU RIS 1:1 BF =eW| 9 AITWehi oF Tefael o foe o
ST 3:2 TFI =feTl (WM o el TR dlel WiqehyYl o Uvid o Fed o fag
Afeeh =g Rl STERFH BRTT ) T TR ST ol 1 T alet ek STt Bkl
Bl o fehl § =i Stere et Sifuehar B €1 e #, (I dell o) o6
GEELehi o | ST 10% & TRl €1 =1 fieh S0 ®9 ¥ YEremen d s
S & (3 T R Feliell W o, ., d, n 36 371 Ui o TE GRS ST
B1) | Sl waenfer fove o uerell o @riieli el | ot steetind oy S 21
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13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

HEH
AT F Y TA H U FAfafad s eues faw syanh fag =i :
e = 1.6x107'°C N =6.023x10% yfd @
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) olifera o < Trft geeentenl SLi e [Li 1 Sgerdl 1 Hiavid %Esl: 7.5
TH 92.5 B T HHEeh! o FoAHM HHY: 6.01512 u T8 7.01600 u B
SHfera™ 1 ITATY] A F1G ST

(b) TR o = Tl Tt OB w I'B ¥1 37k 39T H1: 10.01294 u
TS 11.00931 u T TR T AT 9 10.811 udl [°B v 'B &1 agaa
A Hifery

it o i Tl el w1 SEerd SHY: 90.51%, 0.27% Td 9.22% 2|

T GHEhT o TRETY] SoFHM HAY: 19.99 u, 20.99 u T 21.99 u g1 FaH

1 SiEd TH] FFEE 1 Hife)

g A9 ('2N) 1 dEF-Fel MeV H A1 HINT m, =14.00307 u
frfafaa sl o MR W 2°Fe Td 00Bi 79! i deH-stt MeV W I
FTU m ($Fe) = 55.934939 u m (29°Bi) = 208.980388 u

T fRU U fgach 1 59 3.0 g T G Sl w1 MOAT KIS S 39 Fqeeh ok
qeff < TF WAl Sl TH-TH § 3T & o faQ Tewas 8| Tadl o fag
79 e o faee g S2cu wEmEt w1 e ® (S3cu @ geme =
62.92960 u)!

frefafaa o fau Tifvera g fafec
() Z°Rahl o-8F (ii) 33°Pu Tl o-&F
(iii) 2P f-&a (iv) 2°Bi &1 -89
(v) §C B (vi) §5Tc &1 B-&3

(vi) 20Xe 1 Sl AR

e feartfoea gt s ewfyg Tod 21 fohad Toa o oI5 gEeh! Ufsre,
YRS Ufeeadl &1 (a) 3.125% T (b) 1% @ ST

Shifad seAge §4 1 9 Udeadl, fd Im wed o fau 15 &@ gfd fime
T T8 Ufseoan, wrh et 1AC % - stew ue H faee fednfra
"2C o HR A T S F gg B W A & WY 3HRT == e (S
I Fferd Tfereaar 1 9M1C Wt ©) Tar B S @, qe 59kt Ufsedar %
T Y& B S R 'AC T S ey (5730 T) SR A T W T Ufsead
o YR T SHRT HiTehe 3T 1 UM 1 ST Fehell 21 TET Qraiedl T o Wk
BN At 'AC FweERY (dating) TSfa #1 fasid 21 I8 AR fF Aiesie
ﬁwﬁw@a@ﬁﬁmg &r wfa fore afa o e 21 oy =t gvaan s
[iehe 3 w1 3Tha hitrT|
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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 Hfsraar =1 WeaAifoed &Hd W & = fay S2Co w1 okt 7B &t
TRl 22 S9Co T 371y 5.3 o 2
%0Sr &1 1ufg 28 o ¥ W THENF & 15 mg HI e ) a1 22
Tl o HHERR 17 Au T T o FHeie 107 Ag i AR e o ST
%1 Hi=Tehe [ F1d it
(@) 2Ra Ud (b) 22°Rn Wi o o-& § SIS -0 H1 Q-0 T TS|
EX IS
feam €:m (2°Ra) = 226.02540 u, m (222Rn) = 222.01750 u,

m (2’Rn) = 220.01137 u, m (2,°Po) = 216.00189 u.
edigaazges 1'C &1 & frfaied gt & ER g €,
6 C—o¢ Bte'+v: T,,=20.3 min
Seafsid qifsiei 1 2fdehan s 0.960 MeV 21 SeamMl o f=fatad am
fem g &
m(z'C)=11.011434 u &1 m(}'B) = 11.009305 u,
Q-9 T AT HITST TE ST e bl Sfhan sl oh A o 3HHhT gl
HifSTl
23Ne 1 A1, B~ IS & FY &fId BT 81 30 f-a7 ok fore TR fafay
IR ST Teierei okt atferhas TSt Sofl A SHITSTT m (2 Ne ) = 22.994466 u
u; m(?Na) = 22.089770 u,
fordt Mt efafean A+ b > C + d &1 QAW fr=fafed T gm
afefod e 2,
Q=[m,+m - m,-mJc
el f5u U gerHE, AW fom 57| M (rest mass) B f&U U atfewst o
SMYR W Faq1T foh FrefaRad safrard Soaard & a1 SeATes|
() 'H+H —? H¥H
(i) ?C+*C =29 Ne+;He
faT T TR FEmE 39 YR F
m (?H) = 2.014102 u
m (?H) = 3.016049 u
m (12C) = 12.000000 u
m (?*Ne) = 19.992439 u
A o6 g1 S0Fe AfWeh oF < WA staFel 28 Al § foraed W forem =31 s Sl
1 gftc © 78 fage Hwa 8?7 398 WohH 1 Q-AM T1d Hich 3791 deh T&d il
@ 2 : m (3Fe) = 55.93494 u T m (2 Al) = 27.98191 u

239pyy o ferged 0 9gd 9 220U 9 fHerd-Ser €1 Wi foeea foqea stiwa

94 92

St 180 MeV 81 3R 1 kg U 29Pu o Tt ] ffed &f af et MeV
Fell foga BM?
fHE1000 MW foree fiuget o o1 $o9 &1 5.00 9 & =9 = STl 81 IRY
H g fopa 235U en? M AfSe ok Ruser 80% THa wrefd & 2, Toht Fqol
Tt 225U o forged § & 3o g8 §; a4 25U =perse shad forged Wik
¥ & =g i
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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 TgIREM & Terdd | Tk 100 91 &1 faega oy feraet 3T wehifera warn s
ekl €2 Her sttt fetad o S wehdt €

H+°H— SHe+n+3.27 MeV

T EYSHI o SHA-TEA T THH ok TU phelid TR hi HaE A hife)
(Hhd-peli ST i HEE H1 0F 31 S o o9 oFH ol 39 helim
WTeRTOT S o SRIE el € S Uh-SE ol Goeh H W@ S W Seh s SYRIfd
BT B1 98 I Gehd € TR €72 2.0 fm 9ol e 9t g et #1)
THEFTT R= R A2 & SHR W, 1T & 9T 53 61 59 e TR 8
(s1efd AW fAsft 78 e @)1 7=l R, U foais € ud A i # geE s
e 2l

ot s @ B (UITSE) Seasi &1 Tk o wiaantt gfwen & 9 g
RIET (Capture) F8d B (3HH TH] Hi Maieh e, w9 fh K-wher, 9
TR T T IRIE Y ol § SR Uk e, v Setsd i 7)1

e +45X— ,AY+v

TuIfET o 4% B* Scdst Sl @R | 319Ad € dl selaeq fogo +ft savas &9
Y I{Ed B, W sE faei erEa e 2l

STaRem 3TsTH

et ROl H T 1 e TRAT] 59 24.312 u K@ T #) 9w s
T, gedt R T8k HERAIeh! ki HT4ET SEeadl oh SMHR R o man 7)1 Fr=fiferam
o Hl HEENE de IR ToAWM 3@ WK € — 22Mg (23.98504 u),
25Mg (24.98584) T 2°Mg (25.98259 u) | Y& | yrat Fr=iiferem # 22Mg
1 (FSAUM o IER) Sgadl 78.99% &1 =9 Il GHENhI 1 Sgerdl
qfehe hifSu)

[ JUFHTT Fell (Separation energy), TR & @R, 98 Sl € S
forelt 1frer @ T =g 1 FerTeM o forg srawass et 1 e few e sfishet
1 S Feh ,0Ca Ta 27 Al AR BT =JZHA JerRRI0T ol A HifsT)
m(30Ca) = 39.962591 u

m(2lca) = 40.962278 u

m(%5Al) = 25.986895 u

m(37Al) =26.981541 u

foreft =it o wienrw & 2 e =@ames fifea € S2P(T,,=14.3d) W 2p
(T,,,=25.3d)I TRTH P & 10% & < 2l 21 399 90% &7 I i
o fou forae 99 ydian s grft?

Fo faftre aiftufd@ |, T A, o-F01 | e FEEE ael T 601 Sciid
ek &I el 21 frefafaa aE-gfearet w faem s

223 209 14
ssRa— "5, Pb+ ;C

?22Ra — *9Rn+ jHe

3 AT &7 Wl ok feTy Q-HH i U ShifST 3R S9IiET o <A Hfshard St
1 gfte 9 e B

e =gl g1 228U o forged W fomR wifSw) foret forgea wishan o werfirs st
(Primary fragments) o eI-&F o Y9I ohis =JSid Icdfold gl ol el
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EIREY

40Ce T ¥Ry AW IR W B ¥l fawed ufwer & faw @ o 9= @

TR SIS Eva 3iihe 36 TR € :

m(*¥U) =238.05079 u

m('49Ce) =139.90543 u

m(%Ru) = 98.90594 u

13.28 D-T ffufshan (SgiRam-Sifeas e), 2H+ 2H— tHe+n W foa=m &ifsT)

(a) = fau Tu stirel & oMuR W Afafwan | fagead Sl 1 91 MeV ® I
B
m(?H) =2.014102 u
m(3H ) =3.016049 u

(b) TFRTH T grefeam T &1 5 @9 1.5 fm 7 efifsa) 59 stfafsran
H, S AT oF HeA helrd Ufaehsul ¥ IR UM ok fau feaet fas st st
ARl &2 ARl TR oA oh forg T4 (D aen T 1) o fohe a9 @
Hftaa feran ST =nfew?
(Gera : Tordt Hera e o fou emavess wiawr St = Soae fran & dore
HUIl 1 3fHd ardig TS St = 2 (3KT/2); k : diees e fHedis qen
T = 9H dM)

13.29 < <t T &-Ao H, - i fafewor sgfaer wd g @t iferehan fas

e Fd wifs) fam @

m(***Au) = 197.968233 u

m(**®*Hg) =197.966760 u

198
79 Au

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 foqed el &1 qfiehed

13.31

FHifSul (b) foEe RuaeX ® 1.0 kg 2*°U = fa@ed # fousd e &1 diewem
FHifSTUl (¢) qe (b) 9o H faqer Setieti 1 qor hifaq)

A ofifsTe & 9 &1 ee 2020 % 200,000 MW fod wifert S w1 21
THHT 10% 9shia vifer da= o e g1 81 /e foh Ruget &1 siiga swaim
TeTl (o1 i T o ufafda &3 1 &mar) 25% 21 2020 o 37 % FUR
<91 1 Ufd o fora fagieta fem =t strervareRan R U vfa forgea safsia
Felt 200 MeV R
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