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13.1 ¥Rt

s e1ear | T el © foh Ucieh TRAIY] 1 LA SN €lht 39k ohw  Gehfa
1 STl @ ST AT 1 AR S {1 A 1 el Wgs THTY] o FSS h el
o I HH Bl Bl Q-0 o Yehiv et WA 3 7 e fme € f it
1 oo, ) ) B &1 ge § 107 T 9 off % e wifew) guen oref € fR
feh kT TG TCATY] o TG o 10712 T4 o o9 1 TR 93] | e al AT
H sifuhiend: fad T & €1 af% &7 TRAM] 1 TS TGH FT F FW ok TR
FE @ AfTE EE T A ok v o gres 1 femrE < qenfy, ey 1 e
Tyl 5o (99.9% § efush) Aifew & & Tmifed i 2

TCH] 1 G o FHEY 1 AMHE H1 A B = 22 A U@ R Al s
g F-F €7 3 WOR fFg TR IS 2?7 39 1™ | 79 3@ YER ok U
IR @ISH FHT FAE K| H AT & fafime o, S9-S0k 9Ee, S qen
e &1 == o WY 594 Heg fedfeeed, faged @ o Sd A
TREeeT i ot foeed

13.2 UIHU] FEEE T A9 sl W=

TRATY] 1 AT fRaAUm 1 ol | 9gd % gdl €1 S & fo, Hed o
TRHIY] '2C 1 FAHM 1.992647 x 102 kg €1 a1 SISt TR Sl HOH o fow




BIEED

ToRelTe o GereTSteh "5k el €1 37d: U] Sl bl ¥k hid oh folT
FETHM 1 U 7= W T TR TR0 36 W5k 1 THIY] oM 9 (u) HEd
21 THHI '2C T % FeAUE o aRes 17127 9 ¥ o w2

37d: 39 GRAM & STIER

2C ] 1 SSHAN
12

lu =

1.992647 10 *° kg
12

1.660539 10 *" kg (13.1)
T $9H T (u) B Fad & R fafe=T Il o A Sq9H, SR
TRHMY] o SeHM o qul O o fehe UIT o €1 Ry 39 W o s gumeEeedt
e off 1 ST % U, S %1 WA §eMH 35.46 u Rl
AT AU T AT WA, FeHH aishEadl (TeRHIE) gr e S B
TRHIY] SSAHEI o IO W Tl Hordl € o Tk € e o fafe= YR o Ul qeeTopet
1 e ? foreh THm@fTeh o1 df TAM B § W 3 5A9El § R el 81 Tk
& I F T TE genfad ok SAUEl ¥ SR F1 €, AL FeaArd 7
(A 9% arEEerd o1 ored et o et €, W€ AW 3 gl fem e @
Fifh qeal 1 ofed RO H 3 Gt Tk & T W 9 S 8) | 30y 9 udl =en
Yo el SO &Y Y hE EEeh! b1 907 81 fafa=T weeenfeni w1 |me
gl dcd ageid oh |IY SRerdl B
SR ok fou, wAe o & weeite @ feh 5o wEel: 34.98 u T
36.98 u &, S T SIZEISH WHY] So|H o QUi U & Wieiehe € 3 THeeiehi
1 GUe Sgdl HHY: 75.4 TS 24.6% | T8 WA, WIhideh Sl AT
T T FEEAehT 1 WIRA-3iGd €| 3Tq:, Wehideh Sl AT sh1 S|,

_ 754 34.98 24.6 36.98
100

= 35.47 u

& AE € W FARIA 1 WA FHA B

el dF foh Wad Boloh dd BIESiSH oF Wi A wEeetie € fSeh germe
1.0078 u, 2.0141 u TS 3.0160 u Bl Ta¥ Teloh BEGISH ILAI] TSreh! @der

g 99.985 % €, Tl H1Weh, W Hhedrdl &1 Th qieH o So9d M €,
m, 1.00727u 1.67262 10 *" kg (13.2)

IE TGS THT] & FMM 1.00783 u ¥ W, TUH fo=MM TH Soiaeq o Fo0HM
m_=0.00055 u i T H U FAUE o SR 1 TESSH oh T & qHeenfeh
<AREm TH TRfean wead §1 gRfean A sl €N % wRo uEh o A
T W R i fafemt g yEmenenet ® fafda fhw S )

Ak § o A WA 1 & el B1 W W Uehlh ol Sy gl € S T
TRt T 1 UEe I8 foreR o o Aifien § geter g € W Faien fagia W e
qohi oF HRUT TH AT i TR &A1 71| fhdt W] oF Feft S 38k A1
o dEY Bid B1 W S € foh fepdl ORam] o ik o aTed 3 soieeHl &l SE
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IHeh TXHTY] Sl Z, o SER il €1 3Td: TRHIY] H Selel sl el AT (—Ze)
IGeh IR o el AT (+Ze) & SR il €, Hifeh TAr] foed &9 9 Seeie
Bl €1 safey foRdt wAr] o ifies | el i HE, qend: SHehl TRHETY] i,
Z =t 2

ST Bt @I

Hiteh IR U TEfeam eger & & gEetn €, 3 9 oIk & A
H & e BT =1feq| Tifhd BEgieH, SYSREH TF Zefeam o Af9ehl o S Ml
H oMU 1:2: 3 B sfe szdifem wd Trfcan o Aifusi o e & eifaftaa
FS ITEH T off T =S 37 FHERAeh] oh ARl # foemm ST sHifas
TS I HET il YEH-Se0HM o Al 4 e e df HA: Tk TS & A=
o ORI B 81 98 92 g shial © foh wArpet o Afveht W dieiHl o erfaitea
foem™ ®H aen 9% ITHE 5 ! TH Y A o Ul oh ®9 H @ B
21 38 ufsheq &1 qfte, 1932 H, S wefas gu & T e <@ f v
IRferm Afaewl | Tew &0 (Wh wu, dfaan Tifes e § e fawm
o g9 3rTel 3N W W=l wil) # dBR & W €, @ 38 9 SqEE fafwio
Scafsld e €1 g ot T e f 3 seEe fafwwon, @faay, w1 T AR
S geloh AR W TS I e S Feperd €1 SH 9Ha 9 9 T
e A fafe wied (fog@ gaea fafewon) & o) s @ Fom |
el &1 T W W YA =en TR oA F 3|7 fafer weM o oan
St 37 fofehwomt Bt e 7 wgd e et S afifem i
W U T HT ABR H TG FA F| T G ok goeE 1 gA, S Sefad
3 FdoSHE @1 9 e fRAl, 3@ douw H HAifed o f Sqdia fafewn #
T U YR o ST HU e € N 2 wed 21 Sl Td Ho G
fml &1 3TN #, 3T 3 AT FHU HI FHAMA AG B H FHAA UG I,
59 WM & FMM o e SXeR 9 T
o9 €9 gH H oA Stus aeredd 9 S 21 U R,
m_ = 1.00866 u = 1.6749x10™*" kg (13.3)

2 # @ & fau defas #1935 & A6 [WERR °§ g e
T T HE W % faw wF qea = ewerh g 21 9w U W, i
Tae TE Tk Fiagie (31 gl 01) o ®9 § & e W 21 gHehl i
M M 1000 s et g1 qenfy, Mifes o ol g wm g 2

m,@wﬁaﬁmﬁmﬁ@aﬁ@%ﬁ@wmﬂmmﬁ
S Hwhdt Tl

Z - TE] FH% = UeH w1 qel [13.4(a)]
N - =7 §&71 = =2l &1 Gel [13.4(b)]
A - 57 &A1 = Z+ N

= <M TH WA i FA Ge [13.4(c)]

W To =2 & AU ferdi s w1 sft SwEn fema S "eRar ?1 e
et W] o feerE gen Suwl sIuH gem A w2l

et fusra geifa a1 Tfaw w1 "opa fog AX g0 WRRfd fwar s 2
S X 39 Y w1 e AR 31 SR % fow, w@vioaes w we
197 Au BRI Fdd i €1 TH 197 Ffaed g € g 79 U e 118
W%ﬁ%
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g TRl d o el ®1 GO ) WOdl 9 9uSE S 9wl ol
frdt feu U g & RNl & AW § W ® §en @ 9uF el ®,
WY 9 TH-TW W L w FEn # g ¥ e e ¥ egdfew 2H
TSI 1 Ueh e B, TUH Tk Wi T UH 2 Bl 81 THoh SW
T Rfead SH | Tk Wied Ud ] <2 B 1 a WUl o 32 ek
B © Fe! goamm Heme %1 WH A =173 9 A = 204 9% Bl ¢ T8 =
Tl € Wl Toh € [ dcdl oh YW U1 Sk gl forrd W s
T B T, T TR o Seleieh Tome WHH B § SeRT THElh
FEER ff TH S Bl © SR SHfAU 3! ofed WNUT § TH W W
W SRl

T gt Tfae SR FoHE e A 99 el © GEYIRE Hedl Bl
I, ATk 3H T SHe WG T Y ek TR =2 W@ N 9HH
B dfrd wA wEE Z fr @ gggeie wean @1 seen, 19Hg T
197 Au TS €

13.3 ATfeR ohT ArssT

ST B o1 12 H @ 7, WA Je Shvft e o fei ) At ok
ST 1 IREeT Td AU il TIRS o Fold W TR 1@ AeT 4 &0l &
ek T UEHT KU o Yeh!UH | Hafud Uig TarT foRa S9eh Tar 9 I8 T gam
& 5.5 MeV Tfast Ss1l oh Ul HUIl k1 ol ikl o Fehewe Tg= i gl @
4.0 x 10" m 21 Tl Y WA @ o/ -0 & TR0 hl TIHBIE A T8 HHHT GHSA
foh g0 o foq Sheret sheita 1 gfasdor o & STEE 21 S, o STEe
ifer o Fifed gran €, e 1 ardfaes s 4.0 x 1074 m ¥ %9 g =ey)

afg €9 5.5 MeV U 31fieh ol o o -0 FAM R Al Ak L0 ARt
& ety w9 # 30 SR FH @ el iR d YHvH ey W A
Il ¥ yafad e o iR WX g fRU MU ufeeri ¥ 9@ A S
S| RIS o U UoWhl U1 TS LUl A9kl o o169 g9 Ui 6
e @ Gl Y hel UideRdul 9 R emeRd €1 9 g0 o gN e W
THE o TRererl § TH ool 3R T 8F o €, ifushia argsl o fawe
o fropd e s @l 2

T YHUH TN ek o8 o~ oh T T @ T et &1 fafa= aat
& S dBR H T T, 39 el o AR T Es Tedd uRgsdal @ = fRe )

e U T TR A S e o e et B ©

R=R,A'? (13.5)
Sl R, = 1.2 x 107 m| 381 31 € fo s o1 omreq (S R° o STt
?) TAUF W& A o STTHHEA! Sral 81 3Td: ek h1 Sl Ted gl ©, st
geft Tifrent o forw gqem AM A W R @Y e =) fafi= ifves 59 fad s
o 59 1 S 1 TE B &1 AIhRIT g4 1 T 2.3 x 1017 kg m & Hi-Tehe
Brl B| W Ul S g T sh1 98 WM wgd St gl 8, S 5ol ok ferg
e sherel 10° kg m 2 € BIl 81 39 924 i AT 9 THe off S Tehell €, iR
¢ B9 Ued & <@ b § foh THTY] STTeRivia: ik § R g ©1 | aeAroge
Y o g1 W et qen o Red T g 2
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3aTeUT 13.1

3qTEYUT 13.2

IATEIT 13.1 AR o 1A 1 §90H 55.85u T8 A=56 7, THFHT AMHHI T
A hifsa|
A

m,, = 55.85
u=9.27x10?° kg

ECLIn] 9.27 10°° 1
a4 /3)1.2 10 PP 56

=2.29 x 10" kg m™
= IR (T @ difasia fug) o ugred &1 s 39 9 & WY qoiHid Bl T
Tgiten ® o6 39 q)i § %A 5| W e Gifed € e @ o =g ar W uh §e
AR 1 e HTER Hd

13.4 TEHUM-FS qAqT ATHHRE SIT-Fsll

13.4.1 THAME-FHS

SMERTEA A 3 fafirse smufererar fagid o SR W I8 <90 T Soomm et 1
& T 0w 7 fafere smifaehar fasid o wee @w WA S on fo feRe sifafsman
H SHAM TS Sl STelT-STeRT TR 8 §1 W] STEwEA 3 I8 9 & SomM et
Fofl T ST &Y § AR TH FATH-Foll i Sofl o 11 &, STl et H, qRafda
X Hehd B 9 Toudid WehH Svefid S i SoAHM § ®Uiaid el o F9el B

T foIu g 3 W UG S-Sl gageddr deiy o 9 ®

E = mc? (13.6)

Tl E, S99 m e THqed ol € T ¢ Fafd o wenret 61 o @ foreent wf=iene
U 3x108 m s~ 71

IETEA0T 13.2 1 g 1Y o AT o1l ol GRepTAd hifegl

&
e E =107 x (3 x 109%J
E=10°x9x 10'J=9x 103J
W YR, A Tk U9 uSid i o Sl § ®YaRd R S ar 399 el i faeme
G g et 2l
AR o SHUF-Sel Gaiel ki Wi gfte, =feremai, TfiThl, soeel o

3 BT & H @ISl T HUN oF g g et Afena ifufwansti o e o
et 1 Tt arfafeman o ot wero fem @ erfumg € fop 9 soram @ Hag o
w1 ot gRemerl o wftnferd wY q YR Sl SAfad Sl o SR Bl Bl T8 e T,
Tf¥TeR] 1 TSR 3T foRansti Td MfYehid MMl &l 9He o fau Hewergut
21 T e P A T TavE-aEg

13.4.2 AMNTRHT SAA-FHalt

AT 13.2 § T <@ foh Afien =329 U Jiei 1 o B 37 9 s7uferd § fm
TR T FeA9H, 3HH foremM™ =Ml Td YAl oh SeF9Hl o6 el AR Tm oh aUel
B AR, AR TT S| M, U39 S o HH U1 S €1 SEel ok fofy, Sgy

TTRTT BT =
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180 w1 il THH 8 W TS 8 g T T,
8 =Ml 1 FTFAT = 8x 1.00866 u
8 UMl &1 FF9H = 8x 1.00727 u
8 TAERMI 1 FHAM = 8 x 0.00055 u
THfY 1O o 9 T Tuferd 5o = 8 x 2.01593 u = 16.12744 u

T FUIREHTI ok RRT GRT WS 6O T THIY] FAHM 15.99493 u B 38
Y 8 3ol 1 FFAM (8 x 0.00055 1) e W 0 o TAfHew & WEfew 7H
15.99053 u 2|

39 B9 U § foR SffSE 180 e T SAH, 38k U<kl o FA SN
¥ 0.13691u FH Bl TfH o FAHM TS $Ueh Th! o G0 o 3R AM, i
GeH ef hed €, 3R SEehl W 39 WehR oFek fehdl Sl © :

M [Zm, (A Z)m,] M (13.7)

ToaH-&1fd 1 el N 22 T W AR w1 FAHH-Sell qagedd fagia
ot sifrent T 21 <o, SHaRiSt e 1 So90M gHeh T2h! o SedH o A
(eraiferd stereen § 8 W2l Ud 8 =2 1) W A el €, e ek 1 THqed
Foll Heh SIEhl 1 WA S o AN W HH el g1 A Y e AR
H 8 UMl TE 8 =i H fowfed wTW WR® @ ousl Aw eifaRem e,
AM &, 39 79 1 G&H FHTH! BN 36eh fAQ qavesh 78 Sl E,, Foq9H &
Y frefefaa e grI defed eidt @

E =AM (13.8)

IETET0T 18.3 T WHY] SHUH T o Gaqed Sl o1 I U8el Sl 3R i
MeV H T sHIfST| SEeT ST Fleh 20 i Fo7HH &fd MeV/ ¢ H =T Hifo|

&
lu = 1.6605 x 102" kg

THH! Sl o AR | ufafid w o f e swe ¢ ¥ o e € e O
o 5o
AR 9 = 1.6605 x 1077 x (2.9979 x 10°%? kg m?/s>
=1.4924 x 10°J
1.4924 10 °
= 1.602 10"

0.9315 x 10° eV
931.5 MeV

AU 1u = 931.5 MeV/?

150 o faT AM = 0.13691 u = 0.13691x931.5 MeV/ >
= 127.5 MeV/¢®

- 180 1 THF Tewl ° fawfim w1 o fau sevasw S 127.5 MeV/ Rl

A F© =g T WAl wl uH-I" o, e emav @ geuH e s
Tk SR S d W URRA WAE, Sl g BRI A TS AE, TAHEH BT

€°€T lnr2Ibe
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FYT-Frsll Heeldl B AT eH foret Afger o MHEH-FHN 1 STE-3Tel HET
Bl Al e 31 HON Hl el Fol E, YA wE SN T@fy TiHE HT EH 36 THR
drg &l "ehd, TRt oft, Tifeh 1 deA-wel @ wardt € € T fedt ity
¥ Ffoer WeR fora o=l ®e ¥ 9 71 M9k o HUN i do[ vl
T AR s IWERT W F¥F-Fo 9 FfErEi, E, §; S {6 Wifaes w5
SeH-el, E, T4 THH foemM Sfaasil &1 9@ A & I <
AE, = AE, /A (13.9)
TH Ufd i SeH-Ss Bl UH AF Gehd © T g el ifves 1 gEes
ferasitl ¥ YR w o foTy TEvash Sid Sl @l
fo 13.1 o =ga ¥ 79l o
faw wfd e soq e E, T
T W& A U @ e 2
S S o § e Frefafed aEm W
/"N faem gftenie=r g & —
$eLi () Teadt gemE Eme (30 < A
< 170) @ fau, wfa e
51 qUA-FS1, E, |, 1 HA RIS
2 w9 § fad @ 8, st e
H I o Q1Y gRefdd Tal g 2|
0 50 100 . 150 200 250 9% A =56 a; 1"—(,1-q 9T 8.75
ST WA (A) MeV &1 Sifeshdd I T A =
o7 13.1 So99F =1 & Hed & ®9 | 238 & fou 7.6 MeV <9l 21
T =feeE S-S (i) BeTeF AW (A< 30) T& W
TfeRi (A >170) IH o foag &t
E, 1 | HeFed] G shHIh
o ARl T qo § STUIERA
4 2l 2

—
o

160 325 iFe moN[O )

[0}
@)
0

=

o =21
I~ -
[¢] S
©)

gfa IfFAsita sum el (MeV)
S

79 YR e frepel W o gehd ®
() I8 =1 R B T Ui SR $5 MeV st Sa= i o foIg v Yot 2
(i) 30 <A< 1707 WE | -l sl TRl 39 A2 o1 TROH € o Ffysig
T o7 WE FeT B B 1 o ek o fieR feer et it W fommR whifsw)
T AT TH-USH oF had 39 st § GHIad SR S $Heh AR I
& TR ¥ o €1 A% FE o fer 38 faftre =g % afvwa 9a
o IR @ eifush g R 2, df 7 foameia Aifus &t S-St 1 afe o
yuifad &l &M Ak fed afae & T 59 & ufer o eifusad p
fFeTa B Thd Bl, A TR FHF-HSl p o STIHAAM! SAIT| T TR foreht
e 7 S-S phe R, S ke TR i § o faem we ¥ S et
Bt 1 316 A g9 il 1 Ge dge] A %1 9 Sgi, @ 399 s %
R T F A W T A i, R a2 e §
AfereRTeT feFerai 3Gk R T & q1 I3 k1 37U, A B FeE-Foll W
446 AF Ifg F1 Fo THE TUF TA 2| o WA R aHA-So T @t
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? 3TN U Gi=ehe OM plc % TR Bl €1 AIThT 1 98 707 fordeh SR Ig
TR heel ST ke & et 1 & gefad sl €, TRRTT Tl %7 ggfa
07 FEAT B

(i) Th Sfeferer O AMfAe, W@ A = 240, ®1 ufd ferE S-S,
A =120 % AT &1 g § H7 2l T1 o7, % A = 240 FT FE A,
A =120 3 el H 22 ® d, 378 Yl aifuss sear 9 ufeg & 7
fira ar ® for 30 wioran & it foqea & @re fore gm0 St faget B 1
Tecqul GuraT i 1o wear @ foraes fama & &m0 srqm 13.7.1 § ==
Eaull

(iv) FeqT L fF  gefh 9H (A 10) Fafdd Fat Th 9 AR s 2
T g o 39 W AR T U FfRrd S-S, goich ARl i id
e S il 9 st St 21 sqenT o1k Tg g T oifem Free & or uRfe
ot gor W eifurh Sear o sifud &1 F8T Yo i 59 Wik | oft St fage
2t I gd i Sl 1 G © foraes fava | €9 ogam 13.7.3 | ==

13.5 Sf9hta o

I I S T § gl ki i e #ar @ gAn guifed wet 9o #1 egan
13.4 ® &4 3@ fF oiga so9mm o s o fore ufa =feerai S-St ormem
8 MeV © S WHI] &1 Se-Ss1l sl gl § Sgd Sifereh 81 37d: e § ol i
TR e @ o T T f9 YRR o SifeRieell Sl aet R STavEehdl 81 7
T 3q1 Afersh wfekremed! B =feq fof (wmafiE) wemi o st o

TfeRdor def ¥ Tfueh TAet BT Wil Ta =il <Ml ol AR o gad
SR W aife T WeR| B9 e Wed €1 @ goh ¢ 1o W A s

Foll 1 STRAT 1 S Sl hi o T Wehfd W TH W1 Hehdl T
TRTRTT e well o pe AfTaerl i Ge o e fean o ?1 g% Jm

1930 ¥ 1950 & o= feru T fafe=1 wamti gr1 9 ge 2
() ¥R 9, STERN o o9 o a1cl had 90 T8 FFHHl o s

TIfAS el (MeV)
°© S
’_J-/

LR B o e 1 e g S 2 21 1 1 A

AT e et 1, AF AR A A e A Fe k/
Yfaertur ael T MUY T B 21 98 SHifelt Hwe 81 U €, -100

Fifeh TAHTT oA Felid ool i qorl o STHH Joet e 2l " )
TR o d ol et i gol § ot ST geet g 2

(i) =R 3 1 7 T o e A s B T I A mg%iggﬁgmﬂm
S S AH T a5t W e I B Sl €1 39 R, SiEa S A
N 5 WES o ARl | ‘Sl i Ggwar i feefq e W @ Wa&?ﬁm%@rﬁwﬁ
WWWWW—@W?W%QW@ R g Ffqehyo Fal d:)lqwbiw EL]
1 feetfret Srsft IR 9 el 1 5 3 Fefel T M T FOFT st s 7 w11 # 79 A
s fot 13.2 ® @i 0 21 9 0.8 fm & g r, W fefas G A
SSll 1 WA A B 81 SHeh S e ga Tk At A % e ’
T 0.8 fm ¥ fie Bt € df 3 9 SMHYT A B € 2R 0.8 fm
Y = Al o forg 3 wfesrdon st B 2 447
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(iii) =ISF-=I2M, =H-eM TE WeH-UeH o o= o aIel ATehd ad e
THE UfEA & i € e o faga smae Wl T2 e
FAm o a9 S1eE e o e a9 # Aifd fawE e w1 wE WA
i &9 2 2

13.6 Yfsarufaeaar

Aedmiferead ot Tiel TTE. 9ohel 7 G 1896 § TANTIE 1| AfiTehi 1 T99 Fehrel
T fohIfiTd ich ST FlTaifid U Tpeaifid 1 777 Hid gU oohiel 7 Tk T
uREre <@t RFEH-1eREm othe & 9 ThSl W 99 YHREl SeH & 9% SE
IR 1ol SIS | ofue & 39 Uohe 3R BIuitheh @ie o o= ek =il &1 Thal
W@ T YRR g T T @A oF a8 S WISHh® @ie i Saad fhal 741
IE T T TR A8 wie wiet 9g gl oft| I foedlt UE =is oF RO geT B S
ifiteh @ Seafsld g5 it qe et ST IR =i S 1 9% H BIRWIThR @i
T Ugd TE B

a5 o oy MUy | gwier fm Feanfaaar wh AifywE afee @ e
sreorlt Tfver aifod Biar 21 39 UewifRd &g wed ©l U § 49 YRR &
() o, frad difcem T (‘He) Scafsa 21 &,
() [-&m, e seteg e Uisie (T 01 fSEeht 59 o gefsr o aXel

& B € W e dieh goiee o faudd g €) Scafsid e 2
(i) -/, fogd S=9 Sl (100 keV 1@ 31fush) HieiH I id 2|

T TS YR o & W ST I9STIAr § fa=r fohan smom|

13.6.1 Ygamfaea aroar =t fem

forelt Afeamifoea 7o o g o, B 31ee y-27 &1 @1 21, I8 9 S @ fo Tl
g ¥ efad g are TRl wt wen, 9§ faemm ga gl w gen
A it |1 A% f&u T T § ikt 1 Gem N el ok At e § AN
wfek afad &1 @ & o

—1:’ N
Yl AN/At=AN (13.10)
el A eaiifaed eg-feris a1emn faeeT-eerie

Atgw H U T g § et i ge | g3 uiedd € dN = — AN @,
(S At — 0) @ N¥ 9ied sl T g—

Ny
dt
+ AN &If9q AfHeR] 1 & B, 37q: SHHT W Hed YAHE Bl ¢l dN, N ufadd
2 3R 3 i ff Tz 8 gear €1 Tel 9% FoneTsh 7 Hifw, o N § AN eifd
B 9 AR (N-AN) T @ 2




R
dN
— - dt
O,
TH AR T M 3R THERAT hid W,
NdN t
—_— dt
W N . (13.11)
FHAIn N —In Ny = -A(t-t) (13.12)

TET N, foret amsfemsr & ¢, W feanifaea Mt ® @ 21t = 0 W
THRIT (13.12) I JAEaREId HH |,

mY ¢ (13.13)
NO
forae = o e €,
N =Nye™ (13.14)

I T A o 98 ® T faga sod 0@ fRE =) sTdishl e fEm i qer @
FHM AR TH 1000 Tl F 3T (T8 il faegia ek 918 3 IS i) T Ta0
A TH g AN w fF I weft amem W @t (W) @ S e
Rt w1 &1 Wk qola: o= From, 59 eaiifaee-a=ar 7979 o STER g 8, S
GHeTT (13.14) R =4 fehan T B

et T T &9 R R UG Thish I9F § &f9d g aTel Akl i e gt
21 A TR de SeiaUe § &fdd g9 arel ARl 1 9@ AN®, 9 dN = — ANI
¥ATeT T R 19 =men et

__dn
dt
THRTT (13.14) T AThad hid |,
dN a
R =- di =hNOe
#gl R =Rje™ (13.15)

Tg eiifaea e fam & UM ? [ifs g (13.15) &
THhed WAL (13.14) W B RA: R = AN,
t=0WR &rFd ) 2| ferelt fifyerd @9 R @@ ) R, 39 90
eI AfveRt w1 e N9 e w9 § etud gl e

R =N (13.16)
feamfoea el w1 T &t gor |, forelt T 1 e &2
arfursh WEfTer Ao TiST © o g@ept ok Ty AW afsmaar
(UfFe) B ST S HE st (Wieh Bq) § S Yeanfaem
o T B oot i wgfa | fafvsa feren e ©)

arerfaa Afaehi 1 TEn

37, 4T,

T, 2T,

qHT ¢

1 SRt 1 ot 1 & 9fq Gehe B UH U UEE F
(Wefteh Ci) ot W gEer | € S SI W Bq W A w9 fo 13.3 ieanfaa g s A
¥ Hefd @ #| YAF T, ,, G % Oved & T S

1 ®{ =1 Ci=3.7 x 10'° &% 9fd §&< = 3.7 x 10'° Bq FT TET Mt T St 2
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fafe=t Yeai-ieht 1 erran < H eiferen f=ar erdt €1 59 07 i 3137 ok
SR W A S whar 81 foRelt fes-e w5 -y (7, ) W' w2, e
TOh! TE&, WWH@T(WWN)EﬁﬂTbﬁ(a?WN/Z)T%WIW
(13.14) ®, 999 ¢=T,,q9 N = N/zr@%qw

In2
T1/2 = 1
0.693

1 (13.17)

. (13.16) o TER, TI: A &A1 N, T, , 999 H 7ef =l

aﬁ‘%a‘rm&eﬁgﬁrwﬁaﬂ%ﬁrﬁ@;@m

TF 3R Hafud RS siea-ery () ¥ 3w AW R W,
(13.14) @ W fepan <1 Wbl 21 Forelt woenialel W+ AL H
& s R(OAL = (MN,eMAD 1 T8 & §eft ¢ 5w 7a Shfeoa
Td €1 37 37 9eft Thi H1 P A AN e BRI I8 T
2 o o e 1 S il %7 a1 o ki 1 Sa w1l

I RTSawT = (1867-

-
N
S 1934) ke § s
O Grefa w e e ST S €1 3 ied 3 B A 9T e o fo sa gfer
9| § weee ficlll 1896 § w0 HIEH AT OW T o foT W (SHereN HHIEHE) X
@l o g fedtfeRad T @S (= 0 R SU@ed A BT HEN N, | AW 3 el S
30 siR T R FeR
E‘ ST SIEYE ud faverol % N, te” 'dt
fore 9ft foran, fooer woreey ON— te” 'dt
Tai— feaq wd drelf=m— 1 © 0
YRR HE gl 98 Yo T4 GHhTH I HH W
At off fo & e TEhR =1/
W §T : Jeel 1903 H sifaent MR .
& X 1911
ZE WTS,H%%? ST IRUTH F T WY H 9 THER TH h TR
In2

=— =7In2 (13.18)

1/2

T fednfea 7@ (9 fF oafem t wefem) et sni-arg fawa =t
A (ST 15 3RS 9¥) i g1 H 9gd HH 8, HTH1 G0 Tt & fomifed e ooh
T qe Yl § Sucte el B Blelieh, Sk AfhTg sfufwaet ¥ starpfae 9 9
IS fepan S wehal 2

SETEUT 13.4 &0 & © 28U ®, o-&7 % o a1ei-311g 4.5 x10° = 2|
28 & 1 g T ! Uferad # ?
'
T,, =4.5x10°y
= 45x10°yx 3.16 x 10" s/y

3q(e0l 13.4
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=1.42x10"s
fepeft TaEenfer o 1 kmol ® STEIIS! S&AT o aReR CATY] Bid B 1 37d: 1g,

1

U H TS 1 He, 535 o KMol x 6.025 10%° 9RH19]/kmol
=925.3 x 102 ®|

.. &9 T R T,
R =N

_ 0693, _ 0.693x 25.3x10%
T B 1.42x10"

1/2

=1.23x10*s!
= 1.23 x 10 Bq

ISTEIOT 13.5 -4 5N, i & ared-37g 12.5 @ ®| 25 a4 &% 5
TrEfeam o W T 1 foRa e sifomfeq w2

T ORI o STIER 12.5 99 918 IEfaH o T &l V% AF G=[| 37T
12.5 98 # 39 3TY 1 fHT e AT L4 9T =0T oTd: 25 HA 9% IS
Irsfeam o foRdl F9A &1 1 sifaEfed 9w &

13.6.2 UTWHT-&F
25U @1 2Th ¥ & Towl-419 1 Uh Jafaa e 81 38 Uihan ¥ dferm
ek ($He ) Seafstd g &:

2EU— 2*Th + ;He (13.19)
Tew-& |, Scunfed fomest Mfye &t soavH-H@ & g9 ol ga Alfe S
T H 4 T BT E T WAV HHIF 2 HH el | WErE: R ga v 4X
o fomest AT A4y o WU H 36 THR R F §

2X — 4 %Y + SHe (13.20)
R o SHH-So THGedl Gae [T, (13.6)] A1 Foll &0 § 98 o €
foF U9 @q: &9 haa &9 IRl 1 Ho FATH IRITE A9 o6 FF9H 9 HH
1 &1 feafa ® & Gua 21 59 | T SR Sl i s ot o ®9 § Yedid
=i 81 TR SR B e W 7 99 fFe o1 ' € fF %Th den jHe
F1 Fol A I § 22U 5HEE Y FH Fa 2

YRS S-S Td &9 IR i1 ol FHAH-Sll 1 A 39 UfhaT 1
Q- e (52T ol heedl &1 Uew-a |

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

Sl 1 I8 WM 39 YA W S ot TS Sl Al SRS HT e Tt Sl
(afs grfasr ifass X feem &) off 31 Ty fRdt somEd gfwan (M9 fE
Tew-&™) & faw 9 > 0l

G'€T Ini2lbe ¥°€T Ilnr2ibe
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3qT&0l 13.6

ISTEIOT 13.6 e Frfafaa s gemm iy TR
28y =238.05079 u  2He= 4.00260 u
2%4Th =234.04363u !H= 1.00783 u

237pa = 237.05121 u

Tgl Ui Pa d WeUfRfEH (Z=91) 7@ & fau 2
(@ *XU o o-&F ¥ ScfSa Sl qiepfad sifs)
(b) =WiEE foF *55U w@d: Wi IS Tal HT Hhdll

&
(@) U 1 Uehl-&@ THiw (13.20) o STHHR el &1 39 Uiehan | Seafsia i

92
o faw g @ :
Q= M, - My, - M) c®
T ¥ KT T sfihe SWied g H wfaeenfud & W,
Q = (238.05079 - 234.04363 — 4.00260)u x c?
= (0.00456 u) c?

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

(b) I 225U | U Ui 1 Tq: IS B € A &E-fRaT 39 R ferdi-
% U — §'Pa + H
If =g uforan w9a &1 @ 39k forg,

= (M, - M, - M) c®

(238.05079 - 237.05121 — 1.00783) u x ¢

= (- 0.00825 u) c?

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

8] ufswan &1 Q, Tk, BT ©; 37d: SHHT T&d: &fdd B H9al et 7l
288 AMYF W TH W Ieioa w o fAw g5 39! 7.68 MeV SsTl Y&H
Exeiuil

13.6.3 wter-g™

der-a@ | foRelt e § T Soiged (B—&™) 31eal Weh difsied (Br—&™) w1
Tord: S Bl B B—& el pr—&r oh HEr SeRd e @

WP %S e ~ (13.22)
2Na 2?2 Na e (13.23)

3 o Tl (13.14) 9 (13.15) & R & ¥, foow fF 7% wnyfer ¥ w1 ST
Tt fof 1 T A afrd 2 Wy 39 e i ed-aTy (7T, ,) W SR S whd
21 SR o Ty, SWiek &l o forg ered-eng wH: 14.3 f&q @en 2.6 99 @)
p—&d o Soiagiq o IS o 1 & Uk U () 1 oft Sl el /1 den
B* —erd o wifsigi o Wy Al (v) w1 Sedeid gl B1 i Selaiq i g o
g HH FAUE (FHTd: ) el SEERE U7 B §1 F 3T FUN ok HY ke
&ffo1 o=l e ed €1 A fom fopen o3 uiel w1 igd @€l w0 (gest o) Wi
R T Gehd B1 TE R0 B TR SR TR 9gd hied @l




BIEED

p—den B3 & & § A e A TE 9Red ¢ po&F A hT WA
HHieh Z, 1 Afeeh 81 Sl €, Sefen pr—&r@ § 1 %W 8l Sl 81 p—ed | qa AAh
HihA =g w1 WA | S 2

n-op+e+ -~ (13.24)
SEfeh p—erd | W 1 =g | S g e
pon+e + - (13.25)
TR 1 SoTH, FEH % FoH 9 F1 8, o W e,
= e [T, (13.25)] Fod TE & R G R, B
Safeh =2 T UieiH § & ot e ¥ off G @ [F.
(13.24)]1

A4

E,= 1.17 MeV

13.6.4 THT-&TT
WHY] % HqEE, AfWE § o fafee sl 'R oen -

v

E = 1.33 MeV

STSTATSIA STerE ql AT STaEd| BTelileh 3ok Fsfl oh
el o ercafuer fafa=Tar gl §1 WEiveesh Sl &

60 ..
Ni
28

WCVWW%,WW{WWWﬁWﬁW 137 13.4 Tifiqe & 97 & o St

SR MeV & hIfTHM &1 Bl 1 ST g Iqfd Afqes

AR Sreeen s1edn At sraeen H Gehfhd &l @ af
T o T HST T o 3 S THA Sl 1 B IcdrSid 2idl 2| T8l TH-&F
FEAM Bl T8 FS (MeV), FIRX X-ThT0N o TRER ¥ 7 s arel fafeon 9
Heiferd gidt 21

T fordt T foRTr BT ScESia, UewhT 312 siel-a | fasest Tifiyen o1
ST eTareen ® @A T reen | gl §1 S e SRferd etoen | oI i
yferan o T Wi STUeT Uh 9 2Afid Wi (FHAR HHHU i AT H) Hl
IS T 81 1.17 MeV a1 1.33 MeV Ss1iaf &1 T TR0l o shHar Scasid &
YT 3TR $0Co AR o B-&Td BRI ooNi 7ifver ¥ &fad e w1 ufshen o
wef¥fa B 2

13.7 -9RT et

o= 13.1 9 =9l T gfq sy sua-ssi E, 9% W A =30 Td A= 170 % =
Tk e R 90 1 T I H U A S-Sl TR 3R (8.0MeV) B T
fehi, A > 30, STt 9T TS WY A(9RT, A> 170, 9l 90 §, S &H Teed & <@
b &, Wi fasiv Su-Ssi 8.0 MeV ¥ ¥ B A S-St @ifues €l 39 st
e S e 1 el M HH NN URUTHEEY A i A hel deH-Sel
aren e fRdt 2ifies el arel AR | T 8 @ e e aged g
et i fees o < W I G sifesk AreAtyw somE el (fodea) st gk
iferent w1 forelt i e o HaeE (SorE) o1 Ul § wE d g B

FHIel Te Ueiferad S8 qRafie el didl | et weEfte sAfafmeard g 2
el foqed e aTell Sl soee dice 1 Hife w1 et B vt el T
iR W, MeV shife st Sl faqer Bidl €1 o7 5o 1 THH H o fore, THmfTen
Wil ekt STUen IR G @l T Sl fae i B1 SEEl & foY, 1 kg
e o faEed o e 10140 i I B €, S 1 kg HiFe o 564 9 107J
Soll T Bl 2

y-TRToTl o IS T WA el Fel TR ARGE|
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13.7.1 fa@s=

e eartfaed @l o oTeren AR W = AfARTT FU S WA, =g,
U 07 37 & YRR G BN oicll T 1T Fiehaneti W &M 3 | 7 9o o=t
2l

fageT T Hecqul =ggH- e AT gfwan 21 foe o SSem: 59 gt
e TaEfTR 25y W gL W YeR wUFl Sl § @ 9 < WAt SeHE el

92

TR @el § faated 8 9 ©

ol 5 U §°U g5'Ba 5Kr 3;n (13.26)
Tl foren © A s oot AR o = g ot Se © HeRd €
in Z°y Ly Psh ¥Nb 4in (13.27)
Teh 3 S R

n2PU °Xe 2Sr 2in (13.28)

% fagfed saas eanfoes Afas g & iR 39 a9 9 B-& &1 %A =
@Al & 9 ah foh oid Tl @e ww | el W)

1w S e 5 fagie sifafwar o frdea st (Q -wm) wia forafea =i
200 MeV &1 &ife &1 el 81 TEhT Meho g9 Fead i &
, AT 5 Tk A AT A =240 IR T A= 120 % < @el H fawfed g
| &

A = 240 ¥k & fAU E, @9 7.6 MeV ? (F97 13.1 @)1

A =120 9t fa@fed Tifvs & fau E, @19 8.5 MeV 2l

- U feRrE S-St i @l T 0.9 MeV @l

37d: SUFA-Soll § el dfed 240x0.9 1€ 216 MeV |

fogea =t weTistl 1 fase ol 98l sE-3cRl aun =gl i fast S o
w9 H HeAltd Bl 21 3id § T8 AHUH o o Fl g&iaid Bl S o &9 H
ufifora & St @1 g Ruged o Afvets fagsd s 9@ faga Scc g 2l
THY] o § foage g ool 98d St st AifrerT fawed @ € sa= et 2
I T ¥ g o faear o g8 == it fop et fugew 5d % & 2

13.7.2 Tfuaa Ruaex

Tt (13.26) @ (13.28) ® afvia foeed 9 wh aifa Heeyol TeT wdid e |
forgte foFe § T SR A w1 S e 81w Reem e § i
2.5 =12l 1 Scufa el B1 98 ek U € Hiifeh b forge weAren ® 2 =il
A S § 3 I A1 el el 21 A St =g ot foreie feRaeti Y yree
T Hehd B e IR off erfues g2l R Scaft B Wehd! €1 39 T S@el atfufsma
1 GHEA S B I8 foraR weue TAReR! wH 3 @ Al g 39 Sfeen- st
=1 Tfad &9 9 FEta e Sg @ 5wk el S Rl g wendt 81 e
et o @&t g 21 9t g@en sfafwan aifEta & S 9 o fagsTed
ot St frfa 81 ded! =, St T et vt o o @i 2

eTetifer, fendlt sfaret eifuferan i difta e o T @R gfaen €, st for == afvfa

Ty @ T 99§ R w] =g (qrde =) g i =gl T etdam 25y H




BIEED

IRA § TRETY] ISl HIHAHH i BT . SH SRR T (1909 — 1966) & g § T L=l Wi
o WY & | T IRME, Ui Aty uge R Afetd Ruaer (ST 9ed) i & @
frmfor on fr 4 3TTEd 1956 3191 w1 & foran gud Gafiia fEw w1 $eF IR S H qeh H wE
T TR 7o o 3Heh 9% 3Ed ISt HeAl 1960 H a1 HAel fedl RuERR (CIRUS) o1l 40 MW oh
39 RuaeX ¥ yrpfass 1 S99 o1 7@ T8 A S Aeh i 16 SWIATA fohdl T off| STy TF |5t
q o ud yrEifs vt faam o fafe= e | forqa ot w6 dicfed foReml weieE o wed | 3wt
&1 fafire ITcfeml ° T o I | TRl Welad 993 i W v 7, S99 9Ra § So gadeee
Taheert (RUaR o o 99 goF § ST foEe i ud 3R ekt Al sl 7ol A1) 1 JF J9rd
fopaml @ o S e Rt vy & fow g fre e, s s - wfern, gitfa (1L 10w 1), 4o we
I I <90 1 TEen oe1 Y Ruaet @ fe U-233 1§61 i @ie s&dwe fonan 9 €1 S| T
Y T 2 WY-RueRe w1 qiufie 3evd Ui SHA 8l @, oA A9 TR Td dehieh! oh fofer= qafi W
gier o forg glaen wem o 21 vy R fafe=r gaeenfert & Scured o i 9% g € fer fafa=
Sei—sa, Sy, iy snfe § sugm )

FIRT F A 2 YE U & 98 W T F 9 & gmiee w et fawm o fou gifem o
fagereria foega wifem WeM &1 ST SR TRGeRTa qepdient o @l &l o et o1 Y| 9= o <9k
o YESTdl 9o |, WRA W WAIUae @S i €@ 1 S i g, SUH Ig Hohd At R el 9w
9ER @l ogd Hifia €, W e & Wer wat| e § €] SUeh oUR € BAR <9 3 AT vl S
1 TH A =0T H qh T ATl A TR Uge =R B Uishfash FRIEH i $H o €9 W TH 9 S
1 Hh o ®9 § Yo Fehal ST B 1 Rt o erufyrse i gddiid o | 9w i eE-239, TR w0
T <irer Rweret # $o o1 ™ el 21 5 Ruad i i goeh Ruse safey wed € it s S@an qfman
1 ST W@ o ToTu dftg =gl 1 STA B € (37: Wk ki STEvashdl el gdl) 3R 3 wiferd S ok
rfaftem, 59 T =1 o T w €, Su9 erfuss fagevier w@ef (wRitEm) =i 5= st <@ ) daa
=T, S Sefentiern 2o o fewa o aifues weweyl 8, T de gome Rl o 3He | SHia ¢
S iftFm-232 #1 faaeTeiia RfEm-233 & a&ai R 6 37 fou fasim &9 @ o= e oifs gt
o sEHe fohw STa)

e T FEE S T T R T SR S & 3w e e o % fo s e w
Bl TRl B1 < 7 WSl SHYM Td ScaeH | Se feton, Wi st saared, Rt w5t @, Feio we gere,
AU S GG ST, Wi qeneien] W Y Wiw Y foren 1 wdifed Wi Stet Ruset (PHWRs) S <91
¥ fafer= Tl W SAIC T ¥, Ueel SROT Y quidl 1 Gohd I B1 R TS Y SAgedshdl 9 ik Wi
ST o1 SeAEA Y @1 ¢ RUE &1 = UF Yo a1 o Hee o foeqa qeen yew aen el fafeon 9
e Heleft g S T Sl @ uier, YRdE TRA] S hEwd 1 TEEH 2

fageT =t s wifgehar 21 foea ® fanet dig =2 o fage gfwan o &1

T TR oft 1R Fehd ‘
2351y o foged ® Seqfed =i 1 3Td Sl 2 MeV &t 81 3 =2 < T

o a1 wew 7 foman Sime, frem ifet @ fean T fomm & Rugex & smer freva

I e TRl 9 37 dd =Ml & fau g@en R (chain reaction) &

TC WA W e feraea uered & wgd Afueh W Sl Sevdehdl Bl ¢l e 455



% Hifaet

456

http://mwww.npcil .nic.infmai n/All ProjectOperationDi spl ay.aspx

WA | AR vifem WO

:

=[2HI 1 ToTeh =[2HI o T WeATe Heg g Wik oAl Wl €1 Sk H, S
o JANT <9I o BTEgoM o 1o YeArey TRt § =g oher R = W € qen
UG Sell W N o ot St @1 gg feufa o9t & ® S fm fepdt wiqwe wiw
S Tt i T feoR THM et o W SAHA-THH i il 31q: Ruged o, @9
=it - Afgd % T famea Ayl & @ gereh Aty (9 sTemss
(moderator) %&d &] w1 T foha Sl 81 WA: Yo 8 el 3Taweeh Stel, IR

W& (D, 0) T Joh1ge &1 ST WA STHEH F5 (BARC), g o 3780 Rugrex o
W#mﬁmmﬂﬂ%ﬁ%l%%%m%%éamﬁm
o eraveeh oF ®Y H A Sl 1 SYAN Bl 2

3T o SN o R0, fRd TR W e =gl o g1 fa@eal =1 9en
1 39k TUsel TR W el =gl o g fo@e &1 9@ o e 319, K &1
M T § Afersh € Hehdl €1 39 STUM i JU FR% (multiplication factor) Fed
£ 78 Ruat & =i 1 gfg Wl 79l 81 K = 1, & fog Rueet &1 v9fa wifas
el @ S feer wifed Scared &1 wgfa o fou Ufeses €1 K1 0 T 9 a1t
M W foran X qon fugr &) vifed & =Remdie! (exponentially) 9 o gfg grdt
21 K1 | Ueh ! &A1 o I 7 8 W Ruset arfasrias gl S aen ues
¥ forehie off &l Gaha €1 9 1986 T Ioh o <Hifeet Ruaet o gan faehie 39 gas
e o W1 Al € Tob Rt Rueex o whig gefe foart fammerent &1 wehd 21

fopan < Frarvr chefiem S =giA-smavivss gt ¥ o+ 759 gl (control
rods) gRI1 feran S 81 Freiser wei o erfaftea Ruaed § e ol 1 off vge fopan
ST B 3 &Ik Dl hi SRl Tgd W sy # i 30 & K1 aM vitsan
Y TF § &Y R S FFar 2

Wehfdeh &9 H U S At P H g 288y weeenfie A-fowsA g

21 519 38 fordlt =2 1 T80 (capture) BT 7, d 37edd FeAtfaed et w5
Seared fret fepanedl 9 e 2:

wU+n  32°U  ¥Np+e”
29Np  2%Pute " (13.29)

wRifEe | 63 <2l & WeR 9 faged e gwhar 21 e 13.5 | ardig =gh
forgg W anefia freh et Rueet o1 wefiga wrey <gien w21 fuse 1
i AT foraed =1 & 21 399 SUge Ui g ®9 | o e d 21 I8 Lo,

WHiTh €9 § TR S Al PEH 1 STHe 25U | g agd A o 31 Heha
21 e H =l *I 7T X & fau 7w (moderator) @ B €1 TR H F e
(leakage) %! Uk o foIT i Tk Wad (reflector) @ Bl g 81 wh wgfea
viiderer g1 forged o el So1 (3W1) o1 FRAR gern S 71 forafea e
IS o TEATEA o Ueh ok Tolq Tl ol 2 &1 39 9t ewen 9 g iehnes fafenol
T e 7 A A o AU TF Fod H ST R S €1 =2 o Teior i
I=d &al el Bl (S o Shsfem 1 &) & Suan 9 Rusget i & fman s
Herdl 2| deish ¥ IO Tk HREHH T8 1 ARG &1 St @ foed & o9




BIEED

: _\ ads —p
¥ > Tafe w1 WY
IRREED b I gRades
= < w1g (g W)
Tiiesw 9
S|
4—

fora 13.5 T =2 fa@ed W enenfia fwedt A fRugeX &1 Wefia T

1 S BIel B 39 919 9 ez 1 e faga scaed g 21 fohddt o wife
gt =1 9ifq & ikt Ruget @ okt aen o Frefs sar fead €1 ™
TRt FRefwl o Feor  fa9iw e < e ® e 3 eanifaea qon
TR Bid 81 Rusw & Herer, S W@-T@e a9 =Af9d $e o forg forega
geen g fopd i ©1 9RdE W] el wEwE § A gien g fafire €
feartfoea orufirsel 1 w0 Wlehd qeN STeusial gl § URafdd e i qraanst
% 1T & U Uk ggfed Sugs Ae o fahE W s = @ R

13.7.3 AR EAIT-at § FHstt S

ot 13.1 o gifan o SeA-ei oo T off <wiian @ for Afg S ot i ey
Teh YR S8l A oG df el e et 81 39 UihA Sl AYHIT Gord
FEd &1 TH TE BT Tl ToHieeh ATATHAST o o IS A= Ky T R

H 'H 2H+é€ +v+0.42 MeV [13.29(a)]
H 2H 3He+ n+3.27 MeV [13.29(b)]
H *H S3H !H+4.03MeV [13.29(c)]

srfafsran 13.29 (a) ® T WA ot T 72 e T difered s § 3R 39
TRRA H 0.42 MeV it Fererdt ©1 stfafewan 13.29 (b) ¥ 1 572 faerr difermm
1 ToTehl THENR o €1 eAfafwan 13.29 (o) | < <72 et wh difesm e
Tk I o 21 Hored o fore <t ikl 1 sa stferes o o1 sTavess © o
o 37or o9 STRitd TY-WEE AR S99 w1 F Hoh| gl qHl AITH
YT, ATV &, o7d: Sk die Shelld Widshtvl €I 37d: 39 sheild STeiY UR
F & fau ggfaa o g1 STevash §1 39 felld STk H SR STeN ud
SF=AfsRa T ARl B et W R wedt #1 Sseww & for, 9w emar 9
T S Fehell © o < WAl & fIU g% STaegTel (barrier height) TRISTT 400

Wy axnu/ABieuseNNU/S3 1IAIIJe /NPS"MessUULY TZess//-dny

i Hphie pEIS-kite Dbl th 14 22N kidbylll
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keV 1 @1feren Sererd Tifent o foru staivguan X o siferen gt fenelt wier
T | el gRI Felld STalie Sl IR w3 o fou gafa e 8x10° K dd TR 91w
81 Ghdl T1 T 19 1 9o, T (3/2)k T= K5 K %1 99 400 keV @ |
fepan =T Wemen €1

Sl I START A 3 L o fw AfIeha Heaq a-5 § g =)
AEYThdl oH TH o1 1 € foh So4 1 a9 q6 qoh SgrEAl S 56 ok feh 3ok HUl
T STYAT AU TG R RN, Shelld STEdY i UR A IS¢ 39 URAT hl arg
T Gorg wed

AR o 3fd: qeel § Tl Sl o1 Wid a9 AW o 21 g o shig w1
TN 1.5 x107 K €, S o 37d Sofl o ol o Herad o g atesaen Sraiha
A9 H TR hA T TR gF H T a1l Horme giwaet ¥ oied Seist ¥ oy
fereh Sl a1l WieH 9 e

q: A9 A9 TT Ferd 9gd S=d ard Ud g W &1 €l Hehal © 3T 19 o <o
=1 U feufaai ohaet aRi o ST W & Suersd B qR W Sl S drq-A1qeh
G o Hiem 9 & e el

g o B Al G stfalme T SgeR wiwan € fed wre et |
et 21 31d: G o hie | BEgiSH SUF B iZ-912 (p - p) T € 5N T
Hfed g B, frfataa sfafwanet o @y g = a1 gehal 2|

H 'H 2H+e" +v+0.42MeV (i)
e"+e - y+y+ 1.02 MeV (id)
H |H 3He+ y+5.49 MeV (i)
SH 3H IHe H lH+12.86MeV (iv) (13.30)

el srfafsman g1 o fau =g sTevas @ T usell diF sAfufward <-<f o) &
3R 39 YR | goioh diforam Afieh Tt S 2oy o1 T ek 9| 3R
T 2(1) + 2(ii) + 2(iii) +(iv) W foar & @ Fa g9 g,

4H 2¢ 3He 2 6 26.7MeV

T (4'H 4e) ((He 2) 2 6 26.7MeV (13.31)

IFd: R TSN WA foadt T% iHe WA SN © SR TW Whkar
26.7 MeV il e et 2

et dR ok fd: Yol W ohaw glfead 1 € FEfo T g Se-S e o
BTESIoH (o™ | ol 1) %W Bl §, IS 381 B oFdl & 388 a1 379 Tocd
o N1 Hepfad Bl © TSEd hie &1 a9 9¢ Sl €1 7% %his & a9 10°K ah
¢ S 1 Fodd i fRal IA: 8 i, W 36 9 gifaem s ¥ aiafdd gel
TH TR 1 UiHd § Hero gl 9% FoAHM W ATl qedl o1 S 81 Hehdl 81 U




BIEED

Fe-e1 a6 (Fo=1 13.1) o 309 R fee@ 9t qaat &1 o =@ sfsran 9 =2 =
Hehell|

g 1 M I 5x10° I © 91 € HH ol <l @ b g i 3R 5
3RS T e S T ok foTy Savdeh SIEgISH SUied €1 $9eh YN, BISSISH h
ST %ok ST e g ST 2 ahm| 390 T ST0 o oF R Hefad g e
forad gd = e ®1 a9 e 39 g 1 Sl R0 e i faed g T
TN M4 (red giant) ¥ aRafdd g STam|

Tk R A % faeed § @ 0.9x235 MeV (=200 MeV) Ssii faga eidl g, afg
A 50 kg 25U 1 Yede e fafed 81 ST af o9 4 x 10'°J S5t 3¢q=1 Bt I@ Sl
20,000 7 TNT o ¥0qed € S Tk Hel faehie o fag v 81 st 950 § Aifqeshid o1 i
At fee ] faehiec Fedmn 21 6 SEd 1945 %1 4§ | Ueell IR Tk A IfHd &1
STAM fohan T STHRERT 7 WU o vl M | us s 99 firEm faewie 20,000
TNT & |oqed ol Aeaifoed Ieasl 3 T &0 ® 3,43,000 fanfaat aret e o 10 o
fordtiHTer &3 &1 T = f@m 399 66,000 TR T, 69,000 ¥ U, ¥EX &1 67% & Afesw
TIRG qe9-78d &l TR

Gorga sifufmanett o fore eaveas S=u am faded a0 g1 Sca= fhan <1 "ehat @1 1954
H 10 9 =9 TNT &1 fovhicsd @ o IAqed Helfaehie &1 e feman = 3 aq 5+
HESAER D HHWlFﬂw',Wﬁ'ﬂn@gﬁﬁwwW%ﬁT%, gIESISH aH Feald 2| TH |
ST ® b g Sifsremedt et efemR wenftd Y T g € S 78S Tk 9ed SO W %E 9R
geeft | St 1 TR FR Gehd B | TH A g faeag @ 7 fat gedt o1 adar S T g
ST, e 9h eartfoea Tufdte M aret 9a o fau ot gest X Sfem w9 A 78w
37| Sgifaes TS o U W S YREYA SR A1 € SEeh! yrIfE (prediction) 7€ @ f&
Tk a1 AT Iid g0 IR € S =it earifaea smfere aea #1 @@ agHed ¥ R’
AR g ¥ gedt Y AR o aret @t fafwon w eEEnfum % A

13.7.4 THafaa amu wivena gaa=

forelt OR ¥ B ATl aq-A1eeh e Ufsham 1 a0 U arq--1eehia giaa o foman
S 21 et el domm Ruget 1 Seva Tifet™ €oq &l 10°K a1 o e o
TRH Y TR Wik S ShET BT €1 39 99 W SU eFTeHeR ST qe sersril
(eraT) 1 fagor g 21 Jf 9 9 H I WA ok fau i o Suersy el
?, 3d: T A9 1 SHE @ Tk AT @1 WRA Gfed fova o g <91 39 gay o
ferrall o TorehTd & TATELE €1 3 T o Gkl B W, HEA @ foh Herer Rugt
AN I T AAHT i YgH B |

459



% Hifaet

3TE0T 13.7 T=fafed vl & sw <fs .

(a) = Rt stfufwanet o e (St fe 9m 13.7 9 e ?) et
R (I o AT 2H, + 0, 2 H,0) & &9 | Hqfed €2 afk 7 af
fore &9 H AN IR FHiR0 Hfera g

(b) =fE Wi ek =il &1 "en, yes et sifufwan o e wd 2, faeht
et sfafwan § fohe YR Soqum, St § (31 SHR Seidl) aeerdl 87

() T IR ? o Shae AfeRTa e § € gormH-Setl Toh SR | aget S Gehd
& Safer TEE e | 78 w9 6 Bl 21 TS He 6 8| Gy

&

(a) forsht vamfer sifafsran o Ggfad em &t feafa 5 & sifufsewen & et &
Sl AR gl de o RETEt w1 e 99 el @) Rl weEtn safafme
¥ wEt % go1 GAsE § e O g §1 W] R Aiferta sifafwer o
AciaRor o € Tehdl B 37 A AR § Yk deT o WA T TEA
T TR B Tava® & ¢ i, Aawa st o wieH qen =gt
Tl 1 GEAd gk ®9 U Gifed el €1 [arEd |, ercfush Sl o uRded
" 78 o ff giafiea g 7t 81 o%ga: Fo & 9 et ‘o g’
Gferd TEd €1 BW 3 fave W F8T S @R fererR el ] et stfufmanati
[ foh Gefiertor (13.26) ] & WY o ST 3R Gl i GEATd qen =g
) e guH-yoE w9 § g9 2

(b) &H SFQ & o e 1 duF-Foll 1 AR o FAUE H HOTHS AEH
(soTum &ifd) =i 21 <ifer fohel fereRta sifafsran & wiefAl qen =g <Y T
et wferd et ¥, o7 arfafshan o ST SR =g qen WAl 1 et fawm
T (rest mass) THM Bl €1 TR forel fwepta eifafsran o sl ik &
TRt T el FeA-Sel AAfRaT o SRR SR o AT T Fed TEF-3sl ok
THM BT a9 el 81 37 SeF-Setieh o1 i et sifufeman § srawifia
B aret s1eran Frehe drelt el oh ®9  Uehe Bl {1 it S-Sl SoAHH
¥ ATEH < €, ;€W hed € Toh fehdl et atfAfhar ® < AR o el
THAMT 1 SR S o ®9 W qRetdd 8 W @ (A1 36k fauia el el
TUH % 3 o ®Y ¥ qdfdd & St 21)1 39 ®9 | kg rfafwan
SHUH-Ssll oh A FAU h1 Teh ST 2|

(c) SATH-3nsll ok Td T hi gfe |, foagiaa: T @t sfufwa afrea
stfufsan o guey 21 e et sifufwman o sraenfua steran ferer archt
Solt AR o6 AT TR o wRaropsti qen oTupet i qumfie (Tifvwta &)
T Seiiel o SR 1 TR HIA 2| ok THEAE S-S oft foet ey
AT 3] o ohel SN H R UTHS IR (SedH-&fd) i <9l 2, gafeag
&0 Frend et gerd © o ferelt ramafes sifferan & ST @i o qRamopsti qen
VAT o el TAAMT 1 AR Foll o ®Y W YRafdd el STl € A1 ol ohed
THOHl o 3 o w9 W ufEfda g guifase @ S R i, R
ToEfe sifafsran § Sam some afadl o1 g Tty e ¥ ga
S @l 1 gl § e W@ [ HH Bl 21 WH ®9 H T@ URon §
for @ Wi B T (S T T R) e wemte afafwer § i
FHAH-FSl 1 3T FART &1 BIail

3areur 13.7
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BIEED

RS IRi1)

. WO TCATY] | Tk AITWeR B 1 AR i gl g1 e i e

WA T B @ 10* T B et €1 WA 1 99.9% W 3t gorHH
i & TAfed 2 2
TRAUET % TR W FSAHM, WA SA9H REA (u) § WY S 1 g
o STIER 1 T FFAE &K (1u), 12C o T WAV & FFHE o6 1/129
AT o e Bl B
1u = 1.660563 x 102" kg
ek & T FRETT o g1 @ S =2 Hed €1 HhT S e Sl
& g § S Wl @
ot et hY TRATY] HEA 239 A o WHIvee e § Ui g B 2
S G&AT A, WHIvae e | Uil e =i St el T oF SER =it
% A=Zz+N; T8l NIk | fommm <2 #1 g fffe w R
Tk AT YN Ao Toh Fgs (nuclide) 1 2 X gR =79 3 &,
el X9 TEEte Sifa &1 Gohd
AN T S Z, W fafv= =g 9@ Noh JFise Gaee7e e
F1 3 =eise fSieh feIt SemM G& A %1 0 GHH € GHETRe a9 o forreh
T =i WE& N1 7 UM © g9l HEdn 2|
AfereRTST e q A1 ek FEEAR] o a0l B &1 qe 1 TREIY] FAEH
Yok HHEeh! o SoAHHI 1 9T A7 2idl ©1 STel R o diead qeeent-ient
1 el Sgerd 9 T
e i AR R IEh! Teh e feffia o1 s wehdl 31 selei
WU FEAT o SHR TR A i a1 1 H1 S Gehell &1 I8 1T R
fir TfeRt 1 Foeen Freferfad 93 & = B 21
R=ROA1/3,
W&l R, =T Fdih = 1.2 fim. 98 T € fof Mfereh o1 e A W FAofe e
I SR T8 10'7 kg/m> H1 HIE 1 el 2|
YR ok 3 2 TS W e WH Yool AM9H o g0 59 B
TH o i T W | fadg T wan
AT SoHH M eHSN 394 el o el SoAHH Sm ¥ S Bl 81 AR
3R TGoh Tl & FSAHM 1 W FTTH &ifd Heel B
AM:(Zmp+(A—Z]mn]—M
STEHEA &1 SAHH-FS 19610 E = m ¢? 39 FFAE @ &l Sell o €9
o 39 YN oF Bl T :
AE, = AM ¢*
Sl AE, T4 &1 q47-Foif Feard 8l A= 30 ¥ T A = 170 F=9H
TE % WY § 9fd FfFAdi S-Sl w1 HH e e 71 98 a8
MeV wfd =fsai 2
TifrerTa afsransti o St Sei THrEfeh gfmanstl w1 o o TR <9 A
T sferk Bt 21
fopelt forenTa gfehan w1 Q-M © :

Q = sifqm nfast et — yRfe wifas =it
Y-Sl GUETUT o HRUT, HE Hohd € foh

Q = (IRFYS SEmE 1 A - ifaw gEHHT w1 A

feanfaeaar o8 uftseT € foad <t T gonfa o e, o A1 g Ay feRol
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Jeafsia teh B 8 Sl €, el o-foheol giferem o s §; B-forol

TSR € qel y-Tehtol X-fertoll, @ oft Bt e o faega geashia fafeno B
11. Yfeatfera e &1 F9m 8 N () = NO) e

273 2 &k st faeen feortd 2 et eamfvs =t a1y (T, ,) 9

T & TS ShT el WEA NSkl YRR | i et T Wit 21 drea

A e THA € A N oo YRR W R e 07 99 @ S €
T)s L2 In2

12. ST§l ¥ ggd1 | dfeq ek it ggar o sfq Tifs o et g @
Foil forger et 21 forgea o w9 Afwes <1 B el § fawtea e s
2 Seewnd, 250U+in 12 Sh % Nb+4ln

13. Tg q24 ok famied ® foa =2 995 2 € Sud a1k 3o =i ®, e
AR H HAEA TS HT T 9 IR § IO T ATl I <2,
U forgie 1 YRH HYdl 8| w99 faehe § sifEta gaEen sifafma
St & Bt R1 AR Rueer § e FeEf o feor St w e @1 Ruge &
=2 9fg O ke H1 HE 1 > @S 2

14. GoA ¥ ok s foeet Tk g1 e s §) g gfed g o |
BIESISH TIHeh! 1 Eiferom Ties § Hered o1 %1 9id 2l

aitferen TfdT oicy fammd LiECT
u

S-l
s
Bq

feoott
Taemuia faua
1. TR Fo7 1 el 1k o Fes R R T e &1 ] SeHmE e
g | &1 ureH 7@ Rl

2. T YT gNI T1d 1 TE AR i A 1 | Uethl 0T ehiviA
462 YR W 16 1 T B W e T o T ) U safere €, aeifen, geiee




10.

11.

e

Weh 1A IR o AT forawor o guiferd g € STeifeh Yol ol 3R 39 S9
3 HU AHTT Fo7 W gIfed B

MR R §oAUH TS o1l ol GUGEA! E = me? YaR1d fFT 91 o oI5 o190
TH T WU TS el WU o gush T @l 9 @l e, 9
FEHHM-Soll TRETU] o Ueh Wehiehd (74W &1 a1 ohid 21 Wepid | 8 o ora:
YTl @ q1 SHehT fovaEHg THIol ARt Hifdeht § qre S 21 Seq9H e
Sl 1 ugeddl oh M, AT el 19 39k Wi §d oh &9 § 3TN
T SR 2| 3@ TE H ST ek, TRl AM9HE qihA (8T e
rfuferan) o Q-9 =l YRMTH T 3ifcm SeamHi o &l o =ek fepan ST Hehal B
(9 feeria) seq-Soil o i JHia Te i @ for wmad Tfrwt
AfAfemaTd T9a € Sl &1 geteh ATWehi o Hera § o1 Teh HRT F1i9eh o WieAieh
TAM el | AR o foged § <@ ST Hehdl 2

Yo o fae geter MfenR! o qata URfYek St gt =feq difer o e fasa
3ERIY oh UR Y Feh| &SR0T € Toh Heaa o felu e7eg=s g 1 STk
Bl B

TEfq (W feerai) S-Sl o Tad © 3R T ofiR-+fY €l st
% Wd 390 “He, 60 M =[Figel o foq R g €1 78 W] 1 ae
& g ° off St A B foRMEaT 1 Y=o WA S 2

&M < o gelaR-WiTSIgi U hUI-Uidehtl 79 B S7eh SoaH ThEHM 2
TToh STEE o YT WM 9ig faudia gepfd ok g €1 (F8 9 T @ TR
S U TS U UH Ui Tk WY S € dl Uh-g@ ol feeie
(annihilation) X 3d & IR Y-l BieHl & €9 § Tl Y8H HW 2
a-8F (SR ScSi) ¥ Seiged oh §1Y Ichiid 8 arel Ul Uit
(—) %1 T Tl a*-em@ (e Saasi) § =it (v) Seafsa g @1 =it
T G-l F1 T HU-URART T el B Whq § Yl h H T
iR B 21 A9 TA-Hie S 9iei @ gfaeor €, e e =fey?

Th god g S S € (n p e )l Ry, 38 @@ T g WA
T & WA T T TH BN BT FRO T8 7 TR W i 5HHE =g o 5oHE
I g § ofiel w9 B 2

W U A1 el Seasid o 18 THT Scasi il g1 THT Hhi2H Scafsid Hich
HIE A AR (I=aa) srawen § e st § died 81 Uew e
el IS & UTEI IS AHE S T § @ Hehal 21 Th & AHE
Y (S8 fop fost 13.4 & <91 71T Ni o FehTo1 H) 7T TR0l ol SHHeR ScasH 38
1 o1 T JE © T ARt H off wrAmE € e fafae St W g 2
Feanfora ek o ST 1 e 2| Tk e H wfa o fog =g e
il i S T ST TRTSRT 1:1 BH1 =IfeT) SR AIehi o €A o g o8
STUM 3:2 B =g (WAl o5 e oM drel fehyur oF g o FReA o fag
sifereh g ot TRl BRT1) S T ST ohi 7 T aet ek STemel Bk
{1 51 et § g S1ere W i e St 71 o W, (Wl ol o) T
HEETehi o | SIS 10% B T €1 37 ek i &9 W e o S
S 8 (3 TRl R TSI W o, p., d, n S1EET 3T 0 o Fed gRI S S
B1) | S e v o ueie o @i el W off sterind R S €
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13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

ARMH
AN o U BA i § FAfAfEa e ek fau syanht fag 8
e = 1.6x107'°C N =6.023x10% 9fd A&
1/(4ne ) =9 x 10° 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(;He) = 4.002603 u m_ = 0.000548 u

(@) eiiferm o6 <1 Torel geeentenl SLi Td [Li 1 Sgedl o1 9fder el 7.5
TH 92.5 B1 T GHEAIh! o S| HH9: 6.01512 u Td 7.01600 u &
Hferm =1 TTAY] A 1A RIS

(b) R o = Tt Teenfr OB wd B ¥1 376 5o w1 10.01294 u
TS 11.00931 u T R 1 AT 9 10.811 u el °B wef L' B &1 wgern
M it

Tt ok i el ToeenfeRl 1 Sgerdn HAW: 90.51%, 0.27% TS 9.22% 2|

T qEEITeRl o TRATY] SAUH HAY: 19.99 u, 20.99 u TH 21.99 u 7

1 A TRAM] FoAHH 1 i)

TgISE A9 ('2N) w1 SEA-Fsi MeV H A1 HIST m, =14.00307 u
frafafea st o sMem W JSFe wd 200Bi Tfyehi i duF-Fs MeV ¥ 3
FTU m (35Fe) = 55.934939 u m (2Bi) = 208.980388 u

e U T Tk 1 SoAME 3.0 g ©1 SH el i MU HifeT S 39 foeeh o
et =il T Wl 1 TH-3W U T A & foTu Trevass g1 werd o fag
A o R fase pofa: $SCu wmet @1 e € (SCu w1 FemH =
62.92960 u)|

frefafad o fa Tfyenta g fafax :
(i) 2°Ra®l -8 (ii) 27Pushl o-&3
(iii) 2P B-eFl (iv) 21°Bj ®1 f-&m
(v) §Ch1 p-ama (vi) 7 Tc =1 f-&a

(vii) 1 Xe 1 FeIRA aqﬁm'zrw

T fednfes gt H g Tad ¥ fRat @HF o 918 sueh! Ufeee,
Rf9eh Tferadl &1 (a) 3.125% T4 (b) 1% & ST

Shiferd shTegeR 5o i T CfeReadl, Ufd UM hied o fau 15 & gfd fie
€1 e Wfsre, Tor TRt '2C o We-we 7o A H faem e
"2C o SR Bl B1 ST BT g B W AgHE o W SHRT 3 R (S
ST Gferd Ufseadn i ST W@t ©) HET 81 Sl €, q gHeRt Ufaeadr &8
B IF S 21 1AC Y 9 ey (5730 =) SR A it At T Ufeeaan
o SUN W gHHT HiTehe 31 1 UM 1 S Hehell &1 T JUcdl T o We
B ATl 'oC SRR (dating) Tsfa =1 fagid #1 98 AMET & Aiesicel
ﬁwwwaﬁﬁmgmgﬁrﬁﬂzuﬁrmw@%f%mﬁuwaﬁ
HfTehe 3T w1 STehald HitsTl



13.9

13.10
13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

BIEED

8.0 mCi Hfsraar %1 Weartfoed wid o< &3 o faq S0Co &1 fohat A1 Hi
AT Bi? 9Co &t erufg 5.3 = R
05y &1 78y 28 o T T THENFF F 15 mg F1 e T Fw 22
Torof o g 197 Au TS T o SHEI 17 Ag W1 ARt B o egaa
1 Gf=he |H A hifSUl
(@) 2°Ra T (b) 22°Rn Tl o o-&F1 | Scdfsid o0l 1 Q-HH T il
Fell A iU
fear 3:m (2°Ra) = 226.02540 u, m (%2?Rn) = 222.01750 u,

m (22’Rn) = 220.01137 u, m (2,°Po) = 216.00189 u.
fediariee ''C &1 & frefoliad SHisw o SR el €,
6C & B+e'+ : T,,=20.3 min
Scafsfa wifsrei &1 sifean s 0.960 MeV 21 SeauMl & fefefed @
few o &
m(g'C)=11.011434 u M m(}'B) = 11.009305 u,
Q- T AT HIFST TF ScfSId ifeigia ol STFIshan sl oh W o T ol
HifsTul
25Ne 1 Ifs1eh, § ScdsiA oF W91 & 211 €1 39 -5 o ot wefieReor fafa
IR IS ST bt SAfeehe™ TSt Soil T BTl m (22 Ne) = 22.994466 u
u; m (¥ Na) = 22.089770 u,
fordt iferta stfufeear A+ b —» C + d &1 Q-°F f=fafad gt g/
fefoa g ¢,
Q=I[m, +m, - m,-mJlc
el f5u U germE, AWkt foim oM (rest mass) B f&U MU sAfwst o
YR W Sy o Frefofad sfafwand somerd @ =1 o
() JH+¥H ? H+H
(ii) ZC+5yC  7) Ne+,He
fRU MY TRAM] S T TR T
m (?H) = 2.014102 u
m (?H) = 3.016049 u
m (12C) = 12.000000 u
m (3 Ne) = 19.992439 u
A fF &1 e AW o & T9F s@Fal 2 Al H faged W fa=r w3 1 =1
1 gfte @ 7 foesd Gud 82 39 ToH 1 Q-HH 1A Hich IO qeh T&d Fil
@@ ¥ : m (®Fe) = 55.93494 u T m (2 Al) = 27.98191 u

239py o forded o1 9gd F8 220U @ foerd-gerd €1 ufa fagie fogea sfraa

94 92

Foll 180 MeV ?1 3R 1 kg I 222Pu % weft wam forafed & ot fheft MeV
et fomaa grft?
e 1000 MW forees fruaer o 319 €om &1 5.00 o H = &1 S 81 e
H zad feher 25U en? W < for Ruse 80% e it &t 7, 39! Fqof
St 20U o faged 9 € 3 g € qon 20U e shaa faed g
¥ & == w2
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13.19

13.20

13.21

13.22

13.23

13.24

13.25

13.26

13.27

2.0 kg SR o @[ 9 T 100 912 &1 faga o farat 3T wehifera w@n s
Gehdl 8?7 W stfafsman feted ot S Hehdt €

H+°H 3He+n+3.27 MeV

T SIS F SAFA-TEA I TR oh AU Felrd oY H HAE GBI
(Thd-pel™ ST HY HAE H1 AH 37 YA & dd o a9 FHeAm
YRR oT o o SRTe Bl € S Uh-GE ! GUeh B W S W Sk s SYRIfd
B 21 TE UH Gehd € T g7 2.0 fm wereh e oret 38 et #1)
THEFTN R= R AV o SHR W, 13T o TerTa 5 1 o o 3T 8
(s1erfa AR fasft 78 @2 2) 1 76l R, % Fradi € wd A Tk w1 Form
e 2l

et forss | B (Wifsiei) Scasi &1 U 1 wiaantt gfswan @ 99 geree
RIUEY (Capture) ®8d € (SO0 WA i s He, 59 6 K-%ar, 9
Tk Tk Sl IR T ol ® SR T i, v Safsia w2 |

e 52X LY
WZ%W&ZA*WWWQWﬁ%ﬁWW%ﬂWW
¥ A €, WY TEH fadm sgHa el

Tfafem 31T

arrerd gRoft o AT %1 Sied wE] e 24.312 u @ T #1 Fw iEa
M, ool TR 8k THENTHT ki Qriel sgerdl o MuR W fan 7)1 Fifry
% il eI T Ik FeUEH TH YRR ¥ - 22Mg(23.98504 ),
Mg (24.98584) T 26Mg (25.98259 u)| THfd § wra fiferam § 2 Mg
H1 (FoFHM o ER) ageidl 78.99% 1 3171 Al qHENfTehi 1 Sgerdl
qRehed Hitsul

I JUFRT Sl (Separation energy), IR¥M & STIER, T8 FHll g =
Topelt e | b =32l i FehTer ok forg aareeres gt 21 el TR g st
T WA Fh s0Ca TH 27 Al T BT =2 GRSl T IS
m(20Ca) = 39.962591 u

m(;3Ca) = 40.962278 u

m(%Al) = 25.986895 u

m(75Al) =26.981541 u

forelt i & wiewRw o /el =emss ffga € 2P (T, , = 14.3d) T £p
(T,,,=25.3d) TRT & 2P F 10% &7 W 2l 21 30 90% 71 W FT
o fau forad w9 ydten & gRT?

Fo faftre afiftufal o, T T, o-F0 | A FEAE are T 601 Sctsid
Fh afad g 21 fefafad sm-ufkast © faer Sifs

Ra  Pb iC

Ra “Rn jHe

3 S & Sishaned o T Q- w1 oM ST 3R <wiiey TR <A wfsmard i
1 gfte | H9a B

e =2l g 238U ok ferded W fomm ifstw) forelt fargiem wisan o wierfies sien
(Primary fragments) o &e-&74 o T¥=T hig = IHfd T8t BlaT qe



BIEED

40Ce T YRy AfH IR W B 2| fowed ufEa & fu Q& AW @

YReRe HITST| SE9Teh 3MhS 36 YhN & :

m(*$U) =238.05079 u

m('35Ce) =139.90543 u

m($Ru) = 98.90594 u

13.28 D-T Afufshan (ggifmm-difead =), 2H °H  He n W fo=R whifsm

(9) = faw T siwel & MUR W Afafwan & faged i w1 7H MeV | A
Hifsu)
m(’H ) =2.014102 u
m(3H ) =3.016049 u

(b) SFEIREH TE TrEfeam 3AT i a1 T+ 1.5 fm 7F Sife) 36 st
o, I ATeRT oF A Spelm Hfaehtor | IR 9 o foe ferat wifas seit i
ATEYThdl €2 AATehal YR i ok forg TG (D e T ) =i ford @ ao
Sftad foran smn =nfew?
(Gekd : fet Goram foman o o sevaes wifast 3istt = Hera i o Hem
il &1 fga ardig iast S = 2 (3KT/2); k : deesH A Fedis qen
T = TH d9)

13.29 = < T em-AeE |, - 1 fafwor sgfaet wd g w5t ifieran fas

Fold Fa shifery) feem @ -

m(**®*Au) = 197.968233 u

m('*®*Hg) =197.966760 u

198
79 AU

1.088 MeV

0.412 MeV

T2

198
8o Hg

o 13.6
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13.30 T & FIFR H (a) 1 kg TESSH o Gl o6 999 faqad Hei 1 GReped

13.31

FHitsT (b) for@ed RuaeX 7 1.0 kg 2%°U & foa@ed ¥ faqea o &1 aieed
HIfSUl (C) T (b) Tl ¥ fomger Hetfstl i gar ifsrl

M AifST foF 9Ra 1 weT 2020 % 200,000 MW o wifed S o1 21
TR 10% FTRTT wIferd G 9 o g1 €1 A fon Ruget 1 sfgd s
Tyl (oA i ferega o uRefdd e o1 &mar) 25% 21 2020 o 31 e gAr
<91 1 ufd o forae famieta ifem &t stavaesar gift 25U ufa fordem saafsia
FsT 200 MeV 2



