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~1.992647 x10° kg
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=1.660539 x10™* kg (13.1)
] SEEH HEE (1) § = hid T fafa= aell oh =] $o99H, BEge
TRATY] o SSEM % gl S o fehe UIg o €1 Ry 39 M o e gereeelt
AU off 21 SR o oy, e 1 T S 35.46 u Rl
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m, =1.00727 u = 1.67262 x 10" kg (13.2)
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m_=0.00055 u FI ¥ ¥ W FHN o TR T BEGoH o T I THEAH

memﬁ%lmﬁwmﬁéwmﬁﬁ
U S SRt fafrEt g wEmeenat § ffda fee s 2

Tfger o A WAl w1 € B €1 Wiei TR Tehish Jol 39 Bl € SR U
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Bl 81 sy forelt ATy o e ® el ot G, 9eAd: THehT AT ShHih,
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o T BIdl 81 98 e ST sheal @ foh wAnget o iRl o Wit o erfdfte
oMM @A aren 9% 3TEH §F ft Tk qA "k o OIS o ®9 H g g
21 39 gemew &1 gfie, 1932 ®, S dsfam gu &1 T fN= <@ fm e
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o B9 STl AT W = HiT) w1 SR H Sl €, q e Fw S fafemion
Ieqfsid B &1 @8 ot urEn e fom 3 Sere fafentor, €iferem, wee wE e
S gk MRl ¥ THUHT ST G Wl e €1 39 9 9% o U
s 33 fafewo wiel (faga gewta fafewr) & o ot wd gam g
o e &1 T e W YA =en R oAk 3 ssEe fafeer wed % 9w
B A TR ot 39 fafRaon &1 gor o 98 oifusk et s dRferad iRt
TR Yol U i SOR ¥ I B ¢ 56 GHE o GAH w1 g, 5 =efaem
q TarsHe @1 § BA A, 3H@ whoeuw H gaifed o fo S fafewon ®
TH T YRR o SIEH FU B E TR 2 Fed T el T GO SR
e &1 STEM Y, I=IT TH AU KU H SHAM Ad HE U ThAA U I,
S8 ed & SoHM oh T SRER Ui AT

e TH [ H1 SOHM orcafush FAenefdl § WA Bl 98 ®,

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

2 H @S o fau defas #1935 % Aed R ° geif R
T Uk oK WA ok foodid U geR i orerEl gl ®1 U@ U W, Th
TR @ T IR (3 go FU) % ®9 H aifyd g S 81 ueh! sied
AP M 1000 s BT F1 qefy, Wfaw & iR gw Tt e 2
ST Hehdll Bl

Z - TR FHF = Wl i G& [13.4(a)]
N- =2 & = <=2 &l G [13.4(b)]
A - 57HM 9&F = Z+ N

= <Al T FeHl B Fa qew [13.4(c)]

WA TS = o fau Ffaeraid wg w1 ot SwE fRa S ogeRar 21 e
fopdt wmm] § feRrEE GEN SUHl ST W@ A Bl ORI
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e fordt dc o THEAITR] 1 Gl hl SRl W GHSEl ST Hehdl B
frdt ffu U q@ % GEReTtTeR! o AIfYeRT § Ui @ §en a 9ue et
WY d TH-gW W A w1 gen wt gfe @ fae gn §) egdfem 2g =
TEGISH HT Tk GHEfR T, Y U WeH TS UH M Bdl ¢ Theh g
et erEfeam SH | T WM T =2 B ¥l 9 W@l o 32 THE
B 2 5 gorm wemstl 1 TE A =173 ¥ A = 204 9% 2l g1 ¥€ 'Y
TEe € Wl goh © T dcdl oh TR U1 Sqeh golRiter faeE W fAeR
FW T i, Tt wATET & seieie e §uE e § SR EEth
=EER W TH S| BAl & SR SEfeT SRl ST WRU W UH B wH W
W SRl

W wefi Tfe Sl goomE Ge A §9F Bl © HYIR% dedd ©
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197 Au FEEIE ©
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ST BEY e 12§ 3@l 7, WIRIE 98 Sl detien o frele oRAr) ik o
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4.0x 10 m 21 Tl % WA T - & FehUH Hl TIBIE A T8 HHHT GHSAR
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gl ¥ gOfad B o @R EIEIE gN fRU U qReedl § W 9M §9sd
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R=R A"® (13.5)
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34Tg0T 13.1

34Te0T 13.2

IATEIOT 13.1 AR o AFHF 1 TFHH 55.85u T8 A=56 ¢, THHT AMHH T T

A hifoTg|
A
m,, = 55.85
u=9.27x 102 kg
SIHH 9.27 x107%¢ 1
TR 5 =~ = (1/3)1.2x10 5] 56

=2.29 x 10" kg m™
22 R (TF T Akt fig) § el 1 o9 50 7 o @i qorid 21 98
Terian & fF 27 dR ¥ 5o 39 Himn 9ok geiifed &1 T R foR =g T wE u ae
Tifesh ®1 TE FIER W

13.4 THUME-FSA qT AR S-Sl

13.4.1 THAME-FSI
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& TF T w71 faftme smufarkdr fasia € vect @@ A ST o T Rt sifufman
H ST Ud Sl STeTT-3Ter S Bl 1 TR S 1 e < foh SordH sheel
ol 1 THU T 7 R TH SHAA-Sof1 i Fofl o 374 T, SRt Sott 0, wRafda
L GHI & 991 fIahd gsH arefd ST ) gHHE § ®uaid S Ff 99

gk fou oEREA A S 4 SeHH-Se gugedd GeY i 9w €

E = mc? (13.6)

el E, 5o m o T9ged Sl € T ¢ Fafa o wehrer =61 9 @ forgent df=iene
HH 3x108m s Bl

IETEA0T 13.2 1 g T o A Soll ol GRwfed sifsil

&
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= g B 2
SRR o SAAM-Sell da¥ i YRR e, i, Aiae!, seeeHl &

3T BT B H WIS T KON ok S g et ekt stfafgwenst o etemem | w
1 21 et erffran & oot wReror frem @ sty @ Tl soram | dag ool
w1 ot el o wfnfed s dl TR Sl Sifad el o aer Bl 81 98 Fehed,
TR T IREARe ST fohanstl w Mt SmMl &t 9e o foae Fecyul
Bl 78l T F AT it fawa-agg B

13.4.2 SR SeM-Sal

AN 13.2 § g4 <@ fo iy =32 T Wi &1 o @1 o ¥ sTiferd © R
R o1 S, SO e =2 TS Wil o Sl ok et AN £m ok SHeT
BT e, TR SomM M, §<d Tm o ¥ U S €1 SEel o fo, gy




80 w1 | THH 8 W TH 8 g 1 1,

8 = &1 FFAM = 8 x 1.00866 u

8 UMl 1 §FTH = 8 x 1.00727 u

8 Tl @1 FHM = 8 x 0.00055 u

THiAT 0O R F1 ST S = 8 x 2.01593 u = 16.12744 u

FSAAM SUIHAET o JEM gRI W 6O T TRAY] FHM 15.99493 u ¥l 36
¥ 83cEHl w1 FHM (8 x 0.00055 1) FeH W PO F Wi F W 7=
15.99053 u 2!

5T B9 U © R SfeRiSE S0 i 1 SEM, 39O Wl o ol FeAHN
¥ 0.13691u FH ¢l TF o M TS 59 Hh! o THTH & TR AM, Hi
GoTHT &ifd hed €, 3R THeRT A 3@ WehR ek fehan e ® ¢

AM:[Zmp+(A—Z)mn]—M (13.7)

SoAE-afd &1 ot o ¥7 I W SRR H SHHH-Se gHgedd fagia
9T fert fsrar 21 =ik, eAferdiior fiTeR T SoaHM Sk SIeehl o ST o AN
(STaifera eTaeen § 8 WieiH Ud 8 =g k1) ¥ W TIdl ¢, SHadIeH AT 1 A
Foll SHoh WZH! h! TAJET Fefiel o A T HA Bl T A 9 Ao Ay
w1 8 Wedl Td 8 =gl H fo@fed & W@ A Rl A% SAfdfRed He,
AM ¢, 39 T I Y HTA! BT gHen foy STaeash T8 sl E,, SodAH afd
Y frefafed gHiwm gr1 gefud g 2

Eb=AM02 (13.8)

IETET0T 13,3 T WA SHUM UE o Gaqed Sl %1 9F Ted Sl 3R
MeV H F HIST| THehT STAN Floh 60 i 5odH &fd MeV/c® | o4 Hifo|

T
lu = 1.6605 x 102" kg

TEH] STl o W] | URETdd i o oI &9 THehl ¢ | 7O i € T UK ©
% s9
TGS Fei = 1.6605 x 10727 x (2.9979 x 10%)? kg m?/s?
=1.4924 x 107'°J
1.4924 x1071° g
1.602x107"°

0.9315 x 10° eV
931.5 MeV

A 1u = 931.5 MeV/2

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

- 100 I 3Hh Hewhi H fawfsa w1 & o etewas i 127.5 MeV/ ¢ Rl

AR FB A T WerHl ol TH-u" s, ff=a smeet @ geam aren
Mk @ S Al 3H GhA W AE, S He BO0 A8 Fel AE, WiHEH Y

€°€T Ini2lbe
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FY7-Fol et 81 afe B0 ferdl ek o ATHH-H0N ! STe-3eNT HTT
B T BH 31 HON ki pod ol E, T HT el TG A9k Hl EH TH FHR
drg et Wehd, TR off, T &1 Sem-el 98 o "ardl € © T TR s
A fgerai WeR frat o=l a@ ¥ 92 | TE o N w7 §ud vlE w1
TH AR affus U WY FyE-g gld Ffaerid, E,, 2; St T e =t
FU-e, E, TF 39 fqume s i ST A & a2

AE, = AE, /A (13.9)

T Ui i SUM-Fe Sl QH WE EWehd € T T TR e W gEen
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Sl o 1 uRaiia Tel e 2|
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E, , 1 "M Head WA s
o YRl T gor W STUETTHd
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3
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i

30 TR e frehel W wge wed ®
() o8 =t SR B T W R 9 MeV st 3@ i & o, T v 2l
(i) 30 <A< 1707 TH § Se-Fll shi 3T=dl 59 924 1 UROTH B T Afaia
T o7 TIT AT B 1 9 ek o stk feord Rt Jfaerai W faer i)
TE AT TH-USH ok Shad 39 FfFastEl ¥ gfad g St 9ok MR o
% o ® a1 € Ak HIE 317 HYfeera 59 fafire =fseait & Tifywg 9o
o TiER 9 arfues < W R, @ T Tl e S seA-Sel it ot
yuifad =&l waml A fear T o Tifveta 9o o aReR | stftead p
JfFe 8 Thd B, A SR dUA-Fl p o ARG Bl A TR foRet
Ttk 1 S-Sl ph®, ST kT i € foent fommd =@t & <t st st
Bl €1 o1 A B9 Sl shi HEA agehl A 1 W SgId, @S9 e o
iR ~fforeril &t deA-Se gaifad T8 arftl wifew, fret off sg iy o
Aferenier fererai= 5ok iR @d € a1 I3 w1 37del, e w1 se-Sell T
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% 3R SUh! WiTehe WM plcoh SR a1 &1 FIeh! o1 98 T[0T fSeh SRl whig
ek oheel 319 Tiehe o F1Teh! =l &1 WHIfed sial ©, 91T ol &1 gl
07 ATl B
(i) T orcafaer W) AifueR, SW A = 240, &1 gfd gfaeEia S-S,
A =120 % AIf &t g § F7 At 21 37, AR A = 240 FT FHE A,
A=1207 3 7Ifel ® 21 & @, 398 i sifush gga 9 ofteg & 9
i e @ & 29 vfewan ® o1 fogea g9l 7 fageT g1 S o 8F &1
Hecqul HereT i Ao el € forgen fav & g9 organ 13.7.1 ° ==
FH
(iv) eaT HINT fF  gorh 9w (A< 10) Fafdd B T 9 s s 2
TeE g &9 39 90 A UG femdi duA-Se, etk ARl bt i
YfererEi s St W stk 2t €1 shenT @1l 7g gen fon aifem R @ o ufen
o st qorl B @ifirek Sga1 @ Sfud ©1 =l ora ki 59 wfRan B off St fage
Bt TE gd % Tl k1 G € forer fawa | w9 egamT 13.7.3 H ==

13.5 A9 dd

98 oot S THTY] | Sl i T AR v 8 gE guifed e wet B ST
13.4 ¥ g9 <@ fF 3i9d soomM o Wi o fon gfa gfeemiT sea-sst e
8 MeV & S TTHT] 1 Se-Ss1l o1 ol § wgd Sifersh 81 37d: A9 § ol i
RO dfY T o fau U fr R o wifsreiredt SRt set shi STavEehdl €1 98
a1 31 SAfuen wifsenett g =ifeq o (uFefia) et o ote o

iRl ael Ak qeTe BT Wil Ue =il < Rl AR o gad
ST | | T@ w1 T I8 Ted & 3@ g ¢ ok ufa =ifaeriy dud

Sl ! STRAT ! 3 ol 1 oY WE THid ¥ HH W FWehdl €l
TTRTT e el oh Fo ATt w gaw § T G ™ 1 7w 7=

1930 ¥ 1950 & = ferw 7 faf=1 wamm g o gan @1
(i) YT a1, TR o o= o alel ShallH 9cl Td Al oh o=

feerfast =1t (Mev)
S
_/_Q-

T ATl THceTehNYl gl shi qorl § STt wifeene g €l

R e S 1, T S i e & e o o e \¢/
BT e e e e e o e | A | A T =t LS o M e o ~100

Fiifer MU a1 pard aell w1 gor § FfE o g 2l " r(%m] ’
TRl St T el o i e § 9 37ed gaet el €l R T
(i) —IfFAsT oF o= SO TR FB TR ¥ TfHeh i W 3o o ﬁaﬁﬁ;;gaﬁaﬁgﬂww
S A AT a1 dft W SRt Y €l Sl €1 56 R, i :
AU TS WES oh ARl H ‘el i T’ i feefd en SR @ R s
WW%W&W—@W@W%@WFW R i SR 9| ST e
w1 feorfrst ot iR 3o ot =t gt o Welw T AN TF FRFT it oo e w S v e
s ot 13.2 ¥ <@l = 81 o 0.8 fm g o, W fufas 1 = - a2
Foll 1 A A Bl 8| 3Heh e 98 gan T AR fiehi o o -

<t 0.8 fm ¥ @ifees Bt & o 3 w01 IHYY 5ot B € 3R 0.8 fm
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(iii) =LA~ - T FeH-Wed o o= o aTcl AT g T
M U o e € e o faga emeet w e @ e
T o oM s1ere =Jes o Tecda g ) Wit ik aal w1 HiE W
Tfordta w9 & 21

13.6 Yfsamufaeaar

Feafeaeadr 1 @ivl TTE, Sohte 3 T 1896 W HANTIY il AlfiTehi =l g9 Tl
T foreRifiia ek ST FAsifid U TG shi 31ea i U dohial o T Ak
e 3@ JEE-TeREm Gothe oF ® THSl W ST YT SIoH ok SIS SE
IR el TS B ofie f&anl 39 Yohe ok hicfthe: wie o ofie U =<t 1 Iohel
@1l T YR hE TS Toh @A oh A8 56 Wl heh ®I< shi Sdard fohal = ot
IE 9 T TR A8 wie wiel 98 bt off| I8 fohdl UHt =S oh Il gaT Bhm S
wAifiter ¥ Icafsia g€ BTl qe el S SR S A ol 9% A IR wie
T TEA T B

e | foru wu yE | <wiEn fR Heanfaa e Aifqeig aitee @ e
srerlt Tifer afod g 71 38 WSwifaed &9 wEd B UHid H i YER o
feanifea e e ¢
() o-&=, Sad difeem aifae ((He) Sdfa g €,
(i) P-&m, FSTEH oo AL qisie (U™ 07 SIEHT S @ Seieei o i

& B © W aY Sl SR o Taudd gl §) Scafsid B gl
(iii) -2, f5Ed S== S (100 keV stean 2ifier) Hiei Scafsd e 2

TTH U YRR o & W STNTH IUSTAr o fa=m fean smam)

13.6.1 Ifeamfaea aar o fam

ot feamtfea T+ & o9 o, B 1o y-27 81 T @, T8 I = @ fF uhw
99 | &9 g arel Al w1 ged, 7§ foume & el i 9e o
SFIHAU Bt 71 % w7 T # ikt w1 G N @ SR AtEHE § AN
Ty eifad @1 @ @

AN

ac <N
Hudl, AN/At= AN (13.10)
ST \ STrifme - e Siee faueT-feerie 2|

AtEHa § XU U g | iRl R Ge o gen aiadd ® dN = - AN 31,
(519 At — 0) @ N ¥ ufterdq &1 <X 28—

aN _ N
dt
+ AN &fd ITeR] ST T §, 3Td: TUHI HM Ued ¥FIHS Bl 21 dN, NH afed
7 3R zuh wE off fog 81 g 21 76 98 HoTcHw ¢ it ot NfThT B AN &
B 9§ 3R (N-AN) 99 @9 2




Yeh
dN
— = _adt
o,
T THIHOT T A 3T TGN i T,
NdN t
S - afat
AN J (13.11)
S In N —In N, = 2 (t - t,) (13.12)

TEl N, forell argfems amor ¢, W feanifaea el w1 we 21 ¢, = 0 W@
HHIRT (13.12) 1 TFafed & W,

m - g (13.13)
NO
e = wet @ €,
N =N, e ™ (13.14)

&I 3 A 9 98 ¢ T fagd oo w0 fedt =R st & frem o6 e e
AT IS FH 1000 &bl i Y (8 el foqfd ook oI5 o W= 31M) o1 qeaor
H A FH AR M w T A Wt T ww W afad (W) # S e
et w1 & ek yofa: fo=1 Frem, 39 Weaidfea-eraar fa9 & SgER e 8, St
THieRTOT (13.14) g =Tek feman T B

et T o1 &7 <X RUM Tohish 993 § &1f3d B aTel A9kl i Hea gt
21 A TR de SiaTe § et B9 el AifeR] i §' AN®, @ dN = — ANI
YT UM R &1 T = =it @

__dN
T ode
THIHT (13.14) 1 Adhed i |,
dN it
R =_E =7LNO€
#gal R =Rye™ (18.15)

77 feTrifra smar fam o 9um ® [ifE T, (13.15) &
leldyu djusij | ek (1314) il#r gk ¥=d: R = AN,
t=0 W &7 <X 8| fepedt ffyera oo (R eFd ) R, 39 G
Herfoa el 1 G N@ = w9 o Hefud g e

R =N (13.16)
Heamifaea Tfve! =t wen &1 o |, ffdl T #1 s
sferer TR AOA U1 § 91 SEeR Ueh (Y= A Gishaar
(UfFerdr) 21 ST SIHE st (Wiieh Bq) € S feafaem
o 3aueh BT Sehtel w1 Wfa o ffvea fan e R

. T, 2T1': 3T1/3 47, WTt»
| Sehtet w1 1ed | & uia Yehe € U U "o g

(welter Ci) “ff WM Y=o § ¢ S SIHE Bq W 7 ®9 fuw 13.3 feanifaa geifaat w1 =

T Hafad @: &9 TAF T,,, T & AW & T g

1 F8 = 1 Ci=3.7 x 10" &% Ufd ¥ehe = 3.7 x 10'° Bq 1 GeA e @ S 2

449



% wifae

fafe= ea-aert ot erad <X & atferes Toa=ran gt €1 5 707 st -3 o
YR TR A S w81 Tt ea-mfiew #t ei-amy (T,) 9% W €, fow

THE! We, IR wen (W R N)) &1 e (s1eiq N/2) T Sl O
(13.14) ®, ¥9F =T , 9 N = N/2T@ﬁq1

1/2

In2
T1/2 = 1

_ 0.693
A

(13.17)

. (13.16) o TIER, T=d: AR G&A N, T, , 79 | o7 8

1/2
St A Gfaar R o T wHa ¥ e w ST
T SR GEfud WEE SiHa-ang (7) ¥ st | oft .
(13.14) @Wﬁwww%lww t9t+ AL H
g T R(YAL = (LN & MAf) Tl 390

=0 © u @Oy 9 Siag

IVOC ClL QI 1 17 L\""l“l AN R LR R R AN |
= &) a1g. =T nqﬁ-:-nﬂ:n.—‘fn.—rn.—”r—,ﬁmt}\’mn
NCAL @t ViNle Q7L X171 mi 1= i 3\' hd i | OC

A=) T T
QT Me <

I TSIt R (1867-

<
N
G
—
1
I~
©
0
—

450

? for o el o1 Sta 1l W TU1 o A9eh! 1 S It

1934) et H ST

Afeepfos Te e A wd | U B €1 3T SAEd S HHA W B o o S SRl
¥ ygam foefll 1896 # 2 F18H B THT 0 H o0 Tk o ToTT AT (7T FHRTH) FX T
St g AeAfeT H TS =0 T ITTS AR H FA N, " A A B S

T IR 3T Ul frR =g w

ITh TGl s fawers o
fere ufta foran, former weraey
qeli— feom TE dat=H— &
YRl HHE gIA I8 YU
St off f9= <1 Aiee bR
W gY : Teell 1903 § sifaent
& fau ok g@w 1911 #
A o Tl

©

O] e dt
S

r=— 0 —l_[te‘”dt
N, 0
TH GHIHEH &l HH W
t=1/1
e B
IqUe IR ki B9 &Y § 39 YR Uk HT Thd B
In2
T1/2= = 7ln 2 (13.18)

T feafas q@ (S fF orfem e wEitem) et oo fova #1
A (ST 15 3Ra 9¥) shi Gl § 9gd A T, G 999 Il € fomifed e o
& q Yepfa H Sueted el B BIeliieh, SRl AR AfHismaAe § sTuieptae ®q @
IqEA foRan ST Eehdl 2

SETEAUT 13.4 &9 8 ® 25U =, o8 o o a7ef-a1mg 4.5 x10° 79 2
QSSU& 1 g T+ =1 Ufeeaan 0 2?2

= 45x10°y x 3.16 x 10”s/y

<
o
L |
E _45x109y



=1.42 x 107 s
ferdt TR o 1 kmol H STEITIS! T&AT o Se) WA B €1 37a: 1g,

238 o o 5 1
U o qHmet &t 9 e, ——
2 238x107°

kmol x 6.025 x 10%° 9TATY/kmol
=25.3 x 10% ?|
.. §FA RRE,
R =N
_ 0.693  0.693x25.3x10%
T - 1.42x10"

1/2

=1.23 x 10*s™
=1.23 x 10* Bq

SSTEYUT 13.5 4-21F g, 2Efean i erd-21g 12.5 9¥ €1 25 9% 1% I
IrEfead o T A 1 foham oiw sifosfed wm?

T ORI o STIER 12.5 99 918 5™ o T 1 Yo AN S| ST
12.5 98 H 39 M8 &1 TR T AT 14 9N 9= 37d: 25 91 9% S
IEfeam o foRdl 991 1 Y4 AfaEfed 9m &

13.6.2 UTHT-&T

250 o1 2%Th § e/ Uewi-& H1 U WElod S 81 59 i § eferm
e (1He ) Scafsld eiar 2:

oo U= 20°Th + ;He (13.19)

TeH-&4 |, e foees e &1 SamH-9&A &9 8 arel 7o Ak i
T H 4 W Al @ T WA A 2 FH B & wE: e ga afee 4X
o foEeTst ik A4y W T P 36 THR R FW ¢

2X > 41Y + He (13.20)
AEET o SoTaH-SSl Foeddl dae [FH. (13.6)] 921 Holl G0 § 98 T &
foF UT1 @a: &9 had & SR H FA FFHM YRS ATE o FoqqE § wY
B 1 frarfd o € G99 81 SoTHH | € 3R SCRI i TS ol oh &9 § @i
I B A FEHE w1 g W a8 Aa e 1 gk @ 75 2Th qen jHe
1 F FAUE add § 2BU ok FoHE 9 HE F )

YRS SHIH-SHo1 T &9 IRl i el SAFH-SHo bl Aa $6 Flhal a1
Q-9 A [T Fofl FEeldl Bl Vewhl-&a/ 3 o

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

Sl T I8 T TH URA § WHd o TIaSt Soll SAUST SART hT et TS ol
(afg wrfier Tifyer X feer =) off 21 oy fodt Somedt ufwan (59 fo
TewhT-a9) & fae 9> 0l

G'€T Inr3Ibe ¥°€T1 Inr2lbe

451
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3410l 13.6

IAEAUT 13.6 &6 Ao W] geamm fiu e €
28U =238.056079 u  ;He= 4.00260 u
2%4Th =234.04363 u !H= 1.00783 u

27pa = 237.05121 u

TeT Wt Pa dcd WietfRfirE (Z=91) d@ & fog 2
(8 *5U o o-&7 ¥ Scfsia Sl qResferd sty
(b) =RMs fF 22U T&q: W IS Tl X whal

&
(a) 55U o1 ToThT-&1 HHIEHTOT (13.20) % STIHR Bl 21 56 Wikl # Sefsid i
AR 2
Q= M, - M, -M,)c’
T H XU T stiwe Wi g H wfaeenfad e 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) A% 25U & U= WE 1 w@: SESH B ¢ A eF-ufwa 9 TR A

5°U > 3P + JH
afg o8 fwan Fwa g af 3ok fou,

=M, - M,, - M,) c*

= (238.05079 - 237.05121 - 1.00783) u x c>

= (- 0.00825 u) c?

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

= - 7.68 MeV

Tl WisHa 1 ©, I, HUMHSE ©; 3Td: THH Ta: &ifd Al §9a e 2
288y MR § TH W ScHrSId i o 70 BH 39H1 7.68 MeV st YaH

HET B

13.6.3 wieT-9

-4 | forelt e § T soiged (p—&1) ST¥aEl T ditig (B*—&d) &l
Td: ScaSd eIl €1 p—& Ul BT—eTd oh WE Seed e

PP S+e +v (13.22)
?Na - Na+e' +v (13.23)

3 e gl (13.14) @1 (13.15) & @R € &, fod fop oe wngfers &t =1 <0
Tl foF B A1 A G BTG 39 & B 9rd-eTy (7,,) § SR S wehd
2 ST o T, STE aR o fog sref-amg s 14.3 A @ 2.6 @9 2
p—&T B Solagi+ oh Scdoid oh T1el € Teh Ul (7 ) ol off Scdoi giar 81 den
p* &t W uifeg o Wy YA (v) w1 Scas gl 21 =i geee w1 ger §
9gd FH FoAHM (H9ad: I) d SFERE FU e B 3 3 FHI % Y chee
&fio == T o €1 9 famn foman for2t wered =1 wgd =<t A (gest o)
IR R Tohd €| TE HROT € Toh g1 HEEA wgd hicH 2




BIRED

pr—ae B*-T B el W SeaH WeN A el "eerdl €1 p—ed W AW o1 A
H Z, 1 e 8 S €, Safer pr-ed o 164 € Sl 81 p—&7 B gof ekl
iR =2 T W § SR 2

n->p+e+vy (13.24)
SEfeh p—ard | WA w1 g H THR0 B
pon+e+y (13.25)

W 1 UM, <2 % SHM W Y §, 7 W "o

= & (W, (13.25)] el TE o AT € I R, -
Seifer =i w1 92 | &7 gt e | off Horg @ (9.
(13.24)]1

E = 1.17 MeV

A 4

13.6.4 THT-T

WA o GHM, Awe ¥ off fafv= el =R B g
SIS SToree qer ST STaeeTd| BTeiiteh g7oh Soll o g
Wﬁmf%ﬁ?wﬁ%ﬁﬁw 28
HIfTAM eV &1 Blal €, Tafeh A K| kai . N
AR MeV o SHITEHM o1 Bl 81 S 2 S ies e for 13.4 i 7 e e
IS SraEen sreral ST e § HahRfHa e €
TR oh ST STl & oh ST o A ST okl il Scafsid Bidl &1 I8l TH-&F
FEAM 2| T8 FST (MeV), FoR X_THOl o aRER § &7 quresd ot fafeon 9
e gt 2l

T fordr T fRTor 1 ScEsA, TothT 1T Sier-ard | faseast i
IS erareen | @A w1 STl § el B1 S|t A1Weh STl STeeen o e
yferan H T Wi 196 Tk 9 3fieh Wil (FHIR Hhaul i 37w H) &
IeESH HW Bl 1.17 MeV qell 1.33 MeV S s T fRTon o e Scdsi
A IR )Co AME o f-& g ooNi ek o et 8 1 wfepen d
el g 2l

13.7 Tf9erta et

= 13.1 9 =9l g wia =feasia srA-Sel E, 9% H§ A=30Td A= 170 % &4
T e TS | B SH 9 H U A S-Sl e ST (8.0MeV) ¥l geeh
feRi, A > 30, oTel 9T TS 9 BT, A> 170, Ol 9 H, S €9 Ued @ <@
I €, U st S-St 8.0 MeV ¥ & 21 AR -3t 1ok &1 df 39 sifea
o S e 1 ol SAEM HH B URUIEEEY 9% i HH el se-Sell
aren fyes fRdt sifer SEA-Set arel e ® Said & et Sl faged g
et ot Ty o < W < 9 sAfus WeAfnw somm wel (fowed) s goreh
iRt 1 ferdt i firek o GaSH (o) Y 9fkA H TEr & e

FHIT o Yo SiH IR Sl Fidal § Soarerdt qHrEtes At et 8l
Tl foger BN aTell STl Soiee diee &1 Wi i Bl g1 Seieh ol Ay
TR |, MeV whife o Soil fager eidl €1 37d: 554 w1 GHH A o fofy, TErafen
Gl 1 e TR W el T el faged s 2SS o fog, 1 kg
T o foEe @ o 10 Sofl W it 8, Selfeh 1 kg iael o <eq ¥ 107J
o W et 2l s

l E, = 1.33 MeV

y-ToRYOT oF IS i ST Tl ol &R TRl
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13.7.1 fa@zsA

fae feanifaea a@ & oteman MiThl R 31 ARIRF FO1 S e, g2,
Uewh! 07 377 o YR ¥ B ol Aeh1a Fishansti T 4 o 9 7 9o aat
&

fageT t Teayut - Tk ik 21 faged & See: s« fahdt
R g 28U TR =g ¥ TeR U@ W6 € @ 9 ] WAt $oquH ol

92

s @el | foated 8 9§

N +ePU 52U > Ba +5Kr + 3)n (13.26)
Tt fopan o mreafies gomm arel it & faer g off 30 @ g €
N+ 25U - 2°U - 3°Sb+ $Nb + 4, n (13.27)
TF I ITE R

on+ o U — 20Xe + 55T + 24n (13.28)

3 faafea s Weaitfaea Mfws e € IR 319 qd o B-&19 1 e =ordl
@A ? 5@ 9 T ofd ¥ el we ura T 8 S

g S8 Ty = fawea sifafean o s wot (g -um) wfa fawfea wfus
200 MeV &1 FIfE &1 Bt B1 SHHT Ther &9 fferd i © :

A T Tk AfTE FA=2407 IR TE A= 120k I Tel H fa@ied g
2l s

A = 240 Tfqs & fau E, &1 7.6 Mev ® (5 13.1 €)1

A =120 9% faafed faw & fauw E, @9 8.5 MeV 21

.. i Yl S-Sl 1 dfer T 0.9 MeV @1

Iq: S-Sl § el olfed 240x0.9 3AYel 216 MeV €l

fo@es =t weTetl & faued ool 98 &F-3cRl a9 =gl i Tast S oh
w9 § Gafd g 21 3id § I STHUE o $o8 o BEdid Bkl o o ®9 H
Rfor e St 21 e Rl | et fagea e o foa Saed g @l
wRAT] o9 § e g arelt ged St afEtE i faee 9 € s e 2
TS ST W 'Y s foar @ @8 ==l hl o it Rueet 9 e w2

13.7.2 "iweRa Ruaer

TR (13.26) @ (13.28)  afvla foaed @ s afd el 9 wditd e 21
foreren BT ¥ U SRR M E SR A B 9 pfr faees @ s
2.5 =gl 1 S Bl ¥ T8 Tk U § itk o faged see § 2 =gl
TN FD H 3 I hi S Bt 1 3 Al =eiq o forge fomanetl =1 geemma
Y Tehd & qe 3R ot arfren il ) Scafa B wehdl @1 TEE U @ At
T GAE S 21 I8 foem weyy wiien! w4 W@ o At 5 y@ern-sifafman
i ggfad &9 9 FEha fea s df g9 e e e i 8 wedl @1 e
e ¥ =t g €1 9 g@en aifafswan sifeba 8 S 9 w9 fagsTst) @
oo St frfa et gendt ®, St for et ifrtar =m0 & =1 21

Breiten, et sfen srfafsran i diftd e o T IR gfaen 2, s T =@t afvfq

$1 i @ v T @ b He A (i =) B A = W e 25y §




IRA H THTY] SoTl hTIehH hi YHSA S SHl TEAR 9147 (1909 — 1966) o g B ST Lol wif
o WY & B T TH IRIYF, Uqerias STafsy Ted ARG AR Rugex (79 AMeh) &I T ud
fmfor o fS 4 3T 1956 ¥ 91 &1 & Rl sod Haffd Gfam &1 € 3R 91 1 Bk H1 R/E
TG fohal T o1 39 A% §HA F€t HeAl 1960 H 91 wArSl sfed RuaRy (CIRUS) 1l 40 MW &
39 Ruaex # urhfae e So9 &1 @ U@ 9 5 T3 i aRE SR fohal T1 o1l ST Te |t
4 7 wd yrfieR Afqenta fomm o fafv= e o fosga oy @l dicaifea fohanl hTeisH oh UBdl {1 JWIRT
=1 fafire Iuafsemi & ww o 2l o wRelt Wi EE 99wt e wd i, e IRa § o gadarem
qehiten! (U oF gad 99 oA 9 ST fomea Te Iat Mfusts |rft i 3T T) &1 |1 gerd
foranl o1 & S e R wity o forg e T e, 59 wnfirer € wefermn, gfvfan (L 11 o 100), 4@ wo
SHIEAT| SHITHAT <91 1 Teen a9 Ty Nuaet € fSEd U-233 =1 69 &1 @ s&9e far T 21 &l 9
Y T © wiY-Ruset &1 nefie Sevd wled SHA el @, o A9 o= TS qehieh! o faf= wafl IX
vy o fow gfaen wem w0 21 Y e fofa= et o sard & 9 9% 9 € e fafi=
e —se, sfufy, Sy enfs & swm €

FHEFH F1 A S99 YE U & 98 W ¢ F @ & g @ enfdw fawm & fau wfaa o
Torvareia faga wifsr UeM w1 W TR THH deheieh! o @it & o AR a1 S| T oh 391
o YR auf H, 9Rd o eifvaeh @i Sl e 1 S i g3, SHY 98 Hohd fiel fom @@l fm %
TR i =gd Hiffd €, | AfEy & 9er vaw o0 § ¥ SHoh SR € §UR 39 | AR wfe s
1 TH A RO | G B el A TR | Tee =Rl H Uihiaeh e i 69 o ®9 § U9 9N Wi
%! Tk ok &Y H Jg a1 S 21 Ruser o erafyre o6t gdarfid S W W Wi EE-239, TE w0
o e Rueet o $o o1 1 il €1 59 Ruaed i did goren Ruse Safery shed 8 wifeh $78 el qishan
1 &Y T o ToIq ol =20 b1 SUANT Bl € (37: Wesh shi SAEvaeshdl el erdl) 3R 3 vk S oh
HAfaftaa, g @@ =1 o e w1 €, 3HQ eifus fagseie gl (wRifem) &t 59 o <9 &) dfea
=R01, St defentfersn Ao o fede o Teifuss Hewagul ®, U8 dig yoe ol & swda W anenia @
S efifam-232 %1 fagesia RfEE-233 | aeit 3R R eieh forg fosiy &9 @ sg U wifs 9=
o3& fohT ST

1eft TR HIFRT o TE WO W TSR @ § AR iy o ST Heeh R =X o ferg off iRt
B g1 81 39 A Wi ATEUH T SaaeH | o i, 9 sl Seared, Ruget & =, fmie o ye=eE,
e Sue qEEeE e, Siverse dehiel W 9y U w1 forn 81 wdifed Wi il Ruset (PHWRs) S 29
o faf= Tol W &9 T €, UBS =0T k1 qoldl o Wehd 3d €1 WRA o7d SO SEvIehdal § At 9
Sl o1 IeqeA R T | Ruaedl &1 o1 U e <A o HaY o fasga gren e qen e fafeon 9
g Heiehh w1 el @ urer, R ] St e d i TEEE B

faged #t sa1 wifaskar 21 fawed | frarel dig =2 o fagsd wfwan w6+t

70T aTeX oft fha wehd # ‘
235 o e o Scnfed =2 1 S7Ed e 2 MeV Bt 21 3 =2 5 qh

o a1 weA 7 e Smw, fem et @ foran T fomm &1 Rugex 9 amer freve

ST &1 e TRt | 37 dg gt o o g@en A (chain reaction) i

T W H g faaeta uered i wgd sifere O ki stevashdl Bkl B i 455
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WA ¥ Af9ehia orfed wa T

|

2l i geloh 2l oh WY YARY GEg gRI Hid fehan S 81 aread o, <refasw
o WA A gt TR BTEgIS o WY Wearey TRt W =i orme fEer B S © qen
T el gie g o ot St @1 e feafq o€t & @ S fop Tt wifome wviw
1 el i 3T Feer Tq= el o WY SHH-9HA @i g or: Rueed |, dig
= 1 Hikd FW & o fawea il & @y gees At [52 sramcs
(moderator) Fed 8] 1 T fhan el €1 WiE: e BF ol STemesh wiel, Wi
W (D, O) T IhTgE E1 ST TRAY] STHAH % (BARC), g o 37aw fwae |
TeHTe o & W STl %1 AT Bl 21 YR Scae o foTq W WRd oh o e
¥ g o ®9 H 9 ST 1 SYEN Bl 2

3TEHSh oh YA oh &R0, fohell TR W et =l o g1 fa@ed &t 9en
F1 3Tk TUsel ®R W el =FIgHl o6 g fa@ed &1 T& & | U, K &1
T T 31 8 Wehdl §1 39 ST i 79 #R% (multiplication factor) %&d
?1 Te fluge & =il 1 9fg ! Aar |1 K = 1, o fon fRuger =1 wqfa #ifas
el © S TEer vifer Scured 1 ygfa o forg Ufeseh 81 K1 91 T § affueh
B W oA < qen oz =1 wfe T SETdTR ] (exponentially) shH =i T{@ Bt
B K1 | Teh 1 G o HUY 1 8 T Ruae s7faghiiaes 81 ST qen v
¥ faemie «ff 5 gl 21 T9.1986 H Ioh o =Hifaet RuaeX | gen faohie 39 geg
T2 1 TO1 Al © Toh ek 1a Rueey & =hig gefe fohaet fammeren i g Tk 21

fepan < Frreror chefiem S =2ia-raeives uqiel 9 o+ f95% gl (control
rods) g1 TR sl 21 Foses ol o srfaiten Rusedl § % el o ff v fan
ST 81 37 1Tk DSl ol TEvdehdl Tgd W e # 4 &0 s K o1 7 oS
Y TF § FH fHA S FgHA 2

Wehfder &9 H U S Al AT H g 288y et s-fagea g

21 v 3HY fREt =52 1 TV (capture) B B, € ered eAtfaRd weifem w5
Seqred Tt fopenadl @ @ 2

238 239 239 - .5
o U+n -5, U > g"Np+e +v

s’ Np > oy Pu+e +v (13.29)

R o 6E =g % TR 9 faged 8 gehar 71 e 13,5 ° i =g
o W enutia ferd Tfwenta Ruset o1 weefiga wed <gian 7= g1 Ruee &1
e A faeed 1 &% 21 399 ITgH |9 g &9 § 6 9cd ©d &1 T T,

Wi ¥ © U S At A w1 Srden 25U § gEx 9gd e o 8w
21 %I § =g = 6 3 & foly #esh (moderator) @ 8 &1 R A ¥ A
(leakage) %! ¥ o foTT %Ie Th Wads (reflector) ¥ ol gt ¥1 Tk wqfa
Yiidetsr g fergisa # ferelt St (SWT) i FRaR germn s 2| forafed et
IS} oh TATE ol ekl o TeIT Orsl ol Bid €| 59 W oo § eif-enieh fafenton
1 STE A M 34 o AU U w1 IR R S 2§ =gl o STeir i
I=9 el arelt Bel (S foh Shefiam ) 5) & Syam 9@ RugR i §g fhan o
Hehdl 21 Yideish ¥ I Tk SR §o9 &1 TAMAMRG i St © foed fo 9



; _\ aeth ——»
y L5 ZafeT & 9
= <, 1z 4« (s )
Tdgs 9
_—4_‘
A
‘_

fora 13.5 Adtg =g faden W snufa fedt Tifvwt Rt &1 Sefida Tnar

1 IS BIl €| TH HIG W oz i FAEHT fagd Scaed el ¢ fhE e wife
fiueet &1 wifa € Tfusa Rugex @ =t 9o § frefs saR fehe €1 =g
Tfehta freferl o fueto § foei e 3 e @ it 3 Aeanfaee qen
BT B 81 Ruee o He=rer, 396 W@-1@mE q91 Sid Su o faa T
g ey fRd W €1 9RdE W] Se e H oA geen e faime #)
Aeamafoea 2ttt i 5 Tfsra 9o Teusiar sea o gRafad i i FaraHnet
% g & fou T ggfed Suge Al % faee W we @ R

13.7.83 STHRT HATT-ar/l | Sl =9

o= 13.1 o guifan man dum-Fel 9% 7 off <wiiar ® o Afg < goeh e fiernt
Teh U o] AHp oA¢ Al Sl (e Bl B1 TH UhA S AHHIT GordT
HEd T 3@ TWE i ol e Afahae % o Seew A9 iy T

H+ H>2H+ € + v+ 0.42 MeV [13.29(a)]
H+?H— JHe+ n+ 3.27 MeV [13.29(b)]
H+2H - *H+ |H + 4.03 MeV [13.29(c)]

srfaferan 13.29 (a) | < Wi o T <2 T T difsrei s ¢ iR 59
W H 0.42 MeV S feherdt 21 aifafeman 13.29 (b) # < 572 e diferam
1 goTeh] qHETe oI 21 eifafsnan 13.29 (¢) ¥ <1 <72 fiee wh difesm w
T Uer 991 &1 G o foe 3 iRl 1 Sad S1fue I ST STavds © o
o 37on = i oTe-TEE YR 9@ S Y Hoh| BIalh QI AT
YTCHeR SATE B, 3Td: SToh §1™ Shelld Wiehtul BN 37d: I pelid STale IR
HE & Ty Tgfaa o1 gl Savash 21 38 held ey i S Aee ud
SR T AR W1 et W R it B1 Seen o for, @ e 9
T S Wehell © T < Wiei ok folg I8 SFefieqTal (barrier height) T 400

WY ONU/ASISUISNNU/SINTATIOR/NPI"MBSIUUY T ZBS//:dNy

D nwlie kia-Lite Dbk %h Lb 2260 kil
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keV 21 21fireh sqraeremd) Aifyent o faw startergmrar iR ot sifes =i fandt grei
T H Wi g HeH Y UK HE % oIy v ol 3x10° K g T W
B Hehdl 21 39 9 1 IR, g (3/2)k T= KH K% AF 400 keV W@H W
e T W B

HS I TN A I HH o6 AU MR Hordw wWa-g o g e
ATETTHA 9 56 9[d H1 € 1o £69 1 A9 q6 o SGM1 ST 6 e Toh $Heh Ul
A AT A T o R, Felid e Sl IR 7 ] WUl T8 WAl &l arg
TIHTT Gerg7 Fwed 2

AR oF 3 T W Tid ST b1 Wid ard AR Gordd €1 G o whig 1 A
TN 1.5 x107 K €, St ToF 3iiea Sofl o ol o Het o Tolq afereereh Sgmma
a9 Y FE FH T T Gd A B el Homd ufmaet o eied Sete § wgd
AAfeR ST o Wer W o B

IA: AT AR TT Fora ogd $od a9 TS e W € 8 Hehell € AR A9 U T
1 UE feerfaai ohael i o AT H €1 SUCe 21 AR H el S qre-iden g
HATH o Wegd 9§ g e 2

g o B Aol Wor arfufma T ageRen wiwa § fed segiem difeaw o
Tord! €1 31d: G o hie W BEgeH Se €1 Fie-Fi2i (p - p) T s g TR
wfed g 8, Frefofaa sifufswanet o age=a g7 = fohan S gehar 2

‘H+ H>2H+ €'+ v+ 0.42 MeV (i)
e"+e - y+y+1.02 MeV (id)
H+)H > SHe+ y+ 5.49 MeV (iii)
H +3H —jHe+ H+ H+ 12.86 MeV  (iv) (13.30)

=eft srfafwan g o foru T8 arevaes ¢ o weel | stfufsand gi-31 ar &
3N 39 Yo § BoToh Biferd A1eh THeleht S Sl o1 T A9 S1d| 37
B 2(31) + 2(ii) + 2(iii) +(iv) W fT=R =R a@ F@ q9@ BT,

4 H+2e — 3;He+2v+6y+26.7MeV

M (4 H+4e’) > (GHe+2e )+ 2v+ 6y +26.7 MeV (13.31)

;IR TEgeM WA fAeet Th iHe W] WM € R 3@ Wi o
26.7 MeV Feil e gidt 2|

ot R o 3id: Tee W ohal Eifedd w1 € i T2 g Se-sid Wi o
BrEger (Elfersm o agel 1) = il €, his 381 8 ol 81 3Hd ar 370+ TTocd
o 0 GopTad el & TSE™ IS &l a9 &6 Sl 81 I(E IS o1 a9 10°K eh
9 W @ g &t fope I B9 @, W 39 R gfeey s o uiafda g
TH TR 1 Tk W HorH gRI oS SoTHH &A1 oTel el sh1 S @1 Tehal €1 TR
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Fea-Set geh (fox1 13.1) o 3 R feo 9t aeat =1 faior 39 wfshan 9 &1 &
el

T & g T 5x10° I B A T IFHH oAl S 7 o g Rl 3R 5
IS N qeh T W@ o T Sk BEgie SUeTed €1 $Hoh UYEId, SIS
ST %k ST de g 31 BF TR0 SHE T ST e oF SR Hepfad g o
o g *1 i %1 a9 seml 390 g 1 el e e e faed 9
TN 34 (red giant) ® 9R@fdd g ST

T PR Tfew o foeed § @ 0.9x235 MeV (200 MeV) Sei foaga gt 2, afg
AT 50 kg XU 1 T e forEfed 81 ST @l @ 4 x 10'°J S Seq= gi| T8 S
20,000 27 TNT o THqed & Sl U 98l faehie & fog gafw 21 9t a0 3 s s &
At e TR faemie sedm €1 6 3Ed 1945 1 5 W Ugell 9N Th IXATY] I
ST foRan T SRR 7 S ok IR e Wt ey 9w i fasmie 20,000 H
TNT o §Aged ol feaifoed IOEl 3 Th &0 # 3,43,000 fanfaat aret wex o7 10 o
fRaHeR &3 &t T2 HT A1 379 66,000 W T, 69,000 A gL, IR i 67% I 3Tfeh
SANG de9-89 Bl TE|

o sifafsraistt o foau sevas =9 M fawed 99 g/ 30— foan s 9ehdr 21 1954
¥ 10 B 29 TNT &I faehicsh &Hal o IAqed Helfashlie &1 qaao fomar w4 a9 5
BEISH o THEATHeRT, SEIfem o difeam =1 Go=H 8idl €, Bggis o8 gl 81 Udl Al
STl @ T gan wiferemet Aifenta wferm <enfya we fgu U @ St "ES Us 9o SO T HE an
qedt @ o 1 THE FX Geohd 2| TH Afhg faeg@ @ 7 fads gedt 1 adam Sfeq = &
ST, dfeeh sHoh sATifoed AUt o aTet 9HT o foru off geat W Sieq 9us avg et @A
37| Hgifass TR o SMUR W S UREYA SERER Il € SHehl Ur[fe (prediction) @€ ®
ek o AAeRTE 3t I IRH B ST it eatfaed syt o #1 ate agHed § an
A gd @ gosft &1 T A A qefi faferzon ki srawnifia w1 AT

13.7.4 THafaa 9 Aifvena 9oam

foreh AR H e arel aru- AT Fisha o1 ®Walol Teh ard-A1yeid Jfaa 9 fwan
S 21 fordt Frafa dorm Rusex &1 38vg A9 o &1 10°K a9 & 909 |
T T Tl Wi S T Bl §1 SH A W S ocHeR ST al SRl
(esaT) 1 Taeror g 21 Sfh 59 a9 ol aH W@ o T IS oeg Suersd el
®, 31d: T 19 i 9@ W@ Tk AT 81 9N GfEd fove o g <9 39 ey o
il o foshte o ATERa B 1 3 WA o Wl B W, SHe © TR Her et
A ! o I e YeH S Fehd|
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30T 13.7 Tr=fafed vl o Sw dife .

(a) ¥ TieeRTa stfafFmeti o wHeo (S fF 9w 13.7 § fRu ®) amfeE
TR (S o U 2H, + O, 2 H,0) % &9 ¥ wgfed €2 afg 7 a
g 9 & M1 IR gHROT Sgfad g

(b) AR Wi iR =i 1 G, yeie feshia sifafwan § gifem @ €, fondht
Tferta atfafsran o ford YR Soa|M, St § (91 391 Sofel) okerdl €2

(c) T fa=R § fo ot Tfuwta ffan o & somm-Sett uh g H 98l S gehd
? et TEEte fma o 78 &t T 21 ©1 98 wel STEed 81 WHEy|

T

(a) Tt TomfT sifafsran o Tgfaa g =t fefa o fof etfafsran o avietor o
Tl AR Tl el o TRATSH w1 wen qu g @1 e qmEts st
o wHmpe o got gaeH W qierd O el ©1 Ry R At sifafwer §
Ao o B Tehell B 376 ARG AR § ew O o AR HT TE
T T BT STawas TEl €| BTelleh, TR Sfafwar § we qun <gght
Tl 1 Fead g w9 W WiEE wdl 21 [ard W, st ol o uiwes
¥ =g woF ot giafea g & |1 S%ga: ool 6w 9o el ‘SfE e’
Gferd Tedl €1 9 39 fava W gl o iR foer e ] iR erfufmanet
[ foh Tefietor (13.26)]1 W WHieheor o ST TR W1 w1 GEATd qen =g
1 @ gUh-gU® &9 § gHH 2

(b) &9 QI & o sk 1 SeF-Fl 1 AMHEF o FHAA § HOTHS TNEH
(sommm &fq) gran 21 i forelt et sifufsran & et qen =gt <HT 1
et Gt et ¥, o7 erfufsmen o Sl SR =gl qen Wi o1 e fam
MM (rest mass) T9H Bl 71 W fordt Mfusig sifufan o sl ok o
TEeRT Y el TEA-Ssll SATTRAT o SR ST o ANHRI i Fel dLF-Fsl 6
GHM T A9 6l 1 T SeF-Seist o1 e Aifuenta erfufsman o srawifia
B Al 1o e aTet Sl o €9 § Yohe Bl 71 G Ser-Sel 5o
¥ FNTeH < €, o7 TH hed ¢ foh Tohdl et stfafen & < iR o e
AT T SR S o &Y § URetad g S € (A sen faudd s e
TAYH o 3T % &Y § uRafdd & St 21)1 39 ®9 H Aifaia sifafwar
FETHA-Fl o 3BT H1 Teh I

(c) SHM-SS o &R0l 1 3t |, fagiad: weh et sAfafwan aifwen
sAfafsran & goew 21 et Tamafts sifafwman & saenfuq stern freer archt
Fo1t Tffshan o ST 3TR oF TRETU[SH den SAUgsTl wt wEEew (Afea TE)
T Sl o SR B T FHIA | ok TUElTE TeF-Set o fm wmy
A1 9] ok el SAHH | RO ANEH (FoTHH-41f) i <9 7, gafery
& Tt Friehrer wend € fon Tt <ramafep eifrfsran o ST @R o Aot den
ST % ohol ST 1 SR Holt o ®Y H URARi 8 S € A1 el ot
SEMHEl o 3R oF ®Y § qREfdd et gEifase & S @1 e, fad
Tt sfafsrear o o seme afaai 1 g Aty o o e
FoAUH il Y g § % @ T %Y el ¢ g 9 H A€ uRon @
& @ wia B © (S 9 T R) fF e twmte sifafwe # wE
FANH-FSl 1 ST EAROT &I Sl

JaTeYur 13.7
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1.

10

RS IR)
Yotk Y] § Uk AT gl @) A S e 21 s w1 e

AT T B @ 10* T B B {1 TH] AT 99.9% T A FoAAE
iy & Taifed g 2

. T % TR TR SAUH, THIY] SoAHM Al (u) W A W € gier

o STAR 1 YY) §HH $HTE (1u), 2C & Teh THV] & F99H o 1/12F
AT o SR B 2
lu=1.660563 x 102" kg

. AR o s TR o1 e @ 59 =2 Thed B SUht SoAHE S SaHl

2 g = e e

. Torel a1 TRA] WEn 239 A & Wi AR | Wl it GeT et 81

S WA A, THIvae ek § WAl ud =J2Hi i et WA % aeR g
% A=Z+N; Tgl Nk | foemm =2 #1 gen fide & 2

T AT GG AL Tk FARE (nuclide) H 2 X GRI IR W €,
Sl X 39 THEfeh gefd w1 Tohd

UM W] G z, Ry fafvm =g 9o N o aRe gaeeTe e
B 3 =piEe TSeh foTU ST SE A %1 9 GHF € GEErie e o T
fAu =2 gen N1 qH 9HH 8 gageitie Fed g

AfuehTel ded &1 1 Afush TrEiTen] o a0 B § | e 1 ] SeHH
U THEAHT o ST 1 IR A7 Bl 2| STl AR © e qeeenfeht
1 el Sgerd 9 2

. T4k 1 TR A ST Th B faifia &1 s gepdl 21 seiee

THIU FAT ok SR R A i 551 S 1 ST Wkl €1 € 9@ T ©
fop =fuent w1 oo Fefeiaa o § = Bt €l

R=R,A"%,

el R, =T i = 1.2 fm. 78 <20 € foF Mfees 1 o A W fAsf et
Al 3R TE 107 kg/m®H1 i 1 Bl 2

. YR ok SR M TE W oTed WE Yael AHEE 99 gR S99 e €

Tfeehta 96 =g Td weq | fadg T s

. 9T FoFAM M EH9N 319 319@dl o el So9H Sm @ Y gl 81 A

3R THh TIFEl o FHHMI T HR FoTGH 4T Feedrd
AM:(Zmp+(A—Z)mn)—M

SEHTET &1 FAHH-Fsl f951d E= m ¢’ 36 SN 3I@ &1 sl o €9
o 39 YRR oI A ®

AE, = AM ¢?

ol AE, T 1 a7-3ro7 deendt ¢ A= 30 ¥ T A = 170 5N
& o W § 4 e S-Sl %1 5 o 7 €1 98 e 8
MeV ufd Ffeea

. AT wfshanstl © St el THEeS Yihaiet & gol | e 39 A

T St B 2l

. Tt Tfvrta fshen 1 QA ® ¢

Q = oifqq Tfas et — URfYe TIfast el
S-Sl HL&TT % N, HE Hhd & Th
Q = (YR MMl 1 AN - ATTH SeTAET T A1) 2
edifreaar o8 uftee € fad & ¢ yonfa & 9w, o 71 g T
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11.

12.

13.

14.

Icafsia ik ®UANG e Sl €, S8l o-foreol difeam o =ifuss €; p-fasol
TR € e y-fereol X-Fereont, @ oft St aresd o T gekia fafeo 2
feantfaea e &1 F2m 2: N (1) = N(©O) e

7T 4 & v fomen oo 21 faret eamfas &1 ed-a1mg (T, ,) o
gag ¢ TSd 3! el GeA NSkt YR JM i emeft @ Sl @1 eiea
g ra'g;m%mﬁNamﬁuﬁwmaﬂe'lwmww%
T,,,=——=7In2
Ww%ﬁﬁ%ﬁwﬁwmﬁﬁmﬁwﬁqﬁaﬁﬁm%?ﬁ
Fott forgaa gt 21 foeed ® w9 faew < =R el o fawfe € s
8 SEEwm, 25U+in 1% Sb+ % Nb+ 4in

g 4o Toh forgies ® TS =2 995 eI € SUd 3ifersh S Bid §, @
sAfafsran &1 el UH FA 21 39 TR H SO B AT Yed =g,
U foge 1 YRH H ¢ AAhE a9 e § AtEtm gEen sitatma
oSt @ et 21 Rt fugr # 7 Fafa we fer @ W e @) Rua &
22 gfg TUE ke HTHE 1 TEE @S R

T § goreh AT fHoeR Tk Ser Aifas o9 §1 gd afed |eft art o
BIESISH AMeh! o1 e Heh! § Weaq ol o1 @i 2

wiew  foum R iPC femuft

M] u TAY] AT AR FAT HI R
FT o AU SoHH A | T W]
SEME THE, 2C TH] & SA9H
F & 1/123 99 & TR 2

[T s
[T] s o5 g foew feanfea 7@ &
TRl ] W URMYe W i
et ® S Rl
T4 Bq T feaiifd Hia &1 wfead
Ealkeiefl
faemoia faua

THTT G T S A9 o et TR R T e &1 T SHAEE e
39 799 &1 9o T8l

TAFMA YhIUMH GRI HIG i TS AP i 5591 1 T UTHT H0T YHIUE o6
SR W S 1 TTE 52 § opes Tt 1 e 1 U sy 7, wifeh, e



10.

11.

IO AT o STEw fIawor § Hifad Bl @ St Gt HUT SR 39 oY
= HO AR 4 W qq1ferd B 2

. STEREA 5N §o9HM TF o1l i GUGeddl E = mc? YRR fhT 59 o a1% 319

TH THANM W&V TS ol WU o JUsk i i §a el wd, 9
ToAAM-Sell XET0T o U Uehishd 198 1 o0 id 21 Uepfd | 78 e o&gm:
YTl 2 qel SHRT fovasHa THIor AiHeng Hifqnt § U S 21 SeawH e
TSl St THgeddl o T, AR Se @ 39k Wfed Hid oF §9 § ST
1 YR 2| 39 9 o1 SUE wieh, TRt Aifaeia utwan (s st
sfufsrn) o Q-F = YR Te 3ifad Seawmi o o) § o5 foRan ST Hehdl 2

. (9fa =fFeraii) S-Sl 9 %1 Yhfa g8 <t © o seaed Aifusa

siffrard G9a B S ) goteh AR o Tor | 91 T qR AR o HeAfys
TAYH a1t & ARl o farged § 2@ S Hehet 2l

. Hoed o fog gereh fvent ® vt uRfaes it gt =ifeT aifer o e fava

oY 1 IR FY Hoh | FE BT ? 5 Terg o fory sfegea a9 it S gk
B 2

. T (vfa faemi) S-S o Tad 8 oK 5o -+ &) qited= s

? W 390 “He, 190 % =[Feiizel o foig R B &1 98 W] & e
& g § off St S T IR w1 YHI M S 2

. oM 2 T SelaA-uife T HU-iaehl 0 2| Sk SoAUH THEHH

Tk ANl o URAT SHH Wg foada Wi oh B ®1 (e 9 T € T
e TH TAFEH TS U Ui Th WY o[ € Al ThH-gE T e
(annihilation) X 20 § 3R 'Y-Wqﬁ?:ﬁéﬁwﬁwq?ﬁaﬂﬁ%l

. B-% (Soa SceH) H Toiee o |1 Scfsid e o o1 G-=gfet

(v) R 3o Tl pr-em (s Saasi) o =Ifet (v) Scafs g 81 =it
TS UH-Hfe F W FHU-URET T S 2| TFA A TAE B0 H T
YiqeroT BI1 B 9 T S WIS 1 giaew ], 9 el wiee?

. T o g SRR T ? (n > p+e +v)| Ry, TH WE T g WA

1 & Ford T 1 UE H 1 HR0 T8 7 TR WM 1 SorHE <2 % gerdE
1 g W el w9 gl

W: Uethl 1 Siel Seasi oh o1 THT Scasi Bidl &1 Tl e Scafsid hich
IS T A (I=aa) ewen § e sragen § wiedr 21 Uewh st
Sl IS o IYHEI IS IR ST STl § @ Wehdl 81 T €l AHn
T (i o Tore 13.4 W <9 7T ©ONi o FeRToT ) T TRl ohT HHOR ScESH 59
o 1 T yHT 7 R e | o w6 e fafae St @) g 2
e e & SRl 1 TgeH 31 Teieh e H wifae & foe =g e
Tl St T T STA TR 1:1 SH1 =) SRt =fewni o wenfae o fore =g
3TUM 3:2 B AT (WM oF Hel T el Wehsor oF Wi o R o fag
AR =gl o1 SRl BRI S TR ST hi 7 @ ATl 16k STEerd Bl
1 5 TRl § =2 St TR i stfuehar B ¥1 arkde §, (Feft awi o) §[
HEELEh] o HE SIS 10% B TR €1 31 ek o &9 9 e o a7
S E (3 T R TS R o, p, d, n ST 3T ROl o WS SR SR S
1)1 sreeEh woeenfer fava § ugel o @it Sl H o Sfacifhd HRY S 2
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13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

ALH
A o YT B i A efafEd sifwe emuek forw swan fag it
e = 1.6x107'°C N =6.023x10% yfa @
1/(4ne,) =9 x 10° N m*/C? ke =1.381x10%%J K™
1 MeV = 1.6x107%J 1 u=931.5 MeV/c?
1 year = 3.154x10" s
m, = 1.007825 u m, = 1.008665 u
m(3He) = 4.002603 u m, = 0.000548 u

(a) wifor o <1 Tomfl wHEetehl SLi W JLi 1 sgerdl 1 Sfaeid A9 7.5
T 92.5 71§ gEefRl % FAH FH: 6.01512 u TF 7.01600 u
Sfferam w1 TTATY] HE F0G RIS

(b) R o 1 Tl Tt VB wd ['B 31 7% FEE F99: 10.01294 u
TS 11.00931 u TS SR 1 THY] 9K 10.811 u ¥l °B T& L' B T sger
A e

T oF < womlt Teeeten! @ Sgerd HE: 90.51%, 0.27% TS 9.22% =

T THEIR] o WHY] A9 %A 19.99 u, 20.99 u TE 21.99 u B FEH

1 SAIHd TRAM] T F I

IS AE (‘2N HY FHA-FS MeV H T HISC m, =14.00307 u
frefertan simel % R ® SFe T 20Bi T F He- MoV ¥ T
FTU m (S5Fe) = 55.934939 u m (22Bi) = 208.980388 u

e X T fqech 1 go9EM 3.0 g B SH Tl &1 TOE HifST S 59 faee o
it =l TE Wl i TH-FW § T & o U A6 8l Tad o fag
T ffse R faser qoia: SSCu wAMmE &1 9 7 (S5Cu ® T =
62.92960 u)!|

frAfafead o fou faeta g fafex .
(i) Z°Ral o-81 (ii) 2°Puhl o-&4
(iii) 2P p-&4 (iv) 22°Bi 1 -84
V) yce g (vi) 97 Tc =1 B84

(vii) 20Xe 1 TeiaRM SARERT

T feanfae aeenfs ®1 sufg Tod 7)1 fRa THa o I% Tt UfsRe,
Rfves Ufeed #T (a) 3.125% T2 (b) 1% ® ST

Siiford shTegE Se i WM Ufeead, 9fd W wEA o fag 15 & ufd fie
21 7% Ufeea, wordt et '2C % we-Te ored we A fawm deanfa
12C o SR T T ST B G BN R AHSA o WY 3EET ST R (S
I ot Qererdl i ST @t ©) TH 81 Sl §, 9 g6ent Wfeadr &
B Y B S €1 1AC T 9 et (5730 o) SR T Y At T e
% SATUR T EehT WiTehe 3T 1 TOMT 1 S Fehell 21 €T qUaedl T o We
B areft 1C weftuier (dating) wsfa %1 fagia @1 7€ AR fF Aiesie
@mﬁ?ﬁﬂtﬁaﬁﬁmg & v foe wfd o e 21 fy o e
qfTehe 3T &1 A HIST)



13.9

13.10
13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

BIRED

8.0 mCi Hisraa 1 eAifaed &q o< i o fag 50Co 1 fehart @B =
I BR? S9Co &t erefg 5.3 = R

0sr Y ey 28 9 1 T THEAF & 15 mg 1 s T M 29

vl o FHEAE 197 Au TF T & SR 17 Ag Y AR e % e
1 Hi-Tehe |H 0 HIfSQ)

(a) 2°Ra T (b) 22°Rn T % o-&71 Sl o-F00 1 Q-AF T st
TSl A HIfST
e &:m (2°Ra) = 226.02540 u, m (22Rn) = 222.01750 u,

m (22Rn) = 220.01137 u, m (2%Po) = 216.00189 u.

edrgarmee ''C *1 & Fretfofad w0 o SR e €,

5 C oy B+e'+v: T,,=20.3 min

SeAfSa ifsieiT #1 sifesran St 0.960 MeV 1 SeaaM! o frefafed 7m
feg g &

m(L'C)=11.011434 u @M m(1'B) = 11.009305 u,

Q-AF T VAT HIfST TF I@fSia Uifsiea st sifermaw 3sil o A § SET gl
sl

25Ne 1 T, IS & WY &fFd BI1 €1 39 f-47 o Tore TR fafan
IR SfST Teiareil oht stferhas TIfast it 9 HITT m (25 Ne ) = 22.994466 u
u; m(¥Na) = 22.089770 u,

fodt fwia sfafen A+ b > C + d &1 Q-FF =fafEad FHEm g1
Renfea g €,

Q=[mA+mb—mc—md]c2

el feu T germE, Afusa o W H (rest mass) §1 U ww stfwet &
MR T Sy 5 Frefataa sfafrand somed € =1 o

(i) JH+H —»? H+’H

(i) ©ZC+C -2 Ne+,He

faU T A T T TR E

m (H) = 2.014102 u

m (H) = 3.016049 u

m (12C) = 12.000000 u

m (2°Ne) = 19.992439 u

A 5 B9 L Fe MAE o 1 WA sl 28 Al H faged W fomm ¥ w7 o
1 g @ 78 fode G9a 87 56 T 1 Q-HH ST Hich 3701 qoh F&qd il
& ¥+ m(Fe) = 55.93494 u TF m (% Al) = 27.98191 u

239py o fagied o1 W8 F9 20U 9 faer-se €)1 wfa fagen fagsa siga

94 92

ol 180 MeV #1 3% 1 kg Y5 *5oPu & wit v ferafed & ot foraft MeV
TSl faeRt B2
et 1000 MW forae fiuget & 318l o %1 5.00 o | o9 81 Sl 81 YR
H 3o fopa 235U en? AW i fR faeey 80% w7 ieRd e 8, 38Rt Tyul
Tt 20U o fageT 0 & s g ¥ 7 20U —goeee Shaa faded A
¥ & =9 g 2l
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13.19

13.20

13.21

13.22

13.23

13.24

13.25

13.26

13.27

2.0 kg ST & Tearg" © Tk 100 91 1 T ofq faraet < wentiom @ s
Hehal &7 W stfafsman fretaa o s et @

*H+?H— jHe+n+3.27 MeV

T TPl o STEH-THA 1 TR o foTT ped SeRiY i S FI Sl
(HhT-FelA ST FT HAE H AE T I o dF o a1 39 Fard
YIRSl STt o SR Bl § S UH-SER ki Hoh § W@ S R Sk i SARIf
BT B1 9 A Ghd © o ggg 2.0 fm 99 50 ot gg e €1)
TR R= R,AY? & STUR W, TR T R 557 1 S TR ST 3
(srfa AT fasft 7 e @)1 79T R, Uw fradis @ w6 A e 1 seme
e B

fordh Tfaw § g (UifSE) Scas #1 T o= i wfiwen € fo e
9fWET (Capture) F&d & (3HH AW *1 Nk *em, S foF K-wher, @
ek Tk Sola IRE R odl @ SR U i, v Seatstd e €)1
e+ 45X ,AY +v

TIE foh afE B Scast STl feR o 219Ad € f seee TR ff srevas &9
Y I{Hd ¥, W 381 ey erqEa e 2

faRad 3T

afrerd gRo § HriferEm 1 sfied wH] gerEE 24,312 u fEan T ) 7w i
M, geal W 58k GEeefehl 1 Qrdet sgerdl o SR W fEan man 1 Heifem
% A TR dem IR FeWMM T WK § - 23Mg(23.98504 u),
Mg (24.98584) T8 Mg (25.98259 u)| THfa # et F=iferm & 22Mg
1 (STHH % STER) Tl 78.99% B 3 <Al qEeiTeR w1 agerdl W
qfaer il

2 YUl Sl (Separation energy), TRWMI @ SER, 98 e € S
ot et @ wh =2 1 Frekrer o fore stevass gt 71 A fRw Tu st
1 T Fe 0 Ca T 27 Al TR = GRSl 9 i)
m(2ca) = 39.962591 u

m(2Ca) = 40.962278 u

m(%Al) = 25.986895 u

m(*7Al) = 26.981541 u

feorelt it & wremi & & e =Eemse ffea € 2P(T, , = 14.3d) w P
(T,,=25.3d)I TRT ¥ P & 10% & U B 21 3896 90% & I et
o foru fohae a9= weiten & gRit?

Fo fafere ufifafaal 8, te fw, o-F01 9 ifus somm amen tF S0 Safs
Fxoh &ifad g 21 fefafed sm-wfiraet = faer #if

*9Ra— *HPb+ 'iC

»SRa— “2Rn+ ;He

T ] & FieRaet % fore QWM T T ity iR <wiizn fon <R wfmerd Sl
1 gfte ¥ g 2

et =g g 288U ok forges W fomm shifsiy) forelt foriet wfsean o werftes sten
(Primary fragments) & H2-&™ o A HIe =g ScEfId &I gl qer



BIRED

400 Fom PRy W IR W T ¥ faweT ufEw & fAu @S wH @

ReRe HITSY| Eeash AHe 36 YHR ¢ :

m(?%U) =238.05079 u

m('35Ce) =139.90543 u

m($Ru) = 98.90594 u

13.28 D-T afHfshan (ggifEm-difeam §e@d), 2H+ *H— ‘He+n W fomr wifsu

(a) = fau T siemel o eMeR W Afafwman & fage w1t %1 79 MeV ® 3@
wHifeT)
m(?H ) =2.014102 u
m(3H) =3.016049 u

(b) =FEifem wd grfesm IA ®1 s @ 1.5 fm 7 fifse) 39 sifafswan
o, T TWhI o7 AL A Fiaehsol § R I o fau fohaet ifast st ot
STavgEd ¢ 7 fafHa YR w3 o foe i (D 921 T i) =1 forg a9 a6
Sftaa e s =nfew?
(Hora : Toreht Gerem foren o foru stawass Tifast et = Soem fwan § o
Il &1 Siga i s e = 2 (3KT/2); ke : SedsaH Fedis e
T = 9H qM)

13.29 = & T sA-ASHH, -2 w1 fafwwon smgfaar wa powon ot eAfusan wfas

FMG T wifew) R o

m(**®Au) = 197.968233 u

m(**®*Hg) =197.966760 u

198
79 Au

1.088 MeV

0.412 MeV

198
8o HE

o7 13.6
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13.30 I & ANFR H (a) 1 kg TESSH & Goad o 994 faqed e 1 afewe

13.31

HIfT) (b) fomea fw=x W 1.0 kg 2°°U & fawed # foaqs wei 1 afiewme
FHifS| (¢) T (b) Tt H foma Hetiefi w1 o wif)

M fifST fof 9rd %1 @eF 2020 % 200,000 MW @ wifsd S =1 21
THHT 10% shTT vifsm 451 & o e 21w foh Rueey 1 sfred saam
Terl (ST i Tereg o wfafda s 1 emar) 25% 21 2020 ok 314 % TER
39 o1 wfa o fora fagieta Ffem 1 steaenan it U wfa forgea saafsia
o= 200 MeV R



