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13.1 fHerr

et 212 | T TeT © T Ueieh TRATY] 1 Sl SIS eleht 3ok ohy § ehfd
Bl STl & 3R IRATY] k1 AR S &1 A9k hl el WIgeT WA o DS hT gl
o TR Y B B -0 o FhivA Hae WA 4 ¥% W fhen ® fob e
1 T, T 1 B 1 g § 10* 4 9 off %0 e wifew) uen oref @ fR
ek T STEIG TRATY o A & 1072 T4 & 9T B1 SR 91l | g al 9]
o stferenterd: fem Tom € 21 9 eH IR0 1 WS TG el o HE oh alel
FX 3 @ T TEE T o o Y o W o @ < qenfy, A S e
Tl SeTHM (99.9% U ifereR) e § & gEifed e 2

THY] T GO o GHEY 1 A(9E w1 o HIE G 22 A | @ g6es
g F-F €2 3 WER FFE YhR IS T2 T 1+AF ¥ ©9 39 YR & JeA &
IR @IS HT FAE HT| T AT % fafime o, S9-3h 9Ee, SoAEE qen
oo 1 ==l oh WY 3H Heg editfeaan, faged td Homd S| T
qfereTistl i off fag=m &

13.2 UIHIU] GeIHE TS AiHeh sht |

TRHIY] 1 FeHM hElU™ 1 qorl H §gd %W el 8| SSEl o fou, e o
TRAMY °C 1 FAHM 1.992647 x 107 kg B Tt BT AR i Ao & forg
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foheium wgd Geerser Ak el €1 31d: WA SeTHHl ol o i oh eIy
TN 1 U 374 "5 W& foha1 TR 39 TSk h1 ULHY] S8 T (u) Hed
£ SEH! 1>C WA % FeAHM ok aNed 1/12% 9 ¥ o i 2

37d: 39 qRY o STIER

2C U] kT FHAN
12

lu =

~1.992647 x10° kg
- 12

=1.660539 x107*" kg (13.1)
T FFAH A (u) H Fa e R fafv= ael o ] $oH, gRee
A % FSAHM o qU1 U o ehe UIT W §1 W 39w o ereh el
e ff €1 S % U, S 1 TRE] §e|E 35.46 u @l
TCHY] SEHHT T T A9, SoHH JuishEATd (WeHIX) gR1 feRan S #)
TRHTY] SSAAEI o |G W qal wordl € o Tk € dcd ok i YR o T qeeAmope
o1 3t & foeh T9m@fe 701 df THM B § W ek Sl | SR Bidl 81 Uk
& a1 U wETy genfaar foeh SoAuEl | ST eIl €, GHefeh HEeldt 8
(FA v/ aTeEiery 1 ot &t & wmeenf R, 7€ AW TR s@few fn mn ®
i deall 1 ed gRoft § 3 gt T & T R U S ) | 90 | var wen R
Teieh dcdl SATeRIeh ®Y U e HEeh] i fgr 31 fafa= geeentenl w1 ame
ageldl dcd SSei oh |1 SSerdl €l
IR & AU, FAdA o 3 gEefin § e SoHE A 34.98 u U
36.98 u ¥, S & TIggioM WA S| o ol Turel o Gf-ihe B 1 37 qeeentien!
1 WU g FHY: 75.4 TS 24.6% T 39 TN, UHfdeh AR AT
YA T gl 1 9IRa-siad B 3T, Wehfdeh FAi- TTHIY] h SeTHM,

_ 75.4x34.98+24.6x36.98
100

= 35.47 u

IE M ® S FAA R A S R

el % foh oW T@eh dod eRgieH o ol M wEedtes € e g m
1.0078 u, 2.0141 u Td 3.0160 u €| T8 gieh BEgSH W] faant dmder
Tl 99.985 % B, 1 A, W HEal ¢ Th HeH % 599 €,

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

g BIEEISH TXEM] o FIMM 1.00783 u | ¥, 399 foemM Us solae o $eqqM
m_=0.00055 u %l ¥H H W FHHA o TR 2| TIEGISH o TR & FHEN

memﬁﬁlmﬁwmﬁﬁwmﬁﬁ
T S 3R St fafEt grn wEnmeens o fafda fey S €

Afeh o o A W 1 € el Bl W W Uehlh ol SEY gl € 3R T
e 7 71 Uee I8 fa=m o fo e o soee B § W aeien fagia W s
TRl oh HROT 3 Tl i TR & T fordt TRem] & @t solaeia SHeh i
% AL B &1 B9 WG ¢ T forelt weATo] % Afoes o W g9 gerel 1 Hen
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STk WA HHIH Z, o SR Bl €1 3Tq: TH0] § el 1 hed AT (—Ze)
3Gk AT o el N (+Ze) o SR Bl 2, Fifeh T fagdt &9 9 3
21 21 gHfery foRdlt aATo) o s H W Y G, qeAd: SEehT TCHTY] ik,
Z =t R

LT Bt @I

Hifr gFfEm T TRfeam eEgeH & & gweente €, T 9@ T % s
H T e B =ifeu) dferd R, SHRIREm U grefean o iR o Sl
¥ ouE 1:2: 3 B gfoy sgiRem wd Trfean o Aifusi o diei & sifafe
FO ITWHA 5 ol TE MG 37 FHER] oF AfTeR] § fomm STHA Tfae
e I AT 1 WEH-5e9HM o W W o¥ek i ol HAI: Tk TS o AR
o T Bl 1 98 ded AT iar @ foh wRemeti & et o wei o erfdftem
form™ @A A 9% 3IEH A ff Tk o "EE o YOS o ®9 W F g
21 3@ ufsheu &1 gfie, 1932 #, 9 Jefaw g & T e <@ e eE
IRfemm Tl | Uew w0 (TH w1, s AT B © e fama
H g9 Tl SR § =i ) i §oR w1 W §, @ T o SIEH At
IEfSd Bd &1 F8 o qrEn e foh A S T, gifem, s e AEesH
Y T AR ¥ THTFL ITY UeH del R B SU HHY 9% T TH
= 33 fafew wied (faga gaeia fafewon) & o) e T Fom |

Il &1 TR S W YA =en TR Af| F I[7EE fafeon weE o oad

ED
B 1 RT Sell S fafol & qo ¥ wga eAfus et o aRfeaw et
W U T HT A9R TG B 2| T I ok gHeE H gF, o =efas
q HdveHs @1 9 g fhar, 39 wedw | wHied o fo SeEiA fafewon o
T U YR o ST HU B € T 2T wed 1 el Ud He G
| 1 SYF Y, WA TE T KU KT THAAA Jd HE U THAA W I,
o9 Wil & AWM o ST SR Uil A

o9 TH H H FEA s aeedd § WHd €1 9 R,

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

e ® @S & U Sefad w1 1935 & AN [ERR U It R
T U oK W o fauid U Ue g2 STl el 81 T8 Uk WieH, T
TSR U U WiagieAl (39 el hU1) % ®9 W & el Sar €1 3kl st
P ST 1000 s et 21 aenfy, Mfyw o iR Te wmh g 2l

m,@wﬁmmﬁwmﬁ@wwmm
ST Hehdl 2

Z - A FHAF = YAl i G [13.4(a)]
N - =" & = =2Al &1 9en [13.4(b)]
A-ZHH & = Z+ N

= = W@ UM w1 FA qEA [13.4(c)]

Tie Te e o o faerai v w1 off SwEE S S w21 e
et W] ¥ faeE Ten ST 5AUH e A w2l

et e gofa a1 fas &1 Woha fog AX g WeRid fear s 2
el X 39 geifa w1 qEEfie fag 2SS o fou, w@ul-Aifaes sl Hehd
197 Au SR I T E1 THH 197 Ffded g § A 79 W T§ 118
g T T
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sa fordt 9 o wHEfR] 1 GCE S WOl 9 GHHAET ST G e
fFdt U MU T F et % AT § Wie # Sen df 9uE et €,
WY 9 TH-FR Y L K e & gfe ¥ fam @ € sgdfem 2y oS
TGS 1 Th G €, THY TH T U6 Tk 2 el ¢l 38k W
Tt grRfead SH W % W T % g B ¥ 9 @l o 32 Tmeenfisn
B © el goomm Hemel 1 W A =173 § A = 204 d% B/ 2| IS BH
WA B o ek ¢ b el o TEEeR 0 Sk geleRite o W R
T B ik, TS WASH o geieiieh fo=d WA B € SRl TEETh
e Wl T S Bl ® SR TEfU 39l oed WRUf W UH ' WH W
W@ S R

Tg 9t Tifge 9F So9H @ A 9F B © gE9Re #eand B
STETne, faw 3H TH SHe THWING T TH Tifush ekl =2 ¥ N THH
T AR T wEE Z f9 @ gEgeie wEed 21 SSewond, % Hg ue
197 Ay TH S T
13.3 -rfYer ot ATSST

ST T ST 12 H 3 T, T g8 SHult SRt o fei wm) Aifuss ok
eI 1 IREETT Td AU il TR o Folld W MR & Aded 4 @l &
Feh T UCH U oF YehiUH © Helfod Js T fohal 3ok T | I8 ¥ g3l
& 5.5 MeV Tfast S oF UewhT U k1 ol Afiehi o freheser Tga &1 gl @
4.0 1074 m 21 vl &1 Wa W ¢r -0 o THIUM HT TIHIE T T8 AR GHAET
feh geRTU o T sheret sheitd 1 Sfaerol e & STEE 21 Sfeh, ST e
ifeer | fHfed g =, e o1 aredfas |Es 4.0 X 1074 m 9 %9 g1 =feu)

IfE 9 5.5 MeV U 31fueh el o o -0 FAM FR dl Ak o Afehl
o fihere w9 #1 g0 R w9 @ Wl SR q9 Y eed WY A
Il @ gfed B oM SR WX 5N U MU uReer ¥ W 9H S
SAT| IR o IR UoWl HUT TS Tl AIf9shi o oFee g9 HUl o
I o A g Hod Fawdn 9 W oeAHifE ¥ 56 g0 % 3 e W
THE & UReherl § I aiel SR T B ONd ©, e |iEsl o fawa
o frehd frepren S wehar 2

T YHUH FAM ek fo9 o-h0T oh T T A T et o1 fafa= aat
& SR BN 1 T B, T qdl o A9HE 9Ee o qRigsd 9 9 fhe )

TE U T TR A SoHHH HE@ o Aifues i e ®

R=R A"® (13.5)
TSI%'TRO= 1.2%x 10 m (= 1.2 fm; 1 fm = 10°m) z9HT 1df © for e w1
I (ST R® ok STThAMUIT €) ST G&l A & SThAId! Bl 81 31d: e
1 ¥ T eian ©, stefa, @l et o fow gment 7 A R R @ e )
fafa= iy 5@ Fod o1 o 59 FT 95 H WE T 1 AMTRIT 5 F1 A
2.3 % 10" kg m™ o Wi=Tehe Bl 21 WH TSI 1 qorl & Tl o1 I HH wgd
afferer a1 8, S Sl o folq =l sharel 10° kg m > €1 &Il €1 30 e ol ST
T guen ff <1 Tkl 2, FifF T8 70 TR & <@ Ik ¢ o T rfuehier: i
T fiod 2 81 I WA ¥ o 5o ° o<t Ao § Red T g 2
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3dTe0r 13.1

3qlgul 13.2

IETETOT 13.1 @2 o A% 61 SHH 55.85u T8 A=56 ¢, TTHT AMTHT T
1 HifST)

A
m,, = 55.85
u=9.27x%x102% kg

THAN 9.27x107%° 1
s (4n/3)(1.2x10 ) 56

=2.29 x 10" kg m™
=2 AR (T @il difqentg i) o uied 6 S 59 e o WY qoriE 81 98
Tuifan & foF o9 AR & %o 39 Hien aok gefifed &1 T R foh =g R e u §e
TYF H1 e AR HW 2l

13.4 THUME-FS qAqT ATHRET FIT-Fvsll

13.4.1 THAME-SaT

IMEERTEA 7 319 fafdre smufeshar fagid o STUR W I8 IWi o Se9H el &l
& T 0w 7| fafire smifaea fasid @ veel 98 A W o fo R sifufsmen
H 5o T Sl STelT-3fer e B €1 Y STEREA 3 T <9 R SoHH had
Foll o1 T Y & SR EH SHHE-SSl1 i Soll o 31 B, ST Soff §, Rt
X Tehd & e T e el Sl bl SorHH | BUlARa e off T9E 2
7ok foIu SRR 3 S g SoIHH-Sel qegeddl GaY fEa 97 ©
E=mc (13.6)
el E, S99 m e quged Sofl @ 0 ¢ fafa o wehrer 1 9 2 fent af-iane
UM 3x10°m s 2
IETEYT 13.2 1 g U1 o U ol bl URehferd shifag)

T
e E=10"° x (3 x 10%24J

TR T =

E=10°x9x 10%J =9 x 10"%J

TG YK, AR Teh UMW U1 i off ot o Tuiaia foran S @ 598 o1 i fawne

T TR el €

TS o SoTHH-Soll Feiel 1 qrEiifies gfte, =i, Mfehi, seiagi ud
I T & W @ISl T FHUN o o g drelt Akt stfafewenstt o ot o wl
wh! | Terelt arfferan o Soorl Gieeror fem @ eifum © T afe gomm 9 dag s
%1 ot IReperl o wftnferd w3 qf YR Sl Afad Sl o S Bl ©| T8 Geheu T,
TRl ! IREARer 3= foRanstl T8 AT SMEl i §HeH o fou Aeeayu
B T T h AN HT fora-ag 2

13.4.2 TR S-Sl

AN 13.2 H T <@ T s =32 T W o1 o 71 or: Te endferd ® f
TR o1 SHM, 394 faem™ =2l T FieiHl oh FEMEl oh el A Tm o Sel
B AR, TRTRTT S| M, T £m d FH T SIS SSIe ok o, ey
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180 1 il TH 8 WM TS 8 =2 7 I,

8 =Ml 1 FTHATH =8 x 1.00866 u

8 Wl 1 F&IH =8 x 1.00727 u

8 TSI 1 FHM = 8 x 0.00055 u

THfY 160 o TF w1 Taferd S = 8 X 2.01593 u = 16.12744 u

TSI UIHEHTI o WA R WS 6O T THIY] FHE 15.99493 u B 38
Y 8 SRl 1 FFAM (8 X 0.00055 u) HEH W 10 & T 1 grEifieh A
15.99053 u ¢

3Td: 79 U9 § fR ofidiioe 160 ek kT SoHAM, $9ok Ul o Fdl FAAH
Y 0.13691u FH | T4 o §HHH TS U Heh] o SAHAM & 3T AM, Fl
Fo7H &fd HEd ©, AR TR HH T YehR okl el Wl € ¢

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

SuE-aifd 1 31 1 ¥ e W SAERIET 1 SoHH-Shell gdedl fagia
AT gftreet froman 21 <ifek, STeRAIST TR 1S9 SHeh W2kl o S| o AT
(Sreiferd steeen § 8 W2l Ud 8 =52 1) | HH el €, feRdisH ek H1 Gaqed
Sl SHeh ISR 1 THATT Sl oh AN W HU el 1 ATE Y SATRASH AR
F 8 WM TH 8 wpA ¥ famfed wN UE A R W sffE o,
AM ¢, 38 79 1 YA w01 gHeh felu Aaeaeh I8 S E,, FA9H &fd
Y frefafaa g gu efud it ©

E,=AMc (13.8)

ISTET 13.3 T WHY] SHUM Wk o Taged Sl o1 99 8el Sl 3R
MeV ¥ J1d SHIST| ST STAN ek 60 T 59 &fd MeV/c® H F Hifoy
A
lu = 1.6605 x 102" kg
TR ol % gl § ufEfdd e o faU 89 39! ¢ Y 0N % ® TS UM ©
[EEED
AR et = 1.6605 x 10727 x (2.9979 x 10°%)? kg m?/s>

=1.4924 x 107'°J

~ 1.4924><1o-1°e

1.602x107"°

0.9315 x 10° eV
931.5 MeV

AT 1u = 931.5 MeV/c?

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

- 180 &I THF wew! | fawfsa w0 % fau smavasw e 127.5 MeV/ ¢ 2l

I B = TF WMl Hl IE-IH oL, M sma 1@ serme St s
TR oA ST @ 3 UhRA HAE, Sl G M g8 Hel AE, AR HI 311

€°€T Inr3Ibe
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Fe7-Foil el €1 A% gd fhel s o skl STer- e R
1 Al B 371 HUN I el Foll E, GEH HTAT BN T A9 hi BH T THR
die & "ehd, TR off, Tfes 1 seA-wet a8 af wadl & @ R fee it
¥ faem WER faat ot & ¥ 9 71 Mk oF HUN i do[ Wl
T AR fesw SWER WY Fy¥F-For 9fd gfRrE, E, € S & Afasw w6
JeH-ell, E, U6 390 faude =fFcsi i Hem A %1 ST 2

AE, =AE, /A (13.9)

T 9id <l S-Sl i UH WF Hehd € T T fRdl e i sEen
HfrAsi o Jerpd i oh U STees ofwd Sl 2
fo 13.1 ¥ @gd & el =

‘0 “3

SGFe
@

fe wfa =feemi doq o E, &

| R S T A § T fe@mEn g

~ Q0

le °
b/ °N

T—e—1 ¢ | 39 UE H gy frAfafgd dgu w
fasty gfter=r 4 & —

o}

S S S (MeV)

$eoLi

() HeFedt geqHH gEmsT (30 < A
< 170) = fau, wfa =gfeeEm

qUF-Sel, E, |, %1 A SAeRINS

gfd

w7 F @ T €, stefd wg
FHIF & T qiafdd & e 2

312

o 13.1 5099 ¥ o ®od o ®©9 °

50

100 QaadQ) 200 & % A =56 o faq @9 8.75
ST A (4) MeV &1 Afishaq O U6 A =

238 o felu 7.6 MeV 3l 2l

(ii) stk AT (A< 30) T8 WK
TRt (A>170) <4 o fea &
E, 1 9 HeFedl qCHI] ShHish
o AIf9R] T qo § STUSRA
*4 B 2

gfd fereraiT seA-Fs

79 YR Fre frshel @ o€ Ohd

(@) TE et TRl & e Ui feeria $5 MeV sivF Sa- i o g vl Yo 2

(i) 30 <A< 170 % TH H S¥F-Fs1 ! =L 39 924 I YR0MH © fF Fifsig
T o7 TG o7 B 1 9 AR ok fie feera fodt it W fomm wifsm)
IE AT TH-USH oh had 39 oAl ¥ GHIGd RN S $Heh AMThE I
¥ U § oM ¥ AR wE o iR 39 e et & T T
& IR @ eifush g R 2, df 7 foameia Tifus &t S-St 1 afie ot
yaifad T& &om At fedt Afae o Afaea 9@ o IR H sifusad p
fFTaa Bl Thd Bl, A THRT SH-Holl p o STIHEIAN! ST AT TR TR
TR i TUF-SeT pke €, ST k Teh ordior € TSt fommd =@l € st ot
Bt 1 37 A g Rl il G SRt A 1 HH S, df 399 IR o ofial
SRl F S-S wR T A i, PR R oS A § e
et 38k e Td € T IS h STV, AR Y Se-Sel T A G
el JIE 0T el §1 ;W I S-St fEd Tl € 3R s8R dehe
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HF phe o SR 2l 81 Afehi o1 o 707 fRfeh ROl R AR sheret 37 fehe
o et Bl & wefer el €, AFIT Tl 7 Ggfd o7 FHEewar B

(i) T orafed Wi TifueR, S A = 240, #1 ufa gfwE SuE-Se,
A =120 % A& &1 o1 o %7 el 2?1 31, AK A = 240 HT FIE AT,
A=1207 < el § 221 7 1, 370 faemi ifus gear 9 g &l 7
2frd tan © T 30 oferan ® St forga el 98 fa@s gR1 Soft fagerd g
e qul FaTeT i Ay i & foraer fama o &m0 srqemt 13.7.1 ® ==
Eaul

(iv) T FITST foh & ster AMMF (A< 10) HAlHd B T R F o0 2
TeoF g 9F 39 W A9 i U IR SuE-Shell, Seeh AWehl S Ui
JferE e st 9 sifereh €l 21 saent o1l 7g gen fon aifo fep W o e
e 1 g § eifues Sgar 9 sfed &1 7= Gorg 1 38 ufeean | o St fagsa
2l 7t g it St 1 Ha 7 oEer fova # w9 et 13.7.2 | ==t wd

13.5 AT o

o€ Sl S TATY] W geragl o TIid TR S © gHR YRl sl §el Bl STH
13.4 % &4 3@ fF #i9d s5o9mm o s o fo gfa feeai S-St ot
8 MeV ® Sl WHIY] 1 Su-Ss1l shi ol 8 Sgd e 8| 37d: 9k § ol i
WO SiY WA o 7T Uk F9 YRR oF SIfrsiiel! STehtol o/l i STagaehdl 21 I8
6 31 ATy fRaeedt 81 =ifeq, foh (SFEfeTd) el o e ol gfaerdor el
Y Afeh gl IR Wl T =2l I hl AHE o gaH AT |

S T@ W1 B9 I UEC €1 3@ 9o ¢ [ Ufa e Su S

STEAT 1 T Sl 1 oY TE Yepfd @ HHS S Hehel €| AR oo
T 9al o F Afgsl i deu o = kR 9 99 1930 9

1950 & <= feru o fafe= g g e ganm 2
(i) TS 9, TRl o e T aTcl helid g T8 SaHM o oid
A I e o F1 gorl B orfuss et i #)

fearfast =1 (MeV)
S
/-,Q-/-

TR S o i, AR oh iR Fieqi o o= o arel ol ;
AfAeRE 9@ W ST B B 2| A i e 8w €, 100

/

Fifh AMTHT I Felld il w1 gorT § TAfes Jod g 2 r 1 2 3

TR St Al helid o w1 ol § off Tedd et g 2l

r (fm)

(i) = % 9 50 TEE §5 TR ¥ ofE W WIS @ (9 18.2 T T g

T I EE T A Y et Y B I B3 b, ahw (0 I

3ok o9 1 gU o e

SO 9 e & AR § ael B g’ w Rty on s & o o0t r ¥ Tl E A
forer OftoTEEY Wi =R -t e @ S $1S A T I € U rp W FH A

1 Feafast ot oIR 3ok o= st g0 o Gefer <9 ol U aftepa
a1 o 13.2 ® Swifen T 21 T 0.8 fm H Y r, W feafew
Foll 1 WA =AqH Bl 813U 31 e el b A ekl o de
T 0.8 fm ¥ wfuer Bl € @l 3 9 SMHY 9 B € 2R 0.8 fm
¥ 9 R o g 3 wfsmor 9 e €

Eik!
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(iti) =M=, ZH-WeH Td JH-HieH o de o arel s o e
TAE g & e €1 AR gt faga s ® el 12wl
Fe o a9 S1erEn e o e #i Aifa e el a1 wE W

it w9 72 71

T weEae = (1867-
1934) dicis | S|

H ugae foeltl 1896 H ¥
Sehte g AfeA e @i
J I ol 3 ufa fEr ael
3 SIHYEl Ud favermon &
fere ufta fomen, fomer werasy
Tai— eaq wd drefifem—
JFRIUl HWE g3 a8 JUH
SR off f8 <1 et qrehR
W g : Tgel 1903 # sifent
& fau ok gww 1911 #
ESIRRICRIE fCaR

13.6 Ifsamfeeadr

Aednifaead &1 @Y TTH. 9hed 4 T 1896 § G |

Afiehi w9 T A fORIE weh Sl Flaei| wE

TSI 1 ST Fd gU Sehdel 3 Uk e UREAT <@

RfIE-AREm Gothe o 9 Thel W I FhI Sl & 9]

ST SRl Tl I H U fedl 39 Yohe 3R IS e

& o T TSt H ZHST W TH THR HE 5 dh WH & 9%

S HIRNThe Wie S Soerd fhan 7= @t 77 9= T f 9% wie

el o T offl 7 ferdt Ut =i & SRoT gan =W S A

T Scafdd g2 Bhft qen el wr SR Wi S 9%

HICHtheh W d% g9 TS 2|
5 9 fpu U g 3 <wiiEn fo eadfeam e Aifvwmia

uftere & for st fwen erfia gran @1 59 eaidfaea &

Fed &l UHa § 9 YR & feanfey a9 g ©

@) o-e@, fed dierm Tifesk (‘He) Scafsid g €,

(i) P-&=, oo seieeA stuan Uisier (TH 01 S semE
Al ol % SR § g1 @ R SAEY Sk ol &
famid g €) sfsid =i g

(i) y-2, f99 =9 S (100 keV a1 3ifieh) HieH
Iefsid i 2
T Y YR °h & W SH IYSTEN § foem R
S

13.7 AR Sl

o= 13.1 9 9l U ufq sy suA-ssl E, o H A=30Td A= 170 % &4
Th el AR 9 €1 9 9 H Ui FferAsqi S-Sl oHTHHT 3R (8.0MeV) B Tofeh
Mfehi, A> 30, 9Tt 9 TS W A9RT, A> 170, O 90§, S 89 Ted € <@
b ¥, Ui fFAsi S-St 8.0 MeV ¥ w4 71 A S-St afren < af 39 st
e S s 1 hl FoHH FHH SN IROTHREEY I HE HH Fol SET-Sell
e Afeeh fordt s1feh FeA-Set ATt Ak H ®WARA & df el ol ToHe aM
gt o AT o W G sifesk AreAtTw somE wel (fowe) e g
Tferent w1 forelt 9 g o Hae (Horaa) o1 Ui § wE € B 2
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HIe Te Yeiferad S9 URafie Sl didl | seardt varfie sttt B 2
el foe B aTell Sl goiaei dice i hife i el ¢ Safeh fhel T
TRA §, MeV Hife 1 Soll faged Bl €1 37d: 54 1 GHH A1 o fort, Tamafs
Tidl <1 STden AT Fid @l T S e i €1 ST o for, 1 kg TR
o foged @ o1 10 ST Wi Bl ], Sfeh 1 kg HiF o 84 ¥ 107J Sl
e eIt 7

13.7.1 fa@sa

Urehaes Aediifaee eFl o STl el W T AMERE 1 SE g,
=2, TethT %01 MG o FhR § TF drefl T gikarei W M 34 4 T2
FHEAT St

for@e s Hemyul =pEH-Uteh s giwan 21 foae o Smeon: 5o fomd
R L 25U W 2 ¥ YeR T ST ¢ @ 98 < HeAfHeh S ol

9

TfeTa wel o fagfed & S €

07U SEU S Ba 4K+ 3 (15,10
7 foran ® AreaAfes sodH oot YR o e g ot Sa B HeRd €
i+ 250 > 20 - 19+ INb+ 4ln (13.11)

Teh 3 S R
on+55°U = 5°Xe + 53Sr+ 2,1 (13.12)

% faafed s eanfaa Tfuw g § ok =91 79 T B-a F1 w9 =
@Al § 99 q% T ofd § Tl @ o A @ Sl

Jfrem S e 1 faen erfufwan & Frjsa St (Q -AF) ufa fofed =i
200 MeV &1 e 1 Bl 21 SHHT kel 8H F1ad wld o ¢

AT T U AR A1 A=240¢ 3R T8 A= 120 % & Gei § forafeq e €1 @

A =240 TfE & U E, TH17.6 MeV © (o 13.1 2@)1

A =120 9t fowfeq Mfas & fau E, 91 8.5 MeV €|

. 9fq Ifeerai S-Sl w1 fed T 0.9 MeV 2

3d: qUA-Soll § ol |l 240%0.9 ¥ 216 MeV 21

foea &t weTistl i foaees el 98l &F-Scal a1 =2l i TdS Sl 6
w9 ¥ Gl gl 21 3fd § Ie AHUH o 57 1 BElARd Bl HO % &9 W
ufiford & Sl 21 A Ruaed o A fagsd oo § faga Saed g 2
THTY] 56 W T e el ged Sl sttt Atk faged @ € S gl 2

13.7.2 TR FAIT-al § Sl S

foa 13.1 ¥ <9 T deA-SsT g g ot <uiiar = fop afg <) geteh e et
Teh 3TURTRA ST e ST df Seoll T it €1 59 Wiehan i 91T Gorad
T B TH e H1 S ToHresh AfAlHaet o o Seew A fay T E
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IH+ H—2H+ e +v+0.42 MeV [13.13(a)]
H+2H— SHe+ n+ 3.27 MeV [13.13(b)]
H+%H— SH+ |H+ 4.03 MeV [13.13(0)]

arfuferan 13.13 (a) ® < Wi Mo T €72 e s uifsrei s & 31k 38
TR A 0.42 MeV STl fsherdt 21 etffenan 13.13 (b) ® < gg2i faera difermm
1 BoTehl FHENR o €1 2afafrar 13.13 (o) H < <72 et weh difesm e
Teh UIeH a1 &1 Horad oh TeTu &) Aifeh! o1 3a S1feh g ST eferah @ faew
o 39 o eThftd - wEE AIEE 9 HE HT G| glel &l A
YIS AT 7, 37d: Sk s el WdehtUl S o1d: 19 Sholi| STerie UR
F o fou ggfaq ol et awash €1 39 koM STy whi S el e
SR T Rl 1 st W R w21 3emw & fou, g e 9
WWW%W@W&W% saafra@w (barrier height) < 9T 400
keV B @ifereh STaeedl Mifent o foiq erariergan iR off eiferes i) feredt Wi
g | el gRI Helld STadiY Sl UR w4 o fou gata e 8x10° K a9 T 9w
& Ghdl T T 19 1 GRHe, T (3/2)k T= KH K1 71 400 keV W@
o S Hehel B

TSl T ITART A I A o faq TehTa Herdm wa-5a § g1 =feu)
ATl a9 59 &1 i 2 Toh 54 1 A9 a8 qeh <@/ ST 5 e Toh 36oh 01
A 31O AT TG oF HROT, Shelld 3TERIY i UR A I S| 3H URAT HI a9
BT g7 Fwed Bl

AR ok 3fd: Ueat H frid St 1 Gia a9 YRt Herwm 71 g % shie w1 d
AT 1.5 x107 K €, Sl T 3fea il o Uil o Herdd o foiu eTravaeh A
A9 H TR HT T TR GF H T a1l Horme giwane o oigd Seistl ¥ ogd
Fferer il oTel el 9T o 2

3T: A9 AMIHTT Gora §gd $od a9 T <@ R & & Fehal € 3R @19 T [
H1 T fefqal shaer a/i o FdtT § & Sueiey B A | Sl S da-Tieeh
oo o HiEH U E e B

Td ® T ATt Taga ifafeer tw SR wfwan @ o eeger dfaas |

et 21 31d: gd o i | BRSISH ¢F #1 iZ-912 (p - p) T S8 5 T8
Hfeq g 8, FreAfafad sfafwans o aq==g g0 = foran <1 g 2|

IH+ H—2H+ e +v+0.42 MeV (i)
e"+e = y+y+1.02 MeV (i)
*H+ H - He+ y+ 5.49 MeV (iii)

SH +3H — jHe+ H+ H+ 12.86 MeV  (iv) (13.14)
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el Afafsran F o fou o8 stervaes © o weell dF srfafsmand <-a) ar &
3R 39 YN T goieh Biferad A fHetent T giferad o1 T i s eR
B 2(i) + 2(ii) + 2(iii) +(iv) W faaR & @ Fa g9= B,

4 H+2e — 3He+2v+6y+26.7MeV

q (4 H+4e) = (tHe+2e7)+2v+6y+26.7MeV (13.15)
IFd: IR TG WA Aol TH iHe WA AW © SR 9 Uiehar H
26.7 MeV Fell e Eidt 2|

ot O o o7d: Yo W shadl EifeEw w1 € i T2 g S-S wie |
TReH (o™ o o5d #) %W Bdl 8, i 3T e @l 1 3EH a1 319 T
o SR Hepled Bl © TSR Shig 1 A19 &g Sl €1 a7% IS 1 a9 10°K T ¢
S @ G &t fwRe g B @, R 39 9R ey wee | ufafda e gm
ThR HT IR § oo gRI 9 S0 G dlet deal T S 81 Jehdl 81 T
FA-Selt o (Foa 13.1) o 3 W o 9t it &1 i 39 g & =1
gl Rl

Td T Mg AW 5x10° I T 9T T STIAE A S € foR gF A SR 5
3RS T e T T ok Tl STvaeh SIEgie SUcied €1 $8eh U9, eSS
ST %k ST de g 3T B TR 39 9 o799 o oF ShRY Hefad g o
o gd *1 hie &1 a9 s 398 g H1 el R0 e wnm foad o
& M4 (red giant) H qRafdd & ST

13.7.3 Tafaa amu fvens 9aaq

forelt AR H B aTell ar-AIMTeh T Gfhal 1 TN Teh ard-ATTTehd gfod o foha
San 21 foret friferd Horm Ruaex o1 st Tifwshia €99 &1 10°K 919 & 909 |
TR Y T Wl S HEAT BT €1 B9 19 WX SUF eFcHeh TP e Seieel
(TET) 1 THr g @1 ik 39 A IR e o fau 1 g STt e
?, o7d: 39 19 K S WA Tk THIA ©1 9 Gfed favd o *E <9 39 g o
el o faehtd W YARA €1 37 Tl oF Wohel BiH W, e € T Ser Rue
A I A AAfa wfdd wSH wR geh|

30T 13.4 Fr=fafaa yeat & s i :

(a) =N e sifafwanet o e (S fe 9 18,7 9 e ®) et
Tl (3T & faw 2H, + 0, 2 H,0) & &9 # wgfem €2 A 7
frg &9 § A1 R FHIR0r Gfera g

(b) % WAl iR =i 1 Te, v st eifufsran § g &t 2, foreht
TRt sfafsan § fohe YR gequm, S § (31 SHH 3ol aeerdl 872

(c) WM foriR & fo hered eht fohal & € SormM-Sofl Woh SO W el ST Hehdl
& Safer TEEte e | 97 w9 T8l el 21 U8 FHe EA 8| GHARU
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&

(a) Toreht Tamafes eifafsren o Hgfem o =1 feafa o T sifafsran o w6
Tl AR Gl el o TRATSH i GEA guE g @1 e qamEtes et
¥ T o gor HaeH § 9ieds O gl ©1 R e Afasa sifafeer §
eaaeor o € Tehdl B ¥ AR AR § ek el o WA T G
1 TR B STevas T 1 e, At eifufman o dieHr qen =g
Tl 1 HEd ek ®Y 9 TEE @l §1 [ard W, St Sl o uiwed
o =g o ot gfea gt T8l }1 oeqd: el e 91 el SRE e’
Gferd Ted €1 W 39 fawg W Fel o oIk fomm e ] ikt sifufemanei
[ foh TefertoT (13.10)] & it o ST 3R FieiHT 1 Heamd qer =52t
1 eI gUh-gosh w9 ° g9

(b) &H A & o ek o1 SEF-Foll 1 AMHF o S § FOTHS ANEH
(= &) gian &1 <k ferslt Tifrerta sifaferan ® wieiqi qen =gt < i
e wferd et €, oFd: Afafma o Sl SR =qEiEl qen Wi o oo T
W(restmass]wmélﬁmﬁw sAfafsman o 9 R 5
THehT T el S-Sl AR o AT A o6 AT i Fod TEH-Is oh
THM €T a9 el 1 g7 SUA-SSal o1 Sl e atatma o sEwita
B ATt s1eren ke arelt el oh ®9 H Uhe Bl 81 it S-Sl 5oAHH
o e 3 ©, o7: 89 Hed ¢ T frt it sifafwen o <A oI % e
THUMT 1 FR Sl b ®Y § URaldd & Sl € (A 36eh fauid et e
THUF % M % &Y § ufEfdd & Wt 21)1 39 ®9 H AifTRig sifafwan
FAAM-SSl o 3BT T Th ST 2

(c) SHTH-SHSll oF 3Tq:FUI i 3 |, Fagiaa: T et sifafwan Tfwe
Afafsran o woey 2| el TamEte stfafwman o saeifia steen fFerer arett
St stfaferan o6 ST 3TR o WRETU[SH qen 1w &t et (At wEl)
Fe Setief o Sal 1 TR HIC =1 ek THElh S-S oft et wEm
AT 310 o Fol FAHH H RS AEH (SaH-&fd) i @l 7, safag
& T Fehrer wend € fon fonclt Tramarfres erffsran o <A1 @Ik o wmoped qen
S o Pl FSAHMl H1 M STl o &Y H YRAfdd e <1 € A1 il b
FoAAMI o AR oh ®Y § YRAfid SR gEifas STt €1 el feRdt
THEte Afafsrar o Ford geme efaal @1 g Ayt e o demm
FoquM efadl 1 gor S o A HH gl ¢ WH B T8 uRon §
fof U@ wdid eI T (S 9 T ?) fw e vomaf sfufer ¥ @i
SHAAH-FSl 1 S FIRT & Bl

3reor 13.4

AT T B @ 10 T BE Bt 81 WA T 99.9% W Ak gemE
s o gHIfEd g

2. THIS o WR W GeAHH, THIY] S TRl (u) § A S 21 R
o STER 1 W] §FHE SHE (1u), '2C o Teh TAV] & THHH o 1/129
9T o SR Bl

9T
1. Y W] H T AW Bl B AHE SR gl 1 A i e
318 lu = 1.660563 x 10" kg
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10.

11.

12.

EIRED

e & weh FRERE w01 el @ 5/ =32 sed 21 U1 SoAHM ST Sl
& g € S W @
ot dc Y TR G 259 o o THIUe AR § Ui it G g 2
ST AT A, WIS Tfeh | Yo Ue =2l S Fd HeA o ae gt
% A=2Z+ N Tl Nk | fomme =il w1 gen e s 2
Tk AT S 72 Toh Flee (nuclide) 1 7 X gRI =7k 3 &,
SRl X 59 TEEie Sifa s Gohd 2
UM WA S z, T A= =g 9@ Noh gaIse GHEe hedld
g1 o eies foreh foTu Soam@ S& A 1 5 THH & gHEiRe 9o o feh
fefT =32 gemn N1 9F 99F € gEgeied hea B
ATIeRTST el ] A1 eIk FHEIeRl o a0l B4 &1 qe 1 TR FeAHH
TGk G o SoAAMI 1 9T A7 2idl €1 STel 9R 9 i geeentsni
T WU g 9 T
ek 1 MeAHR AR ST Teh B Fuifa &1 s gevel 21 seiae
THIO YART o SHR W AT 1 B0 Fd w1 S Tehell 21 =€ T4 T T
for Tt %1 fore Freferfas 93 @ = B )
R=R0A1/3,
Wl R, =Tk FaIdish = 1.2 fm. 98 <war € fo sk o1 oey AW Fasfe e
Tl 3R TE 107 kg/m> sl HIfe 1 el 2l
feeh o TR =2 TS FieH T WE Tt A9 o9 g/ o4 &
THeha 9 =Jgiv TS Freq # faug 78t s
AT SAUE M SHN 39 el o el %oTHH S H HH el 81 AR
3N 5Geh STl o SAUHI 1 AR FoTAH &I el B
AM=(Zmp+(A—ZJmn]—M
3MEHTEA &1 SATH-Foll 951 E = m ¢’ 39 SA9M 3T 6l el o &4
H 39 YN oA Ll ©
AE, = AM ¢’
TSl AE, T4 1 Fe7-Foif weand 2l A= 30 ¥ TR A= 170 TN
TEA % WA § 9fq FfFdi S-St w1 7 T e 71 98 @ 8
MeV 9fa =feeai 2
TRt fRateti ¥ et Hei qEEh Yishansti w1 gor § TS 39 e
T @At B 2l
el Tfvrenta gfsran &1 @-9H @

Q = Afqq Tfas o1 — IR TIfast el
FEAHM-Soll GEI0T & HNU, e Hehd € T

Q = (IR SHTFT T A0 - 3TfqH Seaqm 1 4m)c?

feanifoeea ae ufteeT & f5ed < 7 ySita o s, o a1 g A yfemet
Iafsid wieh FUARa 8 St €, el o-fhol difeam & ifuss §; p-fohol
ToraRTT & qen y-FRt X-FoRTol, | oft B0 wded o foep et fafweor )
Sa Y el ¥ afed AT Al gear @ sfed Aifwe § qiefdd g @ q
Foil e gt 21 forged o wh wilt e < i @eil | ot @ s @
ST, 25U +in 512 Sb+ % Nb + 4in
Fora" ® gotoh ek faeiet T Fg1 ATk s €1 g9 afed weft ari |
BN AIHeh] o1 Eifera el | Heram il ol Gid 2
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1/2

witer ~ feud TR femuit

M] u AT AT AR T T R
F o AU ST G| T TR
TAUH 3, 2C WEW] % SEEE
& & 1/129 W0 % SR

[T s

[T] s Te o foad feanfes 71 &

TRl B e YR e i

s ® S R

[T Bq w eanifaes &q =1 tfead
okl

Taemona fau=

. TR TE 5o o1 SIed 1Tk o T1gel R R &l Hid 1 WH1Y] ST el

=9 79| &1 9o T2 Sl

. SR YHIUH R F1G HI TS AHE 1 BRI 1 W U H YR 5

SUR T T 1 T B W e 1 9 T 81 U getene ©, i, et
WehTUTH ATk o STTaYT feaeor § qeifer Bidl € Steifeh Uewh! 1 3R 39 9
T HUT AMAHE 59 | g gt

JMERTEA g SHM Td Sell i FAJEAd E = mc” Y&feid v ST o o1 319
TH SHAN TV TE el W0 oh Uk I #i §6 TE &, 9
FEAH-Soll &IV o Ueh Uehishd (7198 1 o shid 2| Wepfdl | ¢ - arqa:
YHTel © T SHRT Tagere=ia FHIO) Ak g Sifdeht § I S 2| SeE e
Folt ! Tugeadl o oM, AT S Td 3Ueh e §id o €9 H ST
H SR 2| W FEE HT SUEN wieh, TRl AMWRE iwmA (&9 e
HAfAfsran) o Q-9 = YR o A geHml o & H e TR S Fehell 1
(9fa i) seA-Sell 9o 1 IHid g8 <t © & e Afwe
HAfuferand Gue € S &1 Seteh ATHR] o Fordd W o1 Tk qi Ak o HIeATHh
THM ol ] AI9eR! o forged o <@ ST Hehdl 2l

G o faIe garer AfeRl H T IR Sell 81 =feq difsh o Shatim fawa
eI ol TR Y Heh| F&1 01 € Toh Tera o foiq e1e=d a1 w1 STegeshdl
Bt B

Ty (wfa feeraia) duA-sst o Had 8 3N 3Ed HfR-ei & qied s
? W 3EH *He, '°0 T =qorerzel o forg fmer & €)1 78 W] 1 @e
& e § off el G H1 fREE 1 THOT HEAT S )

&I € o gela-WiSIgi T HU-Hidehtl g B $7oh SoAHM THEHM 2|
Toh 3TET o URA THE W faaia geid o e g
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(7€ I T € TR ST U SolseiA Ud Uk WiSIg T |1 31 € ol -G ol
fIA9T (annihilation) Wiﬁ%ﬁ?%ﬁﬂm qﬁzﬁ#mﬁwﬁwaﬂﬁ%n

8. feAnferad s & STENfae 1 Gg=A 7| Tofeh AR § wofe & forg
I TS W hl A T ST RIS 1:1 BT =feW| TRt TIfehi o6 et
o foTt 78 STUId 3:2 F1 =Tl (Wi o Hed @ alel Ufdehsul o Y1d o
e o fore stfues =gl o1 STaweshal 8R1T1) 39 T STl ! 7 W@
ATt ek SRR € B g Rl | g stern Wi shi stfershen B 21
areqel §, (Gt el o) T HEEAeR] o /I T 10% € TRl €1 31 i
HEM &Y Y FEWRI ¥ 913 W € (A e s E g ) oo, p, do n
N 31 HON o Yo g S S 2 1) | STRE wweenten fave o et o
WAt Yeroli ® off sterifehd fhT o 2

- o

N o YA BA i H FAfafEa efiee eueh fag suanh fag & .

e = 1.6x107'°C N = 6.023x10% gfd A
1/(4ne,) =9 x10° N m*/C? k =1.381x10*J K
1 MeV = 1.6x107'3J 1 u=931.5 MeV/c?
1 year = 3.154x10" s
m, = 1.007825 u m, = 1.008665 u
m(4He) = 4.002603 u m_ = 0.000548 u

13.1 ESH A ('2N) &1 deF-Fsi MeV d T HIN¢m  =14.00307 u
13.2 frafafad sifws! & MR W JSFe T 209Bi TfWe! &1 dvH-Sstt MeV # I
HIST m (35Fe) = 55.934939 u m (2°Bi) = 208.980388 u
13.3 UF XU 7T f9ech 1 5280 3.0 g 1 3H Hoil 1 UM HISC S 39 faah &
et Il T Wl 1 TH-TW W ST H3H & fou Trevash gl werd o fag
7= e R faee pofa: Scu weEet @ o ® (Bcu w1 gemme =
62.92960 u) |

13.4 U o HEEe 197 Au Te T o GHEAER 107 Ag i AR e o eigua
%1 Fi~ehe M 1A hifs)

13.5 fordl At sifafewan A+ b — C + d &1 Q-9 T=fafad T grr aRenfua
= 2,
Q=[m,+ mb—mc—md]c2
el f5u Tq germE, AWk folm o™ M (rest mass) B f&U T stiewmsl o
YR T ST foh Frfared sAffmard Somadt & a1 Semwi
() 1H+H -? H+H
(i) §*C+C -7 Ne+;He
fE T A N T UER €
m (?H) = 2.014102 u
m (®H) = 3.016049 u

m (C) = 12.000000 u
m (?9Ne) = 19.992439 u
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13.6

13.7

13.8

13.9

13.10

A 6 89 P Fe e o < 99M sa@El 28 Al | faaed W foar &1 &=
FI 3fc O Ig faus G99 22 39 YA &1 Q-9 1d Hich T deh & H
fea & : m (¥Fe) = 55.93494 u T m (2 Al) = 27.98191 u

239py o forded 07 9gd o XU o oS 21 fa fowe fagaa siaa

94 92

9l 180 MeV 813X 1 kg 5 *20Pu & w+ft ] ferafea &f @t fhet MeV
et faqe g2

2.0 kg SFAFET & Fo@d ¥ TF 100 a1 1 fagd o fohat <X yehifera <
S Hehdl 82 "o sifafwan e off S weRdt @

H+%H— SHe+n+3.27 MeV

T TYHI o STHA-|EH H TR o AU Felld ST H FAR T RIS
(Hehd-pelld 3TaRIY i a1 &1 HM 9 SJH o o o ol 3§ Falrd
TfAeRHOT Set o SRR B € S Uh-GER 1 Feh § T S W Ik e SR
FI1 1 98 9 Fhd ¢ FR g2 2.0 fm gt e et gg et #1)
THHE R= R AY? & 3TUR W, T foF THE 557 1 Ol T 3R €
(s1erfd AW fasft 7 a1 #)1 w@T R, ©F Frdiw @ w5 A TfE B geme
T 2
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