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13.1 yf¥Hert

sl e1ear | T el © Toh Ucieh TRATY] 1 ¢FIAe SN el 39k ohy W Gehfgd
1 ST € SR TRAT] k1 Tk AT 1 A9 kT et WesT TRATY] o HIgsT shi gor
T HIHT A B Bl -0 o WehivH el WA A @@ WeRE TR ® o e
1 T, e ) oo 1 g § 10% 0 9 off %0 e wifew) wen oref € fR
TR T STEIG TRAY o A & 1072 T4 & 9T ©1 SR 91l | e al 9]
o srferepivra: Rem wom € 21 AfE g9 TR 1 WIES a1 el o A o e’
F T dl ek 8d T 7 o i o wes o feer 3 qenfy, TET) 61 ere
Ui SeTHM (99.9% U ifereR) ifw o & gmifed e 2

TRHTY] 1 GO o GHEY A A9 w1 A hIE G 22 A U\ @ 36eh
g F-F §? 3 TR FFE ThR IS ©? T A ¥ T9 36 YRR & JEA o
IR WSH HT FAE HT| T AT & fafime o, S9-S0k 9Ee, SoAEE qen
Tofed 1 el o WY 39 Heg eatfaeed, faweT td G S| AfHR
qRERAle & off fae=m w3

13.2 TIHMU] GHHE TS A(HE hi WA

TRATY] 1 FeAAM fheliur i qorl | §gd 9 el Bl SSIE0l o feIu, e &
TRA] 2C 1 FAHM 1.992647 x 10 kg T 3at BT AR i Ao & forg
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foheiT wgd GeerSen Ak el €1 3Td: WA SeTHHl i o i oh eIy
SO 1 Uh 37 WIS W& [ TRI1| S TSk sh1 URHY] SeHM T (u) Hed
&1 THeR! 2C WA % FMH o aRed 1712 9 9 e e

3 39 IRAW o TTAR

2C qWHIU] k1 SHAN
12

lu =

1.992647 x107%° kg
B 12

=1.660539 x107" kg (13.1)
TR §HH AE (u) § o w6 R faf= adil o ) sogH, sRge
A % FSAHM o QU1 U o R UIT S §1 W 39 FEm % ore el
qarg ft € 3 ok oAU, FAEH HT THY] FFHE 35.46 u B
TCAY] ST T Fee /IO, SorHH quishEATd (WeHieX) gRI faRan S )
TCHY] ST o HIOH O Il =erdl ¢ o T & qc o i R ot aeeme
1 A T forer TEEfe o7 @ THM B ¥ W 3 SAuEl | Sfal g1 1 T
& T ®T TH T Fofaar 5ok SAAEl B TR B €, TEET heeldt §
(T W% eEEieia w1 ot &t o wHwentes %, @€ AW 3= s@fee e e @
Hifer deal 1 ed gRoft § F gt T & T R 9 S €)1 90 F war wen R
Wl el SATRIN ©U § he GHEeh] w1 fq01 21 fafem= wmeenfehi 1 wme
ageldl dcd SSei oh |1 Sgerdl 2l
I & AU, FAdA o 3 gEeenfin § e SeHE A 34.98 u U
36.98 u B, S & IggIeH WA S| o ol Turel o Gf-ihe 71 37 qeeentieni
1 WU g FHY: 75.4 TS 24.6% T 39 UHN, WHfdeh FARA AT
YA T gl 1 9IRd-Siad B 3T, Wehfdeh AR TTHIY] hl SeTHM,

_ 75.4x34.98+24.6x36.98
100

= 35.47 u

I I ® S FAA R RE] SHH

el % foh WaW T@eh dod eIggieH o ol M wEedteh € fSen g m
1.0078 u, 2.0141 u s 3.0160 u | Fa¥ Tolch BEEISH WA TSeeh! Hder
Tl 99.985 % B, Wl A1, W HEawdl €| Th FeH i 599 €,

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

g BIESISH THIY] o SeAHM 1.00783 u H U, T foemM U 3oieei & So9mM
m_=0.00055 u i ¥ ¥ I FHAM o SRR 2| TGS oh T & THeeqfh
mewﬁ%lmﬁwmﬁéwmﬁﬁ
Y S SR M fafuE g vEnmerenstt § fHfa ey s 2

Afees | o SEe Wi 1 € il §1 Wi W Ushish ol S99 il @ iR T
Tl U1 | Ted I8 faem o fom Tifer o soiee Bid € W aeien fagia W enefid
Teh! oF hRUT 36 AT i e T 7o) fohelt Tmmo] o |sft seige Sueh e
o T8 B €| BH Wd © fon feRdll wXATo] o AR o oed 9 goieHl shi He
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IHeh TTHTY] Sl Z, o SER il €1 3Td: WA | Selal i el EN (—Ze)
IGok A & et A (+Ze) o R Bl 7, i TCA] foagda &9 @ 3=
21 21 gfery foRdt aeAro) o s H W Y G, dead: ST TCHTT] i,
Z =t 7

IS Ht @I

Hifr <gifan td TrRfcan RgeH & & gLt €, 70 ¥ ye o Al
o T W[ g =IfEul Al g, Sgeiiem ud grfeam o e o geaami
H oud 1:2: 3 B gHfey sgifem wd Zrfcan & vl o e o eifaftaa
FO ITEH 5 A TE MG 37 FHEAR] o Aen! ¥ foemm STEH Tfas
TS 1 W 1 UEH-SoA9M o ARl H oFd ¢ dl SHAY: Tk TS & HEh]
o T Bl 81 98 e SATa el © fob qremeti o et o giei o erfaftea
foem™ ®A A 9% IHA A ! Uw Yo Ak o Ui o &9 # & OB
21 39 IRemed &1 gfie, 1932 #, S wefasw gru &1 T = <@ e
Ifferm Tfaewl W Tew FO (Tew wu, dfagn i e ¥ o fawm
T T STl SAN § W H) iGN H e B, @ 3T hw S fafemion
ISd B &1 98 i arEn e TR A SeiE T, gifeem, s e AeesH
Y Befeh IAeh] W THUST ST9 UIEH Wl e 81 39 WY a% T U
o 33 fafer wie[ (foga gasa fafeon) & o o= w6 o weem

Il &1 TR S W YA 9en TR Ak I|7EE fafeor wem o oad

Ed
B 1 RT el 34 fafon &1 qo § wga eAfus et o aRfeaw et
W U HOT HT SR H TC &9 &1 T GO ok qOEE H G, S Aefaw
J SR € ¥ g fRA, sW weqw # wifed o f IR fafewon #
% U YHR o SIEA KU FQ & N 29 dhed €1 el TH G wReqm
a1 SYE Y, WA T@ T KU KT FHAAE JG B U THAA WK I,
9 Weld o SAHH oh TR aeR il Tl

o9 TH g H SEH s aeedd ¥ WHd €1 9 R,

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

22H w1 @ % fau Jefaw #1935 F Aed [WERR W e R
T U Ao W o T U ge =g STl el €1 98 Uk UigH, T
TSR U U FiagieAl (39 ol hU1) & ®9 W & el oar €1 sueh! st
P T 1000 s et 21 denfy, Mfaw o iR Te wmh g 2l

m,@wﬁmmwmmmwwmmﬁ
S Gl @l

Z - A FHAF = WAl i GE&A [13.4(a)]
N - =2 9@ = =2l & 9@ [13.4(b)]
A - 59HH &A1 = Z+ N

= FRAI T e # g wen [13.4(0)]

Tie Td =g o o e v w1 ot SwEE w1 w21 e
et W] ¥ faem Wen U 5ANH e A E €l

et fusra geifa a1 fas &1 Wopa fog AX g WeRid fear s 2
W&l X 39 USIfd 1 TEEte fog TSI & fau, wei-afaw s gehd
197 Au B T A €1 T 197 =fFeEE i § S 79 Wed w118
=2 B B
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e frdl a8 o wEeenfTR] 1 SEAT 1 Wodl 9 GESEl S gehdl Bl
frt fiu U 9@ & gERentieR o MR § Wer @) "Wen d 9 e ®,
WY 9 TH-TR G e kI e & g ¥ fam @ € sgdfem 2y oS
BRSNS H1 Ush e §, 3U8 Uk UieH U UH 2 Bl 81 THh W
Tt grRfead SH o U WM U % g B ¥ 9 W@l % 32 Tmeenfih
B © el goomm Hemsl 1 WH A =173 ¥ A = 204 9% B 21 IS 'Y
WA B o ek € b el o TEERT 0 Sk geieie o Wi
T €| Hien, THE WA & selaien [ THH g € Skl TEEtTh
ZAER I Tk S Bl € SR TEfGTY Sl ofed HNON § Uk B WM W
W@ S R

T gt e 6 goHE Sen A 99F B © 99YIRE Head Bl
ST, AR SH T SHe WHWING T1 Y ek TR =i T N wHH
e dfepT W] wHE Z f § gEgeite wead €1 Serend, 18Hg T
197 Au TS €
13.3 -rf¥er T AEsT

ST T S 12 H 31 T, T 97 Sl Seite o feei ) Aifuss ok
TR Sl TRl T TTAT il TIHE oF gd T IR TF A6ed 5 @0 &
Feh T UCH 0N oF TehiUA © Helferd 9fg T feran 3ok T | I8 T g3l
& 5.5 MeV Tfast St oF UewhT U 1 Tal Afehi o feheser 9= i g amem
4.0% 107 m 21 @l &1 R A ¢r-F o GHIUH HT TIHIE 7 T8 AR GHAT
feh geRTv o T Sheret sheiie 1 Ffaewdor o & STarE 1 S, o e
ik ® fafed grar €, Tifuss 1 arafasw e 4.0 x 1074 m @ w49 &1 =1z

I B0 5.5 MeV § 3fsh Sl o o -H0 TAM HL Al $9oh @ AIHHI
& ey T # 3 I FA T Twh R 99 THUA ey WH ATEE
I ¥ wafad eH R iR W g T MU ufeer ¥ 9w W Sk
S| WIHIE o URAe Ul HUT T W@l Akl oF e g9 O oh
9 o o G hol™ Wiaedu dd W SHiRa €1 9 g0 % g e W
TWEE & eherl § A 9 AR TR TH @ €, TaEE st o fawa
o fred feRten ST EeRar 2l

U™ Y19 JAN Hieh TSH o-0T o TAH W e TT1d SeigeHl &1 fafy= et
& SR BN 1 T B, qdl o AM9HT GE o aigsd 9 9 R )

I IR T R A o gen & Afas w5t e €

R=ROA1/3 (13.5)
Sl Ry = 1.2 X 10"°m (= 1.2 fm; 1 fm = 10"°m) 35 1 2 fo ifores
I (S R® ok SR €) ST G&l A & SThAI! idl 81 31d: e
1 S T el 7, stefa, geft ifret & fore sget 9 A W ek T e 21
fafa= iy 5@ o oM o %9 #I 95 F WE e S| AMARTE FA HT T
2.3 % 10" kg m™ o WiTehe Bl 1 W T=1el o1 Gl | Scel 1 7€ A wgd
fferes a1 8, S Sl o folg =Fcd sherel 10° kg m > €1 Bidl €1 39 e ol STE
T THE ft S Tk 7, Fifh I% TH TES & 3@ qoh ¢ foh WA SAferhivr: iR
T fiod B 81 I WA ¥ oW 5o ° o<t Ao | R T g 2
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3qlgiul 13.1

3q(gul 13.2

IR 13.1 AR o TI14F 1 §F9H 55.85u T A=56 ¢, THH] ATHE T
[T Hiferg)

&
m,, = 55.85
u=9.27x10?° kg

ECUiE] 9.27x107%° 1
s - @n/3)(1.2x10 ) 56

=2.29 x 10" kg m™
M TR (Th @it Akt fig) & ugred &1 o 30 ¥ & 919 qeria 81 98
Turten # foF o1 R W %7 39 O qe gdifed € T € R e R wE T aR
A #1 WE TR I €l

13.4 SHUME-FS a7 AR SIT-Fsl

13.4.1 THAME-FST

SMEETeA 7 319 faftre smufshal f9Eid o6 STUR W I8 IW0 o FeA9H Sl i
& T o0 w0 7 fafere smifiea fasid @ veel 9w A S o f R sifufsmen
H SAM TS Sl STeTT-STeRT TR 81 §1 W] TR = T <9 o 5o7mm shaa
Foll T ST &Y 7 AR FH FHH-Soll I Sofl ob 311 &, STt it H, qRafda
F Ghd ¢ a1 falia v ereid St ol 5omE H wUaia s off e 2
7ok foau SRR 3 S g SATH-Sel guqgeddl GaY fEa 9w ©
E=mc (13.6)
el E, 59 m S 9uqed e ¢ TS ¢ fafd o g 1 9 7 ot wf=ene
oM 3x10°m s @
IEEAOT 13.2 1 g TR1Y o AT o1l ol IRepfad ehiferg]

T
IS E=10° x (3 x 1082J

TR =T =

E=10°%x9x10*J=9x 10%J

39 YFR, AR TH W =t i ot S | ®aika o S ar 369 el wi fowna

TG e el 2

R o SHTH-Sell Gadl 1 YR gfte, =i, T, soei T
31 B B H @ISl T KON o ore g arell Ak g AfafswensT o sterad | |l
b1 B fondlt erffean o Sl weero fem @ sifvym @ for afE soomm o gag ot
w1 f ufieherl o wftnfad & d grfies S ifam il & aUe) 8l 21 98 Hehoud,
el i TREIRE =4 frnetl w& Tfventa seml & §9eH & fau meeg
B T A p AN H1 Tora-ag 21

13.4.2 AR S-St

AN 13.2 H T 2@ T s =32 wd W o1 o 7)1 or: Te endferd ® f
TR 1 FHM, 39 faem™ =2l T FieHl oh FHMEl oh el AN Tm o Sel
B AR, TRIRTT FoTHH M, T Lm H FH T S S| S ok o, ey
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180 w1 ofl TEH 8 W TH 8 = 7 I,

8 =Ml 1 TATH =8 x 1.00866 u

8 WMl &I §FIH =8 x 1.00727 u

8 TAEMI 1 FIHM = 8 x 0.00055 u

T 18O T H1 3TUfEE 5e2H M = 8 X 2.01593 u = 16.12744 u

TSI FUIHEHTI o FART R W 6O T THIY] FHE 15.99493 u B 38
Y 8 SRl 1 FHA (8 x 0.00055 u) B2 W 10 & fHF 1 YrEfis 7H
15.99053 u ¢

3Td: 79 U § foR SRS 160 ATk kT SHHM, $Hoh U<kl o HA SAHH
¥ 0.13691u ®H B| Th o FoIHM TH $Geh FZh! o FoAHM o W AM, i
FoTHI &l hEd €, SR THeR! U 39 WehR e fehal e @ :

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

goH-&1fd 1 37 N 22 U W SRR H S-Sl GHdeddl fagid
AT gftreht foman 1 <IfeR, SToRAST ek T X9 SHeh Seshi o FoAH o AT
(3reiferd seeen B 8 Wl Ud 8 =42 1) | ¥ B §, ferdisr ek 1 Tuged
Sl Eeh SIEhl H1 THAE el oh AN W HW Bl 1 4K I AR e
F 8 TeH TH 8 = § faafed W E @ A we sfafe s,
AM ¢, 38 A9 1 YSH AT el 3Heh fAIq ewesh T8 il E,, %o affd
Y frefafaa g gu Hetud it @

E,=AMc (13.8)

SEETOT 13.3 T W] SHUM U & GAged Sl 1 9 Ued Sl 3R
MeV ¥ J1d SHIST| ST ITFN H¥eh 60 1 57 &fd MeV/c® H F HifSy
&
lu = 1.6605 x 102" kg
THH! Sl o AT W qREfdd i o foIT B9 SEeRl ¢ W TN hid € T Ui ©
o saeh
TSS9l = 1.6605 X 10727 x (2.9979 x 10°%)? kg m?/s?
=1.4924 x 10'%J
1.4924x107"°
= ———— ¢
1.602x107"°
0.9315 x 10° eV
931.5 MeV
FUA 1u = 931.5 MeV/?
50 & faT AM = 0.13691 u = 0.13691x931.5 MeV/c?
= 127.5 MeV/c?

- 180 1 THF Tewl ¥ fafm w % fau sevasw s 127.5 MeV/ Rl

I FB =AMl T WAl i TE-919 e, = sTeEe 16 $emE are T
AR I S @ 3 UK HAE, Sl G MMl A8 el AE, S I 311

€°€T Ini2lbe
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TS wedl ¢ A% g fREr a5 TARE-FHUN F STCRT-STR FE
g1l B9 3 RN 1 e el E, YEH HT! BNl T A9h Fl EH 36 THR
drg & "ehd, fe o, Tfss 1 seA-oet 78 af At & @ R fee it
¥ faem WeR faad o=t We ¥ 9 71 A9 oF HUI HI o[ vl &
T R Afew W WY FYF-For 9fd FfFdid, B, ©; S fR Tifas wi
SeH-Sil, E, U6 399 foume st S e A #1 S 2

AE, =AE, /A (13.9)

&0 9fd faer SeH-Se H T AH "R € g fRdt Tifae & ogges
Sfastil § gerdhd & o AU sTewas $i|d St 2l

o= 13.1 ¥ @gd ¥ el &
faw ufq Jfeeria s ot E, T

= Q0

SZS

*Fe
P

Mo w2y TEME 9@ A B UE K@@ T 2

|
|
[
:

—_—

L e e R S S S ——
fari gftere=r & & —

o

(@) HeFerl s Hems (30 < A
< 170) = fau, wfa e

SeF-39l, E, , 1 I AR

gfa fFAst F6F el (MeV)
'S

w7 F @ T €, stefd weg

i o T gRafda Tel g 2|
0 50 100 150 200 250 % A = 56 % TIT @ 8.75
S FEA (4) MeV 1 Sifeehad HH T A =

o7 13.1 So99H 9@ & Fod o ®9 | 238 & fou 7.6 MeV q9ifdl 21

312

i et S-S (ii) BTk AR (A< 30) TH 9
Tf=RT (A >170) T 6 fag &
E,, &1 A HeHedl qUH] SHHIS
& AIfgeRi @t qaT H STdaERd
FH B T

79 YR Fre frehel @ 0Ee T €

() Te 5 TR § 9 Ui e $5 MeV svF Sa- S o g vl Yo 2
(i) 30 <A< 170 % TH H SeA-Fell 1 3TedT 39 924 1 IR € foF 1@ty
T o7 T FoT B 71 9 ek o iR feerd ferdlt Ffaemit w faem i)
T I UH-USH o Had I Flaastl 9 YAIfad SR S g9k Tk Fa
o IR ¥ T € A% FE o faer =9 fafvre =feee & Afawa 9@
& IR T oifush T R €, 9 T foameiT Aifasw &1 S-St 1 afe st
guifa T8 ®am A foedt Aifae o Aifiea 9@ oF 9RW H sifuehad p
fTa Bl Thd Bl, A THR! S-Sl p oh SAIHIIAN! BT T TR TRt
AR F AT pled, ST I T i § o B ae E e w5
Bt §1 o1 A B0 T i e T A HH S, S8 e o il
e %1 - T T e i, B 6 9 A § s
et 38k Hie Ted € 91 IS H STV, AH Y SeH-Sel | A I
el U 0 Tedl Bl 3T Wi R sue-Sell e @l € 3R gkt ke
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EIRED

HF phe o SR 21 81 AfeRi 1 o 07 fSRdeh Rl S ek oheed 7o fahe
o ARt Bl & weler el €, AT Tl 7 Ggfd o7 FHEewar B

(i) T orcAferr Wil AfYH, W@ A = 240, w1 Uld feeEiE S-S,
A =120 % AT &1 g1 H %7 Tl 21 31, AE A = 240 HT g T,
A=1207 < et o 221 7 1, 370 faemi ifus gear 9 wfes 2 T
2 tan © T 30 uforan ® St fogaa el 98 fa@e g1 Soft faged g
Hequl FTeT i Ay wear & foraer fama o &m0 ergemt 13.7.1 ® ==
Eaull

(iv) FeaT I fF < gorsh TR (A< 10) FaAfad B T 9 Aif9s s 2
TTA BN &9 39 AR AR T U it S-S, getch AIfWehi i Ui
ferrai e Sl § SR B ) s 31et 9 g TR sifam Frer ® o R
e Y g o sifues ggar 9 sfud §1 7.l gorg 1 58 wieean | off St fagea
2t =& gd w1 St k1 G © foger fova | ww egan 13.7.2 ® ==t w4

13.5 AR o

IE o S T geraeHl skt i fafa war @ sA guRfed wute 9 {1 e
13.4 % &0+ 3@ T i|d somE o Tifass o fau 9fq =feai S-St o
8 MeV ® Sl WHIT] &1 Se-Ss1l shi ol § 9gd ek 81 37d: 9 o ol i
TR e WA o T Tk fa YRR o Sifeemelt Sendor ot i STeEshdl 81 9
1 31 ATy fReed 81 =ifeq foh (&ATafeTd) Weii o o ol gfaerdor sa
Y Afeeh Yl Bl Wl T =2l M bl AHE oh gaH AT |

1Y T@ Toh| B9 U e € @ ok ¢ foh Ufd Jfora ded el i

STEAT 1 T Sl 1 o] WE Yehid @ TH S Wehell €1 IR a4
T Jal o F Afgas i deaw F = i @ 1 9 99 1930 9

1950 & st ferT wTu faf=1 wami g o gem 2
(i) TR 9, STERT o o9 O el hard 9 T8 5eaqHl o did
LSRR e ke e | (| £ B2 1 1 A Y

feorfast 31 (MeV)
S
’J-/-

TR S o I, AR o X Tl o e o arel b ;
TAHYT 96 R SIS FE F 2| Te TEAT T 7 U €, 100

>

Hifeh AMHHTT o1 el aell w1 gorl o Fcfesh Jod 8 2| T 2 3

eS0T el Al Sholid St i gerl § ot 3Tedd el g 2

r (fm)

(i) = % 919 5 e §5 TR § ofE FW W IAE @ (9 18.2 T T g

T I EE T T Y et Y B I B 5 b, afw (0 o

3Ieh o9 i g4 o Hed

o T e % A el 7w # R o e & ¢ 0 ¥ ¥ o ol A w
foraes wRurEEy 9 =feri S-St Fad @ S 81 iRt T I E W rg W FA

1 Fearfas ot 2R 370k o= 1 g0 o Gefer <9 ol s Tafiepa
a1 o 13.2 ® SR T 21 T 0.8 fm H g r, W feafew
il 1 A JAGH Bl 813U 31 e g3 Toh A e o o
T 0.8 fm ¥ wferek Bt € df 3 9 SAHTT oA B © AR 0.8 fim
¥ &9 A o g 3 wfshor 9 € €

ik
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(iii) =ISH-=I2M, =H-eM Td WeH-TeH o = o aTel A9 ae T
TAE g & B €1 ARt 9ot faga s el 12w
FaArm o 8 S1een <A % e e wt 9ifq e 96l w1 wE W

it w9 7 71

T weSiae F= (1867-
1934) Ui H S

¥ wgen fhetl 1896 # &
ot gRI feA R F @
T iR 3 ufd frer gl
3Teh ATEHHl TS fawewon o
fere ufta foran, foroer wemasq
qi— feaq wd dienf=m— &t
YR HHE A I8 YU
AR off f8 <1 Aieiet qEhR
W g : Teell 1903 | sifeh!
& fau & gEu 1911 #
AT o faw)

13.6 Ifeamfaeaar

Aednifaead &1 @IV TTH. 9ohcd 4 T 1896 § TN |

qfeRt #1357 gHE A Al w3 gl

THTRIT 1 S1TIA hid U Skl 7 Ueh Uueh qRESl 3@

RfFT-weRem Gothe o 9 Thel W I FHN SeM & 9%

3G IH! Tl AT § U2 f&an 39 Uohe IR wRfES e

o S Tk <1< HT THST W T THR FE HS Tk WH & 915

el TIERNTthe e i Soerd foman T df 97 e T fR e wie

FTelt o g offl 7% ferdt UE =i o wRoT gan i i Ak

T 3afdd g2 Bhft qen wrel IS SR Wi S T 9%

TIfEe wie q TEd T8 el
a8 H fRu Ty 3 gwirn f fedntfraa ww Tifvew

uftereT € forad el i aifd g 21 58 T g

FEd &1 Tpid § A JHR o Aeanifaa em e € ¢

@) o-&@, e gifeem it (*He) Scdsia e €,

() P-e, o soERM 1o Wisieq (T8 o foet semm
@ TR o e € Bl © W SAEN Sl el o
foria g 8) sfsia & 2

(i) y-&gF, 99 3=9 S (100 keV igan 3ifien) ®ieq
Icafdd g 2
T Y YR °h &9 W ST IqSgErT § foem fRan
S

13.7 AR Sl

o= 13.1 9 =9l TQ ufq sy sua-ssi E, o H A=30Td A= 170 % &4
T oie GO 9 ¥ TH AN H Ui oA S-St oTHT 3R (8.0MeV) 1 geteh
e, A> 30, 91t 9 TS 9 AR, A > 170, 910 9T, 991 B9 TR € <@
ok ¥, Ui st S-St 8.0 MeV ¥ ¥ 71 A S-St afrew < f 39 sferd
e S s 1 F SHH FHH SN IROTREEY I HE FH Fol SET-Holl
e ek fordt sifereh deA-et aret e H wwialka & df o et foged g
et Ot fres o6 Q1 A U sifees WAt gomE wei (faded) stean gtk
Rl o1 ferelt R s & wAeH (o) wt gfker § TEr & e
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THIFe Tel YUTerad S8 URYeh Soll Widl o St Tt Affsmand it 2|
Tl foqe B aTell Sl seiae diee i hife 1 eIt B St fehdl At
TRA §, MeV Fife 1 Hoil faged Bidl €1 37d: 57 1 THH A o fore, T@mafT
Tidl <1 STden AT Gid Al T St foed e €1 SR o foru, 1 kg TR
o faged @ oIS 10" ST U Bl ], Sfeh 1 kg HiF o 84 ¥ 107J Sl
T Bt 7

13.7.1 fa@sa

Uiehtae AeAqifaee edl o STl el W 3T AM9RE HI SE g,
=2, Uoth! HU1 MG o ThR W B4 drell A19eha gimanet « e 34 o 2
GorEaTd St 2

foraen s Heyul =geA-Ute A giwan 21 faae o sqewon: s fhd
e TrEnfR 25U W g2 W YeR HIE1 Sl € Al 98 < HieAfhe goHH 9

92

TR @el § fagfed 8 9l ©

oD+ U —5°U —g¢'Ba+5Kr + 3n RIQ
T fopen o wreAfeh SoAUM oTel ARl o fae g o Sae @ e ®
o+ 55 U — 5°U — 51°Sb+INb+4;n (13.11)

T I ST T
on+55°U — 5’ Xe + 5351+ 2,1 (13.12)

% fagfed samg feamfaea Mfas g € iR T8 qd % B-87 T HH e
®dl & 59 9 T 3id § el s yw | e Wi

Jfrem S ik 1 fagen erfufwan & Frjsa St (Q -AM) ufa foifed =i
200 MeV &1 hife &1 Bldl &1 THeHT Tehel eH e wid © :

AT T U AR A A=240¢ 3R T8 A= 120 % I Gei § fofeq e 81 @

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

A =120 9 fom@feq M o fow E,, 191 8.5 MeV 2

. 9fq Ifeeai S-Sl w1 fed T 0.9 MeV Rl

3Td: S-S § el e 240%0.9 ¥ 216 MeV ®|

foea =t weTietl i foased ol 98l sE-ScaRl a1 =qH| w1 fas Sl 6
w9 H HaAlad el 21 fd § TE AHAH o 557 1 BEARd Bl HOA & B9 |
fifor @ S 21 A R § AR e e @ faed s g
THTY] 59 W T e ool ged Sl sttt e faged @ € S gl )

13.7.2 AR GeraT-arl ¥ st o= 1

o= 13.1 ® <uifan wn S-St 9o e of <wiiar @ fo afg < ek ik e
Teh 3TURTRA ST IR STE df Seoll T et €1 59 Wihan i A1f9eiT Gorad
F8d T T WE K1 Sl foHsh Afafmansti & Fw Sseer ot frw T #
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'H+'H—2H+ " + v+ 0.42 MeV [13.13(a)]
2H+2H— 3He+ n+ 3.27 MeV [13.13(b)]
H+ 2H - ®H+ 'H+ 4.03 MeV [13.13(c)]

srfufeman 13.13 (a) ® < Wi Mot T S92 e T difsrei o © 31k 59
TR H 0.42 MeV STl fshardt 21 etffenan 13.13 (b) ® < 572 T gifermm
T oIkl GHENR o €1 2afafear 13.13 (o) H < <72 et wh difesm e
Tk i o B 1 o o fora 3t ikl <t sa stfres O 31 eTevash © o
o 3o o9 oThftd - TEE YR S99 w1 H Feh| Bl aHl AT
YT G §, 37: Sk sTel sheild WidehtUl eIl o7d: 10 sholid Sfaiel UR
#H o Ty ggfeaa oo g STavash €1 39 hoid STy il S el e
AR T ARl w5 Beet W At wdt @1 S<ewr & fau, 7w e o
<9I S Fehell © R < WA & folT I SFefiegTl (barrier height) SR 400
keV 21 31fersh Maeem) AfiTert o foru staRiergTman o off siferer gt faredt wier
T H Wi gRT Flld 3TeRY il IR w3 o fag wafe Seit 3x10° K a9 T e
B Tkl &1 TH 19 1 GfeheM, G (3/2)k T=K¥ K &1 91 400 keV @ T
fepan S wehe 21

Sl HT ITART A I A o fau TfieshTa Heraq wqa-5 o g1 =feu)
ARl o 36 o1 1 € foh So4 1 A1 qd ek G S Se qeh foh $Eeh hUl
A 31O AT TG oF HROT, Shelld STERIY i UR A HT S| TH UkAT B a9
TIHT g hed Bl

AR ok 3d: UZel | feid St o Gia a9 AR 1T Gorod 21 GF o shie i
AT 1.5 x107 K €, S T 3fa St o sholl o HordHd o Tl sTragesh Sigaitd
A9 H TR hT T TR gF H T a1l Homa giwaet ¥ oied Seist ¥ oy
Afereh Sl o WieH 9 ol B

;A ATHTT TeIg= Sgd $o9 a9 T < R € &1 Fehell & 3R 9 T I
=1 U feufaai ohaet aRi o Sfa¥ & Suered B AR § Sl S drq-Aeh g
Heo o HiemH 9 € B 2

g ® TN Aol Gorad sifafmer T sgeR gtwen @ e ewger difaam o
It Bl 31: Gd ok i | gEGISH ¢F B WiZ-91e (p - p) T TGS 5 T
e el ¢, frefataa sifufwaet o wqeea gr oFed fohan S Sehal B

'H+!H—2H+ € +v+0.42 MeV (i)
e"+e = y+y+1.02 MeV (ii)
TH+ H - jHe+ y+ 5.49 MeV (iii)

H +3H — iHe+ !H+ H+ 12.86 MeV  (iv) (13.14)
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EIRED

el srfafran g1 o fau 98 efeves © foF teel dF sfafwand g-3) e &
3R 39 YR ) Boioh gifera Afeh fierert S ifesm &1 T A1 aad| 3R
79 2(1) + 2(i) + 2(iii) +({v) W fa=wR ®X q@ Fa@ ga=E ghm,

4H+2e — 3He+2v+6y+26.7MeV

N (4 H+4e’) = (3He+2e7)+2v+6y+26.7MeV (13.15)
Id: 9N EESSH WA Ao U He WA SN € iR ¥W Wik
26.7 MeV Foll e €t 2|

frelt dR o 3id: Yeel § oheiel Elforad w1 €1 i e g S-S s o
TrEgeH (Eferem & 9gel ) FH e 8, IS 3T B ol 81 Y qR ST e
o SHNU1 Hepted Bl © TSR Shig o1 A19 &g Sl €1 97% SIS ol a9 10°K Tk ¢
S G &t TR g B9 @, W39 9R gifeem wee | uRafdd g 3w
TR HT IR § Helod gRI §€ S0 H&A1 9Tet deal i S 81 Jehdl 81 T
FA-Selt o (Foa 13.1) o 36 W o 9t el &1 i 39 g o &1
RkEnl

Td T g AT 5x10° I T 9T g STIAE A S € TR gF R SR 5
3RS T ek A T ok ToT, STeveh SISSISH SUeisd €| S&eh U3, BIESISH
ST %k ST a2 A 31 B TR S5 & 379 T oF R Hepfad B e
e gd &1 shie 1 9 S 399 g 1 Sl SR Hher ww fed g T
& M4 (red giant) H qRafdd & ST

13.7.3 Tafaa aa Afaesa Soae

fordl AR o B ATcl A9-AIHRIE TiRAl ST ®WAUT Th q9-AAhE Jfed 9 fhan
San 21 Tt it orm ot o1 seva o €99 &1 10°K 19 o 908 |
TR Y T AR S hEAT BT €1 56 19 W SUA eFeeh TP e Seteeil
(o) T A BT B0 SR T8 9 R S W o fau i awg Suers e
®, o7d: 39 A9 kI S WA Tk FHIA 21 IR Gfed favd o *E <9 39 g o
el oh ferehTd & WATERA B 1 S Al oh Whel B W, WA ¢ Toh Herr Ruae
TS 1 T I I 9RM ST Fehl|

30T 13.4 FrAfafEa yeai o S dfse

(a) ¥ AR sfafFast o e (S f 9m 13.7 § Ru €) ot
THT (I & fAU2H, + 0, 2 H,0) & &9 § Fqfed &2 afx 72 @
fre 9 o A1 3R TR Hgfera i)

(b) =fE W ek =il &1 "en, yes et sifufwan o e wd 2, faeht
et sfafwan § e YR Soqum, S § (31 SHH Seidl) aeerdl 872

(c) Fmr foem ? o kot et o o € somm-Sofl Tk SO W Set ST Hehd
& Safer TEEte e | 98 w9 TEl el ¢ UE He AEA 8| THAU
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&'
(a) Toreht TaEf eifafshan o Sgfam sn i fefd o o sifafsran o TR o

Sl AR Heft A o RETEt w1 wEen g9 el @1 Rl wEmEtn sifafman
H wEt % got AsE H e O g {1 W] R s sifafwer o
Ao i B Tehell B 37 AR AR § e qed o AT T G
1 Gferd B STIeIs T 71| wTeliich, fehTa Ifafsan § g den =gt
T 1 TS ek T W e @l €1 [od |, STt Sl o qRAgd
¥ =g oM ot gfea g1 T8l ?1 o%qd: ol e 9o el ‘SR e’
Gfera Ted €1 W 39 fawg W Fef o oIk famm e ] ikt sifufemanei
[ foh Fefertor (13.10)] ® Wi o ST 3R FieiHT 1 Heamd qen =52t
) e gud-goE w9 § g9 2

(b) B9 WA & fiF A HT SuF-Ss 1 AH & $ATH | BUTHE ANRH

(c)

(sogmm aifa) g @1 <fen foel iRt siffspan & et qen =il < Y
et wferd et ¥, o7 arfafshan o ST SR =g qen Wt 1 ot fawm
S| (rest mass) THH Bl 81 W ferdl Tioerr stfufsman & arff &K &
AT T ol SEA-Fell ST o ST S o AT hl Pl ALT-IsTl o
THM B STEwaeh el 81 5 seA-Setiel 1 SR At stfufwar o st
B Arelt s1eran Frehe drelt Sl oh ®9 H Uehe Bl {1 itk S-Sl SoAHH
H e <l €, @7 € Hed © foh fohwl et siffher o S SR o et
THAMT 1 SR S o ® ° qREtdd 8 Wl @ (A1 36k fouid el el
AU o ek o &Y § gRafdd e Wt 21)1 39 ®9 | AfasE afafman
SHUF-Sol o A FAAROT HT Th SET 2

S-Sl oh SR i 3t |, Fagiad: T temEtE sAfafea Aty
arfufsran o wwey 2| el Tamate sfufman o sreeifia steren ferer aret
Tt sfaferan o6 ST 3TR o RETU[SH qen 1w &t et (ARt wEY)
e SSiet o 3R 1 T K T feh TEARTR Se-Seit off feRdt wm
e 310] % el FTHA H ST ANEH (SeH-aifd) i w8, gafan
& freare el gerd © R ferelt Tramafien arfaferan & < @R o TRATopsti qen
S o el M 1 S Sl o ®Y § UREfdd el S @ A Hel pe
SHAMl o R oh &Y § uRafdd g gEifas € S @1 i, fRd
THEfe Sfafshan § Sard S &fadl o1 aREnn i e ° gerd
M &R 1 g H % A T FH e 8| 9 w9 H A 6N ©
fof T T B © (S 9 T ?) fw e vt sifafea ¥ i
SATA-Sel 1 SFAFTR T Bl

9T

1. T Y] H T AW B 1 AHE UG gl 1 AR i e
] A B @ 10* T B et €1 WA 1 99.9% W i g
s o gHIfEd e

2. WHNET % TR W FHEM, WA FoAHM ShEAl (u) W A S 21 IR
o STER 1 TV $FAE S&E (1u), '2C % T TAV] & ZA9H o6 1/129
AT o SR Bl B
lu = 1.660563 x 102" kg
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11.

12.

EIRED

ek H Tk FRIETET ot g1 @ S5 =2 ed €1 THehT SoIEH o Sl
& e ® o Wt
Torel e 1 ORHIY] W@ Z I ol o AUk e § S sl we gl Bl
SN W& A, WHIfvae AT | Ui Td =i St el @A o SER Bt
?; A=Zz+ N, 78l NIeR | foemm =i 1 wen e w2
T AHHE Y S Toh SRS (nuclide) 1 2 X GRI ook w3 €,
SEl X 39 TEEteh gt w1 Hohd 2l
UM T G Z, W fafe= =@ 9@ Noh JEise gaeee head
1 o s fSieh felt SemM G& A1 HH M & GHaikes aen o forrer
feIT =2 9en N1 9F 99F € gEgeied head T
AR qed &1 1 Afrer gl o fH90 el ©1 dc 1 TH] SerHH
IHoh GHEATHET oh STHH 1 9T A7 Bl €1 STl R W d1eqd GHee et
T Gre g 9 R
TF I MAHR AHFL ITHT T oo Fuifa #1 S1 St 21 s
WO FEA o SUR TR A9 1 o1 1 1 S Tehell 71 FE G T4 ©
for TR 1 T e g @ o B R
R=R0A1/3,
el R, =T i = 1.2 fm. 7 <1 € T e &1 o AR el 72
T AR TE 107 kg/m> 1 HIfE T Bl
e o S 2 T WA 37T W Yoot AAEE 9t g7 a4 B
TTHE o i T W | fadg T2 wan
AT SHAUME M SHIN 394 el & ohel o9 Sm W HE Bl &1 AR
3N 3Gk STFdl o SAUMl 1 AN FoFAH &7 hea B
AM=(Zmp+(A—Z]mn]—M
SEHTEA &1 SATH-Fol 951 E = m ¢’ 36 ST 3@ hl el o &9
¥ T YR oI I €
AE, =AM ¢*
Sl AE, T H1 q47-Feif weand ¢l A= 30 ¥ TH A= 170 FA
T o W W i (i S-Sl w1 7 R Rd €1 98 e 8
MeV ufd faerai 2
Tkt wfranet @ et Soi qEEte gfhasti w1 gor § T 39 e
T et gt 2l
ot AR SR 1 Q- A ® ¢

Q = 3ifaq Tfasr et - URFae Tifas et
SHHM-Soll W& o HRU, HE Tohd € T

Q = (RIS SHHFT T A0 - 3TfqH SeaqE 1 4 c?

ednifeeaar o8 afteeT ? fad & 7 gsifa o ifes, o =1 g y fehwot
3cAfsfd ok TUARG &1 W 2, STel o-fertol diferam o ifirss &; p-femvol
Tolar € qon y-fRol X-FRon, @ oft B8 e & faem gaeta fafe )
SE HW el § ST AT SATHE qedl § Srd e § qRardd e @ al
Foll forqer Bt 21 fordiem o wh will e < R @el # fawfed € s €
STENY, 25U+in -1 Sb+ % Nb + 4n
e H Btk A1k THesht Teh ag) A1 ad €| g9 "fed @9t ari °
BIESISH ATHeh! o1 Elferad e H§ Herd" Sl 1 Fid 2
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1/2

witer  fomm TR femuit

M] u AT AT AR T T R
F o T S WEE | T TR
A T, °C TWEY] % M
% & 1/129 90 & SR T

[T s

[T] s a8 T o feafaa T o

st w© S R

[T] Bq & feditfoea @id w1 tfaeaa
! =AM

Taemons fau=

. AeRTE %A o1 T ATTWeh o WIgsl W R el hial €1 IRAT] SeAuE S

zq oM &1 9o &

. TR WehIUM §RI ST Wi TE A i A1 1 WM e U1 YRV ok

SR T 1 T B W e o1 o T ¥ U guteie ©, i, et
YR IUT ek o STael el @ geifed il @ Sefh Yol U 3K 39 <@
3 HU AM9HE 57 Y gurfad g 2l

SMERTEA g SHM T Sell st FAJeAd E = mc” Y&feid foh ST o o1% 319
TH SAYM WU TS Sl WAV % YU |l @ 9@ @l e, 9
Sl GV o eh Wehighd 719 %1 o id €| Wehtd © g8 Tom o
T © T SHRT Taverea FHI0 A9k 4 Sifdeht I S | SeH e
Sl i Ageadl o oM, T He1 T8 39eh Wi 9id o €9 H STAR
1 SR B T EE HT SUEN wieh, TRl AMWRIT UiwmA (&9 e
SATAfF) o Q-9 I YR TS W oMMl o WS T e feRal S TRl Bl
(9 =Jfereraia) seF-Sol 9% i Yepid T8 S @ foh Homerd et
HAfaferand Gue € S &1 eteh o] o Tordd § o1 Teh A Ak o WeAHeh
SN aTel &1 AR oh fodsd § <@ ST Hehdl

Yo o e gerer TifeRt o Tt URfYek St gt =feT difeh o et fava
3Ferlel 1 IR Y Hoh| FE SR § o Tera o foIu ofeg=s a9 Y SAeedshdl
Bt B

ety (S ST S-S T T S S T R € R o
? W 3@H “He, 1°0 % =[agel o foiy Rer g €1 78 WA &1 we
& e § off ST G H1 TrREE 1 Y= HET S @)

&M < o gelaR-WiTSIg U hU-Uidehtl g7 B $7oh SoAHM THEHM 2|
Toh YA o URAT T W faaia yeid & e )
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EIRED

(7 I T € TR ST U Solsgi Ud Uk Wiig T |1 3T €l -G ol
foello (annihilation) ¥ 34 § 3R y-feRTor WAl o €9 H St 9&H % 21)
8. feanifaeaa ik & SRenfae %1 Tg=H 21 etk el H wifaed o faw
ISl TS Wi h! WA T ST RIS 1:1 BT =feW| 9 TIeR] o6 et
% foTT I8 19U 3:2 T F1feW (WAl o Hea T ATl Tiaehsvl o e o
FREA o6 foe stfues =gl o1 STaeeshal 8R1T1) 37 T STl ol 7 W@
ATt ek SRRt € B T Rl | ggiHi stern wieiHi skt stfersher B 71
area o, (Tl e o) I ST 9 HIS SIS 10% 2 TR €1 o1 s
FHOM T Y FERIA | T S € (3 Ll e gl W oo, p, d. n
A 3 HUN o FEIG gR S S B1) | Sl weeenten fave § yereff o
Triiei Jeon ® off sraeliehd T S & ‘

T

AN o YT BA i H FHAfAfEa e eueh fa syanh fag &
1.6x107'°C N = 6.023x10% gfd A/
9 x 10° N m?/C? k =1.381x10%2J K!

e
1/(4ne )

1.6x10713J 1 u=931.5 MeV/c?
3.154x107 s

1 MeV
1 year

m, = 1.007825 u m_ = 1.008665 u
m(2He) = 4.002603 u m_ = 0.000548 u
13.1 EZH AfHE ('2N) H deF-3s MeV H 1 HIfST m =14.00307 u
13.2 frAfafed sfwel o R W SFe wd 22Bi Tfwehi &t ded-3si MeV | 7
FSY m (EFe) = 55.934939 u m (2®Bj) = 208.980388 u
13.3 % XU U fgach 1 590M 3.0 g 1 IH Hell w1 UM HIFC S 39 Far &
et =il T Wl 1 TH-3W W T A & foTu Tevass g e o fag
A efifsre foF foge qoia: SScu wEE w1 o9 @ (SSCu w1 gemH =
62.92960 u)|
13.4 U o HEHEe 197 Au To T o FHEAER 107 Ag i AfeRa e o sigua
1 Gf-Tehe M A1 IS
13.5 Tt At sifafeat A+ b — C + d &1 Q -AM f=fdRad FHiehIor gRI FRHTd
B T,
Q=[mA+mb—mC—md]c2
el feu U gemE, A foum geq9H (rest mass) €1 T T stiwgl
YR W waqrEy T frefatea sifuafemand somead & =1 o
(i) |H+H —? H+/H

(i) {?C+’C -7 Ne+;He

XU T TRE] FAUE TH YR ¥
m (}H) = 2.014102 u

m (3H) = 3.016049 u

m (2C) = 12.000000 u

m (2Ne) = 19.992439 u
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13.6

13.7

13.8

13.9

13.10

A 6 89 P Fe e o & 90 s@@@l 28 Al | fa@ed W foar &1 &= S
1 gfte 9 7e fogied G9d 82 39 Y w1 Q-HH 1d Hich 91 deh F&d 1|
fear 2 : m (¥Fe) = 55.93494 u T m (28 Al) = 27.98191 u

239py; o T o1 wgd w 20U @ fue-sed 21w faaea fage e

94 92

e 180 MeV 213 1 kg T 229Pu & @t wamy ferafed & of fhaft Mev
e faqe BM?

2.0 kg STEMEH & Hord ¥ Tk 100 a1 &1 fog o et < wehifem @
S Fehdl B2 HoAdd aifafewan fetad off 1 wshdl @

H+3H— SHe+n+3.27 MeV

T TSI o AT HI TR o oI pelid ST HT HaE A HiT
(Hhd-helid 3TaRY i HAE &1 OF 39 T2 o o9 oFH oIl 39 heli|
iRl S o SR Bl © S Ueh-GER 1 Geh H W S W Sk ste SR
2I1 81 98 HH Fehd ¢ T g2 2.0 fm g9l e 9l g e #1)
THFTN R = R A% o SHR W, 13T o T9eRTa 57 1 o o 3Ter 8
(s1erfd AR fasft 7€ 2 2) 1 7=l R, U Fradis € wd A Tk 1 Form
e B
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