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sf3repter siiferest

(Nuclear Physics)

CHAPTER

T 7E T & T ek e, et & fer a g | wey
TR A AT ORI TR0 XA, T R W TR
T G& T § Hixd WA & | T TIH H ANHR (nucleus)
wed ¥ | AT T @I 1075 Y. T Breen & Afe wIAAE
Hafeh TTATI] ST 3T 1070 1. Foren it dife T dian g | om:
iferek %Y e, ATy Y B ¥ e 10° T %A St © ae
AT 1 99.9% ¥ Afereh swoam e B frera gran € 1 fves
T RN Y 7 39 T % ST % [0 69 GI9LH TiF & FS 9
T[Tt =R SO T |

1| =fuesia €=ET (Nuclear Structure)

3 TENT % STUR W F€ W ST ¢ & A1 § 91 gaR
& 9 DU B (i) TR W (ii) AT =ggh | &
& vl B aftaferd w7 § ~gfIwsita ded © |
HIEF TR A AR B A B AR TR IATHD
2T 2, Ud gl GHHM ESIo URAY] b aRIER &l B |
uretT ®1 p! § welid e ¥ 4fF gEgoE & Ae | bad
TF WS arar & gafe 59 H ¥ ) efdfa e=a € | el o
HT *i% HI P A BT ATh Pl & odh Il IR arell 37
HUT B A AT BT 2AH Bl § | (FA A B s §
et @ W D! Fe& Z & SR BN B
=peta B (R @19 & IR # 0 ) § o 9g)
TR B4 & | $96! SHE WM © GH & S aRTE]
BT ¥ 1 g2 B ' fae 9 weffa a2
TF acd B forg gy A1l § WS @ W §EE el
2 arfe U ed Bl WA HHIG Z Ff¥Ed B @ (T & I
& fafr=r e & LA B F@m # =R & el B) |
iR 1 et STV, SHH SYRYT FHE WA % A %
AT AT & G A ol Fel KoTHM, SHH SITEd FHE Wi
T =gl % weAHH % AN o aER S ¢ | '
U ARSI Sfe (nuclear species) HI JFATSS (nuclide)
FEd ¢ AR gHH wafe e X" forar oirar @, e
X = dcd &I THANE TNF g,
Z =T & R HHG €,
A = FAGS B THAT A
= MIfA® # Gasll & gl T (Z+N)
Bl N = fes § =2 @ ge
aTeRo—C1, o, U (38 qRfam-238 W1 wad 3), anfa
feaofi—(i) dIEH @ Wiol WERWTS ¥ 1919 § @ el | gid
F @ FSfE 7 1932 H B o T o-HU B ABR R

aReNA® oRHY] | S .| u=Emp |
. . e A :
BB | PHD goag
@ A) |vem [REE| @ G
' @ | ) (©)
H! 1 1 1 0 1
HESICE N 1 2 1 1 1
B 1 3 1 2 1
4 Li° 3 6 3 3 3
zLi7 3 7 3 4 3
L0 8 16 8 8 8
CIESICEEreN 8 17 8 9 8
ok 8 18 8 10 8
S ,CP 17 35 17 | 18 17
‘ 7CP7 17 37 17 | 20 17
LU 1 92 235 92 | 143 92
e HUPE [ 92 238 92 | 146 92

Tl R @) o g, e Sfd 81§ | afe 39 =i Bl
IRTHI (paraffin) @ UfZHT (slab) ¥ TIHR PR & WA 9 -
R, TR B 91 $P O & 3R WS SAfid & Wid 2 |

(i) T URATY BT THY g9 W WD H A 7| Z
TRHATY] HHIE ATt AHE § Het AGW = Ze Bl B, Tel.e = 1.6

107 C B :

(iif) TP TRATY] BT T ERgul g e § e 2 |
(iv) Ff% frer | WA qen =gt & TN AT S
Bt & It fen Tl g ¥, weg Afs Wi § =gl w6 e,
Tt T HeT e | oI gt ® a1 e steem (7

wRenfaa a1 |99 WeifAd (Isotopes or Isoprotons)—U®
A dd & Y WA Red WA HHG (AT WS D
WR2T) THI & olfbe] gedT | (3iRitq YfIaiiai ol e
fir-frsy 2, e a1 wEacite dEan © i e smad
AR # qed BT W ST WA HHS Z g1 EiRa g
2 o fd o @ af wmRenfe! &1 X (Z 99E B9 &

FHRON) A &A1 8, TAMAY BRI AT GHLRAG T Tl |

TRl § =gl @ den A= w2, o g
W o1 A== B0 2| 0P & 9w & ol wRenferel A
W @ T 99 B9 A gadel Bl G W 99 g
3 s st o of | foraes o 3% Terafs: o1 T8 B
¥ | @5 wRfYe @1 fawga avf= e aiferdr | fear 2|




15.2

waeenfa®l @t fARearni-

() TP & d@ & T TRATDl $ WA HHG A
B T o 9 nad ARl § U & v Ui e ¢ |

(i) T € acd B W ARl B S went -
= it 2 | ,

(iil) T & @ B TN TRenel ¥ ot e
S gAFLT1 BT G A B § I JITH 0T FHIA
T E

(iv) Vo & 93 & |l gaRenfel | gl @ S
=1 89 ¥ 37 Afaw o fa B &)

(v) % & T & FHeRal 3 B Rl 8§ 9§ o
7B WA vfded B THA & | THBT HROT IHB AHNSTT T
B -1 891 2| SeERYT & forw (G129 (O F (C12 T
2 afde (O ISl vfdea ¥ | 50 veR AifeH & gevenfyet
H | Na® w2 ofafd | \Na® 32 ofeqd B

(vi) YRS 707 FEE BN B BRI UH A Id D
FHRAT®T B AT afhar gRT e T8 fhar 51 g |

(vii) YTEIfTeR 9 9 I8 3@ T § v 9 o w5
Tt w1 fago g § | 5 Seeenfient s 9w gemE ae
T H ST FITw A, I e fr=-fa= gt )

i el e | W R fa Tmeenfaent 3 wem) gome
SRHRA my, mo, ms,....ﬁmn%amaaﬁsﬁuﬁmmﬁm:xl,
X5, X3. . ..xn%?ﬁ ' '

. _myxp X, gy L+ mx,
T I LAY T = o0

TS (Isobars)—d F1f¥ed A faasii=i @ wwen
(il gAE HHIP) G BN E, U et B W
(i RETY] HAF) - B 2, awwiRe dEaa ¥
URHAIY BHIG (Z) BT A-M=1 81 I8 e & 8 6 3 -
A= qeal & W MR G TRA] A | o amad Aoy §
3T WIF =8 2| e TRt a1 fqaver foe
arferer 9 fa=m T 32—

TaIR® TEHE | oA | IR R | gaaeEl
‘ = | | 2] (n) |3 wEm
(A) (z) &)

FrET O 14 6 6 8 6
g NS | 14 707 7 7
gEsioE (B |3 1 1 2 1
gifera¥ ,He? 3 2 2 1 2
MRS 07 | 17 8 8 9 8
deE F7 |17 9 9 8 9
it | Ar® 40 18 18 22 18
gl K[ 40 19 19 21 19
ey ,,Ca™| 40 20 20 20 20

i T e

() aRal & HAG - B B BROT

ad AR A g7 W A B 2 &R STe s o
A == 8
(i) TR®T H WAl vd =ggial 31 et fr=-frs

Bt € aifh S9®1 9 | B 2

w9-Y i (Isotones)—UH MG 578 daa =gl @
T A B, WIS dEerd ¥ | g UREI) el
(2) T A | (A) S = 81 & ofde ~ggiat o e

(a) |H® 9 ,He* a1 # =IgiAi &) wwem =2
(®) sLi’ 3 ,Be® THl H =gE B d=n =4
(©) 1Na® @ ,Mg™ 41 H JEA & F@ = 12
(d) 5 Hg'*® a2 ,,Au'” Q91 o =g #! 5em = 118

Wdiq a1 guur ‘lTﬁ-F:ﬁ (Mirror Nuclei)

q AW ST SH W A 919 81 a1 U Pl giet=
AT (Z) G S B YSI9 T (A - Z) B IR JAT T
B W G&1 (Z) Ugd B gTH A& (A —Z) b aRTaR Bl
2 srrfq (§79 W] BHIBT BT SR U ) wdg AfE @
U1 F1f%e a1 wfafee e deam 2

JIERYI : (a) |H® 991 ,He? (b) sLi’ q21 ,Be’

TUIHETET o AMSEHH (Isomers)- T 71heF f v+
ek A1 LAY FHIF Z T T S A SF A 8 Ty
feamfaea T S o1g Mg T TR Sl sawd B 8
STEEHH HEA § | 3% THH THETF Wik g1 o9 foma Sar &
S T arifeRa () ek s qE e 9 fuerar qoiet st 1

- 15.2| i ®1 31919 a1 1S (Size of the Nucleus)

1D q I2d Holl & -V, SAFEA, RSTAE! BT Yol
RN PR, WS B T FT 3w o oy B 5 fafa §
THF & o I Fhean T§T T g 1 T e @ e
o L T ST ¥, T 59 YR T Hh AF A e
ToqTel W YT TE] &1 9 €, ek 9w W, e i arkafoes e
| @ Nl B § | S gAvE & g snaw AR &
favg 4 o= grqg S @ oEfE _ElE g 9 ity
g faRe & favg 4 JFmer) faad 81

I ¥ AR TG A 2 P ey el @ forg
¥ BT Brour R geg9m & A $ (1/3) 91 & FArury
Bl 8, erfq

R «c Al® _
ar R =R A"
TRl S5 Sl arel Serdeldl & g B TN @ SR

W,
R, = (1.2 + 0.1) x 107" metre
~12fm
1 fe ntoretre (fm) = 107 m, 39 B4 (fermi. F) 4 ®ad §
(3% Enri | P H

U% R 35ar & A1f9® &1 smad+

4nR,

_ 47R?

Py

b

A%




31‘&: AIfA® BT ATAGH, THET WA A B AN
(STTHHTAIH) BT B, AT I 119 H IufRkera ~fFeaita
B HE B FArIR B 7
VoA

1. Te A0t % 32 TR B0 ¥ T wer demsi W
WHA=173 §A=204 THEQM R}

2. BTSN % 7 weentTes, mefem (HY), ggdifas (H?)
7 grsfeam (1) Feom T ;

3. grefeam ((H) T STRemedt €19 % o yohfa | =&l o
v & 58 it fafE gro seimerensit # fafda frm sman 2

4. Hifefom, ggifem v gafeam & aifvsl & goaam |
ST 1:2:3 BT § 1

5. 9R) AIMAD] BT PR &b AMAD] B g1 § G971
B 2

6. TV Tl e, Tead de W et = st g 1 g gt

TR % faw A S R

IR 1. o, U & % § wich, gl 9 gaag
I " | IR |
, FA-WE H goraga Rera @ B0 € o galaeidl &
|qE& g E |
YIAIHR URHTY] hHId Z = 92
T H&@ A =235
o gIeH & W& Z =92
JAYEAT B WA N =A-Z=235-92 = 143
IeMEUT 2. (CY, N, N 7 0% d4 ww=enfasi,
waEiAe @ wanRel & g™ wra Hifd )
TS § URHIY] HHiG Z T BN B,
ara: NP g NM gaeenfae 2 |
Fggifamt § =g w@m (A - Z) 99 @ R,
HA: C*(A-Z=8)7 0'°(A-Z=8) FIZIF & |
FAMIR®T H T W1 A FHI Bl 2,
I (C* g N R 2
JereRv 3. ;A @ Tifie & B = e ?

| AIGAged® IGIe 15.1|

R =R, A
=12x1075 x 23
=36x10"" m=3.6fm
IR 4. Eformd & geHE 9@ 4 3R gewe @
T G 32 B 9omR @ A & B, Sferm &
T 3 Bow & wne e T < @l ?
o R =R,A"®

ga_

o R G2
. Rhelium (4) I3 4

- (8)1/3 =72

9QTERv 5. Al @ 7 A @ wea 59D fagga
Rredor & Brer Rerfier gort sira o4 o 3 1@ g @)
was W Wy v £ | IS JaIsell 15.2|
B - YD O Al TWEH B BT R=3.6x10° m BRI
T ¥ U IR Pl W3 BRA B Al 37D D3] D A T
d=2R=72x10"m 8rfl | 37a: 39 I ' Rerfirat ot 1

U:quqZ
d .
TBT U A1 § 13 YIEE 2 areh:

g =q,=13¢=13x1.6x10"C

9><109><(3><1.6><10‘19)2
- 72%x1070

540.8x107"

U=5408x10"J="r"———¢
, S 1.6x1077
U=865MeV

SGTEVYT 6. ST 9T A @ fod) ifye & fag

I g &1 ifes 719 aR&fora a¥ | ‘

| AIGAYTAE 3GIEVI 15.3]
FA- TP gt B g,
_ TS o1 ger i
S BT 3T
A (amu)

[E{EROS A] L w’

=3 x166x107Y (g)
4nRy” m

e Z A AR R T8 FRar | e 1 ava Il

DT @ forg wA e | g\t A e -
p =24 x 10" kg/m® .

SaH SIf¥h |9 91T &, g9 R (neutron star) A
IR Il 2 |

farey—ar &1 99 p,, 0, = | glom® = 1000 kg/m® BT 2 |
37 TS B B AT S T T 2400 @RS 07 3fe
T B 2 |

i

| 15.3] W] FoH O (Atomic Mass unit : amu)

TRHTY] T ST G&H B W 3HR Foa TRt off g fafy
BRI 91 T R 1 ToRaT ¥ | SRSIST % UH WHY H FAHE
1.6735 x 107>/ ToHT. AT SHTeA % ok TLATY] 1 SoFHH 1.992647



10720 foRa. & | fopeht oft 9 o Wok weTY] R FRu e s aga e
TR, o1 T foRn. A W ST A Qe 78 e ¢ |
Hfoen & faw ot sooh a5 & TTATY] l A HAEHL o i 6

T TN SR TR St ¥ 1 59 s Wy seE

(relative atomic mass) FEd B

T 1961 H SR foq T | i % Toh WA
TEHM | (=12.0000 amu) HHT T | THM | 38T SR TR 14
el o LAY 1 SSAHM oA feren S § | TRt aear o smafies
TRHTY] S % HEA § S 9% <9t § R 39 o o s e,

FEA-12 (;C'2) F TH AWV F %—éf 9T & frad T W R, '

e ToRet e o1 STTafareh wReTY] o -

T T AT T FAH
L« T - 12 F WA T EEEE

12

T SR W BESISH 1 STUEF TTH] §o99H 1.008,
SATFEIST ol ST T&TeR TXATY | 15.999 T B1T § |

AT AR F FEHE AR, S ﬁaznnﬁr
(mass spectrometer) SR ATHeh = STfufmamai it Sl i el

T AV T A o ST (—Z;j & Beror g T T e

gfaen % fou FIsF-12 & T WUTI] & FEHH & dNEd
AT ST UTHIV] FAAM WA (atomic mass unit) FEd & | 30
Hhd « GRT (A1 amu §R) T o= st § 1 e1a:

1 amu = % x TS o T TLATY 1 SoTHH

1 ' -
=5 1.992647 x 10726 &,

= 1.660539 x 107%7 fem.
~ 1.66 x 10777 fwmm.
TH TR, TCATY] SoIHT 15 (amu), SOTHT o1 H1F § ST61
lamu = 166 < 10727 feom.
TRHIY A AR | WIS, FE a1 a6 FoaHH
Frefafea &-
W i F=HH m, = 1.00727 amu
= 1.67262 x 10727 foFm.
=2 = S m,, = 1.00866 amu
= 1.6749 x 1077 f&m.
AAT SEAFT Bl TSI m, = 0.00055 amu
= 9,13_296 x 107! feum.

T ——————
- areR
URHIY] G AP W HB BUll T4 GRATYS B FFqH
U1 Td =AY amu d gFAM
ggsio H! 1.00794
aiferaw He? 4.002604
afferam ,Be’ 9.0122
Jfede 0! 15.9994
R 5, U8 238.0308
AEEIST N 14.0067
vegfafram ;A7 26.9815
TR H6Fe™ 55.847
5% ;0Zn® 65.38

FAA-FAl (Mass-Energy)

e A o Tafyre wmifarenar fagra & @ fag fean
R, s 7o o - A M T B, T F R
ST 1l ol SEIHM H a1 SO &l el § aRafad T =T
T & | fafyree A g & 6o 9e /AT S o 3 wosT
qer et &1 fafu=r afert € 1 5o, e o we wiferss o E S
s fHfea g &, sl =i, wered % e e e ® S

o g feafq steen wfa 3 wro e &, 7 o6 soq9m & R

T ST I8t J ST o1 T SEnve § e sorIH aen |
T f=-fir Tiefam wea £

ST o STTER T el § i, SHh ToH % R
2 Bt & | oA a St Frefaied T g ¥

E=mc
T ¢ W = (= 3 x 108 HA) ¥ 4
- ST GHI T M-S T FAH-Foll THIhRTT

FEd , | ,

T R T B T o T, m Sl 3 g 8, et
m T, s @t afd B R om ¢ S| el g s |

afz 1 . s =i e | qiEfia fwar s sl
E=1x3x10%=9 x 10'° &

6 ¥R, 9 gared 1 E S S & S § d 36 e

. E
H m qfg BN, 6l m = ?Wﬂ%mﬁqﬁga@aw@ﬁ

TR ¢ 1 A wga e R

AL o FoaH - ST T4l 3hi YTfTeR gfte, =fferretr,
Rl , SHALTA] U1 74 81 &1 | @ISt T4 0N & 7L g ot
ferenty srfufsrensii o sreaaa & off 81 gt & | S5 T SATER

S R qe S SR e - fae 16 %, sfer wmms

. ZoqqH a9l St el I T A € stei (o +



%) i T ¥ | AR o e & A S ged T e
B ¥ (-7 A §)

1 amu & T SHA—
X 1 amu = 1.6605 x 1027 ferm.
| ST % A Sl WA §

E = mc?
gt m = 1 amu = 1.6605 x 10" fowam.
E = (1.6605 x 1072y x (2.9979 x 10%)*
= 1.4924 x 1071 5[
T 1.602 x 107 °S[Ei =1 eV ‘

14924x107" .
B= ————5eV=9315x10°eV
160210

= 931.5 MeV (Tt sl aree)

T &t 9T ATHHE ST Fl.
(Mass defect and nuclear binding energy)

. B UE gD % P WA B W TIEA qAN 99
ST e # Bfed A § olR e Wl @ g |
RreTe] 1 ¥ | 29 T8 ) o & 6 ongd e ¥ fdhert WeiE
@W@ﬁ%laﬁ:mmaﬂwmﬁmmm
e[ (expected mass) S TR GHA | GHHA L E DI
(mass spectrograph) KT i =If¥E F1 aRafdd S W 9
frar o THAT ¥ | TS T ol & 5 B afie o anafie
Zeu S 3Gl (constituents) 3R ~afaeiFl B WYH wonE
@i 2ETE) & 93T B9 S ¥ S B I IR B
g FEd Bl §9 THR

TR &fy = TV ERT 9T AIfE BT G — D
BT IRAfAD GH

a AM = Zm - M :

I8 W O ERT UK AYS B T B GEd H In
J &R e @& aafde gadE B M 9 R v 2y

- AM = [IIETT B gEE + g H §HA] - AiD
BT IRATAD SAATA

a0 AM = [Zm, + (A-Z)ym,]| -M

STl Z TRATT] BT URHIY HHID, A THI U, m, M
BT g eI,
m,, S BT G A M TS H ARAD T B

I F Tau AR TfeE (;0'%) F arafaw $oAEH
15.99053 amu 1T & | IR TH WA 1 FHAA 1.00727 amu T9T
T =21 %1 FOTEM 1.00866 amu HHT I A xoa7H

AM = (8 WA i XM + 8 RIZHI 1 KoTTH)

- s T = XS
= (8 x 1.00727 + 8 x 1.00866) — 15.99053
= (8.05816 + 8.06928) ~ 15.99053

= 16.12744 - 15.99053
=0.13691 amu

forft AfirE # goam afd et sifue gt R, 9 it
3aw & arferm =l S ) :

AT B IR TS THAM (AM) Fofl | 9& Sl
2| g0 Tl B TS B T FHoll BEd © | TE ol AfAD
@ T Yfereii=l B WG B wU A 9 @R 2| TH IPR
T8 W & o ¥ 5 o@ Wiet wd ggia e Tifle 99
% o g4 frm 3 o Sl Fead § R TS # e Sl
FEa ¥ g N wWe  F AR gue ool & RR Foll e T
TR B S N TR A S A e TEE gR @
SR | 39 FHR T Hofl B &9 59 YHR Y IRWIRT B Fbd

& frl e A Tua T, Sorl @ a8 7§ S S @

2 3N W U G YfIAAAI P g Y 17 37
AfE B FHF Hon
AE = AM.c?
AT AE = [{Zm,+ (A~ Zym,} - M] .c°
Ay ) e & T ot § Safdasi=l B awn @
A 2§ A & e B gE Sl uR gfdesits ura &l

.-.mwﬁuﬁrqﬁa&ﬁﬁﬁ=AE

A
IEET % fe 06 i =t xoEE &fa
AM = 0.13691 amu
AE = 0.13691 x 931.5
= 127.53 MeV
[~ 1 amu=931.5 MeV/c?]
-, {O'STMEH F F T el 127.53 MeV & T T0H
aifr § 16 Yfaet €1 €, o1: (0'° Tk it wfa =ferest=
127.53

Y TSl = e - 7.968 MeV

- A FHI

(1) g™ SWERA-TE P FHonar] TR Bl |
i A yered R fiRar @ @1 98 uerd & @ e g
m@ﬁam%mm%awqﬁmmwsﬁafmw‘
gelig e B ST ¥ | AfeA B g SET BEd
g1 : .

+1 [30
«

. 2o /
ho

P VaWe Ve N |
Y-FER AR \

-1

BXA
et
.

L

1 S e




| P e @ ua@faﬂ%ﬁ%h%l_h*hw
J : av = ap® o+ e Ii
| () (RARH) (@) |
| EAEE 9 OSlig @ fRm—gem sl ”
|

E, =mc*
= (9.1 x 107'kg) x (3 x 10° m/s)?
=8.2 x 107" ST = 0.51 MeV |

3T Y IART B B o smavasds ¥ b y-wietT ) |

}Wﬁ FH A DA 2 x0.51 = 1.02 MeV B AN AR - |

| IS B Gl gad @ & 98wl R ARY T g |

'*ﬁ‘ega UHTG A1 Bire gwrd gefdfa wm | f

)

1

J i
l (z)gmm—wm$mﬁwmm%§
| W 2 v @ v dfefelT a se qzs-,egair,zﬁfi
“mwm%ﬁawwmw—@ﬂ
“ﬁwméﬁ%awmwmwaﬂ-qﬁaﬁ (Stl) @t |

I

| S 8 o 21 gw af @ vy e ww ¥ o |
| ot e & el w wwd b H

I' Pt o+ P = ho  + ho H
| O @) GweR) k)

SEW 7. 1 ¢ Ut & WA Tt Y yitenfora Ff
TA: R m=19m = 10 fpa
FATE=mc*=103x3 x 103 x3 x [05=9 x 108 3@

SETeRvT 8. IufeRaa Mifer @ g qe Hwild s1ra
IR (i) gLt (TH) ot (i) 2 Sn Rard m, =1.007,
m, =1.008u ST ¥ BT 5@ M, = 20134 werr
S, S &1 G M, =119.9024

- (lu=931MeV / c*)

b JaIe<u 15 4
;AR G St o forg <3 |
| AE=[Zmp+(/;[—2')mn—]M:]c2
() g1 & forg
. Z=1 4=2

AE = [lmp +1m, —Md]c2
=[1.007 +1.008 - 2.013]uc?

=[2015-2013]x931.5Mel’

=0.002x931.5=1.863 MeV
(i) Sn MMAE & forg 2 =50, A=120 - A-Z=70
AF = [50><1,007+ 7O><1.OO87—119‘902]c2

=[50.35+70.56 -119.902]uc?

=[120.91-119.902]x931.5MeV

=1.008x931 5Mel” = 938952 el

SIRIGT ITER 9§ T b St sod 1frp ‘H
BN G 3 At g o A S o der St el
31 & |

, I st g ot R aifds 2
%,Wmﬁmwﬁﬁmélﬁﬁamsﬁzmﬂﬁ
%%Qmwﬁ?—ﬁ?%ﬁm%@g@ﬁaﬁwmuﬁ
gfderaita 108 MeV SIR oW @ a5 Soil Wfy faeraii 7.03
MeV It &1 8| ¥ R % o-abor S oY oren o <orrdy

= .

THehl & faEUET (fission) qAT GerT (fusion) &1 fopamai
ﬁ%ﬁmmﬁmﬁmﬂgﬁi%%ﬂaﬁaﬁwﬁﬁﬁmﬁ:
ﬁﬁ:raﬁﬁa%ﬂﬁﬁaﬁerﬂﬁmuﬁfqﬁaﬁmawwﬁ
SHM W@ S W] UM% G WA @ U 9% qwe gl
TP’ HEAAI 2 | 3 T W fwrar mr ¥ 59 9% B evemme
Freifrd frepd Freey - ‘

9.0

8.0
He 1
7.01T
6.0
3 5.0
f% ~  4.0H
i
)E E 30 -‘_-;J_—V_ I i \\ | {
N | t I i I i i I i i !
LEJ 2.0 -—-4———L_—-}a_wf,.-_J—__J,__-J_.._J,_u_#_—l.—*i——q
Hzf A N A A
€ ]‘0J——J———L—_L_-»L——L——_J—__L__l__,~4_~-4—_—1.—~4
i ] 3 i 1 ] I i ' ! i !
) S S N R A R A R R f
: 20 40 60 R0 100 120 140 160 180G 200 220 240
SAHAT =T (A)
= 151
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6. s | watfre (B-wor | ol (-faRer | e B (1)
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grran | v-feoil @ ‘
10,000 TN
7w |wa wn (1) | IRF (T F | F@iEE (BT
LR (@rTst & TH | 100 T | 100 T e
IS § AP S oI
HHd 8) 10,000 )
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mifs
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g9
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o gea- | @w e dor | ofde e ger | e &)
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w1 uvma | & Rafe | e A fRafta
10. Sori | ¥ U Rfde | daq g qen fafde
HaeA
1L g | o S AR | S S B | G- fagd
q I | B g1 Hege e, I
faran IR IO
FRE B
a, p AATy &F («, B and y decay)

& 97T B |

| ¥ =BT IS B & a9 acd
@ URAIY] HHIP (atomic number) TAT FHATT I (mass
number) 98¢ WAl & | T8 UfHAT o-&7d (a-decay) FHEATA B |
gﬂﬁuﬁﬁmmzﬁ@)wmﬂzﬁawmﬁw(m
mw4ﬁw§m%ls@uwwwwsﬂaﬁm
3§ o qe A ¥ 2 91 g @ Rerfy o v

aE w9 H— X0 5 YA + JHe!

JEf X @1 g Wb (parent nucleus) AT Y
Fif# (daughter nucleus) HE & |

g

ST T S-Sl T q S S 9 5
e BraT & for o feufa & <o : &7 hael &7 SAIRI 1 e S99,

e TR ¥ ST W B BN F w0 S § | X | T8

SR T i IS St 3 w9 A W €l § | e S St
A &7 ST F F SATH FS A HR 59 TR F QAN
s1eran fages &=t (Disintegration energy) FEadl ¥ Ui o4
i
N Q = (mx‘my_ma) CZ
?ﬁ%ﬁwxwﬁﬁQwﬁﬁﬁawﬁﬁm
Al :
ARG o,U%* B 1S & T o-H0T fieberel &
oo Th2* 1 =1f¥e I 8 |
HUS8 —— oTh3* + JHe*+ Q
@R @Ry (o) ()
A UBR o T TS § T o-P Freberar 7 A

88R3226 N ssan + LHe* + Q
(fEz) Q) (B (F)
BN P Tl BT HE 4 MeV F 9MeV $ HeZ el B
Safp AT 1.42 x 107 9/} 2.05 x 107 N /4. & 7 Al B
TN & worl B e weE () I & wd A
BT 2| T B omaf R A B9 9 TEd a-d0 fFa [
TT T & T B! W (range) PEA & TAT 3H R g AH
FE ¥ | B0 B W B AE, ST RS Fot B 9
Wﬁ%ﬁgqamﬁﬂaﬁmmﬁﬁ?m%qﬁﬁ.wﬁ
I SR B G p G GEAE B S q g d P A
e T oerd A YBR UK Bl 8-
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a8 @ ot WR Ayl P HE s A B Wl g
Hoit FT TR A T | POl B W R qAT 9T V & Hey (A

FrY BT 2
V2 =KR
e K % Fadie ¥ | 98 e ISR 0w HEadl ¢ |
K @1 99 T o-HU & IO drel dedi @ g FHIA Bl
Fomm TE 1.03 x 107 2YdT ¥ Fafd V a1 R HHe: T/, T
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= ‘ R « B¥?
= ‘ R =0.318 E**

: MR aAT dcd (Geiger and Nuttal) = gar g g
e Fir Yediefiea acd & ernid A frae o 2, Seafid
FO P ATV ql W R a1 & S1E = |

Yfedefyea d@ & &ie ). aUT T R # {0 W
2Iel 28—

log . =A+BlogR

et A d@en B faaid 2|

IWRIFa T SR G e B [E dEddl
TR B O Uh WRE Y@l T Bl 2 | e e |
yrgfre Yeefaed Sfm & smerd &l T -

RerRcLd

T A - /fﬁ ﬁ &TU?[
logA g:iq//

. fa= 15.8

T R, ol E & JWd 8 8 o MR g Ted
fraw @1 f geR A arad fear o wdar 8-

logh =A+BlogE

wart gy AR arn S @ {6 ifdean srg-enyg a1 a-
Bﬁawmzﬁwwwﬁam%mﬁwa@‘-
S P oA SADBTH T B PO ST YT T

oY BT oIl WEgH—AEUFIYdE FAT §RT AT
(Rosenblum) & ¥ g fown & feaefeea aa ¥ geafoia
T 0B B GHo G T8 A ¥ afes g fafde S
?Tﬂ\%‘f (discrete energy groups) ¥ Ieafeia g & | A fafdaa s
Wga-mvﬁ'a%mﬁa@mﬁﬁmaﬂﬁém-wﬁﬁm
T FO B S Hort BT 2 | ,

AR B0l & Sl Wagd B = fiF e |
e fpam ST Fdar 2—

(i) TFe e WagH e WRad—- SERT & v Rn,
RaA 2T RaF &1 WagH |

(if) T A Soll @ a1 A & e Foll WqE @
WgeH— SETERY @ fAY ThC, An, Pa M &1 WagH |

(iii)ﬂ@ﬂgamagasﬁémmmzswﬁw
TagH | , :

o-Bl & FHort WaeH § YeH TR (fine structure) ITAT
ST ¥ areri BT e fafda T wTadt Sl @ Scaftd
AT F | org N o-BUIT BT d@ B AHD F IHIA Il 8 I y-
ROl 1 9 ScaSlT AT ¥ 1 5 HRU U8 B B a-bu b
IeHOT B U NG SO 37aRAT (excited state) H oan
STeT ¥ RTEY 9a 98 Hol 3R (ground state) # HHHIT HAT
2 a9 Sud y-feeol P Seas war @ e ol Saf
SRR AT & ST B Gl TR B AR B 2|

N4 (Gamow) 7 uE Rig fba & o-®oll @ s |

A\

logR—»

ot e ~ —

ISl @) are Rrawd difya & o
Todl ¥ | THH ARY FVSH FifAD B 3T
e @ HiaR AIRSTT SAHHOT I TG Bl
& R HEM glaedor 99 s fbar B

3| fe & A R 9 A1 gell @ 9HE & HRO U fa9a
Jfe®T (potential barrier) STH a1 ST
AT o-FU B AT B ABAT B |

10715 Hex A B B 2 A G B Fw F 39 0 W fwg
AR =g 26 MeV WK B B | or: forEEa AifFe @
STTER B BT g 3T JHEAR P IR B GHI T T | 39
RIRT § o-®ulf @ RAva ARPT B IR FRA DI AHTBT
(probability)ﬁi%aaé’ra@ﬁa@zsgﬁ?ﬁ%lwmﬁw
9¥Tg (Tunnel effect) A BT TAI (barrier penetration) PEd
2

B-Fol & Seawd W fues gar g
srefie] el T | T TR SteTeT T ST o T S
BT £ 9 T T TEEhE oo Wi St Bt ¥ 1 a9 g p-8d (B-
decay) FEQ & | p-fAEes § I B WA HHAG (P 9 AT HS
ST & Wafh aed B IR R H 3R T8 A 8 | BB W
ST TOEE B AW B WA B SR BNl 8| UE MAY &
I a1 ROTHE B bl § | gcAd I B BB P
GfTEl (B AT (¢7) PEA & AT IS AT B P BT Bl
ToaeT (B ) T () B & | PO B TIHE FATLT D
Wﬁﬂ%lﬁﬂ%s&qﬁ?%wwqu@ﬁ(v)sﬁ
frerera & Forgen faa Soo a9 SO ST YR B © | STl 3
7 3 Soael % 1Y T 3T 0 WfgAT () S B €
forrent sft FoRm MM qe SOW ST Y B 8 |
IETRI-P* B B oY
XA —— YA+ BT ey v ...

=6 Ry # 0 dcd BT WA HHAG b A 8 oIl &
qor T HAT EHIM YEdl ¥ aRiiq dacd aaiRe® (isobar)
B | R ST B G U 9 Sl ¥ | A A BT S
aroflt § e ve w G fawe o 2
B~ ®Y & foy :
» ZXA"——> Z+1YA+ Bim(,leo)+ v
wMﬁWWWWWW‘WW%
FT I ST T XEdl § i da EHAIRE B | R
n{;ﬁaﬁﬂwmﬁwm%ﬁmémﬁwzﬂm
ool I Ue @ o Rawd S 8
I : BT &9 o IR
(1) 11N322 —)lo NC22 ++leo + v
(pr =) (FHfeh)
(i) poCu®* - Ni®* 4 & o+ v
(" =) (S
B & % ISR
(111) 83Bi210 -—)84 P0210 +__1 eO

+ v
(p~ =) (ufefe)
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£+, o+ v

(=) (wf=gfer)

fed a@ 9 Swhia p-aol @ wof Aaey § fFrefaRea
fadyard arft S 8-

i) B-EFUﬁ BT Holl @W;’H Hd (continuous) 9T BT
AT T AAHaH 79 & T TG99 SHofl B P-BU 9 S |

(i) Yfeuefaca a@ & SR p-aul @ Wdgq § Fof
&1 v fafine sifdpam w9 g 8 59 o fag it (end
point energy) FEA 2 |

: 32
(iv) 5P =4

015 Mev 116 MeV
B-BUll B Foll (MeV) §
- =159
(iii) v faR¥re o & 79 & foy s g-woit
&1 Jfada g 2 | ford #§ RaE a@ & Ssafold p-doil @
Tl WagH B gel¥iq fea T )

Bl & FoI Wagd &Y Faq I § 7 forepd e
g 1% feuefies a@l & ifet 9 e oo & 99 3
B SRTd B B 39 BRYT B B B ST B qgEr
TS B faRm gemE ol § eR ura @ ARy Wy
aqrdd H B-FO B S H ARG B oAl H s Ut 98
BT 2 | 3 UBR p-a7a B ufthar § erofim Gan wxeror fan
& U R U SR Sfeaar Swd Bt 8| p-ard § -l
@ MG § S P AR B AMNG B Hax i qen
Ui & SUTIRYT §RT THSmAT O |ahdT & | :

on' —— pl + B (&) [RISH BT WIRE H wUR)

Pl — '+ PTe)) . O B RS § wuraN]

W &1 §0M, =2 o Soq9H § %H €1 § | o7 WeH
21 H TR0 o Ak o it € Hea § Sl =ggi
T H S o TR § off Hyye ¥ |

s ufbar § wggia, WieE aun geEety (dWifieE) @
T BN AT £ (L) A ¥ | vy e & e B

W L(LL) g e pert @ TeET g B W
h ;
[ ()]0
) —’275 BT | 89 HR 39 9iFar § arofig gav weeor e
1 Uil 81 Bl 8 )

T 1929 # A€ At aReedT wigd @ s
IR B~ &I H gATT & WA TP 30 1 A Ieafola aar
& FORY dfsel 1 yfesi 7 Rar| o9 p &g § goragia & W
SR B B gfegfAT (antineutrino) ' § qe B e A

OifSE @ |1 Sfsd &9 B =Yfe BEd #
ot ——> p' + B’y + T
p— '+ Bl v

(UTSTET T @IeT. 99 1932 3§ vmexa ° @) oY) ,

fei qen tfegfeal A9 @ favm game o E@g 8
qe e |37 %(2’—;) Brar 21 fgAl don ufesgfedt oz
AW IR Bl 2| I A SR I8 B % gfeAt & mmor @
feam s daw A e & AT 2 2 F9fe et &
ape Bl few SuD A B fawn B FER A R

feAl IRGET R -1 § o TR g2 B
HIT HREVT PV T B ¥ |

-l faga greag a3 aid 2| g9e W g
qAT AN I Bl 2| U NS B forw o grery A wify
Sofl WR aRATT 6y o1a 2 ) S ool e @ BIg A1he
S T ol R R HHAY BRAT B IS Sl &R B ot
BT IR TS -0 BIEF & w9 § I &1 S 21 -
fxol @ smgfy aga e & T v F ur o @
Tl &1 WaeH fafded (discrete) Bren 21 R wE fwpd
f A1 & e WA #§ IuRed B 2

STd y-fobol fRT gered WX eufad Bl @ 99 9 gered Ry
SN et 2| A 6 x AieE A ue ufdest w1, Saa
@1 y-fRo} a1 W R 99 ufeedr @ ur y-favoi @
GIEGIECRIS

I =1,e"™
T8l | JTATIV NS (absorption coefficient) HEAT & |
STq y-fbRon B e o I8 W1 a9 ufeed B Hier,
31 #erd (half thickness) HEATAT 2 | SHHT 79 477 a1 8-

0693

X12 = T ,
TF AF |, A F T faf= o1 w2 e e
ol TR A1 T St TR WA B S w3 F S eV ae
KeV =t =ife i gidt § siafeh Tfqsa ot @i = 591 MeV
Fife Tt B & | 59 1E Afoen s S TR A s w1
Fwfaa s .99 39 'R # wwnsAl w1 g9,
y-TohTor PRfT % w7 § sfsia & s 1 7 T e weam
& TS FoR X- fohull o TR 9 o aieed wefd 5= oo O
faferzot & wraf-aa 2idt ¥ 1 y-foreo St 819 3 =1 % T
U Z 991 S WA A | g Iigds 76 2 ¥ ) ard |,
feamfra famea & oo a1 p-wo S 39 W AT i
ST STEE o BT 8, o7 : T8 AMUF o1 T [-F01 F oo
y-TeRtor seafsia ek SRS aTaen 9 qe srowe J arT o S
21

®
0 G G (hv = & *T1 HIR)
T I AN (*) FE =T AT & T v st sroreen &

ST
222+

4

88 R(1226 %6 Rn +2 He



qal o Rn? —> Rn?? +y - ooy

WW ST H 27C06°%=ITFWH B~ & BRI ,gNi® =iifirem
= g H 1.17 MeV 991 1.33 MeV SStieit &t 7T o &

FHAR IS B1a1 § | 390 TR ,Mg? o ek | oft p-&rg g

AT i Wi T 1.015 MeV 971 0.834 MeV S5ttt st 7
ot =1 shHeR. SesiT BT B 1

=1 o 9 ,,Co% & wifireh | B o/ gRT y-Toroll & Seasi
i TR AT T T TR Wi R e & .

60

,,Co

vy 1L.17MeV |

% Y 1.33MeV

.60
5gN1

- fEr15.10

ST y-fR0T fB g1 9 o= b axclt 2 a9 fafver sraveraiy
§ fo= & g% guE S B 2

(i) vrd ﬁgﬁ a9g (Photoelectric effect) — 519 ®IE Hfora
y-fBRUT BISH WA & FOIdsia W <heIdl § a9 IY AT
Tl ST ITING $) A & | RN goaetE, WA 9
e &1 wiran 21 59 fsifia saas= @ S, y-fwor
SOl qAT WA H AT B 999 Foll B AR B ARIER
Bt 2

(i) e 99 (Compton effect) — T4 y-faRoT HIEHH
ol R 98 gAaeid W Thar & a9 98 ST Sott &7
B/E AT $9 SOES B a8 T gaasis a1 Bier
fEH @1 w® gEtta & o § | 98 wedl sred uve
HEATN 2 | 39 Ul § y@ffa wieta & sl smufaa wiet
B FHoft A HF B B

(iii) g™ I™IET (Pair production) — 9 P Hiota v-
<o BISi B Wy gared R snufyd €ar @ a9 98 var @
fdl 1f%s grr sraenfya &= forar Siram ® den SHa oot §
U®F AL 9 U WIS @ SRy 8l 2 | 39 ufshan &1 g™
Wm%amsﬁﬁwwﬂmmqaﬁfamm%

hv —> & + He
-IET) EAHR) @i

g™ I & Y I8 mavas § fh y-wie @ Sol
B W B 1.02 MeV B9 TRY | Il y- B & Fol g6
FH B 99 T8 Ue1ef R STAfd B W Tl fIgd yara srerdr

qmﬁmwﬁﬁﬁﬁ%%ﬂﬁmﬁﬁﬁm
&1 W B | 39wl YA vfeadr wed | Eradar Z=

82 ¥ A WY W= A Al # Yf¥Efiead @1
T S R | feARfIeT warRt & e w@fr A ¥ weg
il T &1 fJaes va e € dan ¥ | fsanfeaa @
BRY S §  o-F, - AT y-ffdRo swafia 29 §
IETERMYS, WWWWW%H&TWW
Wﬁa%ﬁﬁé-

o U% ——>90Th~34+2He (-pomy 3)

U R AIRTA I B-FH0r ST BraT & wd Dty
AT B

oTh®* — o Pa®*+ OB+ 7 .. “)

faere 1 T8 Uik SW 999 q% I B, o9 9B b
IS AT I T TE B AT 2 | SRTERV B oy i by
URATY] &7 B 8 37 H N (5,Pb?) & WA W Fae S
2 | T2 w9 AR Rl 9 3 | ) R vfded e o p ol
g vy ol IafTa e oaa: 99 § & geed § )

A vfdea e avaa § ve O e g @ e
A B o Qees & 21 3 ufha & afy @ el
A srerar Imafe Ay ¥ oReafda =€ fvar @7 9@ar 1
9 faueqd o1 o # a7 f¥ad 981 @ & & s 1fvs
Tgel faufed & ey v e wma ¥ Rged 289 a@
el B G g e R
FE4 a1 3Ra Hsarefeam

(Aritificial or Induced Radioactivity)

TGfAfam R 59 o-bY B dBR B SR § @ e
B b WY Uroigd U A fwert gT ad o ® (et
BT geraer= ¥ €, fhvg € oI e w1 A E) W «
I BT o7 @ a8 gIA BN BT (ber1 o < & e @
i GISNET B ST BT Y& B | 98 Seawi| GHa fa
@ Y "l AT 8 | 31Ul o N & A B RO IS v
fA® s9ar & W AT B 2 vd o diohg= @
IS Bl § | 39 THR Wl A1 § saivfeadr 9Re @
ST gl 2| Iufad e ik @ frafofea afieso
gRI SR S | 23—

BALFT + He* (0-&T) = 1P + 1! Co 4)

UPA H U W dren BIRGRE W A ¥ weg
BB HT AFRATP ;PP ISAufdeq gran 2, o @ fagfeg
sﬁwmﬁﬂgmwﬁhwﬁﬁwﬁqﬁaﬁﬁﬁmél

1P —— S+ ey ",
,(Waﬁmmmvﬁma%@ﬁa EE))

- 3 IBR AIfsTd | @Rd i & dIBR J MR
HfeTH g1 & S B-poT S B gY ATIREA # 99w
ST B |

1Na®+ gn' —— [ |Na*
uNa? — Mg?+ %+ v . (8)

3 UBR @R Tifde H A ufeeaar aRa v @
ufsbar @1 Hm $A videaar waa ¥ | BiEm Mol
TP Ffffpm & a9 ura Sear e § o o 2

Hlfpldcb aar rgplolH SRR WUTRVN (Successive trans-
formations) & IR H& Aol e geR 2




e T T T T e

syoft T a« 3 <
@) RFram sof 5 U 5Pb? ST 25, T FreffEa W) gean Ry T E
i) Ve soft U™ ¢ Pb?’ 23511 238 050 P
(iii) 2w Sof oo Th?? +,Pb™ 5 U=238.05079 u > He =4.00260u
l (iv) S S P! o TS 24Th = 234.04363 1H=100783u

7% worm A SR wefe w9 ¥ wra A § wEl
Tqof A i &9 F wra A 2

Tifra T AT (Nuclear reaction)

o ! e NP X R BIE FU g &I fHar S
i%aawawrﬁrqmcm%%@rmmﬁm
(Compound nucleus) FET B TAT TS IRATA e 3T ATMHD
Y ¥ wuraRa 21 & qun | § U B9 b 39 e @
i gre ¥ | 3 Rl fAfsrar @1 ey SfAfEar (nuclear
reacﬁons)ﬁﬁ%l?ﬁiﬁﬂaﬁﬁﬁmaﬁﬁﬂmﬁm
ST B .

X fag =fvw) T A o) ~> Cear) = Y g 1) + b (e @y +
Q) : '

78 X T ¢ GrUTeRS qa Y Ud b ScUIE HEeld # |

IRE sffpm @ wdfae w9 # = ger fomr
S 3 X (@b)Y i

srifq ded e (3Mafad &, IARTT B FATIRA

ISRV~ ,

N+ He! > F'*" - 017+ | H'

giefae wa 8§ N (a,p) 0"

Tfvera el ¥ g wxe FE & aree @
¥ Y wxew from 9 OeR B '

(1) S Bt TR&wT (Conservation of charge)—TaeTa arfAfshar
A e G D diE § Gl & Fo R HHIG BT AR T
& 2| ‘ .

(2) gfaasitl @1 w&ml (Conservation of nucleons)—
Afar SfAfFa & T8 a SUS 91 § G SIH 6]
= & @ 2
‘ (3) Y€ waAM &1 9v&vl (Conservation of linear
‘momentum)—3=N= fipam # wgI B B A NI G BT
A SaTE FUT B G TG AT B AW P JHE A E |

(@) Dofia @I BT AEI (Conservation of angular
imomentum)—eﬂ‘:-tl\lm fopan # g PO B g DI G BT
WWWEE@WWH%WEBWW%!

- (5) g el @ ¥w&rur (Conservation of mass
energy) D @ T affar § o Wi ved R
frer st @ ger ¥ afd A ¥ Sl g ol

T E = mc® & AR S d w9 A oRaffa & 2|

27pa =237.05121u
&l Ui Pa Tcdl WreWfoeFram (Z.=91) qA & faT g1
@ 2U% o-gE § St Sl uReRfad il

(b) TR foh 28y T@A: WETT IS Tl HL qahell |

Tl : e & ¢ o) s

28y =238.05079 amu, 3He = 4.00260 amu

Z4Th =234.04363 amu, {H = 1.00783 amu
a1 B7pg =237.05121 amu
(@) 20U B o e TRt 3 STTEr e ¥
U o BTt
ofd: T &1fd AM = [My— My, + Mgl
= [238.05079 - (234.04363 +
4.00260]

AM = [238.05079 — 238.04623]
= 0.00456 amu

ord: St S Q = AM x 931.5 MeV
= 0.00456 x 931.5 MeV
gl , Q=425MeV
(b) | ggsu,wﬁzuﬁzﬁrwwﬁ?m%ﬁawﬁa
wefteror fAeTgaR Bi-
By > Bpg+ 1 H
3 EHE &AM = [My— (Mp, + Mp)]
= [238.05079 — (237.05121 +
1.00783)]
AM = [238.05079 — 238.05904]
= —0.00825 amu
T & R & oTd: T8 WAl a9 el § 1 39
whEa e w0 & o 28U e 1 E = 0.00825 x 9315
=7.68 MeV Tl W& AT BT |

IETETT 26. YANTfred MG 2 Th S SRR &8

@ Sy aaa: 2P Bi § aRad= @ wmd | seufeld o @
B Uil & weET Ta Bfeg | [TSA




&e1- < X iR sAfufsran

228 212
5 Th— 3 Bi

. ILAY] AT H A R = 90— 83 =7

TEIAM e § A A =228 - 212 =16

T o (He THR) o Scosi H WA FHE | 2
=} I e T e § 4 F A ¥ | or; Seafia
T o~ HUN It HEA 4 A =feC TR gomE d@en |
2 ' 16 I FI ST TLATY SFHIF A S FH 7 E FH
foTe 8 =t At A o 0T W B B WS THR fAUTE B
+ft seafsia g =feq |

9 YFR & T Afuehta AfafEm F 4o 01 g9 189
seafsid g |

IQTEAU 27.(a) Z°Ra WA (b) 2'Rn AU & o-g9 |
IAMAT o-H &1 Q-°F U st Al A HITSAT
e :

m(g3°Ra) =226.02540 u, m(Z°Rn) =222.01750 u,

mE’Rn) = 220.01137u,  m(i®Po) = 216.00189 u.

& : (a) AT ¥ 2 mg,, = 226.02540 amu

Mga222 = 222.01750 amu
adar m\HE-t) 4.002603 amu
.+ gRa™C AT o — mﬁwgﬂﬂwaaﬁwmw%-

88R3226 —)86 Rn222 +2 He +Q
3d: Q=AM x 931.5 MeV
- [m(Ra226) —{ln(anzz) +m(He4)}]>< 931.5MeV

= [(226.02540) — (222.01750 + 4.002603)] x 931.5 MeV
Q = [226.02540 — 226.020103] x 931.5 = 0.005297 x 931.5
Q = 4.934 MeV

T o-FROT TRl TTITST Sosll
Mea Q= 222 4o
Mg, +M,, (222+4)

EK=

222
By = S, -x4934=4846 MeV

L4

(b) T ¥ m,220,=220.01137 amu
m,216)=216.00189 amu

am Mpzet =4.002603 amu

o 5RO o870 TR oo R S ke §-
geRn?%% ¢, P01 4, He +Q

3 Q = AM x 931.5 MeV

Q = [mgn220) = Mpo216y + m(He4))] x 931.5 MeV

Q = [(220.01137) — (216.00189 + 4.002603)] x 931.5

Q = [220.01137 — 220.004493] x 931.5 = 0.006877 x 931.5
Q = 6.406 MeV

Mp, 216

xQ = % 6.406 = 6.29 MeV
Mp, +M,, (216+4)

9ETeRvT 28. U &, 4.5x10° af ot ored sy @

AT o &9 BT © | &9 D) gy forflaw oo FrafofRaa
ATFps! B AeTIdr 9 Scafefad o wvﬁaﬁnﬁmrwrf?ﬁr

- SIFHIST gy |
M(3U) = 238.0507u

M(;He) = 4.0026u
M( % Th) =234.0435u

i g @ g u=931MeV /¢’ #t derr A1l @)
IRA H ReR 714 |
d: 28U Pla- mﬁﬁwmﬁmww%—
| WU - 2 Th+He+Q
9 ik & forg foded ol s yadR 9 &
Q:[M(3§§U)—M(233Th)+M(§He)]c2
fafr= TIRrl & 79 Wae )
Q=[238.0507 —234.0435 - 4.0026] c*

=[0.0046]x931=4.28MeV

I A/ 88 1 aa | 25U 1fies favm # e, o
err e |

O = lsu +f)Th

oc:pTh

K, p./2m, m, A-4

o

Kp B Pr/2my  m 4

o

B Aqal RS & gaH W& B |

4

Kp=——7K

A-4 °

K, +K, =Q




- 2322;4><4,28:4.20MeV
JerEur 29. edmgaenge 1 C w g Frefafea ariteTor
F TER AT ¥ -
He sl B+e™ +v: Ty, =203 min
wﬁawﬁaﬂaﬁaﬁmmommw%lm
¥ Peffga o g @€
m(}'C)=11.011434 u T4 m(}'B)=11.009305 u
Q-UT FT TUFT A T Jewtsid uifagi sl ifurshaw
FSt % WF W gEEHT O BT
T : e ¥« e wefem 6C“ —>5 B”++leo+v
(312 3g T, = 20.3 1)
Trsfieft HY sifaeRad TS T (E)ma = 0.960 MeV.
‘d%ﬂ mecny = 11.011434 amu, mpiy = 11.009305 amu
g fau U FeEdH WHIE §, 31 3T AW SoaHH

Ww&mﬁsﬁmwmﬁmm I

Q= AM x 931.5 MeV

Q = [(men — 6m,) — {(mpn — 5m) + me}] x 931.5 MeV

= [mcn — mpu — 2m,] x 931.5 MeV.

Q = [11.011434 — 11.009305 — 2 x 0.000548] = 931.5 MeV

Q = [11.011434 — 11.010401] = 931.5 = 0.001033 x 931.5
MeV

Q = 0.962 MeV

7% 9 AT IR FH A Fo F €9 H B A

Q=Egp +Ex , +Eg,,

Tiq (B!, WSzt w1 g H sTcafeen R ¥ o wistigi i
qor § B ) wfaw st e st Exp =0 €0t =l =
ﬁﬂﬁﬁﬁf%ﬂﬂﬂh?ﬁﬁﬁ?@ﬂ?ﬁ?ﬁﬁﬁwﬁ
S fiF Q % T\M & Brh

et (EKe+ )m =Q=0.962 MeV

FEIERVT 30. Wi farm & weRfa e Ao § g ool
& e Rt Soif e ¢ & # fafevor st sma
Hfog | Rar @

1984 0
79

1.008 MeV

0.412 MeV

M(% Au) =197.9682u,

M (' Hg) =197.9667u

lu=931MeV/c? ¥

B 3 mﬁaﬁlﬁrmﬁzﬁm%mﬁm%aﬁ B
il T wueET SifYEdE RS Solt Q W @ RN e & W
forg wrop & Wil @
Q=[M(3 Au)-M(7He) |
=[197.9682u ~197.9667u]c’ x931MeV /c*
=1.396 MeV
JEER B; A YR B Fol P Se # g AfAd
ot frd SR araven # 99 ¥ET & Sl g Soll WK 9

1.008 MeV 52 € afet: O B Uil &l Suerer siferererd TTforst
ol Bt '

K (B,)=1396-1.008= 0288 MeV
g yaR B; Y uERid B Foil @ forg o ifies s

SR araeer 3§ 9+ 38T & S o 4t srawein 9 0.412 MeV 5=
2 37T U HUIT BT SueTEr e RIS St g

K (B,)=1396-0.412=0.984MeV

mﬁmﬁaﬁﬁawUﬁa%mmwu:f‘hﬁ e

2 ST Il & & 59 UBR ©
1.008%10° x1.6x107° J

e o (1) =g gy, eI
008-0.412)x10° x1.6x 107"
afed o(yz)=(1 k : 63) X10*34X Y _163x10°Hz
] =

0.412x10° x1.6x10™ :
ATgfeet v(7) = T = 0.99x10° Hz

IRV 31, BNe AR, p- IS % WY G Err

%uwﬁ-mﬁmmﬁmaﬂtwﬁagﬁaﬁﬁf
W aifuraan TS T JTa wfAT

m (2 Ne) = 22.094466 u .

. m (% Na) =22.089770 u,



A .fany:
m_ 5. =22.094466 amu
(NeZ3)

m 23 = 22.089770 amu

a .

B~ & FHIHIO

10 N623 z +__1 BO +V

TR 1T XoAHM TS T B, o AR Ko T
w0 % FAQ 379 TR oh1 XA S B STd:

Q=AMx9315

=[(m 23 ~10me)—{(m 23

-1 Na

~11m,)+m,}]x931.5 MeV

Q= [mN 23~ 23]><9315

=(22.094466 — 22.089770) x 931.5 MeV

Q =0.004696x 931.5 = 4.37 MeV |

-+ 1;Na®, Toregi ot qor § STeafees Wt § a9 SoeE A
stfereram Tiast o1t % forg wfa =gfest =t S g erh or:
TOEA W SRy TS el Q % WHM ST 4.37 MeV BIT |

SaTeRv 32, prag T Al Mg+et+v Bfaw Q
w11 e @i | R @ M A2) = 24.990u

M (* Mg ) =24.9858u

1 mﬁszﬁm
0= [M(”AE) ~M(*Mg)-2m, |¢’
STET m, ST B S §

. Q0 =[24.9904u —24.9858u]c” —2[0.511MeV']

(SR ST & 3ifer Ug W gelag[ & TIHE & ged Hol
&1 gAIT {1 B)

=[0.0046]x931MeV ~1.022 MeV
=42849-1.022=3. 26MeV
IO 334 T g0 $Fe TTUE & J WA Sraaat
Bal ¥ fadet W faar &%) w0 S @ I ¥ q@
fagst dwa ¥ 7wqummaﬂﬁa JUAT ok
procicad
fard : m(5Fe)=55.93494 u W m(Al)=27.98191u
SRR e e

128) =27.98191 amu

P36y 55.93494 amu,

m
(13A

T, Fe’ T ;AP H Tagvea e =ea T s |k

0 XN NG a AR
arm: Q=0 g so) = 2m o) 1¥931.5 MeV

Q =[55.93494 - (2x 27.98191)]x 931.5 MeV

Q =[55.93494 — 55.96382] x931.5

=-0.02888x 931.5 MeV

Q=-269 MeV

T HeFe’® % & THA ST ;A1 H forgmea 1 fag s
Y F 26.9 MeV il 3 BN | 37071 ,oFe™ o1 39 YR forave
Hya =&l 7

l TR HAL (Nuclear energy)
R SR 3 TR e e S ReR ST
& goa el B 2 | ReR gmM @ W I8 SR A
I & o & RER Bar | AW Foi Q B
o1 g gRwifa foran Siram -
Q=[m+m,]c=[my+my]
afe Q g 7 o1 aifafsean B HSEUl (exothermic)
FEA B i e Q HomHS B A AMNfHAT B ST FHEd
gl

SRV oF" (p, o) sO'° ® fIT Q=+ 8.13 MeV

H + B 52 B & i Q=-4.03 MeV

% "ewyel W i sffearn

(1) (p’ n) m N 1I_{l + S'Bll > 6C12 - 6C11 + 0nl
(ii) (p, o) AAFA - H' + ;L7 — ,Be® — ,He* + He*
(iff) (p. v) SEFA - | H' + €' > N > NP 4y
(iv) (n, p) IR - 0! + N 5 N 5 4+ | H!
) (v, n) AWFI >y + H > H + 0
“ifera fifrard g A IR BB B
(i) AT fagved (Nuclear fission) - |
(i) @I TG99 (Nuclear fusion)

IETEAUT 34, FoRdlt TR SRfRAT A+ b —> C + d & Q-
W Frefafaa it grr aiturfia g ¥,

Q = [m, + m, — m - my]c?

Wﬁ‘{""{m TR T 9 (rest mass) ¥ |
frg g aifewSi % SMUN W araTey fon Pttt sifufwmant
FETL § AT ST |

G HLH->IH+HH

(i) PC+2C - Ne+sHe



|
g T AT FEAA T THE
m(2H) =2.014102 u
m((H)=3.016049 u
m(12C) =12.000000 u
m(2Ne)=19.992439u

Tt : ) Fem ¥« e H L H o B H
-;F‘m m(1H - 2.014102 amu,

m 3 =3.016049 amu
(HD _

m =1.007825 amu
s

.Q=Im +m —-2m 2
ar: Q=M T (1H2>]C kS

GH )
Q = [1.007825 + 3.016049 — 2x2.014102] x 93L.5

. = _0.00433 x 931.5 MeV
Q = -4.033 MeV

qﬁQW%m:%aﬁmwﬁ%l
(i) FEamr ¥+ FHIR

6C12 +6 C12 —>10 Nezo +2 He4 a; m

-2 5
Q = [m(lHI) +m(]H:‘.;) Zm 2)]X931.3 MeV

m jp. =12.000000 amu,
€ '

m 50, =19.992439 amu
(GoNe™)

qgr M e = 4.002603 amu

_ L2
Moty & I

- [ x 12) — 19.992439 — 4.002603] * 931.5 MeV
~ 0.004958 x 931.5 MeV = 4.62 MeV
el Q. T ©, 7 TF SRR SOAT €1

.Q=2m -m
ara: Q ! (6C12) (10N620)

TfvEYa fa@ued (Nuclear fission)

“Mmﬂqﬁmzﬁaﬁmaﬁmgﬁmﬁaﬁﬁ
q\aﬁaﬁmaﬁq@aﬁuﬁm@ﬁa%l”sﬂm
ﬁ@mmwwﬁaﬁﬁzﬁaﬁ%@rﬁaﬁaﬂﬁgﬁ@m
hahn) Td TSR (Strassmann) Y | =W W (Z
=92)$Wwwwﬁaﬁmaﬁaﬁmﬁs
@ﬁmwmﬁmaﬁwwz@mﬁﬁéﬁwm
:56)@@7@(Z=36)ﬁ§€m%3ﬁ?wﬁ@ﬂ@ﬂﬁ
3a1§”r:ﬁz%wammgaﬁa’cﬁ%1mﬂ§fa
mmmwmmﬁaﬁﬂﬁ@v@ﬁ%|ﬁmﬂﬂﬂ%ﬁﬁ
Wmmawmm%mmm

aﬁqgﬂmﬁzgwwmaﬂﬁm%
TAHA-SH T (AE=Am,c2)zﬁa§wmﬁawwar
3| g S B aifieta Hoil (nuclear energy) Pad © |
Wﬁaﬁﬂﬁ@v@ﬂﬁmqﬁzﬁiaﬁ e SId
Waﬁﬁ%lﬂ%ﬁﬁﬂmﬁﬁzﬁmﬁwwaﬁ

Wé@$mﬁmﬁmﬁa@wa¢w§m%—

Fission yield (%)

92 141
Mass number A

frm 15.12

WaﬁvﬁmqﬁmwmAzﬁamA
=141m@v@ﬁ$ﬁf§€f?ﬁ%lqﬁwmﬁawmzﬁ
W%Wﬂ%mﬁmmﬁét

yrpfire JRFraw i < arEEed U™ @ LU Ay ST
3| 3g wefae IR 99.3% Zfrem 238 @A I 0.7%
q?ﬁmmsvsﬁm%\zﬁﬁwa%ﬁﬁmﬁ@vﬁﬂ%l
Wﬁm%wm%%mzmmﬁwma
ey =g T (106evwﬁmé)§m'§rwa%mﬁm§ﬁw
235@%@@?@@@%(1evﬁaﬁmmmﬁ)ﬁaﬂ
W%lgﬂmw%ﬁa@ﬁmnsﬁma%m
mm%nmmﬁ@ﬁwmsmmm%l
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UB + 1! 5 (o, UP6) - ssBa™ + 3 K12 + 3 ,0”1 + ot
(RFrEm) (i) @R e (=

e Agead T8 2 P R 235 & fawveT § w9 U aavsT @1 e o AP T SR 3
IRTw ©a fhed & & e gra &, afee s 20 § off ot o UB 4! g, UPS 5y Ba™ 4y Ke® 4+ 290!
16 A=-f= @l & 100 I N e srgeem aa 2 § —54 Xe" 0 430887 + 200!
ST T | 75 | 160 Tb & ¥ : —s¢ Ba'* 43 Kr® 431
favss 4 g afd v Sew Sl ~>s57 La'*® +35'Br85 +30n1‘
() Ravss ¥ gd zermm —>51 86" 44 Nb” +4n’
oU™* URHATY] BT SHI = 235.0439 amu —g0 N +3 Ge® + 540!
o1 BT S = 1.0087 amu - 3771 sHffiramy
-, fa@vsT 4 qd g g9H = 236.0526 amu
(i) fravsa @ I T | ST 35,57 pu % faEE U wgd 99 3°U @ frem-
+oBa! T P G = 140.9139 amu e § 1w fareie famer oifea Sl 180 Mev ¥ 13 1
36K1”? URATY BT G =91.8973 amu kg 9E 2°Pu ¥ Tt wwwry fawfe &1 A fRe Mey
3 IS BT g =3.0261 amu - Sl e gl ? '
o OEvss & are g gawWE = 235.8373 amu T : F ¥ 1 o Pu™ % forves 9 v faavet seafsfa st =
< GO B =0.2153 amu - 180 MeV

TE T A TR wot ¥ uRaRia & o @) ¥y 1 0N ke e H Tl A wen
6.023x103 '

amu, 931 MeV STl & godl BT 2 | 37 o,U™" & T WA & 03
fagues = o =t - , . N 239
=0.2153 x 951 Hq: Fe forgaa et
=200 MeV (T19) 2%
, _ . 6.023x10
9 YR U & U@ 71 & fagoed § e 200 MeV Q= ———xI180

239

Soll I Bl B | 59 ol &1 @i A fawvee § g = 4.536 x 10 MeV

Ul (fragments) &1 TS il & B9 H yred &rar 2 dom 99 23577 — ;
T SeARA =g B T S, 4Rt et e TVETIBNYT 36. AP fagved &) afthar F 235U mifg

fafexoli & wa & grar & TS YT BT aeiser orar @ foread aRem wawy 2560
v =it foffa star 21 39 wipan & 2250 ifYys &t
1 3M P79 & R(gved 3 g SHorl- ;
U™ & T JH-IRATY (235 U) H ORATLS @ e IR et @ 0T BT | -
6 x 10% (3MaFTET | B 2 | e CICTGE

1 9 R e @ wen = 0619 fard: M(™U)=235.0439u
qfF v P @ & faves § g ol e M(**U)=236.0455u
200 MeV &t 2 |
o 1 UM R & RRaveT F g ot @ M('n)=1.0086u
= é%gzi><200MeV lu=931MeV w14
~ 5% 103 MeV wd: QU Y wepw & g ey arfafimar &

T IHR & < & 1 9 Rfam &1 feves 89 w
5 <10% MeV Sofl I B 8 S 20 €4 T.NT. (Tri-nitro- ‘
toluene) # fa¥hIe ox § SO~ Bl R | ¥9 ot q e 2 O RESINENCRIEE KRSy

235 U + ln 236U

- 10° {91, 91 &1 a9 0°C J 100°C T6 ISR 3 FHaT 2 | MizM(235U)+M(1n)
TH Hol A 2 x 10* fFarare gver fagd ol S @ o :
FHAr Bl =235.0439+1.0086 =236.0525u



SfAfhaT & yTaTd &1 F@E M, = 236.0455u

o M, > M, 31 g eIfey 81 <& & foraeT areasd
I8 € & 999 gaawm Soif A% § o=aRe ol @ w7 3
giRafda &1 <8 & Rrger 4

E=(263.0525-236.0455)931.5

=6.52MeV . }

Igrevvl 37. fagves aifyfsar

235 1 140 94 1
o Ut n— 7 Xe+ Sr+2,n

A qa ot BT A ST B |
M(3'U)=235.0439u

M(}n}=1.00867u
M( ' Xe)=139.9054u
(

M(3:Sr)=93.9063u

& 1 7 e & forg Q T A
Q:[1\1(§§5U)+M(;n)—M(§i°Xe)—

M (338r)=3M (1n) x931.5MeV
=[235.0439+1.00867 ~139.9054 -

93.9063 -3(1.00867) | x 931 5MeV

=(0.22353)x931.5 ~ 208 MeV

SgrEvur 38. feRdt 1000 MW forgies fomex & g Fua
&1 5.00 e & S 1 S & 1 Wy F g fomar 25y e
T S fon Ruaes 809 W wreva Tear e gyt
st 335U % foraie @ € s g8 §; Ao 25 =pwess
Fae faweT uiwar § @ == 2 ¥

T ;T €« from 1t wiftw P = 1000 Fmite = 1000 x 106 stz
o1 R, 80% S99 Ra @ &1
7 5 9 H RuaR 510 Se= o st

Q=Pt=1000x10° ><5><365><24><60><60_><-1%06

Q = 1.26 x 10" 5@
- U & gfq fagvss 9 sa= o=t
= 200 MeV = 200 x
a9 m UM U 9 39 I

(1)

1.6 x 1073 5@

_——

23 :
= MzT%_m_-xmxzooxl.()xlo—”,,,(z)
33

THAITER, R & so= ol et UBS % foraoea 9 € o
6.023x200x1.6x10'°
235
1d: U =t fomfres amn

1.26x10'7 x 235
m= 10
6.023x200%x1.6x10
1540 o,
a7 UPP =t wRfyes | = 2 < 1540 = 3080 FFam.

m=1.26x10""7

=1.54x10° gy

m =

(Controlled and Uncontrolled chain reaction)
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LI Cap] ‘Wé"‘f (Nuclear reactor)

J IR T eI B TR, AT Rygex wgar @ | Frta
sjeger SRR = & ol et Al 1 e SR -

() g TH UPR & JFIEA BT SWIN AT AR,
fore U @ A wgpfa § ol W arell W 9 e €@, g9
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(i) e e = @ e ol fma @ A
F9 ¥ BH HIAES HEME P aRER BT A |

(iii):q\;‘fﬂaﬁmﬁtaﬁmmﬁa%fmmmm
AT ARy, sraer A e B UPE R sraeiev 89 ¥
sifafpar & a5 & S | ‘

ATHR 9 ¥ B gie J WA ATl B3 TBR B B
Y g 1) ¥ fagrd wu ¥ R AT e E-

(1) faavedra vard srafq €99 (Fission material or fuel)—
sgd fort frsr § 4 5 ve uerd @1 STar aRd g

(i) ITpfas e (i) = U

(iii) Pu® (iv) U*?

(2) WeH (Moderator) — fa@ves § g =giAl &
qgd o7 B ¥ R U oraefid e 8 | g9 O ST @
T S Jaenyer § qd & $H B <A € |

T o1 B o ugaa @9 arel uard @t Hed Ped € |
Hod gard frer § 9 B N | " -

(i) ¥ 9 D0 (i) IHET

(iii ) IRfeTH fiearss

(3) fds® B (Control rods) — RAGUST A W R
iz vy @ for), Sefim B B TgF &) o @ | HetiaH
2 @ S e ¥, e 3 B8 Ruger & oreR Eell B
FTE e A R B Ry FR ol @ few fawvsH
fopar g2 & o B | o/ g fR-UR SR fAwre @ @ e
T g% B el ¥ | g Rufa A aRads & e sifafbar
) ex B i wR G § | v o8 % starm AR
sz § rffies e oS w1 oft Sw fn o & | s ved
T T F A H T wUw K HA W | T 9w
Bk kS

(4) e (Coolant) — ST Hotl N & IFER eI~ Bl
¥ 3HE AR P © o dads &1 STAT 5 S g1
o9 P &g WERIG: W O, S O, g4, w9 e #

W@ el grgelt @ STEN fEm ST ¥ | AE we @
Jgrfas o § fegm T 2|

(5) aRer® (Shielding material) — TR WE H I~
21 AT e TS y-feell @ Wi & R v W @
TR} 3R FPAE AR TET B FH G BA 1.5 WeR A AR
TR Wl ® | ’

FTe—FaY Tgell T 9E) @ 1942 3§ wH & e
3§ Rrer giaRiel § s o R U™ So9 & w1 | 9gE
fam AT AT| SEGT WRe WU (o fawmn wn v ged
IpTee @ Sl F IR T S i & v e wer w
ARET R BB S g€ 2| R B e §
T B R QR ) B9l W Teg-Afm & @i el <
3| =ife § @ | § dsfem B v @ A 2 iIfE
T AT £ | 59 TR IHIZS “H<d’ (moderator) Bl BT HIAT
3 den SefiRm = (controller) FT HTA PRAT & | URAIY W
W Fe A FHAC B IId ¥ A o 2 s P
TIfTeRe fIRRT sriedl & T4 96 7 159 IS |

P

Pi==
mF~OQ
WW...
Wi
Eﬁ@@. [ ]

Fri-RR-—TREE 78 B g™ & =1 FHE aE i B
STaTgEar Bt ¥ | T 9§ 939 T JRi- SuRYd B
3| o o9 REE T8 B Fer=T B 8 A1 S B B
BT IR G A § | g9 T 72 F SIRed =g, U @

Tl o7 fgved W o & AETeR @ hakawd 3
WWW%%!‘QWWW@W)@
TR ¥ | s Fs godl aTg B AT 8, Ik gl WD
qeg § & o WHA TR I THIAGY UR e W ST A
T TS ol ¥ | 99 A f U & At o1 e e Td
2| 59 YeR fEved 1 g@en Ao g & ST @ |
il 1 59 T g8 FE W S vl @1 W Rewara
friaor fear WA 21 A B g g B @enfia &Y odl
3| 39 UPR REves N &R B HH WD I Huil W
frgzor @ o € O e 9 8 o | i e o
’{@w-aﬁmaﬁzﬁmmmwmmﬁ
ger B wf@d )

ey Ry 3 TR WS A fagd ScTeH 31 Ud e A
g A B
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b S ARG, Weziaia s B

\/

o |
q3H
& 15.17
R B gum- PR Y S e— 1 o % w7 & v e & |

(i)sw%mﬁgawaﬁﬁfmmél

(ii)mmmﬁaﬁa%%%ﬁmmmmﬁ%
TS S fifter P, SNa-f=m qon Senfre ot &
%Gﬂfﬂ%p ' '

(i) T § Seifrm Pu*™ &1 Sares frm oy & o
XA W 9 BN ey 2

L , : l{lif a%z;[ ,»—*:‘:”f\"\"gi%

1. wﬁmﬁwamqaﬁm (o4Pu™) T ITE~ ;‘;‘
Wﬁ%ﬁ:{gﬁ,?ﬁﬁwns%fa@mﬁﬁ@waﬁm[
ﬁaﬂﬁr@%ﬁﬁmﬁéﬁ%,&ffﬁmzwmaﬁsﬁﬁa

T A SR U ae ¥ o s WH‘

TEATTHA 23 fz) @m%lqsawaq@ﬁ“wwﬁﬂ
T Fegfram 239 (93Np239)ﬁww%lﬁtr{ﬁw(QSNpZ”) g
L;ﬁ%ﬁqﬁea%lﬁwmwgzsﬁ?%lwwwﬂw%&
T FE A (P i e o 3 |
A et e $- ' I

5 U4 pl g, UP? 4y (1) ' f

2 =
U 39 93 Np239 + 4 47

T4 NpPY g4 Pu?¥ +ye" +7

1| Il
HﬂT‘ﬁq Ry (thermal reactors) Fgam Taamy frumRs fomey |

1l
. . . I
10U H o, P wrey iy T H WU H IR g g, aﬁ@u‘{
| FaT (breeder reactors) HEEAT ¢ |

Il
Il
Il
[

|

9TERT 39, 235U$Wﬁm$ﬁwﬁm200
MeVWWm%IZ“UE’HﬂWS"HIﬁHWW
mﬁmﬁzssummmﬁmsﬁ%mm
1000 kW w1f Sea==1 v <t 22

&l TXTIRR U Hare Sea=1 St = 1000 x 103]
| 10°

o 16x10°
_ 6.25x10%

——————=3.12x10'

200x10°

eV =6.25x10%eV

MW FeId wifeet Som a1 %1 3mamt 1004 TR wifem
-Wﬁmm%lw%ﬁwﬁaﬁmmﬂwm
xmaﬁﬁqﬁuﬁaﬁamﬁrmm%%lzozo

%wawmiwaﬁuﬁwﬁmﬁﬁ@mzﬁﬁmaﬁ



v Ar BT | 235y uid T s@afsda = 200 Mev
’%I
T : T ¥ ¢ fq U famves @ sfsla == = 200 MeV
T 2020 F AUFE T9 F I wfwd

.10
P = 200, 000 x 10° x —

100
- P = 2x10"dae
o1 1 T H yrd F fog@ = Q = Pt
(-: t= 199 = 3.154 x 107 IFHS)
Q = 2x 10 %3154 x 107 5@
Q = 6.308 x 103
HAT U ot m T8 AT 9 Scfsid Sl ol 98 25% § 99

_ 6.023x10%

mx £x 200 MeV
235 100

_ 6.023x25x2
- 235

(a9

mx1.6x10"'% 5 (2)

6.023x50x1.6x10%10

m=6.308x10"7
235 ’

6.308x235x 1017
+10 =
6023><DO><1 6x10
m=3.076 x 10’ ™ = 3.076 x 104m

15-1 3 FYETT AT (Nuclear fusion)

fbar S A1 39 i P Herad Ped ¥ | SoET 9 W i
1 T, Tl A Tt Hel e % Z5F91 % 30 9§ FH g
¥ 1 510: o & Wekawy g @ Al 2l 8 ud g §
TE &ffd Hofl § 98 SR & Fa! T0FT1 E = me® g3 A B o1
apd B |

O go el B AV B ORER FHIY R STdT § q9
q IR 19 & PRUT WER GRISYO & BT AGHT B § |

39 Ufdpd ol g1 B UR B B oY g awt H sreafie iyeT

Foll Bl =Ry | orafdd wfast o @ forg S=@ oam @
JFIIYHAT BRI & | 7 3 A9 T G AC9hl B 0 ot fa
% R S A Tl o Wit & foR TR WY e W, s
e T AT FRARE 07 96 ol IR TR B 3 w9 81 g § gen
TH-TI H He(H 81 91 € | 39 YbR 39 fbar &1 gRY 89 @
ferdl e smawye & f& ard 10°K 9 10°%K a% &1 va g+ srcaf
T 8| o 39 TSR &) Ufea & am Aifida daaa @ sad
I

HAMRH Iod A9 T I R IR SRS B AMHD (HEr)
ey Aferm &1 1ffE 7 (39 WeH-uetE st
FEd 2) | I8 Al frafafaa wiexe grr e o &

(1D

4 H' - He*+2 1e°+ 2v + 247 MeV ....(1)

T I BT AMWHAT H 24.7 MeV Fofl uret &<t 7|
wogd fafar 9 ol @ or-
4 TESIVH TP B ggq=

=(1.00727) x 4 amu

Siferam TS BT g2/E = 4.00146 amu

GiSiigd &1 GaAE = 0.00055 amu

31T S B AT =4 x 1.00727 - 4.00146 — 2 % 0.00055

=0.02652 amu
faffia ot =0.02652 x 931 MeV
, =247 MeV

WfeRA Hera i & g <) wifsigH, argHved § sufem 5
seae § faAfe (annihilate) BT ST 2 MeV 91 9o e
%1 39 YR Her 3R W et g el = 24.7 + 2 = 26.7 MeV

Hoaaa &1 fafaa srawensit § @@Ra wx= & wrf § &3
AETRS BioAgdl & fF7d! ol dF g3 72 fhar o1 a1 B |

faEves vd "o a1 § gagdE 3 effa 21 & o St
§ 9ge Wl © | _eg U U S @) Mo § 78 9 e @
f Weras 4§ fague &) a1 § S o ort urd @l ¥ |

TP AN B FPER G Fgl g A IRy Ypve 3.8
10% 5[ SOl U1l 4 Foil & w9 § Seafold IR <@ 2 | ga
T A3 § THoll Bl Iaares gt & ggd JREr Wgie
sfafhaal g1 wa FE 2| SareRond, afs g feh s
aetel (S $rd) B & Bar @l g9 gerd B gl g g i
ST 991 &R W Foll $ad §H TR I8 a9 & e el | g
B 39 o Toil & wd & wEe § el < v W
fea g -

THEIRY @ OER, g TR figs <@ g fEw
IHD! oI Holl AR gl off @ 8 a1 THE S5 4
Sl O RE 8 | IR UM & gl Il 2 P gy & agad
¥ 9T Holl, G B aad A ST T F 1% G ft A
B ¥ | o e HaEE gl A St @ wT 5E 2 g |

A H grfrm o 9 d@l @ AT 989 B9 § o 39
el @ A1l $1 fSAefaeg faes soar fgees @ g &
Sl B BT T8 B Thdl Fifd g7 TA@ B TG B fAgve

S Za G SR W ol sa9 o OFY dd Saferd AE @l

[l |

AMYferes FAATTER, YA P 3TAR ol BT AT gob D!
BT AT B | I BT TTHIT 90% 91T BTgSIoE o Sferas 4
g1 3 qUT VY 10% ¥ ¥ g 9« & e ¥ ey geb
T B | T B WA R H aT9 G 20 IR (2 % 10K E |
g1 $U a9 R I H SuRerd vt acl & wAeh ¥
AT SR B o ¥ R wrssiom, Sferam onfe ot @
GRHTY] AT (Plasma) J7a<ell H 3 oTd 2 (Us1ed &) a” araxen
o et & geTe mae (AfWe) dUT geaete arufdd
e i Sulerd & yared @ WIrHl vl HEard 7) it



ISTEIT 41, DTTW(W—@W'W),
PH+ H—? He+n W =R i)
@ ﬁmmm%mwmﬁmw
T 4T MeV ¥ J1a st
m(fH)=2.014102u
m(7H)=3.016049 y

(®) W@Wﬁﬁﬁwm 1.5 fm 9

Fﬁmlwwﬁmwi,ﬁw&mﬁ%mw

<mlmmm%mmmw
=ﬁm%mﬁmmﬁaﬁaﬂmmﬁﬂﬁaw
=2 (3KT/2); k:@@mﬁaammhmm)

s @) ﬁq-r% : m(le) =2.014102 amu,
m 3 =3.016049 amu
(H")

T: HerE Wi 1H? 4B 5, Het 4 n! ¥ fom

Q=[m(]H2) +m(1H3) _m(2Pb4) —m, |x931.5 MeV

= [2.014102 + 3.016049 — 4.002603 - 1.008665] x 931.5

MeV
=0.018883 x 9315 = 17.59 MeVv

() - B 7 = 1.5 weff = 1.5 x 10715,

o T B ey SRS = T ot a1t 7 IR

geerst frafas s
quHz q1H3
R
92 = 16 % 107 %ty

98 = 16 107" oty

4 U =

L) R = 2r=3x10705e e
9 ~-19 -19
9q: U = 9x?0 x1.6x10 _15x1.6x10
3x10 )
il U = 768 x 105

m:wﬁaﬁaﬁwm%maﬂmwﬂﬁa

FA7.68 x 1075 B4R

o

w

KE.
ST: STTF Arg T=¥

ST k = 1.38] x 10-23 e/ feer

__768x10714 <107 &

T—3x1.381x10‘23 = L8510
SETERT 42. SR Tifras 21 UX AT +e & qorr
Wﬁmﬁaﬁwmzfmémﬁﬂwmw
qy%aﬁsmmmK»ﬁaﬁwﬁlem%ﬁmm
W%Wﬂﬁmmﬁusttouch)aﬁmﬁ
s’r?ﬁa‘wﬁmwwﬁlﬁq‘wa}mwﬁmﬁanm%?
wnﬁamﬁ%ﬁwmaﬁaﬂmmﬁﬁml
q JETaR 15 20

& - BT r=2 % =2 x 155y
amﬂn‘haﬁmaﬁhmhmﬁaﬁﬁwwﬁ
TR 7B gt Rerfier gorf

U= 1 ‘ qqu - 1 e_z__
dte, R dne, 2r

9 =€q,=¢ R=2r

1 ¢?
4n e, 4R

T U=

_ 9x10° x (16 x10719)2
2x2x10715

=5.76x10714 & -
W:WW@WWEE%QWW
RISt S 5,76 x 104 g7 2y
HF&WW%B%WW%WWT%HT
A I = 3KT
i
T

~14
- 276x107% 5 =139x10° e
3%1.381x10~

SRTEIT 43, 2,0 kg TIARTT & wera @ v 100 e &
ﬁqaﬁqﬁmﬁirm&mr@rmm% ? Hetgw
Wﬁmﬁﬂaﬂﬁwm% :

TH+H -3 He+n+3.27MeV

m:ﬁw%-waﬁwﬁap=1ooak,w&m.ﬁw
m =2 T8, o S sifufper

= T



H? + H? 5, He’ +yn' +3.2 MeV
Freid 2 ERIfEd M & Hord | Scafsia s
= 3.2 MeV
-2 T, =zEifam | iyt #t we

23
= 602307 103 = 6.023x10%

a: 2 T, <gfiem § wor i Fen

_ 6.023x10%
2
6.023x10%
awwﬁhww‘fQ=—2——x3.2 >
A Q =9.637 x 10 MeV = 9.637 x 10%° x 1.6 x 107" 5[
aen = Pt9
9.637x1.6x10"
T p = QAL e
P 100
15.4%10"3
il r =
100 % 60 x 60 % 24 x 365
= 49 x 10" a9

SGTEXYT 44, 3 YAIRTA TS & Heaas /@ T
21. 6Mevmmaﬁ%|1kg31{cﬁﬁaﬂakwﬁw

GHolf @ 0T BT | i Nl
Bl 1m@gﬁﬁaﬁﬁwm3ﬁa%m
_6.02x107

x10° =3.01x10*

TR 3 SYEIRTH 1! & Haa | ura Foff
21.6 MeV 2 ord: 1 SYAIRFW ¥ & W Foii

216_72MV

1 kg SYERTH & Herge & yred Sl
=3.01x10* x7.2MeV

=21.67x10°° MeV
=21.67x10""x1.6x107"7J

=34.67x10"]

Qe Ui GBS 3.8 x 10% T S fAfBRA HRar
2| R AE = (Am)c® B STIAR, TR AHvS g FHoll A

il & Tk O d T AT 21 A

& fore g3 &1 gomE B Hes T 4.1 % 10° fhur & 8
AT ® | 39 ueR g g iy & A 8 e 2| gl Bl g

M 2 x 10 {51 2, o/ T &9 arell ST $9d] gof
¥ 98 B9 B | WA offwsl 4 A b WiaT B0 BT
T ¥ | AT SANT B 5 d gedt ol anrel U BEIR BN
auf g (10" auf @) =0 o A Tl Iafla Fw=ar 3|

T A A & AR SE-O19 g ST BT § 39D
AR g #F F T B gH BRI I8 AU WA ged
o geil & FAa # G shm | e SR Bl
Rerfaor Sutf saRe o1l # gaeifl Uy 39 MER W &
g ToERt | W g B AT 100 a8t d@ € Fall
fafepRor B & Hew BT o) g @ B W s@EE b
3T @ T3 A T 35% wrERie Gd 64% giferm
Td 1% 3= dcdl &) SR & | Rl dedl B AIog "=
¥ suRerfy & wrRor @ fawdsa O W oul &1 Eid
TE B Hehl | ‘

T 1939 # 3MRFH. I 99 (Bethe) 7 wrfad
frar 5 9 od a1 ARl # SOl B0 SEA A
# Hafdd Bid 2|

ETESIST DT &1 Aferam e § ee 1 91 IR
d & ghar 2

(i) PE-ATEEISE T (C-N Cycle)—RF= IsT>F 349
(Bethe) & WATGHR, I T ARI & <R IR BIggI=- ~110HI
B U e TfiE § Aaad @Y 7 AH2, T A7 THDb
Y- FTT STy
I A B WY TR I 2| 9 affFaeT 5 oFEE U
IANG (Catalyst) @1 Aifq Uaa &rar 21 FFIT =% JBR
el g

——)7N13+'y+l‘5Trﬂ(
- CP+ B+ (N
.lHl +6C12 7N14 Y+W
H 4 NM _>SO]5+Y+W
8015. ~>7N]5+A]B‘:;+\'
H'+ NP 5 %+ He
IR it sfafparst @1 feTes @ W)
H +H' +H HH' +— Het+ B+ 20 +y+ Fo .
' TH YBR TP C-N I%h § AR ggsioH @ A10e gafda
AR UP Dforga & A1NE B I B & a1 2 GG
(B T 24.7 MeV St qaa & B 1 A WSS &1 gerastl &
fierepr famie (annihilate) B WA § TAT 2 MeV o1l Had
HRA & | 59 UBR UH C-N °% H § 26.7 MeV Fofl & B
| we Soff gd &1 919 Rer 391 T | wee il B | S
B g @ | yW H T 2 ¢ 107 Uief g € w3l @
1 U9 g1 ¥ IR FO (~ 13.35 % 107 MeV) S+ BT |

1L 6cl2
7N13
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16.
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18.

19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

29.
30.
31.
32.
33.
34.

& frris =1 e fafa

TG I W T e §7

&9 fraraiss =1 aftnfaa s ‘

e forelt wwrel # yr F womusd % gen N ¥ @

forre wreenq S TR it S aar fafen @ = |

JTATIST ot T ST |

S5~ 41 &7 Fraraie B Ty g3 fafeu)
ferfoes ward =) mea oy Y wfenfi S
TG Y T WEF g H G g7 fAfay
giskra =1 SI Ak fafaw)

UoF-&1a ot Fre= sfufran farfia

B 3 T T sifafirar fafe )

B~ o fore wrr sifufiren fafan

v &9 % o s sty fafaw)

ARt stfufsrarsti & frm searor frmt o5 e S
(2

02U o T W] 3 ferguet & e et st g
B &7 ,

UM 235 % formes =t stfufrn ferfem

I U T[T § F aeTd 87

AN gl Y@ W o am fafa)

g T Ferm F fag ar fren @ =ifew?

T SAtfsman o serT fafag |

BT Mfwa! o diferam Tifvs & dorm & == @)

™ fafay |

@ o W

'

T4 ¥ fafefta s =t wen fafag

1, TR et Yt e = e T g
o 1 RIS W ey ¥

N,
Moo

>
T A Al e =Rt frem % e1ger @ ¥, o
T B F ! I He s st frem ¥ e
e | |

p- &
RSCUERL 5. T 0.03eV
25 7. 235

» PH o Qe % o § 9% 3l - Q

v TH BRI (=2 x 6.02% 10839 ) ¥ Hoam |

HH 91 = Q x 6.02 x 1023 FHft |
ShERT: B, o, v

10.
11.
12.
13.
[14.
15,
16.

17.

18.

19.

20.

21.
22.

23.
24.
25.

26.
27.

28.
29.

30.

31.

32.
33.

34.
35.

I o ST FH F |

e, difeam, dreffrm, Aty Fogfagm anfy |

N =N, ™ '
-1

=% wr T foreh earafes werdt & sifoafen v

T TG FHEA ¢ |

fereil feaiiforea ward <1 arer Forerior s o w1 oqerm

R T T T e #

@wwqaﬁ-ﬁﬁw=NoG)

7

fefem 2% =) e 9 g = N ‘1}

_0.693
o
T _ B s w5 ey A

b wmEt % v wen
TG ML T=0.693T,
5% (Bq)
2XA 5 5 YA L Het +Q (ST
7 XA 5 YA £ Bt 4y
7XA o L YA B+
XA 5 XA 4y (ho 391 & wEE)
IO FIAT TRE G T T T
200MeV

02 UBS+ gnl > ,UB6 5 Bal*i -, K92 +3on! +
ot .
K= formmea =1 et dawew F == 5 S

79 gl § when et Furee T e
=gt % g

(1) fomvem wed (2) HeE
(3) froes o (4) smaEE
(5) ufe |
105K ¥ 108K
4 H! > jHe* +2 10 +2v+24.7 MeV
(1) HEF-TFESH TF  (2) WeH-Waf =5 |
T ST Wi Vv 3.8 x 1026 51 T FfRRE FRar
21 .
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= 03 i
AM = 5071 f4
=0.003 foyr)
AE =0.003 x (3.0 x 10%)?

4%w3mﬁ%®mww =2.7x 10" ga | _ ‘
TS L7 T Aty Mev ol g e ? L7 SETE 48, T Ar9-ifey SBT3 1.000 x 10
Wmm:xomsamuqa;;ﬁaqmm: ﬁfmg@m,ﬂ.993x10‘3ﬁmmﬁqﬁ?ﬁaﬁ?ﬁ%l

1.00759 amu @& =t a1 e 100805 amu | 999 S5t B o e en %ﬁ?ﬁ‘c’m’a d BRI
T3 OIS B gemr = o 1.00759 _ &~ AE = (AM)c
=3.02277 amu e[ THF-81, Ajs= (1.000-0.993) x 103 = 9 097 « 10~
4 YL B gagEe =4 x 1.00898 3%mawmaﬁamc=3.0xmslﬁa/ﬁm;
_ =4.03592 amy AE =(0.007 x 103 x (3.0 x 10%)2 ,
¥ el o1 gor ECLIE =3.02277 + 4.03592 =63 x 10" g -
= 7.05869 amm ‘6/3 10!l T
3Li’ B S 1 g - 7.01653 amu . = *’:;?‘(TEITE-EWET
Waﬁmw=qﬁmﬁammm—mﬁmaﬂ = 1.75 x 10® dfc.quey
e 7.05869 — 7.01653 a1 Tdleamer o ”
=7 -7 ST 49, e N s 4 vl & am e
WWWW?%W L'amu = 931.5 Mev/c? T e o Im P
3 AE =0.04261 x 931.5 Mev HE A+ B 2He* + on! + | :
Z927Mev N 1H? BT 22MH = 2,0141 amy .
SSIENUT 46, .0 B IRHAY-gegr 16.0000 amu F) B gegae =3.0160 ama .
wﬁuﬁqﬁa@am—mﬁmaﬁﬁmsﬁaﬁqwmﬁ 2He! B 22 = 40026 amy / I
= 0.00055 amu, we w1 gamm 1.007593 amu For1 =gt 57 on' B FHEE = 1.0987 amu "
S = 1008982 amu AT 1 amu = 931.5 MeVv/C?| ‘ -3 T AMAfp IMxfar ¥ 98 Hof Eaiors :
m—aﬁwﬁmﬁkmﬁ.sma's%sﬁﬁ%aaﬂ T o
TP B TE 8 T ot % g # , = 2.0414 + 3.0160 = 5.0301 amy
SQWETHTW?{W =8 x 1.007593 arﬁ'f%bma%qgammﬁzmmm
3 o o 8~060744_amu | = 4.0026 +1.0087 = 5.0113 amy
8 I 21 g = 8 x1.008982 ST &AM =5.0301 - 50113
=8.071856 amu , = 00188 amy
FTH AT = 16.132600 amu - R EA =0.0188 x 93] 5
ugqﬁaafmﬁa%amﬁﬁméﬁvéma =17.5] MeV
T 16 — )
SR 9291 (019 BT zagmr - 16.0000 amu SRR 50. A A srzdony 1600 a4 g o gwe
8 ST BT G219 = § « 0,00055 = 0.0044 amu &R 7 g ;
S BT WM T Hfng !
TP FIR = 15.9956 amuy - . Fo--faar 1 8- ; ;
TE SIRAST & T 1 e 2 T = 1600 7§ .
<. AT AN = _ : 0693 |
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