G Juadl)
i) Baladl) sl

: Radioactivity e,euwbwm 5alla

- Al sl Gan Ga (e a0 9B Y ) Aus Claws Sl BAl 2
ol e oY ddlpde g ¢ Ay Lilpde b ol blal) salh Chalg
B e b e B e ¥ A4Sy Al (Wl gl Gl Baag B Allatal
Al A o) Allu g Al Balal) Ay Wy ¢ daghll o) Jakal) o) Bal) da s
bai o LS Bglaall o) Jlady dBle Al gl L Blgi Jad O s ¢ A )
Aainy Y (LalS Jlat Jaaig o Jad Jaad i ¢ ¢puhaaty Goil) el Yot Alls B ) Lgllas

Al Jadlaad e

: Activity auladl)

Goil) e alilyg ¢ Gl (e Ardia A e clasual) Sl Aajll Jaxall
Jdob Aoy ¢ N dadiall (g5l 230 a2 dN ( Arpiall Glaswal) 230 (gl ) dllaial)
Lo () ¢ dt Jladll Agiajl) yal)

dNaNdt - dN=-ANdt  ........ (1)
20 ) A ) Allaial) geill ad) asml Jiar ) iag gilly Jladl) il A G
S ) Bang uglla (A (A) ulid Bangd NAlg ¢ (pa) Bang JSlg ( BAgall (gsil) S
(1) Uslaall Jalsing ¢ <

dN N dN t
T =AMt [ 5= [ —Adt
sIn—=—At—> N=Ne™ ... (2) S Pady) ol

o



. el pia dBiat ot Adajl) 558l g e dey dpdiial) (g5l a0 N Gua
=0 Mo o) Jiaall gia o) 35 Aaal dadial) (ggil) a3 1 N=No

O ae Lunabl Lol Lol aaaliy N 4ial) dadial) (g5il) 220 ¢ qalsl) (ha
Llay) \giad Ciai M) dedal) Goil) 2 el gD A uiajl) B3 andy
half-life time (tiz) cialll s

: e Qi (2) Alea Gkl (Ln) 38lg (2) Alslea 3 N=Z2 Jaad

__________________
3
1 1 |

tie 2tz 3t

% = N,e 12

LnG) =-Atyz > Lnl-Ln2 = -4ty

- 0-0.693 = - Aty 5

0.693
y)

~ =
s pdl Aajll Jaall ddlhal) dagdll Golu jiaall Adlad (8 AN dali (g
Do) aad (2) Aaleal Lyl Adidall 3408 gl

aN _ _ —At _ _ aN| _
- = AN,e ™" = —AN - |dt = AN
A=A4,e7 ... A3)



t=0 Ladie 4alii) dkial L3 jaaal) Adlad : A, Gua
Y (5) (Gfdhad) b Adladll Basyg o quialy Aladl) Ciujas Gy (3) Aslas 00

G5!l Basy Jaried dpalally duleadl GRLEY) Ja¥s IA ¢ lay Bydua Basgll sl
D ua ¢ o ldy) Blal Sal ) gy e cilS Al (65 6S alaal il (curie)

1 curie =ci=3.7x10%° % . mci=3.7x107 % , uci=3.7x10* %
Basgll ASEN 8 aslg JMad) sag (Bequerel) JoSill Basg dlliag
Qs ) ) dndiall Aiall AY) Qi Jaai le i ¥ Lo Jlad daai o duag
‘éjm\@m e Gladi G 4led ¢ (e y Jad halg o Jad ke ¢ Cuhaly
PO 8 ¢ lagalS Jadll i (8 s dt 8,54l

-dN=dN+dN, = A, Ndt + 2, Ndt

N dN
fNO f (Aq + 4,)dt
#N=Nye Aatty)t = N g=heort 4)

03 b iy Ay = (A +4,) Golow sy AN Jadl) ol ga 2, Sus
b o) e Jaiad o) San N Aaiiial) dadiall (geil) aday dlalaal)

A= Acthy, e (5)
S IS Gehalll ullad pgana (ol (plialy Jlaky juaal 4dsl Al o (o)
pdadl) andy AR50

A« _ % (Branching ratio) gl A

Atot Aot



0.693

S5las Blgill Cauatl) yaad Aulaad) Lauills

ltot

Atot Aot

average time (t) sl Jaxa

G eladl JIa (g ol A RS 1) Gajl) Jine b

T =

e

1
< T = 9693 — 1.44 t1/2
t1/2

or t1,=0.693 1

(No) daial) 5ilt S 3

: 30Y) A8l gadai ¢ NO dlaY! dedial) (55il) dac 48 jaal

N,= W(g";)XNA
Sl (S JSE e S 1) Aijg Dt ) A L 05 = W s
6.025 x 10% atom/mol  Jalayy 53168 aae = Na
SASH sal) = A
Not:
N m
n=—=—
N, M
968 A s Na ¢ ol e s N ¢ Y gall de g s
gm/mol 34;\993%).33\ ancl « M « Goed e m
s~ N = mNa
M



atom

M ol
~ N = —n>%=atom.

mole

Db 8 U Auiall Lkl jlee¥ls a¥) S5l Shualll jandl ()

0693 . _ 0693 . _ 0693
) a — la ) Y - A-y

Tiot=
}Ltot

N aleall e Ll Jpmaadl (e Ll W) (e jall Baddgll (5ailly a¥) (Gail) a2 (g
DAY
Ni= NoeAtott

Nao= (7%) N, (1 — e~hort)

Aot

Nzy= (L) N, (1 — eHort)

ltot

e b lag ¢ ( 7.1 x108 y = lall) jae ) 235 'ag-\-'\bga-“ Matl) culd &.\ua\!u.u

$ (51e8l Bangs 25U (4a (0.2 gm) J Saafell 4Gl 8 DS

2 dall

0693 0.693
t12  7.1x108x365x24x60x60

1) A=

2=3.095x%x10"17 sec?
2) A= AN

mN, _ 0.2x6.025x1023

=5.1277 x 10%° atom
A 235

N=

#~A=2N=3.095x10"17 x 5.1277 x 102° = 1.587 x 10* dis/sec

~A=4.3x10"7ci ci=3.7x10% dis/sec

5



. Al ﬁblz JYadY a3 (1
o) ¢ g8 dalay! ubs% slaa a3 Cpaili(2
¢ il elll jee Jara (3
/ da
1)N=No e~*

N=No-2No=7N, D7 N, = Noe %

2Ln2_20.693
]

22z M S 2 n2=-At > t=
s 1=2. typ = 2x20 =40 days.

2) s No=No e™4 > 23=¢~4 > -3 Ln2 =-At

- =3 "jﬁ = 3 ty, =3x20 = 60 days

1 20x24x60%x60
3) Ty =7T= —————(——

=2.4x10%sec =27.7 days
2 0.693

: dadiall AW ZU5) (5

1 el Chuallls piia alal zWi-1

Al b lede Dulii oly clig sl Cidwd 2B dedu 8 Bile o dle ) (sl
N dua ¢ (-AN) Janan @.’LA.“ oalail) Maty ¢ gl wﬁ:gc (Q) Cull Jdan Aalis)
Aana b aglad ¢ Bl Jlag i A ¢ Alaall) dli b Sagagall dndiall (g5ill 30

P ADY) ABally ey (a3l e N S Jaza



N

N AdN t
. fO —m= fo—).t—>Ln(Q—AN)| = —At
0
InE = pp > E_e-ae
Q Q

~Q—AN=Qe™ - AN =Q—Qe™
N — Q4 -t
~N=>(1-e*)

dus ¢ tmoo My Cadll CiBgig ¢ oL JAN Ao Juasiu Gl s N it 149
daslad) dudlad el Ao Jaad

t
a0 p8h (Cligrig ) GED Cuaastgd) @bl ONi JSl chad v [ JUa
: 4 5x10% atom/sec Llakas ¢ 3.3 hr ol chal jae 4l (sdlly S'Cu
¢ gldd) dla & SCuU (uladl) cld 2xe(1
¢ OICY (uladll ¢ gSiall ¢y 3al) Jlaka oo La(2
: dall

8ON; + 2H - Slcu + jn
IN=2(1- %)

¢ QB t=oo olb plud) dlls b

N(t=c0) = %(1 —e™M) = %



8
N=—30 -857x102 atoms

3.3x60x60

mN NxA 8.571x1012x61 _
dom=——= =8.678x1071° gm

2)N =
) Ny 6.023x1023

3l auridd dee (pa AdgSia Al (e dadial Sy blidl) jlada LA/duA
il e (lg ¢ 10° atom/sec R U:\‘gsm deyu o) Lale Jelia ‘..g Qlelu (uad

§ 2.69day s

BN
_Qrs At

N= > (1—e)

N2=Q(1—e)=10%[1-exp(—0.693 X 5/2.69 x 24)]

dis

se

NA=5.22x10"—=1.4x10"3 Ci = 1.4 mci

c

: (laiall Saiy)) dadia o) Blgi Mot adie il )

sl () (L) JaLidl) Dl dales b Lgtigalsa (S Al VAL (ol b
il Wy ga (O eKa s daughter nucleus 3adyg 8ls3 () Jadi parent nucleus aY)
OSaall e (sS 13849 grand daughter sasés blgs A Jadiy Lad Sl bl
1923334 ... olad) BLAY I CYYATY) (a Alada o J sl
¥ ally (120) Gasll Ay 2ie WY1 (S55 Ga (No) ) oa Ll gy ) sl
Bauly Blgd il ddada Blg3 JS Olg « Skal decay products JMadY) gl (558 aas
: Biiua A (3) Balsl Bl ) Gyl gpcasall Rdd gl ¢ Basly
ale%¢
NoO 0 t=0

Ni N2 Nz tdaie) 58 e

+ tl:ui\




OB cun Wase Jhg JMaIL AY) Bl Tas (1) Alma dde) BB jgse aay

s

Ll A LDy dagii Jhug oY) goil) SNy Ao Lase alajd sadsl) geil) L)

s ol adey
DL= N1 =Nz e )
tdadia g Byfiaa (690 LY lsaials e 3Ja3d Badal) (5l La)
LE=1Nz e, 3)
) ailiall JalSill (ha N oY) (655 238 o Jguand) (Say (1) Adabaall dunailld
Ni=Noeltt rrririiiiiennen 4)
D YIS Lgha ald (2) Adalaal) L)
22 = 11Ny — N,
D (4) Aalaa G N G pagn
% = A Nge™Mt —1,N; e (5)

 (e2) cupdallys

eazthz = AlNoe_Ate-l-Aztdt - AzNzelztdt
eazthz + AZNZeAtht = AlNoe(Al_AZ)t dt

[2d(Ny ef2t) = [T 2, Nge®—2)t dt

ANo 1 _(2,—-29)t
N,et2t = 2120 [e(A2—-4)t _ 4
2 Aa—14 [ ]

AN — - -
NZ — M1%0 [e Azte(lz At _ e Azt]

T A4
— 41No —At _ ,—Ast %
Ny = le 2 5)


Ahmed Fadhil
Line


P YIS lgls (Sasd (3) ddalaal) L)

dN3 AlAZN() —Aqt —Aot
= ApNy=——|e "1t —e ™2
dt 2772 Ary—24 [ ]

N A1A4;N -
f 3 ng ;2 leof [ -4t _ Azt] dt

N _lllZNOI: —Aat —Azt]
37 -u L- -2 10

N _/11121\/0[ —Axt —Azt] [ ]
37 -1 L- y) /11 —42

Na = A142N {};2—};1 _ Aze_llt—lle_lzt}

37 Ap-2y L2, AzAq
. Aze_’llt—lle_lzt .
# Ny =No{1- F— | J— (6) Baa

P e ld) Ol

Gl g Baslsl) diall 8 dadial) digi¥) qud il p2e e lad¥) Ok Maly

P sl Ol Lagd Gaay cpills dliag ¢

;MY ¢ jlai-1
Chall) jae OIS 13 Badsl UG AY) Amdiall jualiad) (555 G OGN 138 Caaay
152l gl) Bloill Chuall) yary Adjla Lo € QY1 Bl

(Tw2)r > (Tw2)2 > 41 < 4
: (5) Malea A (g

MNo [,-2,t _ ,—2,t
N, = 2200 [g=Mt _ g4z
2 /12—/11[ ]

10



Laaliy ¢ (£710) dad b iany Lan gl 055 (£720) A b g1 Jime
Cra) (e Alt) - MJLQA (e }“Zt) Jlad) e A} aad \AS%J N vy ode KW=

p o algl) lidl) dagl) axe olb ALy ¢ (Tu2)z, (Tuo)t (oS RBgh Guulia

AMNo  _a.¢ _ ANy
N,=——eMt=——5 A,N, = )l N
2= 70 . 2Nz = MV
DA Ay
TA T ApAy

12y ¢ il Ao Badglly a¥) gelll eladN) Bl FolS L Ar, A G
Goill s lady) Badl (e o) paal Balgll (geill Al Bad) (o adgi (e

. (#Uﬁ.\\ ) ‘._'AAJA Oolgd ugan Ale e\l\

tea¥) oladN) ¢ jleill-2

Bl Blgill Cuail

(T12)1>> (Te) 2> 44 << 4,
e Mt =1 ¢ o) Jhall (e d; Al 8 Jally
_ M At
«~ Ny N0(1 — e~2t)
AZNZ = AlNo(l — e_lzt) 9 W t (:JJS:\ Ladic
Jal) s (e_’lzt) 3..95 O aad Z\,.\..'AEJA\ :\,.u.n).\\ 5yiall alay Laaie (Slg
o AzNz = AlNl - Az = Al
Lalald ;ﬁ& daulgl) (ggall 3\,391:.&\1\ saddl ¢ L..sé,m GOl Clea (g o) A \35&3

L&Y Gl A lady) Badd

11



: datile daulg (goll Aullad abie) (1a)
t=o0 ¢ t=0 Gajl) Ly A hina Goluw (5) Uslaal) oa ¢ N Badgll G5l a3
dobaug Lia) 8 A aad 1AL cdad) 9B Badgl) (gaily AV (o) puan (ST Cua
tmax () A8 (o) i) lghads i Lghallad AUl Saddel) (gl O S ¢ tmax

2o\
dN

2
==
dt

tmax ABSY) (a3l (Ao Jsmand) (Sar a3l dsadlly (5) Aslaal) Ao Jualinl) halig
LSy Sar L o) N2 S5 4 9% (s)
N2= No —— (e_)‘lt _Azt)

12— 1

dN_ .y} -1
—= NO/12 (-2 et + 2742t =0

Jal Bagagall paldall (M ¢ hha Golw o) S ¥ (No

P oY ¢ bha ol ¢ G sl

A .
) o) L

_Ale_lltmax + Aze_lztmax =0- Aze_lztmax — Ale_lltmax

In2A; — Aptiax = L A1 — Aqtpax

Ln AZ —ILn Al = Aztmax — /‘lltmax - tmax = dp—d, et (12)

A Jual A Ga3l Yo el ) g Badel) (Geill alial) Adladl) Gilua (agls
;b o (12) Adlee (o alind) \giad dule i)

12


Ahmed Fadhil
Line


s Ay Jalad)

a- decay : &Y Jad) / N

2 058 O dapda (pala G JEY) ALEN  palial) :\:134‘2 Ll JMad) daag
PARUN LIRS :\.333.'\3\ ) Bl jlate (alddil alisd) &l Z\:\J.a\ Jnalig ¢ Byiusa
agaldl ¢ 28U gy o) W clisly Alia) cpag - dsagld @hite O LI Plaal

& .. 22Rn Ol « #°Ra

WS B Andl gd 1A ¢ (g yigaly Cmigian O O9SE dugsi dapes W) daseas
Abial Wil Giany \ghlaily e oY & ol M 4pdd Jo . (FHe) agligl) 3l
- \glagd) Ja8 Blgil) Jada afld (LSS Bagaga S Al g8 ¢lgilay)
;Y Lslaall W) Qa3 Jiay

7Py = 5-3Dn_2 + a(3Hey) + Q,
parent nucleus a¥) 3l 4Py Cus
Daughter nucleus <) 8lgil) 472Dy,
@) Mg ddda: @,
e (4) s a¥) Bleill S sl i e W Jlad o) guaalsll Gag

sl ass dligy ¢ (2) Jlata Al Lax (lali

lgd OsS A daggiall ALEN (ol Gams (e () W dapws Gl O (Sa
gl Blgdl) ALiSy « My A W) JMad) B a¥) Blsill ALiS cils 3l . Sale (A>150)
ojsua.mgaummﬁm Blsil) O ki « My (2 L4l dasws 4liSq Mp &
G Wgdaa adl) adil) Au Sy ¢ jda Golun Jadll J8 i) gad o) (g
PO ) ¢ i) Bleill Al alaTWly uSlayg plaRally (Sglun W) a3 06 ()

13



D
AL Q) Bsil)
P=0 Al g > € O >P,=M,V,T,

Po=MbVp, To
PaZPD_)MaVa MDVD
1 N\ -mVi_ P Ph
ButT mV< = = 7m D = gpyy  rreeeeeeeees (1)
PZ
T, = ML e (2)
o duani (2) o (1) dauidy
T, M,
T—Z = M_D ............ A3)
“Tp = Z—ZTa or T, = ﬁ—ZTD

Tq ¢ aw#ﬂ\&u\@mng(a) M&&MQ(: Jlagall o
) Lf‘ ¢ Tp i) 8)gall :\:\SJAJ\ :@M\J ¢
Q=T +Tp ........ 4)

D i (4) B (3) Aalaa e To dadd oo Gagas

O )¢ ) Aasang i) Blgilly A¥) Bleill cm JSN (38 9 (Qu) Laia o
Q. = [Mp-(Mp+M,)]C?
“ Qo =931.5{M(A,Z) —~MA—4,Z—2) — M} .ceeennnnnnn... (7
S Qu = =S«

14



) il 48l aa To Slsll Blall Agnd) A8l Jass A1) ABMal) (51 [ canls®
¢ Qo

0 Closwal AL Goil) (e ad W) Blglll O Aiage Qu, il 13 Aiadla
LA o G o) WSS Y AY) Blgll (b Al cilS 13y ¢ LSRG

: Dy Jahada

Glhbia Jlaiul dedal) S Gallady 4dady) clbladl oo el a4
AW ey (e claladall sl O sSTg M) cillabida et diaiagl
DAy laghrall dde (g0 B8 lad-]
- Adaial) Bagill Alal) Gagl)
. Adaial) Baygilt ALY Mo L
cAdadial) Bagill Challl jae .
Lages G 9) Onanl) §) Jlaad) sad Jila audgy Jaud) oladly (Glhiy aguw—2
) gl o g dagaia By g
9 W dad) gl (BY Qgsiisdl ) dsasal) Uy dedls JOad¥) 05 Laaie
- bl ga Alile By gean day agead) G gAY HNL a3
5 Alile 3y dady aged) Ol Adlad) Uy dadl DY) O5$ Lie .
C Ol
Jay) gad Lages 4ol agad) ol LS dndl Y O Laie .o
. dagalia §) guang
Bl (ggiwa i Al R b dis agud) gt a0 auan Ay
. Baudgl) Bayedl)

15



Eo

Cipgilly Sl daud (e Mad Sy geig SHadY) Ailh cilaghia puagi—3
- gy A BAY) Lo ddgSially Alatal)

Sokus Z20Rn 093 ALy 224020217 U (Sslaudt 2Z4R @ o gpalyl) AL il 13)) Jlia

¢ Tp, Te qual ¢ 4002603 U S5l  (FHe) &) dapun ALiSs 220.011401 u

Quo Y “—WA-'/ Jad)
Quo =931.5 [ M(*34Ra) — M(*32Rn) — M(3He)]
“ Quo(*44Ra) = 931.5(224.020218 — 220.0114 — 4.002603)

= 5.788 MeV

A-4 22

#Tg=""Qqo =5, X 5.788 = 5.685 MeV

224
To +To = Quo = Tp=5.788-5.685 = 0.103 MeV

To= 1 Qo= 272 % 5.788 = 0.103 MeV

o o Dlad) Jalada*

DY) Jha MU o ) g il
saissk  B34PU,typ = TTY i

IMay) e Aadlll Bl (eSiy AT

Ba ¢ Glaswal d3Ual) Cada Ay e
EZ_AL“Z o8 b AN hd Gk g Ciull 1 )
1 Qa1 - . - . it - “w( e -
- ’ Sa A e gla (0 daagia Blgi Jgad
Quq
Y2

92 a

. Ll

En:Qo'Qn n=1,2,3,4, ceee

16



: ) aseuad | BUal) Ciulat)

Jdead o8 @il A hd cib g4 (o) claswad energy spectrum 4dlall ik ¢
LS o) 130 (o cilbilead Jlad) dliSy ¢ AT ghwa A Cpra gl (o daagha Bl
. Ll Jlas i
 LSal) Lgilhay (o) JDbad) A8Ua Jags 5 Alaleadl 1) Uy 13l

Ta: - Qa

oV L Aglane (085 T2 Al b M ¢ B S (0S5 AY) BISA A af ) Lany

%:1 s O ) sl gl

Glagils 4ld AN (0) daswad L$n Bl G PadY) dBla aliea ol
g Baana ABlay il (0) Aagss Ol Vo) Sl Biflaan 18 BlgS a Opasead
Tdsa LSy . Lhd Lk 0% g Al Cihll Glb i 4Bl duala) gk \gie

N, dsally

Te

17



: Beta — Decay Liu (s

Dot U Jlad e g AU Ui
D (N) Oasiss Jead oo Jadll 13 milyg : -decayB” Addlad) Uy Jad-1
P (BT)e sl Slasily Ligawaa (p) O g
n> P+~ +v~
ex/ §5Cu - $4Zn+ B~ + v + Qp-
2Xn = z4Yn-1 H BT U O ale J<ug
) Bl AN (p) Osian el o gy ¢ - decayBt dmgall Uy Jai-2
He' Qasisr ) BT ey (n) Cusss
p2n+B +v + Qg+
ex/ 1504 - 13N, + B + v
72Xy = 72N + BT +V O ale iy
lig S as) GaliBl gag : (e.c) electron capture (g SN Ll -3
2 e 22 daugial) Sl 3 oy ((Jg¥) Jltall = K BdEl ¢pa ) dulall)
) L..S‘ e n oSyl Lgaligig
P+e > n+v

ex/ SeCu+e™ - SgNi+v + Q.

A - A
7ZXnte =z 9YVNy + v

18



“ - ~"" . 2

Goll pars O Cua logad c¥MaaY) JS) aal 4 B L Elaails Plaaa) o

- G Glaily Jaadad (goill LGN Jad jlew o) Caar @i A daggiall

N
a- decay
N-decreases by 2
Z-decreases bv 2
B~ - decay B*- decay
N- increases by 1
& B~ decay Z- decreases bv 1
N-decreases by 1
Z-increases bv 1

Z

Y ) oo dglead) oda o) iy B (B) Uy Saed dlaad) claaliad) Ay o
tok LSy ol adilly chad) adjily dBUal) Jada (uilg pa (343

(Bl Blsilly Y Bleill ) LS Geuali dides Al aghy OIS (B) Sl oi-1

— Dlaadl & Al 4 LS Lbd b B claws cish 058 o) gdgiall (pad Al
;DUJ‘M‘QAMM#ﬁhM‘ﬂ#Q\é\ﬂ\géoﬁ,‘yca

19



Cpasa (N 635 Al b @il ol U dasus Ao o Ja el cidall 3533
Blaall il du Aol L 5,8 giall ABUal Al Cilagas EDE ) @) dplas B L)
Bl Baia ) g5l gadai o

SHe, Jal gilsi Cuyga 388 « Plaad) 13 & Bisa e Jadll a3l o) g2
p ol AluallS By puall ilSy B g SLiT ) Adsludd)

6
He

L

O B b Gl ¥ BT g §LIG Caseall Bl adl) dhasa o gll) (g
OIS B lgad) ¢ Ary Laa Al (a9 cllal 38 SHe, (Y Jha ol O i
WS dgadia i GA) Daan dlia o) (Mgl 8 QBT 13a AN ¢ bia
Sigh Cuaw Paady) sl B Lops ga el ¢ 2 lew Lgany 12 Briua
- Al adsl Al Jalail a3 (e Ieia gyl 3L Al o3 A ¢ neutrino
: Olalaal) B g adSl b Aulad ¢ S=S5p=Sy= 2 ) aslaall a3
on—1p+ 3B, ip—on+ iB°
SsBY \gad O oyl Ally Bassd o) giiyisudl) g8 dglad . Bgdaa 8 (s
Y Jeldnll L3S) o Shad . B s Alead (gafil) adll ks (Say ¢ % St
3H > 3He + e

- e geilsig oY) Blaill Al ol Al Baia g6 e (3L Y Al

20



b el palss
. Adadd) anse asua—1
LMy, = 0 AxiSud) AY yea-?
. sl depud dylia dsyn =3
. Jua (Gl Al i) pjali—4
 Llaliia Yl Jang Yy LiiligS Jalatia 43 Balal) g Jolill) chpa—5
algal) (3haa) Ao dullad) ALl asul-6
anti U shyigadll Madg v ghyigndll Lad ghyigill e Olegd dlia o a7

neutrino

1 Qg bn Mat 43U,

Bloill Augal) clBlall pgana Jial A9 ¢ Uy Jlad Eigas die jafi ) dBlal) a
o Ty siisailly ¢ Tp o U dasaly ¢ Bale Jagl Ally To i)
B Addlad) W1
Qp-=Tg+Ty+Tp =Tpg + Ty ceveeerereennenn (1)
tgoil) JIS AV dBlh ) ANSY (358 Jsad ga Qp Lang
MN(AZ) > MN(AZ+1)+ B~ + 1™ + Q-
D ole Juandd 4N il Ay Jil) e puaill Zm, 48l
Mn(A,Z)+Zme = Mn(A,Z+1) + ZMe + Met+ U + Q-
» Qs =931.5[M(A,Z) —M(A,Z +1)] = Tp- + T,
My . WG B dilail Jaauad Blsill & diage Qp-(4,2Z) <ils 1Y) [ dBaada
MRl BT Glanil Jaadal o)) giSar Y QY Bl Glb Al Q- (4, Z) ils
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B+ A gall U2
Mn(AZ) > Mn(AZ-1)+ BT +v  + Qp+

D e Jand i) JIS ANy Qpr o8 saill b lall Zm, Ablalyg
MN(A,Z)+ZMe > Mn(A,Z—1) + ZMe + Me+ v + Qp+
~ Qps = 931.5[M4(4,Z) — M4(A,Z — 1) — 2me] = Tg+ +T,

b Qpy <sils 3y . LAl B Gilaily Jaaad oY) Blgil) Glé duaga Qp; <sils 1)
LA Bt Glaily Jaacai Y oY) Blgill ol
D e gAY -3

Mn(A,Z)+Zme 2 Mn(A,Z-1) + v+ Q..

P e Juaad il IS ANY Q. o8 adll (udshll Zm, ddlaly
Mn(A,Z)tmetZme 2> Mn(A,Z-1) + Zme + v + Q.
“Qec=9315[M,(A,Z)—MyAZ-1)]=Tp+T, =T,

Gl 13l 098 als Jaadal o) \gias oY1 Blsil b dnga Q,0(4,Z) il 13
AU o Y Al

[ Aaadla
Qec(A,Z) — Qg+(A,Z) = 931.5 x 2me = 1.022 MeN
“ Qec = Qg+(A,Z) +1.022 MeV

ousSall o8l Ll oSaa g Hul) Gl USea B Gila) IS 1Y) 430 ay 13
P ilS 1) Y e
Qeo(A,Z) > 1.022 MeV
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P U Silanil Plaadal) balail

B+ dsasall Uy Jlaly B~ — docy dallaal) Ly Jlad ¢ diadll dpeaille—1
P OIS, S, Aduaadd duill-2
a3l oty (uSlaa Ui Aasaad ol a33l ola3l o) o) S, + Sp=0 .
Jady dllald) 038 A Pl canng ¢ sl Golud Lagiluanad giyigall oozl
. (Fermi decay) (-
olad) (il Uy dasead ) a3l oladl o 81 S, + Sp=1 o1 .q
DU —gals Jlady dllal) eda A Jail ewed o gligigill Ll a3
. (Gamow —Teller) G.T
CYERY) aaa3d ghanilly U aswad (glaall o) ad3l L Al daadll-3
: Q.A‘ LasS
. allowed gsamal) Jaills acs Jilé Ly = 0 oS 1Y)
1% forbidden Jg¥) ggamall & Mailly anw Jaid Lo =1 oS 1Y) .
.2 forbidden S gsamall & Jaill ans Jailld Ly = 2 S 13 .
To=Ls 455 b IS0 330 o) L
Jo=Jp+Jg € 0@ Gl adjl Bia (5l ey

g =T, mp ,mp = () € olb Jilall Bds (rag 4dld llig

s U et bl il o 4udsS

i) Bl BTy A Bl LB e Ly A aaai-1
T, mp = () DLg=--
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B A e (-l > Lg=1,3,5,..
1

i+ - M, Tp = +.+= += (—1)LB - Lg=0,2,4,..

E e

|Jp-Jo| <I<Tp+Ip dalaal) (e J dad aai-2

)1 @ML@\J\(g.wsdm,@)p@mammgw;mﬂ
(G.T Jas

P ) DU Uy Jlat Cila [ Jba

1506(0") - 1IN,(07) + B+ +v

T, My =+.+=+= ()% DLg=0,2
[Jp-Jo| <I<(Ip+Jp)

10-0|<J,<(0+0) > J,=0

Yiaal sy
Jp=Lg+Spg>0=0+65->65=0
Jg=2+S5>Sg=-2  (Kaa
allowed « Fermi g5 csa Jaill 3
Jdta
(@) ) e
T, tp=(H).(H=+=(-D¥ =1L =0,2

-2l =t =G+l - Tp=01
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0=2+S5>S5=—-2 (Saa

1=2+S5>Sp=—1 (Sas

allowed Fermi +allowed G.T (mixed) Yiaa) sy Sy o)
[ ¥ta
165 3"
T,y =+.+=+= ()" > Lg = 0,2 \— 2
3 3 3,3 17 =z
-3 =ss=<(G+3) - sp=0123 2

Jg=Lg+Sg—>Sg=Jg+Lg=00=0  (Saaallowed—F
=0-2=-2 (Sea

=1-0=1 (Sas allowed G.T

=1-2=-1 (Saa

=2-0=2 (Sea

=2-2=0 (Sas 2"forbidden -F

=3-0=3 (Sea

=3-2=1 (Saa 2"forbidden -G.T

: Gamma Decay WIS dad) Elaails Jadl)
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N Blell (he ducudalitag S dadl Gilag) dales g LS ded) dlagly Jadl) o)
L) AAl LY ) lasgs JB (g8 Ala L daagie Dla e LD

) Jsalis LS dnd) Gag Mo® AuisSull AliS dagie Bl o Liayél 3
: gskaall JSA b LaS Mo Lgalis ally 5adgll Blsil) ¢ sl oaa) (Sgianal

Ex-state Mo”*

v.Ey O

g-state Mo Py

P_[;:MOV—D)

Do) aad hal) il Bida ¢ silh Galilyg

0=Py+Pp = Py =Pp .coeu(l)
LalS dad) (i 5igh adj: P,
MoVo by duilgll) Lgills (B (Baipall ) Baulghl 3ol ad: P
. Baiyal) Bl Aoyt V) us
o) A dBUal) Bads ()38 (ag
931.5M0" =931L.5MO+E, + Tp wevereuveerunnen ()

il LS dad) Bl E,
MoV? Ssluaty duilgil) lgilla 6 Bupall 315l Auall Ukl : T

P ol W e (Q)) SRl y Plaed) &l e g
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Q, =931.5(M," — M,) ......... 4)
PO Qg

PZ

P}’ = PD ITD = 21‘;)0
P} P2c? EZ
= = . 5 tieeeececnens K)
Tp 2M,  2M,C2  2M,C2 ®) o

Gl LalS dad] ciligisdl dyigud) AUKY ¥ E, = P,C o La Ljis) [ dadla

DAY A e Juaad dllig ¢ i

E?=P2C%+ m? c* > E=Pc
t ) Ul B e LSy Lgiad srual (3) ddalaall o To Jlad) (Sas [Aliada
O To Bleill i) dBla Gles (Say 4dld ¢ Mo=50 amu 3 =2MeVE, ¢} g

LY (5) ABNal)

EZ
TD = L4

=—F——=43e.v
2x50%x931.5

il L) ddhalgll Lals bl ad wicg dleall (@l Bale Jagh AL duaS g
(4) ¢« (3) cMlaall (rag M . lde¥) % daiy) 3358 LalS dadl) 4dUal ddle
DS Jeaad

Q, = E, =931.5(M, — M,) ......... (6)
E; A5 Goiuall Dl Jis 9315M; o uang
Er duilgili simali ddUa J5a5 93T 5 M,

E,=Q,

~Qy=Ey=E; — E Ef
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: Nuclear multipole moments 44g ¢il) Uady) cilasatia agie
AuiligS age dlma Sl Ly Lo S aue g duagall ghiad ua Blgdl) elliad
dad Ao Algs ajall dsipe LBl Electric multiple moments wUadY) sasetia
DO 1A (Y e (gl ) 20 (gslad L glaall ggll ad)l

L=1 - 2t=2!=2 - 2 poles = electric dipole moment (E1)

L=2 - 2'=22=4 - 4 poles - electric quadrapole moment (E2)
L=3 > 2'=23=8 - 8 poles = electric octapole moment (E3)

Glady) awie dedl el Apughliag € ded) ol cliadll 88l Cug
Al g
ag)e ld oo @il ¢ loops dllie Gl B cliaddl joa of Gasy By LS
pla Al Cadgliy magnetic multiple moments Adswahalisall QUadY) caseia
N\ CR R L LM&%@T@J}J\

L=1 - 2'=21=2 - 2 poles & magnetic dipole moment =(M1)

L=2 - 2'=22=4 - 4 poles = magnetic quadrapole moment =(M2)
L=3 > 2'=23=8 - 8 poles = magnetic octapole moment =(M3)

 ualiaal) QUaY) sdaie dedl eend 3 e Al dadN)g

o S 0SS AlgSl) GUaBY) amie dadl Gilad) ddlidal o) idaga dBada

o)) - (L) 3 Aail) udily dpcualinal) UadY) aania dad) culagl ddlaial
E1>M1 ,E2>M2,E3>M3

M3 sad < M2 sadi < M1 8ad , E3 saia < E2 8a& < E1 80
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g ) CYUEY) ol kb eyl 3G (y) LlS c¥laaY Al Ak
- Akl (L) pl

JUEN) Gl M2, E1 Alls & W) E3, M2 g E2, M1 (e laaie JUEN) 098 38
PO iy M2 (e las Bsua A g E1 QY B 0
El>E2

E2 >M2 - E1>>M2
c¥lally energy level 48Uall ciligivag ¢ Excited nucleus — dxagiall 3l
: excited states Aaugial)
ground state (¥ Sgiwal) A 315 ZX ) Gk
() Gl o Aol BBl (geina B Bls L) (51 ) dangia Blsi 4X
Tilh gl g3 0y ) Blsll dasgiall VAN a disa 515 ABU)) Cligicus )
¢ J Cmma G adgy Adsme A8l Al ABll) ciligien (e Soiae 9 (g Aald

. (%gMg) 8] gall PEIAY Qlf\gluu Vet T 52 olia) JS&llg ¢ v daaa Jilaly

J* Mg E level
2" 4.23 MeV
4* 412 MeV
2+ 1.37 MeV
0* 0.0

: selection rules for y — decay WS dad) dulasy (LLSAY) ) LAY ao g8

: Jadi Ly WS dadl i LS (giad calgl) Jag i) La
: 48Ual) Jads () g33-1

Ei,Ji,Tti 29

E - Ly, T,



G Bledll JES o) can Ll dedl Gl

¢ 43lal &Eb Shua ‘_,J\ PEIA|] ‘_,31.9 Sha

O @AY Lfi golud E, LalS dadf 4Bl
Bl Aal) A8l (Y Gugiwall Bl
((Ey) = A\ Bale Jagly Al i)

Q, =E,—E;=931.5(M"-M)=E,+Ty =E,
: Gl adjl ks gilE-2

@l bl paslly I sb i) Blsilly ¢ Ji a1 Bl (gl a3 OIS 1

:o‘.éc Ly O gigrll

Dl MU L, o) Gus
|9i-J < L, < Ji +Js
:(parity) Jiladll Bads (6383
1) mi . m= (-1)* for electric radiation (EL)
2) mi . m= (-1)-*! for magnetic radiation (ML)
| ALia)
p A5Y) il LS dad) Gl Ylaa) JSY) DY) s [1 Il

1) 2 i

O+




Jas
Ji=2 , mi=+

Ji=0 , =+

|2-0| <L, <(2+0) > L, =2

m, = mi+me = (-1)-

=+.+ = (-1)- & L=2 > E2 transition

2) 2
Ji=2  mi=+ 2
Ji=2 , =+

19i-3d SL<@i+d0) D |2-2|<L<(2+2)> L=0,1,2,3 4

m, = mi+m = ((1)- D L=24  Hhgsd pladdl ity

14

E2,E4 > E2

, =i+ = (15 D L=13  eeuhlinal) gladdl Ay

14

M1, M3 > M1
E2+M1 (e gipe 58 JUELY) 03

: Internal Conversion %As\ﬁ\ J eadl)

et B o8 ¢ LS dnd) Gy lglils a5 glal) Bl ol llw Usuag) L
o g el oSly ¢ LalS dndd Gl b Ayl A8l oda (o (e LAY

(M § L g s K) Al @il laal) B cilig 4N s ) A8l o3
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) BBl (giaa ) Lgaad Blall Jsadis oje e Ca RN cilasd) Wity s
g WS (Conversion electron) Jsaill Qg sl cigiall (g a8 ey
O ASBU dsgal) dBlal) cuwaly Internal conversion Adlall Jgaills dilead
AL Alalaall cye atal

T.= E, — Be=Ei- E: - Be
o)y Aalal) Ll dad) 43l : E, Cua
cilig Y Jals dBl: B.
AN Gl 13 ¢ 4 oIS ) laal) B E1R el clig Iy el (3 o
ELAN Sad K o) 1) daugy cigan L laal) (a0 95800 lligh ¢ Mia K laadl oya
L, K el b 0g 8N 8l o (81 (s gl Aians Aad) ey Liaja

: Lo ladl dadil) cdlududiall

Aadi A 51 ) Jali dadia (G5 Wygn A By S8 ) Jadi ALE (gs8 Ay
¢ Bpiua Blsi N Algill b S s Jual bl Dleall o3 et i ¢ Lolad
b A s W el G ¢ LalSy L Wl il dlails (5631 038 Jadi dua
A8 Z L) DY) e A Ll Y Uy Dlad) by ¢ Giitag Z sy sy
A, Z pad M LS PBlad) L) LGl JBaSY) 68 cus Baalg Baag Glali gf 82l
e Padl Jodlu gl Ao gi8 o) oSa ALE dndal) jaliall ran ¢
ax.n&p‘4n,4n+1,4n+2,4n+3@Ma\m\a\SQﬂ\,u@&L@..'aa,‘

AL jalind) ) Judlw Cifjsas glans sla) J gaal) (g

-

(Bfial) ) duilgl) 8ol | (A ) pail) gas | J k) saind) | Wy | Addud)
e
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208pb Lalayll 14.1x10°Y 232Th 4n assy sl
209Bi Eigajall 2.14x10% Y 239Np A+l | g
20Pb yala)l) 4.47x10° Y 238U 4n+2 a5l s
207Pb Lala)l) 7.04x108 Y 235U 4n+3 R

Aldg ¢ daphall A Bagage OS5 O OSa Y (4n+1) aspighil) dbdaw o) [Aiada
Sadl) (ay . A 214x10° b 8 lgd has (oY) juaiall Lheall) jaad) (¥
Joldl) ua dlidad) cilig gl daulgy 2380 parily Lol dlulud) oda il

238U + On 4 239U*

239Np + ﬁ_
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