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1oa5msadvaa mlimnuhesaenlsznaudeiaded
d’d IS q‘ -9
nfmnamnnuazssanniinnn [Wsmau (p) lumonds
fanuhmeluiiiadoaesnoniall Famsan (n) Belifiszalvih

uasimnalndifseiulilsnon

aUMA | 1A (u) ‘ﬂszﬂﬁh (e)
p | 1.007276 +1
n 1.008665 0

1.0u = 1.660540 x 107278 = 931.5MeV//c?

o [y 6 a a R o
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AXn, 53X, AX, A=Z+N
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> MINUUNRAATIAMUNUIN ZN,A (flaeradt
> isotope - Z Whitw defufinian N, A
> isotone - N whitw defuiifium Z, A
> isobar - A WK FRARANIIIN Z, N
1H = H — hydrogen,?H = d — deuterium, 3H = t — tritium
> lilsnon wazinson dalosdatumeluinadsade
U uAAY59819UY (nuclear strong force) Fausann
W99 ADNT] ATz oz 10NN

wpiniia Ianunmaeusandngasuiissning 2
lilsnauiiiszogihessuineduuiiy 1.2 fm
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r= r0A1/3, ro=1.2fm
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> WaNnUdamng? Qﬂﬂm‘iE‘MMﬂﬂﬂNLW]ﬂVh\‘liIENNTIﬁﬂW‘J (mass
3 1 |9 < a
defect AM) pov@vnilsznaanmMa naunasnad iuiliadsa

AM(3Xy) =

Ey(MeV)

Binding energy per nucleon (MeV)

= AM(X)c? — ep(MeV/nucleon) =

10

ZM(*H) + Nm, — M(X)
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> winudamileines deuterium-d (2H)
(https://wwwndc.jaea.go.jp/NuC/index.html)

M(*H) = 1.007841u, M(d) = 2.014102u, m, = 1.008665u
AM = 1.007841 + 1.008665 — 2.014102 = 0.002404u
— Ep = AMc? = (0.0024041)(931.5MeV/ /u) = 2.1393MeV (1)

> wFaudamiiernes *He (M(*He) = 4.002603u)

AM = 2(1.007841) + 2(1.008665) — 4.002603 = 0.030409u

— Ep = (0.034001)(931.5MeV /u) = 28.3240MeV
28.3240MeV

ey = = 7.0815MeV /nucleon

wpiaia Wanaundanudamindeniisoymailadva
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> msUnngueviiiadsalusssnma

z

@ 6ol —

38WNN  NOLONd

90 100 110 120 130 140 150

70 80

60

50
NEUTRON NUMBER N

40

20 30

10



1 I
> WULAILUAADYTNIW

el with excess  the neu

e

g ucleans mi — e MIW

N down the valley nderstood - scientis!

N q%% towards sﬁ aren't sure where
Ny / dripline lies

DA



MIdanysn

(Y]

> msaaoshaosituadoabiwdos dulimangmsaaed il
dN At
dN(t) o< —N(t)dt — N —Adt — N(t) = N(0)e

A faaaedimeamsaatsd [\ = s !

juclide Constant Nuclide Constant
3H 5.6E-2 134¢s 3.4E-1
l4c 1.2E-4 135¢s 3.4E-7
36C1 2.2E-6 137¢s+D  2.3E-2
57Co 9.3E-1 144ce 8.9E-1
60co 1.3E-1 152gy 5.2E-2
55Fe 2.6E-1 154Ey 8.5E-2
59Fe 5.6E+0 226Ra 4.3E-4
59N 8.7E-6 232Th 5.0E-4
63N 6.9E-3 235U+D 9.8E-10
90Sr+D  2.4E-2 238u+p 1.6E-10
9Bmo 2.0E-4 237Np+D  3.2E-7
94Nb 3.5E-5 238py 7.9€-3
997¢ 3.2E-6 239py 2.9E-5
124sp 4.2E40 281pn 1.6E-3

125sb+D 2.5E-1



> DRI (half-life time T; )

1 _ In2  0.692
N(Tys) = EN(O) = N(0)e ATz T = =
1
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- NN

,
Nl.lC]idE Ha]f-life, tuz
tritium 123 a
carbon-14 5.73 ka
carbon-15 245
potassium-40 1.26 Ga
cobalt-60 526a
strontium-90 28.1a
iodine-131 8.05d
cesium-137 30.17 a
radium-226 1.60 ka
uranium-235 0.71 Ga
uranium-238 4.5 Ga
fermium-244 3.3 ms

LN

*d = day; a = year.




> K dife time )
1 N(0
7=~ N(T)= No) ~ 0.37N(0)
A e
4%
8312 =1.44%x10"%"1— Ty, =8.0252d — 7 = 11.58d

T]_/Q = 15, T = T1f2/|n(2) = 216
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> MIANYMILULUAIYTDINN (multi-channels)
A
X 45 v

A
2 Y

dN = =\ N(0)dt — AaN(0)dt — N(t) = N(0)e~ (it
> msamoinuUReLie (series)

A A
X1 25 X 22 X3

le(t) = —AlNl(t)dt
dNy(t) = —XaNo(t)dt + A1 Ny(t)dt
dN3(t) = +X Nz(t)dt



> mydagduuudaLitod (a9)

Ni(t) = Ni(0)e ™Mt 2)
No(t) = Mp(0)—21 {e*)‘lt - e*Azf} 3)
X — M

A 1—e Mt 1 gt
N3(t) = Azl_ilNl(O){ T } (4)

Taofdouladudui Ny(0) = 0, N3(0) = 0
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! Dmax to/Dmax L/Dmax tfDmax
Timet —= Timet — Time t — Timet ——=
transient secular equilubrium

no equilibrium
equilibrium



U-235, U-238 decay series:

S Chart of the Nuclides Showing both the U235 and U238 Series
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> WY = 9aNMIa Ay (1Jaﬂﬂdaﬂﬁuﬁ/a%mﬂﬁamﬁﬂ%)

AonUIINM
dN(t)
R(t) = = AN(t 5
(6)= |5 = awte ®
> 1Y
[R] = Bq(becquerels) — 1Bq = 1dis/s (6)
= Ci(curie) — 1Ci = 3.7 x 10*°Bq (7)
1Bg = 2.7 x 10711 ¢i (8)

o

> AuNuaFednes B usguinuau 0.1ug
N — 0.1 x 107 %
131g/mol

R(t) = 1.44 x 107° x 4.60 x 10'* = 6.62 x 10®Bq = 17.8mCi

x 6.02 x 1023 nuclei/mol = 4.60 x 10* nuclei



Carbon dating

» Dating equation

N(t) = NO)e ™ > A= "2 T, = 5730
Ti)2
_ t _ In(N(0)/N(t))
_ N(0)
— t =8267In (D) [yrs]
Rm = activity /g, **C — R,(0) = 14dis/min - g
t =8267In R (0)
Rm(t)

For example of R, (t) = 11Bg

14
t=8267In [T = 8267 x 0.241 = 1993yrs

[yrs] (9)



