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» Chapter 2. Atomic and Nuclear Physics

O Atomic and nuclear structure O Nuclear stability and radioactive decay
O Fundamental particles = Classification of Radioactive Decay
J-sleciron 0 Radioactivity
= Proton ) fE|
= Neutron L Rad|0act|V|ty
= Photon 3 Nuclear Reaction

Classification of Nuclides
O Atomic and molecular weight
O Atomic and nuclear radii - Q value

O Mass and energy

= Relativistic Velocities
O Particle wavelengths
= Wavelength
L Excited states and radiation

(Schrodinger  wave mechanics)
X-ray  Bremsstrahlung
(atomic bonding)
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2.7 Excited States and Radiation
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2.7 Excited States and Radiation
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2.7 Excited States and Radiation
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Dissociation
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Hydrogen atom.

n=1

-14— Ground level

Energy levels in hydrogen atom.

Electron orbits in hydrogen (Bohr theory}).

(53 = Seoul National University
ijl)aoarimenf of Nuclear Enainearing



2.7 Excited States and Radiation

> (Schrodinger wave mechanics)
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2.7 Excited States and Radiation

a

(shell) 2

d 4
= n : principal qguantum number ( )
| : angular momentum quantum number ( )
= m: magnetic orbital quantum number ( )
S : spin quantum number ( )
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2.7 Excited States and Radiation
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2.7 Excited States and Radiation

» X-ray Bremsstrahlung
O X-ray

. Electro
Magnetic radiation

Discrete spectrum
Energetic electrons
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2.7 Excited States and Radiation

O Bremsstrahlung ( )

= Continuous spectrum
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2.7 Excited States and Radiation

> (atomic bonding)
O Condensed matter, rigidity
4
= |onic bonding ( ) : exchange of electrons where the donor becomes

positively charged and recipient is negatively charged
* Ex) MgO, NaCl

= Covalent bonding ( ) : electrons shared by the bound nuclei
« EX)H,

= Metallic bonding ( ) : valance electrons are free to move through the lattice
» Electron cloud
. +

= Van der Waals bond : Weak bond due to the non-symmetric distribution of electrons
in atoms or molecules (dipole-dipole interaction)
* He, Ar (inert gas)
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2.7 Excited States and Radiation
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2.7 Excited States and Radiation
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2.8 Radioactive Decay

» Classification of Radioactive Decay
O Alpha Decay
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2.8 Radioactive Decay
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2.8 Radioactive Decay

Q [ Decay
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2.8 Radioactive Decay

Q Orbital Electron Capture (EC) ( )
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2.8 Radioactive Decay

O Complex decay scheme
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2.8 Radioactive Decay

>
d
T a ( & -decay) 14 (¥ -ray emission)
'k B (S -decay) E (electron capture)
' i ( B*-decay) 1T (Isomeric Transition)
Q
a a (o particle) P (Proton)
b s (negatron) D (delayed radiation)
B p*  ( p'decay) e (conversion electron)
/A y ()-ray) E (disintegration energy)
n (neutron)
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2.8 Radioactive Decay

>
Radiation
Isotope Half-life Strontium-90 29.1y 5, 0.546
(type, MeV)
Neutron 614 s £, 0.782 TEChgngertr'l“m' 6.01 h £, 0.142
Tritium(H-3) 12.33y 5, 0.0186 lodine-129 1.7 < 10"y 5, 0.15
_ B, 0.606
Carbon-14 5715 . 156 lodine-131 8.021 d
y P y, 0.284, 0.364
. 4.72 , 0.91
Nitrogen-16 7.13 s A Xenon-135 9.10 h p
y, 6.129 ¥, 0.250
: 5, 1.389 : 5, 0.514
Sodium-24 14.96 h Cesium-137 30.2
v, 1.369, 2.754 y y, 0.662
a, 5.490
Phosphorus-32 14.28 d G, 1.710 Radon-222 3.823d
y, 0.510
Potassium-40 1.25 < 10°%y Lyl 312 Radium-226 1599 y a, 4.870
, 1.198 :
Argon-41 1.82h 'i L Uranium-235 7.04 < 108y a, 4.152
5, 0.315 :
Cobalt-60 5.271 Uranium-238 4.47 %< 10° a, 4.040
y y, 1.173, 1.332 & Y
5, 0.15 :
Krypton-85 10.73y v, 0.514 Plutonium-239 2.410 x< 10%y a, 5.055
) V- .--;-I-‘.i | National Uni

B b o martment aof Nuclear Enainsering




2.9 Radioactivity

» Radioactivity
0 () = (sec™)
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2.9 Radioactivity

Q
In2
L, = B
Q
t =—=—j tAn(t)dt :j tie *dt
ANl E
U (Activity, intensity of source)

i) A& B>

: 1 Curie=3.7x101d/s
1 mCi=103Ci
1 uCi=10"Ci
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2.10 Nuclear Reactions

>
a (nuclear particles) L)

a
a+A->B+b
Q Q value
Q=M_,+M,-(M,+M;) M :nuclear mass
=T, +T; — (T, +T;) T : kinetic energy
Q>0]] (exothermic reaction) |
Q < O | (endOthermiC reaCtion) | ﬁar::{::::n: s:i‘:::i:::cr Enainearing




