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The bulk of the mass of the atom is concentrated in the nucleus, which is made up of

protons and neutrons. Nuclear physics deals with the physics of the nucleus. The topic is

important in medicine as it has many applications in di agn05|s therapy. In this chapter, we
) WP

WI|| _cover the basic structure of the nucleus, how nuclei dlffer from one another, and the

stablllty of the nucleus. There are around 300 known stable nuclear conflguratlons and

here we will give an explanation of why some nuclei are stable an other are unstable.

Key objectives . -
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»  Understand the structure of nucleus

= Understand the relationship between the mass of the nucleus and its binding energy

and stability. /\' - 3 5 iﬂ)fn a)", o\ ",J\ S o> coMsd|




The Atom  °*'

John Dalton, 1766-1844 English chemist, Fellow of the Royal
Societ . -~ ; vy - o=
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* matter is composed of tiny particles called atoms

* atoms of a particular element are alike in size, shape, and
weight but d{,fer from atoms of other elements
-\ o)\Rie Ng 2N, A, ony Nl PSS 1 oS>
* during chemical changes atoms of different elements
\ qnlte formmg molecules (comgou ds) - iy )1 UNS
. e during these chemical changes, atoms themselves do not
change, that is, are not broken down
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The Atom (ll)
SMIOD P2 aN S1s Ly ias
* Thompson has discovered the electron,
and it must “live” inside atoms.

* Itis much less massjve than the the atom
itself, so perhaps we have little electrons

;} stuffed into the ‘rest’” of the atom like
et raisins in the oatmeal, or:  ®Plum»
('\I:-s "9 ‘o S L Thompson plum pudding

o model of the atom
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Positive pudding
Coprigt 2000 Bergaren/Cummmings. an mmoreet of Addcn Wesley Longmee. inc

Negative
electron
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Rutherford’s Model
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* Ernest Rutherford characterized alpha particles through an
experiment and discovered the positive charge of an atom is

concentrated in the center of an atom, the nucleus 1) GoiS,ie Ut 2sr el
0/ I\e7? V. ff oS oS o')o-epo...:-’)ﬂ"'“" e e

eThe positive charge was carried by partlcles called pcotons
2 lrys G wet Sl € ol o5y

eScientists introduced the gtomic number,

which represents the number of protons in the

nucleus of an atom - - 5
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“ «James wick discovered neutrons in the

nucleus, which have nearly the same mass as [ . . -
protons and no charge —=L,5 0 SISy s sl
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Rutherfor
d’s Model
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The Atom (IV)  putheroda Mo : e

Electrodynamics predicts that charged objects that feel acceleration would RADIATE ENERGY

If the atom is this little solar system, with electrons spinning around the protons (where the centripetal
forces on the electron presumably balance the electrostatic attraction to the protons), classical.theory
S D ==l

definitely states that the electron should radiate energy and therefore slow down and“erash into the
nuclets!

This is a Big Deal. When the problem is solved, things will never be the same .

Niels B 1885-1962) 1913, to the rescue: /) ) ] - s‘g-:,_,

—tyo s \z,.——'_, xY
(a decade before de Broglie’s work !) 3 ‘e./ v,}_ - L a @
Theory for orbits ("states*) of electrons in atoms: v '-)7""’\‘) b‘_r“ Us® o) o~

|.Electrons have certain allowed states in which they can move without radiating. 2.0 w2 JUS @

2.The allowed states have well-defined energies that can be determined with normal classical physics.
3.In an allowed state the electron's angular momentum, mvr, must be of the form: N" S VRt L-"“—‘“

mvr = n h/(27) (e ry D Dol Cagons

wheren =1,2,3,.., - - - , . . @
h is Planck's constant ,m is the electron mass, Vo D}-‘-{w (‘:’L[f -’-‘-’)‘—“l P
v and r are its velocity and the radius of its orbit. I”,) vy & o _;J 3 |
h: SoWw ~C Vv ! of L =
mvY = n b
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Bohr
Model for
Atoms
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The Bohr Atomic Model o Rl ¢ min
[— - -
E — _B/n2 cC - B—z
n Y)
where B is a constant = 2.179 x 1078 J and n is an integer The q}__c\ ‘(”3
WO P ! WO edl It o Ly 1,2,3:
negative sign represents the forces of attraction C B
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The energy is zero when the electron is located infinitely

far from the nucleus
P
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- i excitation Light
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n=2n=3n=4n=35
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Bohr Explains Line Spectra

Bohr’s equation is most useful in determining the energy change (AE,,, ) that
accompanies the leap of an electron from one energy level to another

_B _B
For the final and initial levels:  E; = — and E, =——

The energy difference between n;and n, is:

—-B - B 1 1
N n; n; N

We can also calculate the change in energy of a transition (Ex. n=1 to n=6)

2 2 v
AE=E -E = [—2.178;;10“3,1[;2H—[—z.nsxw*w[;ﬂ =+2.11¢x107"* J
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Ground States and Excited States
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Electrons in their lowest possible ener 2~ 2

levels are in th dstate met onfw

evels are in the ground state gfi_anJ P
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Electrons promoted to any level n > 1 A

arein an ¢ n=>|

Electrons are promoted by absorbing oLy, -\ -

energy Energy Excited states

e.g., electric discharge, heat, lasers
(photonse 2 ¢ U, foudt [ ass &
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Ground state

Electrons in an excited state /‘—‘ Ex cired

eventually drop back down to the o
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Electronic Transitions <’» 0¥ oo~

Arrows represent transitions between energy levels
6l wg—r U\ GarSUNY S uleiel VTP
¢ Upward arrows@ show energy absorptign, electrons N=y
move to higher energy levels

S 55T, et ik S L
l Downward arrows (R)—(d) represent energy
release and relaxation n=S----y

The length of an arrow is inversely ‘ C) ’
proportional to photon wavelength:
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/.;‘ 2 2D 0 Shorter wavelengths, higher
- energies

Longer wavelengths, lower
n— energies




Parts of the atom

* An atom can be regarded as the smallest unit of matter.

« Thelatom (of average size = 10~1%m) consist of a/nucleus)(of size ~ 1_Qﬁ_m),
positively charged, surrounded by a cloud of negatively charged electrons.

* An atom is electrically neutral. The electron and the proton carry electric
charge of equal magnitude but opposite sign, so in an atom there are equal
numbers of protons and the orbiting electrons.

 The electron configuration determines the chemical properties of an atom
and the chemical reactions. However, nuclear processes such as, radioactivity,
fusion, and nuclear fission are the subject of the nucleus. Quantum mechanics
provides a successful mathematical tool to describe the atomic structure, and
to explain different atomic phenomena such as light emission and absorption,

photoelectric effect, ....



Nucleus

Helium Atom

Electron (grey)

Proton (red)

Neutron (blue)
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structure of nucleus P S

« The atomic nucleus is a very small object with a very high density. Its size is =

1fm {(1fm= 10‘15@ (femtometre) , 10~* X the size of an atom. The

L i~

n
nucleus is made up from two kinds of nucleons : protons and neutrons.
* Unlike electron which is a fundamental particle, protons and neutrons are
i O~ aduarKs’
made up from other particles called quarks. P @ - P-\-
* The proton has a positive electrical charge equal in magnitude the electron’s L
charge and a mass about 1840 times the mass of the electron. The neutron m =)&U ome

P

(discovered by James Chadwick in 1932) is a neutral particle slightly heavier P

than the proton.

neutronsis then N = A</
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mass numbe,~- = Z +N
Nuclear Mass e
' \por
Symbol of Element

eVt 48Vs S s
AZ number of nucleons in the nucleu

(mass number of the nucleus)

Z: number of protons in the nucleus

Atrrrnaddass
Aromrec Aumbe = 2= P

(atomic number of the element) The neutron number: N = A —__Z_
Hydrogen Carbon
1 proton 6 protons Electron
Electron 1 —t—Atomic — 6 Proton
number (Z) —— Z
| & A= (VA
T Neutron
A aees
N EEEEEEEEEEEEEE
Atomic Mass Unit (amu)
No. of protons = No. of electrons .Ti’- — proton mass =_1.007277u
2 A=z13 2=6 m, = neutron mass = 1.008665u
E =P rus -
C - m, = electron mass = 0.000549u
o) € =@ st

; = &L)}_&-J e ~ A=|3 z:{



ePi oloas He

m_ 2+ M, y2
structure of nucleus n P s ;& ‘;;
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Properties of the nucleus:
* Charge: POsitive = No.of protons X 1.6 X 10~1° Coulomh
e Radius = of the order of Q=13 cm

* Mass = (No.of protons X mass of proton) + ( No. of neutrons X mass of neutron)
-(Q

1.6 % 10 X DU 3ol sas = 3381 s
DI B X N osS 4 PalSY P Sede = i\ sdiels

Properties of three particles

Charge _ . () 1.6 x 107 Coul 1.6 x 1071° Coul _Neutral, ). >
o T d’

——

Mass u’; 0.91 x 107%"g 1.672649 x 107%*g 1.674954 x 10 2%g

0.coo05Uu |.007 n [.008



Structure of nucleus Z>N: A
/‘

* An element whose chemical symbol is X is written : 4X
s Z2=P

For example Uranium 235 is written 235U *This notation tells us that the nucleus
contains 92 protons and the mass number A = 235 is the number of protons and

neutrons. The number of neutrons in the nucleus is 143. 23'5 z=F= 12

Some terms used in nuclear physics: a 2 MN=236-92=143

w » P).ﬂ-‘:nl,Jr.._,Lﬁ, )
Nucleon: A nuclear component, either proton or a neutron g2e -

Nuclide: Another name of the nucleus. é”l CLo=s -\ =\

FJ

S>> Ui . :
Isotopes: Atoms with the same number of protons, but different numbers of

_—
neutrons.

Isobars; Atoms with the same number of nucleons, but different numbers of protons.

Isomers: Atoms with the same number of protgns and the same number of neutrons.

They differ in their nuclear energy state. For example 131mXe and 13 Xe are isomers,

but 131 Xe is in metastable state
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Difference between
Isotopes, [sobars and Isotones

Isotopes = .
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Structure of nucleus &N

Unified atomic mass 12 — Lo 60702 ohs T 0 SN2
0.012 k -....Jg-\_f(\.\.aﬂ_(_j: \C anS L4
The mass of one atom of carbon is —6—02-21)%- 1.993 x 10~ %%kg §.022x1€
—— Carbon
1.993x10~26k _ e ——— |6 f2011
Then 1u = ?=1.661x 10"%7kg I
= symbol —— | of higher-valence oxides
! s J _27 electron C ®\\cv\/stalstructure
‘:‘J .}s ‘-‘ib,‘a g 1u — 1.661 X 10 kg J co"ﬂgura"on\ [He]2322p2 i physical state
A - - - name carbon 20 (68°F)
*  Equivalence of mass and energy: o S a2 (&
1905]M|was able to show that ener n he equation
2 a-s'(s:J‘;-e.»&\J\ua FRY T
E = mc? E=m C

2)) >0 o.LSJM s O-U- COM) 2 48 O L A2
Using this relationship, we can specify masses in terms of their energy equwalent

Mass in ‘Mev’ Q:J?" WP e "”:Lo) Mev 06:038 o'y LU0 M

The energy equivalent for 1u using the relation E = mc? is:
ul= (1.661 x 107%7kg) x (2.998 X 108ms~1)? = 1.492 x 1071
1u = 931.5Mev/c?
SN
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Nuclear Decay and Stability

Nuclei with atomic mass around such as iron and nickel are the most stable and

thus have the highest binding energy per nucleon. After this point electrostatic

repulsion begins to overwhelm the binding from the Ghort-range fauclear foFEel This

behaviour ch be seen in the stability diagram (Figure 2). The stability decrease after
\ o) 206 = A Oprm——= gt 2 2X
A =60, and all nuclei above 4 =206 are unstable. Instability of an atom's nucleus

may result in radioactive-decay. The atom will attempt to reach stability by ejecting

nucleons (pgotons or neutrons), as well as other particles, or by releasing energy in

)0_;)\ > ! ,L}L/;\]\/w\d_,’z—é) \..Ma.a_g\?
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Figure 2, Stability diagram. Energy 5% , !
. . =
binding per nucleon versus the mass 'é‘-,E 3
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