Physics Grade 12 LS/ GS

Chapter 18

Atom nucleus

Prepared & Presented by: Mr. Mohamad Seif



OBJECTIVES

.1 ldentify the composition of the atom
. 2 Define the i1sotopes of an element
|

3 Determine the dimensions of the atomic nucleus



Composition of the atom

The atom consists of a nucleus and electrons revolving
around It.

The nucleus represents the most of the
mass of the atom.

The nucleus contains protons and

REUEORS both called nucleons.




Composition of the atom

An atomic nucleus is symbolized by: 5X:  Nimoerof proton

and neutrons in atom

» X: symbol of the chemical element N\
(Na1 H1 C"')' Z — Atomic symbol
- Z: atomic number (charge number) = y ST e
- in chemical
number of protons (in neutral atom).  acomicnumber formulas

Number of protons

* A mass number or number of naon
nucleons (protons +neutrons): A =

i ’-32}
An electron has negative charge, proton = © A~
6 protons

has positive charge and neutrons has N0 eneuons o QU

=

6 electrons @

charge.



Isotopes of an element

Isotopes of an element are nuclel having the same charge

number (Z) but different mass numbers (A).

Carbon-12 Carbon-13 Carbon-14

“ & (w

6 Protons @ 6 Protons 6 Protons
6 Neutrons @ 7 Neutrons 8 Neutrons
Mass Number12 Mass Number13 Mass Number 14

12 13 14
6C 6C 6C



Dimensions of the atomic nucleus

Consider a nucleus of radius r and of volume V. Each nucleon
(proton or neutron) Is a sphere of radius r, and of volume V,:

V = AV,
The volume of the nucleus Is: |y = gmﬁ N, @ P’
Neutron
4 ;—Electmn
The volume of the nucleon is: |Vg = §nr03

Wherer, =1.2 X 107 1°m = 1. 2fm



Dimensions of the atomic nucleus

Finally, the relation between the radius of nucleus and that of
nucleon is:

V:A XVO
4 4
?6"3=A>%[rg
r3=AxXr;

1
r=1ry X A3



Dimensions of the atomic nucleus

Application 1:
Consider a nucleus of uranium-238. Givenryg = 1.2fm.
1) Calculate the radius of uranium nucleus.
2) The radius of uranium atom is 2 x 10% times greater than that
of its nucleus. Deduce the volume of this atom.
3) Among the following nuclel, specify the isotopes of the same
element. 235U; 3X; 255L; 187 and %35M
4) The radius of the nucleus of the oxygen isotope 50 is 3.0855fm.
a)Calculate the mass number of this isotope.
b)Deduce the number of neutrons inside the nucleus of this
Isotope.



Dimensions of the atomic nucleus
1) Calculate the radius of uranium nucleus.

1
r =1y X A3

1
r=1.2x10"1%(238)3

r=7.44x 10~1>m



Dimensions of the atomic nucleus

2)The radius of uranium atom is 2 x 10* times greater than
that of 1ts nucleus. Deduce the volume of this atom.

4 4
rg =2 X 10" X1 Vat=§7fr?u

re=2x10*x7.44 x 101> 4
at ~1043
Vae = §1‘t(1.4—8 X 107)

r, =1.48 x 107 1%9m

Vo, =1.37 x 107%9m3




Dimensions of the atomic nucleus

3)Among the following nuclel, specify the isotopes of the
same element. 233U; 1X; 235L; 187 and 233M

The isotopes of the same element are 235U; 237L and %35M
since they have the same charge number but different mass

numbers



Dimensions of the atomic nucleus

4) The radius of the nucleus of the oxygen isotope 50 is 3.0855fm.
a)Calculate the mass number of this isotope.

r 3.0855 x 1015
A= ()’ _ 3 A=17
(To) » 4 ( 1.2 x 10-15 ) »

b)Deduce the number of neutrons inside the nucleus of this
Isotope.

N=A-Z=17® N=17-8 )N =9
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OBJECTIVES

. 4 Calculate the mass and density of nucleus

5 Determine and use Units of mass



Mass and density of the atomic nucleus

The mass of a nucleus represents 99.93% of the mass of the
atom,

The mass of the electrons in the electronic cloud is negligible
relative to the mass of the nucleus then:

Matom = Melec T Myucleus » Matom — Muucleus

Mytom = Mupycleus = A X My
Where m Is the mass of a nucleon
myg=mp=my =1.67 x 10 %" kg



Mass and density of the atomic nucleus

The density p of the atomic nucleus is given by: p = %
m A X my A X my
p = — = -
Vi AxVo gx %m‘g
ro =1.2%x 10" 1>m my =1.67 x 10~%"kg
1.67 x 10727
P=7 D p=2.3x10Ykg/m3

3 X 3.14 X (1.2 X 10-15)3

This means the density of any nucleusis p = 2.3 x 107 kg /m?



Mass and density of the atomic nucleus

Application 2:

The approximate mass of a nucleon is my = 1.7 X 10™%" kg,
and the radius of the hydrogen nucleus is 1.2fm.

Consider the iron isotope 3¢Fe.

1)Determine the volume of the nucleus of this isotope.
2)Deduce the density of the nucleus of this isotope.



Mass and density of the atomic nucleus
my=1.7%x10"%"kg; ry = 1.2 x 10~ >m; 3¢Fe.

1)Determine the volume of the nucleus of this isotope.

V=—nr® Andr=Arg » V:gﬂ:A_rg

4
V = e 56(1.2 x 1071°)3

V=405x10%3m3



Mass and density of the atomic nucleus
my=1.7%x10"%7kg; ry = 1.2 x 10~ 2m; 38Fe.
2)Deduce the density of the nucleus of this isotope.

V=4.05x10"%m3 m=mgyX A4

_m Am,
S Y7
56 x 1.7 X 107%" kg

4.05 x 10~43m3
p=2.35%x10"kg/m3

p:



The SI unit of mass is Kkg.
In nuclear physics we use another unit ¢ atomic mass unit (u)”.

The atomic mass unit Is equal to % of the mass of carbon atom
20).

The molar mass of 2C isisM = 12g + 1000 = 0.12kg

The Avogadro’s number is N; = 6.02217 x 10%3

m(1C) = L 0. 12 = 1.992637 x 10~%%kg
N, 6.02217 x 1023




m('¢C) = 1.992637 x 10 %%kg

1

1u=—mai:
2 6

1
lu=2x1, 992637 x 10™%%kg

1u =1.66 x 10™%"kg



MeV/c?
This Is a compound unit where MeV Is mega-electron-volt

1MeV = 1.6022 x 10~ 13]

c = 3 x 10%m/s is the speed of light in vacuum

The relation between MeV/c? and u

1u = 931.5MeV/c?



Application 3:
The mass of a neutron ism,, = 1.67491 x 10~%"kg. Calculate

the mass of neutron in u and in MeV/c?. Given: 1u = 1.66
x 10™%"kg.

1u - 1.66 x 107 %" kg
m=?? - 1.67491x 10 %"kg

~ 1ux1.67491 x107*"kg
M= 777166 x10-27kg

m=1.00866 u




Application 4.

The mass of a Proton I1s mp = 1.00728u. Calculate the
mass of neutron in u and in MeV/c%. Given: 1u = 931.5MeV

/c?.
1u — 931.5MeV/c?

1.00728 u - m =?7?

1.00728u x 931.5MeV/c?
m =

1u

m = 938.3MeV /c?
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OBJECTIVES

. 6 Calculate the Nuclear Binding energy

\ 7 ‘ Determine the stability of the atom



Nuclear Binding energy

To understand the concept of the nuclear binding energy,

consider the 1ron Isotope ggFe of mass M, ieus
= 55.92067u.

This isotope Is composed of 26 protons and 30 neutrons.

The mass of neutron is m,, = 1.00866u and the mass of
protonismp = 1.00728u.



Nuclear Binding energy

The mass of the nucleons forming this nuclide Is:

Z.mp+ N.m,, = 26(1.00728) + 30(1.00866)

Zmp+ N.m, =26.18928u + 30.2598u

Z.mp+ N.m, =56.44908u



Nuclear Binding energy

Moy cleys = 35.92067uand Z.mp+ N.m,, = 56.44908u

By comparing the above two values we notice that:
M ucleus < Z.Mp + N.m,,

This result 1s true for all nuclel

The mass defect of a nucleus 1s the difference between the

masses of the nucleons taken separately and the mass of
nucleus



Nuclear Binding energy

The mass defect (Am) of a
nucleus 1s the difference
between the masses of the
nucleons taken separately
and the mass of nucleus.

NUCLEUS
(SMALLER MASS)

Q)

—

@S

6n + 6p

SEPARATED NUCLEONS
(GREATER MASS)

Am = [Zm, +/(A = Z)m,| — my

Where my Is the mass of nucleus




Nuclear Binding energy

Am = [Zmp + (4 — Z)mn] — my

The minimum energy needed to break down the nucleus into
nucleons or to bind the nucleons to form a nucleus:

The energy produced In binding the nucleons or the energy
needed to break down these nucleons, Is called the binding
energy (B.E) of the nucleus.

B.E = Amc? = |Zm,, + (A — Z)m,, — my|c?




Nuclear Binding energy

Application 5:

The lithium nucleus Is formed of 3 protons and 4 neutrons.
Myycleus = 7-014357u  ; m, .
=1.00728u; m, =1.00866u; " T o
1u = 931.5MeV/c? and 1eV s — 4 Nucu
=1.6 x 10~17]. e 3N

Determine the binding energy of this isotope in MeV and in J



Nuclear Binding energy

Am = |Zm, + (A — Z)m,| — my
Am = [3 x 1.00728 + 4 x 1.00866] — 7.014357

Am = [3.02184 + 4.03464] — 7.014357

Am =7.05648 — 7.014357

Am =0.042123u



Nuclear Binding energy
Am =0.042123u

Am = 0.042123 x 931.5MeV /c?

Am = 39.2376MeV /c?

B.E = Amc?
MeV
B.E = 39.2376 X &
2

B.E = 39.2376MeV



Nuclear Binding energy
B.E =39.2376MeV

1MeV - 1.6 x10713j
39.2376MeV —» 77

~ 39.2376MeV x 1.6 x 10713]

B.E = Vet

B.E=62.78 x 107137




Stability of the atom

The binding energy per | L= T T
nUCIeonS T IS ConSIdered ? k | Energy released by fission

as a measure of the
stability of the nuclide.

A nuclide 1s more stable
than another one If the
binding energy per nucleon
of the first Is greater than ° = T w mom o
that of the other.

Energy released by fusion

Binding energy per nucleon (MeV)

el
|
|
|
|
|
|
|
|
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|




Stability of the atom

Forl1 <A <20; % < 8Mev radioactive(unstable)

B3 Br 198 La

—
238

150 B F

For 20 <A<190; =" [

2 8Mev: Stable nUCIeUS E: Energy released by fission
B.E : =
For A > 190; e < 8Mev: &
%

radioactive(unstable)

Binding energy per nucleon (MeV)

The most stable nuclel are
those, whose mass number |
A IS between 20 and 190 Mass number (4
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Stability of the atom

Application 6:

The binding energies of radium-226 and Iron-56 are
1731.28MeV and 492.20MeV.

1)Calculate the binding energy per nucleon for each atom.
2)Specify which one has the stronger stability.



Stability of the atom

BE(Ra) = 1731.28MeV; BE(Fe) = 492.20MeV.
1)Calculate the binding energy per nucleon for each atom.

. BE 1731.28
For Radium-226: _ —
= T 7.6605MeV
For iron-56: &5 - 3128, 8.7894MeV
' A4 - 226 O €

2)Specify which one has the stronger stability.

] BE . BE . ] ]
Since — of Iron> — of Radium, then iron 1S more stable






