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Atomic and Nuclear Physics

•Fundamental particles

•Nuclear Binding energy

•Nuclear Stability
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Nuclear Notation

• The atom consist of a small but massive nucleus 

surrounded by a cloud of rapidly moving 

electrons.

• The nucleus is composed of protons and neutrons.

The total number of protons in the nucleus is

called the atomic number (or the proton

number) of the atom and is given the symbol Z. 

The total electrical charge of the nucleus is 

therefore +Ze, where e (elementary charge) 

equals 1.602 × 10-19 coulombs.

• The neutrons in a nucleus is known as the

neutron number and is given the symbol N. 

• The total number of nucleons, protons, and

neutrons in a nucleus are equal to (A= Z + N),

where (A) is called the mass number. 
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Problem: Describe the nucleus of a lithium atom which has a mass 

number of (7) and an atomic number of (3)?

 3
7𝑋

Sol/

                      37𝐿𝑖

A= Z + N → 7= 3 + N →   Number of neutrons= (4)

Thus, the lithium-7 nucleus contains: 3 protons, 4 neutrons

H.W / Problem:( ؟
9𝐵𝑒, N = 5), ( 8

؟
𝑂, N = 8), ( 10

20𝑁𝑒, N =? )

     ( 2
؟
𝐻𝑒, N = 2), ( 92

235𝑈, N =? ؟ ),(
56𝐹𝑒, N = 30) 4
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Isotope Definition of Nucleus  
The term isotope refers to atoms of the same chemical element that have the same number of protons

(Z1 = Z2) but a different number of neutrons in their nuclei → (A1≠ A2). Since the number of 

protons determines the identity of an element, isotopes of a given element have identical chemical

properties but differ in their physical properties, such as mass and stability.

For example:

• Carbon-12 ( 𝟔
𝟏𝟐𝑪) has 6 protons and 6 neutrons.

• Carbon-13 ( 𝟔
𝟏𝟑𝑪) has  6 protons and 7 neutrons.

• Carbon-14 ( 𝟔
𝟏𝟒𝑪) has  6 protons and 8 neutrons.

Chemical Properties:

Since chemical properties are determined by the number of protons and electrons (which are equal in 

a neutral atom), isotopes of the same element exhibit nearly identical chemical behavior.

Physical Properties

Isotopes differ in their physical properties, such as mass and nuclear stability, because of the 

difference in the number of neutrons.

For example: Carbon-12 and carbon-13 are stable isotopes.

                        Carbon-14 is radioactive and undergoes beta decay.

A= Z + N
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Definition of Atomic Mass Unit (u)

The atomic mass unit (u) , also called the unified atomic mass unit , is a standard unit 

of mass used in chemistry and physics to express the masses of atoms, molecules, and

subatomic particles. It is defined based on the mass of a specific isotope of carbon: 

carbon-12 ( 𝟔
𝟏𝟐𝑪) 

Mathematically:

Common atomic masses 

m =1u = 1.66054×10−27 kg

•Mass of a proton:         mp ​ = 1.007276 u

•Mass of a neutron:       mn ​ = 1.008665 u

•Mass of an electron:      me​ = 0.00054858 u
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Relation to Energy (Mass-Energy Equivalence)
We remember Einstein’s famous equation E=mc2, where c is the speed of light (c=3×108 m/s), the mass-

energy equivalence of  (1u) can be calculated:

E=mc2

E=(1u) ⋅c2

Substituting (1u = 1.66054×10 −27 kg) :- 

                                         E = (1.66054×10−27)⋅(3×108)2 →

Converting this energy into electron-volts (1 eV=1.60218×10−19 J) :

 𝑬 =
1.4924×10−10 

1.60218×10−19
 = 931.5×106 eV  →

 

E=mc2

m=
E 
𝑪𝟐

→

E = 1.4924×10−10J

E = 931.5 MeV

m = 1 𝐮 =
931.5 

𝑪𝟐 MeV C𝟐 =
931.5 

𝒖
MeV
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Problem: what is the rest mass energy of a proton (1.007276 u) in Mev?

Sol/ 

E=mc2

E = (1.007276 u) (
931.5 

𝒖
MeV) 

E = 938.277 Mev 

H.W/ Problem: what is the rest mass energy of a neutron (1.008665 u) in Mev?

H.W/ Problem: what is the rest mass energy of a electron (0.00054858 u) in Mev?
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Definition and Detailed Explanation of Binding Energy
Binding energy is the energy required to completely disassemble a nucleus into its individual protons and 

neutrons. Conversely, it is also the energy released when a nucleus is formed from its constituent nucleons 

(protons and neutrons). 

Mass Defect

When nucleons bind to form a nucleus, the total mass of the nucleus (M) is less than the sum of the masses of 

the individual free protons (mp ​) and neutrons (mn ​).

Where mD : Mass defect (mass "lost" during nucleus formation).

Mass-Energy Equivalence

E=mc2

The mass defect (mD) is converted into energy (EB) via Einstein’s equation:

Binding Energy Per Nucleon

mD =(Z mp ​+ N mn ​) − M

EB = mD . c2

𝑩𝒊𝒏𝒅𝒊𝒏𝒈 𝑬𝒏𝒆𝒓𝒈𝒚 𝑷𝒆𝒓 𝑵𝒖𝒄𝒍𝒆𝒐𝒏 =
EB

𝑨
=

mD 
c𝟐

𝒁 + 𝑵
 (

𝑴𝒆𝒗

𝑵𝒖𝒄𝒍𝒆𝒐𝒏
)

C𝟐 =
931.5 

𝒖
MeV
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Problem: Find Binding energy per nucleon for helium - 4 

Hint: (mD : 0.030377u), (A = 4)?

Sol/ 

EB = mD . c2

EB = (0.030377u)(
931.5 

𝒖
MeV)

EB = 28.2961755 Mev

𝐁𝐢𝐧𝐝𝐢𝐧𝐠 𝐄𝐧𝐞𝐫𝐠𝐲 𝐏𝐞𝐫 𝐍𝐮𝐜𝐥𝐞𝐨𝐧 =
EB

𝐀
=

mD 
c𝟐

𝐙 + 𝐍

𝐁𝐢𝐧𝐝𝐢𝐧𝐠 𝐄𝐧𝐞𝐫𝐠𝐲 𝐏𝐞𝐫 𝐍𝐮𝐜𝐥𝐞𝐨𝐧 =
28.2961755

𝟒

𝑩𝒊𝒏𝒅𝒊𝒏𝒈 𝑬𝒏𝒆𝒓𝒈𝒚 𝑷𝒆𝒓 𝑵𝒖𝒄𝒍𝒆𝒐𝒏 = 7.075 
𝑴𝒆𝒗

𝑵𝒖𝒄𝒍𝒆𝒐𝒏
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Problem:  Carbon-12 ( 𝟔
𝟏𝟐𝐂)

1. How many protons and neutrons are in the nucleus?

2. Calculate the Binding energy if the mass of a proton is 1.007276 u, the mass of a neutron is 

1.008665 u, and the actual mass of the carbon-12 nucleus is 12.000000 u.

3. Determine the total binding energy and the binding energy per nucleon.

Sol/ 

1)   A= Z + N

      12 = 6 + N  → N = 6 

⸫ Protons = 6, Neutrons = 6

2) EB = mD . C2

EB = (6 × 1.007276 u + 6 × 1.008665 u - 12.000000 u ) (
931.5 

𝒖
MeV)

EB = (0.095646 u) (
931.5 

𝒖
MeV)

EB = 89.1MeV

3) 𝐁𝐢𝐧𝐝𝐢𝐧𝐠 𝐄𝐧𝐞𝐫𝐠𝐲 𝐏𝐞𝐫 𝐍𝐮𝐜𝐥𝐞𝐨𝐧 =
EB

𝐀
=

𝟖𝟗.𝟏𝐌𝐞𝐕

𝟏𝟐

𝐁𝐢𝐧𝐝𝐢𝐧𝐠 𝐄𝐧𝐞𝐫𝐠𝐲 𝐏𝐞𝐫 𝐍𝐮𝐜𝐥𝐞𝐨𝐧 = 𝟕. 𝟒𝟐𝟓𝐌𝐞𝐕
 



12

H.W. 

H.W/ Problem 1:  Oxygen-16 𝟖
𝟏𝟔𝐎

1. How many protons and neutrons are in the nucleus?

Using the following data: Mass of a proton: 1.007276u, Mass of a neutron: 1.008665u, actual 

mass of the oxygen-16 nucleus: 15.994915u

Calculate:

2. The total binding energy.

3. The binding energy per nucleon 

H.W/ Problem 2:  Uranium-235 𝟗𝟐
𝟐𝟑𝟓𝐔

1. How many protons and neutrons are in the nucleus?

Using the following data: Mass of a proton: 1.007276u, Mass of a neutron: 1.008665u, actual 

mass of the Uranium-235 nucleus: 235.043924u

Calculate:

2. The total binding energy.

3. The binding energy per nucleon 
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