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OBJECTIVES

1 Identify the composition of the atom

2 Define the isotopes 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

neutrons both called nucleons.



An atomic nucleus is symbolized by: Z
AX:

• X: symbol of the chemical element

(Na, H, C…).

• Z: atomic number (charge number) =

number of protons (in neutral atom).

• A: mass number or number of

nucleons (protons +neutrons): 𝑨 =
𝒁 + 𝑵.

An electron has negative charge, proton

has positive charge and neutrons has no

charge.

Composition of the atom



Isotopes of an element are nuclei having the same charge

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

𝟔
𝟏𝟐𝑪 𝟔

𝟏𝟑𝑪 𝟔
𝟏𝟒𝑪

Isotopes of an element



Consider a nucleus of radius r and of volume V. Each nucleon

(proton or neutron) is a sphere of radius 𝒓𝟎 and of volume 𝐕𝟎:

The volume of the nucleus is:

𝐕 = 𝐀𝐕𝟎

𝐕 =
𝟒

𝟑
𝝅𝒓𝟑

The volume of the nucleon is: 𝑽𝟎 =
𝟒

𝟑
𝝅𝒓𝟎

𝟑

Where 𝐫𝟎 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓𝐦 = 𝟏. 𝟐𝐟𝐦

Dimensions of the atomic nucleus



Finally, the relation between the radius of nucleus and that of

nucleon is:

𝐕 = 𝐀 × 𝐕𝟎

𝟒

𝟑
𝝅𝒓𝟑 = 𝐀 ×

𝟒

𝟑
𝛑𝐫𝟎

𝟑

𝒓𝟑 = 𝐀 × 𝐫𝟎
𝟑

𝐫 = 𝒓𝟎 × 𝑨
𝟏
𝟑

Dimensions of the atomic nucleus



Application 1:

Consider a nucleus of uranium-238. Given 𝒓𝟎 = 𝟏. 𝟐𝒇𝒎.

1) Calculate the radius of uranium nucleus.

2) The radius of uranium atom is 𝟐 × 𝟏𝟎𝟒 times greater than that

of its nucleus. Deduce the volume of this atom.

3) Among the following nuclei, specify the isotopes of the same

element. 𝟗𝟐
𝟐𝟑𝟖𝑼; 𝟏

𝟑𝑿; 𝟗𝟐
𝟐𝟑𝟒𝑳; 𝟖

𝟏𝟔𝒁 and 𝟗𝟐
𝟐𝟑𝟓𝑴

4) The radius of the nucleus of the oxygen isotope 𝟖
𝑨𝑶 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



𝐫 = 𝒓𝟎 × 𝑨
𝟏
𝟑

𝐫 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟐(𝟐𝟑𝟖)
𝟏
𝟑

𝐫 = 𝟕. 𝟒𝟒 × 𝟏𝟎−𝟏𝟓𝒎

1) Calculate the radius of uranium nucleus.

Dimensions of the atomic nucleus



2)The radius of uranium atom is 𝟐 × 𝟏𝟎𝟒 times greater than

that of its nucleus. Deduce the volume of this atom.

𝒓𝒂𝒕 = 𝟐 × 𝟏𝟎𝟒 × 𝒓𝟎

𝒓𝒂𝒕 = 𝟐 × 𝟏𝟎𝟒 × 𝟕. 𝟒𝟒 × 𝟏𝟎−𝟏𝟓

𝒓𝒂𝒕 = 𝟏. 𝟒𝟖 × 𝟏𝟎−𝟏𝟎𝒎

𝑽𝒂𝒕 =
𝟒

𝟑
𝝅𝒓𝒂𝒕

𝟑

𝑽𝒂𝒕 =
𝟒

𝟑
𝝅(𝟏. 𝟒𝟖 × 𝟏𝟎−𝟏𝟎)𝟑

𝑽𝒂𝒕 = 𝟏. 𝟑𝟕 × 𝟏𝟎−𝟐𝟗𝒎𝟑

Dimensions of the atomic nucleus



3)Among the following nuclei, specify the isotopes of the

same element. 𝟗𝟐
𝟐𝟑𝟖𝑼; 𝟏

𝟑𝑿; 𝟗𝟐
𝟐𝟑𝟒𝑳; 𝟖

𝟏𝟔𝒁 and 𝟗𝟐
𝟐𝟑𝟓𝑴

The isotopes of the same element are 𝟗𝟐
𝟐𝟑𝟖𝑼; 𝟗𝟐

𝟐𝟑𝟒𝑳 and 𝟗𝟐
𝟐𝟑𝟓𝑴,

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 𝟖
𝑨𝑶 is 3.0855fm.

a)Calculate the mass number of this isotope.

𝑨 = (
𝒓

𝒓𝟎
)𝟑 𝑨 = (

𝟑. 𝟎𝟖𝟓𝟓 × 𝟏𝟎−𝟏𝟓

𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓
)𝟑 𝑨 = 𝟏𝟕

𝑵 = 𝑨 − 𝒁 = 𝟏𝟕 𝑵 = 𝟏𝟕 − 𝟖 𝑵 = 𝟗

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

isotope.

Dimensions of the atomic nucleus
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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.

𝒎𝒂𝒕𝒐𝒎 = 𝒎𝒆𝒍𝒆𝒄 +𝒎𝒏𝒖𝒄𝒍𝒆𝒖𝒔 𝒎𝒂𝒕𝒐𝒎 = 𝒎𝒏𝒖𝒄𝒍𝒆𝒖𝒔

𝒎𝒂𝒕𝒐𝒎 = 𝒎𝒏𝒖𝒄𝒍𝒆𝒖𝒔 = 𝑨 ×𝒎𝟎

Where 𝒎𝟎 is the mass of a nucleon

𝒎𝟎 = 𝒎𝑷 = 𝒎𝑵 = 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈

The mass of the electrons in the electronic cloud is negligible

relative to the mass of the nucleus then:



The density 𝝆 of the atomic nucleus is given by: 𝝆 =
𝒎

𝑽

𝝆 =
𝒎

𝑽
=
𝑨 ×𝒎𝟎

𝑨 × 𝑽𝟎
=

𝑨 ×𝒎𝟎

𝑨 ×
𝟒
𝟑
𝝅𝒓𝟎

𝟑

𝝆 = 𝟐. 𝟑 × 𝟏𝟎𝟏𝟕𝒌𝒈/𝒎𝟑𝝆 =
𝟏. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕

𝟒
𝟑
× 𝟑. 𝟏𝟒 × 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓 𝟑

𝒓𝟎 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓𝒎 𝒎𝟎 = 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈

This means the density of any nucleus is 𝝆 = 𝟐. 𝟑 × 𝟏𝟎𝟏𝟕𝒌𝒈/𝒎𝟑

Mass and density of the atomic nucleus



Application 2:

The approximate mass of a nucleon is 𝒎𝟎 = 𝟏. 𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈,

and the radius of the hydrogen nucleus is 1.2fm.

Consider the iron isotope 𝟐𝟔
𝟓𝟔𝑭𝒆.

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



𝒎𝟎 = 𝟏. 𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈; 𝒓𝟎 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓𝒎; 𝟐𝟔
𝟓𝟔𝑭𝒆.

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

𝐕 =
𝟒

𝟑
𝝅𝒓𝟑 𝐕 =

𝟒

𝟑
𝝅𝑨. 𝒓𝟎

𝟑

𝐕 =
𝟒

𝟑
𝝅 × 𝟓𝟔 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓 𝟑

𝐕 = 𝟒. 𝟎𝟓 × 𝟏𝟎−𝟒𝟑𝒎𝟑

And 𝐫 = 𝐀𝒓𝟎
𝟑

Mass and density of the atomic nucleus



𝒎𝟎 = 𝟏. 𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈; 𝒓𝟎 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟐𝒎; 𝟐𝟔
𝟓𝟔𝑭𝒆.

2)Deduce the density of the nucleus of this isotope.

𝝆 =
𝒎

𝑽

𝐕 = 𝟒. 𝟎𝟓 × 𝟏𝟎−𝟒𝟑𝒎𝟑

𝝆 =
𝟓𝟔 × 𝟏. 𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝟒. 𝟎𝟓 × 𝟏𝟎−𝟒𝟑𝒎𝟑

𝝆 = 𝟐. 𝟑𝟓 × 𝟏𝟎𝟏𝟕𝒌𝒈/𝒎𝟑

𝝆 =
𝑨𝒎𝟎

𝑽

𝐦 = 𝒎𝟎 × 𝑨

Mass and density of the atomic nucleus



Units of mass

The SI unit of mass is kg.

In nuclear physics we use another unit “ atomic mass unit (u)”.

The atomic mass unit is equal to
𝟏

𝟏𝟐
of the mass of carbon atom

( 𝟔
𝟏𝟐𝑪).

The molar mass of 𝟔
𝟏𝟐𝑪 is is 𝐌 = 𝟏𝟐𝒈 ÷ 𝟏𝟎𝟎𝟎 = 𝟎. 𝟏𝟐𝒌𝒈

The Avogadro’s number is 𝑵𝑨 = 𝟔. 𝟎𝟐𝟐𝟏𝟕 × 𝟏𝟎𝟐𝟑

𝒎 𝟔
𝟏𝟐𝑪 =

𝑴

𝑵𝑨
=

𝟎. 𝟏𝟐

𝟔. 𝟎𝟐𝟐𝟏𝟕 × 𝟏𝟎𝟐𝟑
= 𝟏. 𝟗𝟗𝟐𝟔𝟑𝟕 × 𝟏𝟎−𝟐𝟔𝒌𝒈



𝟏𝒖 =
𝟏

𝟐
𝒎

𝟔
𝟏𝟐𝑪

𝟏𝒖 =
𝟏

𝟐
× 𝟏. 𝟗𝟗𝟐𝟔𝟑𝟕 × 𝟏𝟎−𝟐𝟔𝒌𝒈

𝟏𝒖 = 𝟏. 𝟔𝟔 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝒎 𝟔
𝟏𝟐𝑪 = 𝟏. 𝟗𝟗𝟐𝟔𝟑𝟕 × 𝟏𝟎−𝟐𝟔𝒌𝒈

Units of mass



MeV/𝒄𝟐

This is a compound unit where MeV is mega-electron-volt

𝟏𝐌𝐞𝐕 = 𝟏. 𝟔𝟎𝟐𝟐 × 𝟏𝟎−𝟏𝟑𝐉

𝐜 = 𝟑 × 𝟏𝟎𝟖𝐦/𝐬 is the speed of light in vacuum

The relation between MeV/𝒄𝟐 and u

𝟏𝐮 = 𝟗𝟑𝟏. 𝟓𝐌𝐞𝐕/𝒄𝟐

Units of mass



Application 3:

The mass of a neutron is 𝒎𝒏 = 𝟏. 𝟔𝟕𝟒𝟗𝟏 × 𝟏𝟎−𝟐𝟕𝒌𝒈. Calculate

the mass of neutron in u and in MeV/𝒄𝟐. Given: 𝟏𝒖 = 𝟏. 𝟔𝟔

× 𝟏𝟎−𝟐𝟕𝒌𝒈.

𝟏𝒖 → 𝟏. 𝟔𝟔 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝒎 =? ? → 𝟏. 𝟔𝟕𝟒𝟗𝟏 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝒎 =
𝟏𝒖 × 𝟏. 𝟔𝟕𝟒𝟗𝟏 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝟏. 𝟔𝟔 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝒎 = 𝟏. 𝟎𝟎𝟖𝟔𝟔 𝒖

Units of mass



Application 4:

The mass of a Proton is 𝒎𝑷 = 𝟏. 𝟎𝟎𝟕𝟐𝟖𝒖. Calculate the

mass of neutron in u and in MeV/𝒄𝟐. Given: 𝟏𝐮 = 𝟗𝟑𝟏. 𝟓𝐌𝐞𝐕
/𝒄𝟐.

𝟏𝒖 → 𝟗𝟑𝟏. 𝟓𝑴𝒆𝑽/𝒄𝟐

𝟏. 𝟎𝟎𝟕𝟐𝟖 𝒖 → 𝒎 =? ?

𝒎 =
𝟏. 𝟎𝟎𝟕𝟐𝟖𝒖 × 𝟗𝟑𝟏. 𝟓𝑴𝒆𝑽/𝒄𝟐

𝟏𝒖

𝒎 = 𝟗𝟑𝟖. 𝟑𝑴𝒆𝑽/𝒄𝟐

Units of mass
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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 iron isotope 𝟐𝟔
𝟓𝟔𝑭𝒆 of mass 𝒎𝒏𝒖𝒄𝒍𝒆𝒖𝒔

= 𝟓𝟓. 𝟗𝟐𝟎𝟔𝟕𝒖.

This isotope is composed of 26 protons and 30 neutrons.

The mass of neutron is 𝒎𝒏 = 𝟏. 𝟎𝟎𝟖𝟔𝟔𝒖 and the mass of

proton is 𝒎𝑷 = 𝟏. 𝟎𝟎𝟕𝟐𝟖𝒖.



The mass of the nucleons forming this nuclide is:

𝒁.𝒎𝑷 +𝑵.𝒎𝒏 = 𝟐𝟔 𝟏. 𝟎𝟎𝟕𝟐𝟖 + 𝟑𝟎(𝟏. 𝟎𝟎𝟖𝟔𝟔)

𝒁.𝒎𝑷 +𝑵.𝒎𝒏 = 𝟐𝟔. 𝟏𝟖𝟗𝟐𝟖𝒖 + 𝟑𝟎. 𝟐𝟓𝟗𝟖𝒖

𝒁.𝒎𝑷 +𝑵.𝒎𝒏 = 𝟓𝟔. 𝟒𝟒𝟗𝟎𝟖𝒖

Nuclear Binding energy



𝒎𝒏𝒖𝒄𝒍𝒆𝒖𝒔 = 𝟓𝟓. 𝟗𝟐𝟎𝟔𝟕𝒖 and

By comparing the above two values we notice that:

𝒎𝒏𝒖𝒄𝒍𝒆𝒖𝒔 < 𝒁.𝒎𝑷 +𝑵.𝒎𝒏

𝒁.𝒎𝑷 +𝑵.𝒎𝒏 = 𝟓𝟔. 𝟒𝟒𝟗𝟎𝟖𝒖

This result is true for all nuclei

The mass defect of a nucleus is the difference between the

masses of the nucleons taken separately and the mass of

nucleus

Nuclear Binding energy



The mass defect (∆𝒎) of a

nucleus is the difference

between the masses of the

nucleons taken separately

and the mass of nucleus.

∆𝒎 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑿

Where 𝒎𝑿 is the mass of nucleus

Nuclear Binding energy



∆𝒎 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑿

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.

Nuclear Binding energy

𝑩.𝑬 = ∆𝒎𝒄𝟐 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑿 𝒄𝟐



Application 5:

The lithium nucleus is formed of 3 protons and 4 neutrons.

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

Nuclear Binding energy

𝒎𝒏𝒖𝒄𝒍𝒆𝒖𝒔 = 𝟕. 𝟎𝟏𝟒𝟑𝟓𝟕𝒖 ; 𝒎𝒏

= 𝟏. 𝟎𝟎𝟕𝟐𝟖𝒖 ; 𝒎𝒑 = 𝟏. 𝟎𝟎𝟖𝟔𝟔𝒖 ;

𝟏𝐮 = 𝟗𝟑𝟏. 𝟓𝐌𝐞𝐕/𝐜𝟐 and 𝟏𝐞𝐕
= 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝐉.



∆𝒎 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑿

∆𝒎 = 𝟑 × 𝟏. 𝟎𝟎𝟕𝟐𝟖 + 𝟒 × 𝟏. 𝟎𝟎𝟖𝟔𝟔 − 𝟕. 𝟎𝟏𝟒𝟑𝟓𝟕

∆𝒎 = 𝟑. 𝟎𝟐𝟏𝟖𝟒 + 𝟒. 𝟎𝟑𝟒𝟔𝟒 − 𝟕. 𝟎𝟏𝟒𝟑𝟓𝟕

∆𝒎 = 𝟕. 𝟎𝟓𝟔𝟒𝟖 − 𝟕. 𝟎𝟏𝟒𝟑𝟓𝟕

∆𝒎 = 𝟎. 𝟎𝟒𝟐𝟏𝟐𝟑𝐮

Nuclear Binding energy



∆𝒎 = 𝟎. 𝟎𝟒𝟐𝟏𝟐𝟑𝐮

∆𝒎 = 𝟎. 𝟎𝟒𝟐𝟏𝟐𝟑 × 𝟗𝟑𝟏. 𝟓𝑴𝒆𝑽/𝒄𝟐

∆𝒎 = 𝟑𝟗. 𝟐𝟑𝟕𝟔𝑴𝒆𝑽/𝒄𝟐

𝑩.𝑬 = ∆𝒎𝒄𝟐

𝑩.𝑬 = 𝟑𝟗. 𝟐𝟑𝟕𝟔
𝑴𝒆𝑽

𝒄𝟐
× 𝒄𝟐

𝑩.𝑬 = 𝟑𝟗. 𝟐𝟑𝟕𝟔𝑴𝒆𝑽

Nuclear Binding energy



𝑩.𝑬 = 𝟑𝟗. 𝟐𝟑𝟕𝟔𝑴𝒆𝑽

𝟏𝐌𝐞𝐕 → 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟑𝐉

𝟑𝟗. 𝟐𝟑𝟕𝟔𝑴𝒆𝑽 → ? ?

𝑩. 𝑬 =
𝟑𝟗. 𝟐𝟑𝟕𝟔𝑴𝒆𝑽 × 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟑𝐉

𝟏𝑴𝒆𝑽

𝑩.𝑬 = 𝟔𝟐. 𝟕𝟖 × 𝟏𝟎−𝟏𝟑.𝑱

Nuclear Binding energy



The binding energy per

nucleons
𝑩.𝑬

𝑨
is considered

as a measure of the

stability of the nuclide.

A nuclide is more stable

than another one if the

binding energy per nucleon

of the first is greater than

that of the other.

Stability of the atom 



For 𝟏 ≤ 𝐀 ≤ 𝟐𝟎 ;
𝐁.𝐄

𝐀
< 𝟖𝐌𝐞𝐯 radioactive(unstable)

Stability of the atom 

For 𝟐𝟎 ≤ 𝐀 ≤ 𝟏𝟗𝟎 ;
𝐁.𝐄

𝐀

≥ 𝟖𝐌𝐞𝐯: stable nucleus

For 𝐀 > 𝟏𝟗𝟎 ;
𝐁.𝐄

𝐀
< 𝟖𝐌𝐞𝐯:

radioactive(unstable)

The most stable nuclei are

those, whose mass number

A is between 20 and 190



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.

2)Specify which one has the stronger stability.

𝑩𝑬

𝑨
=
𝟏𝟕𝟑𝟏. 𝟐𝟖

𝟐𝟐𝟔
= 𝟕. 𝟔𝟔𝟎𝟓𝑴𝒆𝑽For Radium-226:

𝑩𝑬

𝑨
=
𝟏𝟕𝟑𝟏. 𝟐𝟖

𝟐𝟐𝟔
= 𝟖. 𝟕𝟖𝟗𝟒𝑴𝒆𝑽For iron-56:

Since 
𝑩𝑬

𝑨
of iron> 

𝑩𝑬

𝑨
of Radium, then iron is more stable  

Stability of the atom 




