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Orbital angular momentum : L=lh/2π. L=0,1,2,3,4……..
Spin angular momentum :S=ms/2π, where ms=+1/2, or -1/2
Magnetic moment due to orbital angular moment:μl=- gl(e/2m)L
Where g is called lande ‘g’ factor =1 for orbital motion, g=2 for spin 
motion 
Magnetic moment due to spin Angular moment: [μs=- gs(e/2m)S]
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Magnetic Dipole moment
Electricity is the movement of electrons, whether in a wire or in an atom, so each atom represents a tiny permanent
magnet in its own right.

The circulating electron produces its own orbital magnetic moment, measured in Bohr magnetons (µB), and there is
also a spin magnetic moment associated with it due to the electron itself spinning, like the earth, on its own axis
(illustrated in figure).

In most materials there are resultant magnetic moments, due to the electrons being grouped in pairs causing the
magnetic moment to be cancelled by its neighbour.

Figure-The orbit of a spinning electron about the nucleus of an atom.



School of Basic and Applied Science
Curse Code : MSCP6002 Course Name: ATOMIC AND MOLECULAR PHYSICS

Name of the Faculty: Dr. ANIS AHMAD Program Name: M.Sc. Physics

Magnetic Dipole moment
In certain magnetic materials the magnetic moments of a large proportion of the electrons align, producing a unified magnetic
field.

The field produced in the material (or by an electromagnet) has a direction of flow and any magnet will experience a force trying to
align it with an externally applied field, just like a compass needle.

These forces are used to drive electric motors, produce sounds in a speaker system, control the voice coil in a CD player, etc...

The interactions between magnetism and electricity are therefore an essential aspect of many devices we use every day.
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Direction of magnetic dipole moment:
if electron revolve round the nucleus in counter clockwise angular moment (L) directed upward  and magnetic 

moment (μ) downwards

Angular momentum and Magnetic moment both are antiparallel always i.e. L= - μ
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Magnetic Dipole moment

Total magnetic moment= Orbital magnetic moment+ spin magnetic moment

μtotal = μorbital + μSpin
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Magnetic Dipole moment
Magnetic moment of an atom:

There are two contributions to the magnetic moment of an electron: (a) Orbital motion of electrons and (b) Spin.

Orbital magnetic moment: Consider an electron revolving around a nucleus. The current constituted by this electron
is
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If v is the speed of electron in the circular orbit of radius r, then
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Magnetic moment due to orbital motion of the electron is 
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Dipole moment
From Bohr’s condition of quantized orbits, the angular momentum of the electron is given by

L= 𝑚௘𝑣𝑟 =
 ௟௛

ଶ గ
, 𝑙 = 0,1,2,3 … …

Where 𝑚௘ is the mass of the electron? This gives 

𝑣𝑟 =
 𝑙ℎ

2 𝜋𝑚௘

Substituting this in (1)

𝑀 =
 𝑒

2 
×
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2 𝜋𝑚௘

𝑀 = 𝑙
 ௘௛

ସ గ௠೐
,  𝑙 = 0,1,2,3 … …

The quantity 
 ௘௛

ସ గ௠೐
forms a natural unit for magnetic moment and is known as the Bohr magneton (μB) and has 

a value of 9.28 × 10ିଶସampere m2. Thus,

𝑀 = 𝑙μ୆,  𝑙 = 0,1,2,3 … … …
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Magnetic Dipole moment
Note: According to quantum theory, angular momentum L is given by

௛
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and the z component is given by 
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Thus, quantum mechanically, orbital magnetic moment is given by 
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Gyromagnetic ratio: The ratio of the magnetic moment to angular momentum is called 
gyromagnetic ratio (γ). The orbital Gyromagnetic ratio is given by
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The negative sign shows that the angular momentum and magnetic moment are in opposite 
directions. Thus, 
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Spin magnetic Moment
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Spin magnetic Dipole moment
Spin magnetic moment: The magnetic moment associated with the spin of the electron is called spin magnetic
moment. Although it has a quantum mechanical origin, spin can be thought of as the rotation of electronic charge
about its own axis. The magnetic moment due to spin comes out to be

MS = g 𝛾𝑺

where S is the spin angular momentum. Its z-component is quantized and is given by

SZ = 
 ௠ೞ௛

ଶ గ

Where 𝑚௦is the spin magnetic quantum number which can take values of +1/2 and -1/2. g is called Lande’s g-factor 
and has a value 2 for electron spin. Thus 

MS = g 𝛾
 ௠ೞ௛

ଶ గ
=

 ௘௛

ଶ గ௠೐
𝑚௦ = 2μ୆𝑚௦ ,𝑚௦ = ±

ଵ
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Thus the magnitude of the magnetic moment of an electron due to its spin is one Bohr magneton.
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Magnetic Dipole moment
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Summary:
• Motion of electron produces current
• Orbital and spinning motion of electron in an atom behave as  magnetic 

dipoles i.e. it produces magnetic moment.
• There are two types of magnetic moment (i) orbital and (ii) spin
• Total magnetic moment is the sum of orbital and spin magnetic moments
• Unit of magnetic moment  is Bohr magneton (μB) and has a value of μB= 

ିଶସampere m2. 

• The angular momentum and magnetic moment are in opposite directions.
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