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Chapter 2 

Magnetism 

 

Chapter-2 Syllabus 

1. Natural and artificial magnet, theory of magnetism, different types of 

magnets, induced magnetism. (1 hour) 

2. Inverse Square law of magnetism, its explanation with mathematical 

expression, magnetic field, uniform and non-uniform field, magnetic 

potential & magnetic intensity, calculation of magnetic intensity due to a 

dipole on end-on & broad-side on position, magnetic moment, couple on 

a magnet in an uniform magnetic field, Tangent law and its mathematical 

expression, Deflection Magnetometer. (3 hours) 

3. Terrestrial magnetism, elements of terrestrial magnetism, explanation of 

declination, dip/inclination and horizontal component of earth’s magnetic 

field. (1 hour) 
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Magnetism 

Magnets and magnetism: A magnet is a material that has both attractive and directive 

properties. The property of attraction is called magnetism. 

Artificial magnet: The pieces of iron and other magnetic materials can be made to acquire 

the properties of natural magnets. Such magnets are called artificial magnets. 

Natural magnet: Naturally occurring iron ore, lodestone or magnetite etc, have property of 

attracting small pieces of iron and have directional property, are known as natural magnet. 

Properties of magnets: 

1. Attractive property: A magnet attracts small pieces of iron, cobalt, nickel, etc. The 

ends of a magnet show great attraction. These ends where magnetic attraction is 

maximum, are called pole of the magnets. Thus every magnet has two poles. 

                              

                                             Fig: Poles of bar magnet 

2. Directional property: When a magnet is suspended or pivoted freely, aligns itself in 

the geographical north south direction. The pole of the magnet which points towards 

the geographical north is called North pole, and the other pole is called South pole. 

3. Like poles repel and unlike poles attract: If N-pole of a magnet is brought nearer to 

the North pole of another magnet, they repel each other. Same thing happens with two 

South poles. 

4. Magnetic poles always exists in pair: If we try to isolate the two poles of a magnet 

from each other by breaking the magnets in the middle, each broken part of the 

magnet is found to be a magnet with N-pole and S-pole at its ends. 

5. Magnetic induction: A magnet induces magnetism in magnetic substances placed 

near it. This phenomenon is called magnetic induction. 

Some definition related to magnetism: 

1. Magnetic field: The space around the magnet within which its influence can be 

experienced is called its magnetic field. 
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2. Uniform magnetic field: A magnetic field in a region is said to be uniform if it has 

same magnitude and direction at all points of that region. 

3. Magnetic poles: These are regions of apparently concentrated magnetic strength in a 

magnet where the magnetic attraction is maximum. The poles of the magnet lie 

somewhat inside the magnet not at its geometrical ends. 

                            

4. Magnetic axis: The line passing through the poles of a magnet is called the magnetic 

axis of the magnet. 

5. Magnetic equator: The line passing through the centre of the magnet and at right 

angles to the magnetic axis is called the magnetic equator of the magnet. 

6. Magnetic length: The distance between the two poles of a magnet is called the 

magnetic length of a magnet. It is slightly less than the geometrical length of the 

magnet. 

                 

 

It is found that     
 

 
 = 0.84 

 

Types of magnet: 

1. Bar magnet: It is a bar of circular or rectangular cross-section. 

2. Magnetic needle: It is a thin magnetised steel needle having pointed ends and is 

pivoted at its centre so that it is free to rotate in a horizontal plane. 

3. Horse shoe magnet: It has the shape of a horse show and thus it has been named so. 

4. Ball ended magnet: It is a thin bar of circular cross-section ending in two spherical 

balls. 
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Inverse square law of magnetism: 

 Coulomb’s law of magnetic force: This law states that the force of attraction or 

repulsion between two magnetic poles is directly proportional to the product of their pole 

strengths and inversely proportional to the square of the distance between them. 

 If qm1 and qm2 be the pole strengths of the two magnetic poles which are distance ‘r’ 

apart, then the force between them is given by, 

  F ∝  

  F =  𝐾  

 Where K is the proportionality constant and its value is K =  

 𝜇o: Permeability of free space and its value is 4𝜋×10-7 henry/metre 

If 𝑞  = 𝑞 = 1 unit, r = 1m, then 

  F =  = 10-7 N 

 Hence a unit magnetic pole may be defined as that pole which when placed in vacuum 

at a distance of one metre from an identical pole repels it with a force of 10-7 N. 

Magnetic dipole and magnetic dipole moment: 

 An arrangement of two equal and opposite magnetic poles separated by a small 

distance is called a magnetic dipole. 

 Simple magnetic poles are not isolated like electric poles. 

Magnetic dipole moment (�⃗�): The magnetic dipole moment of a magnetic dipole is defined 

as the product of the pole strength and magnetic length. 

 �⃗� = qm× 2𝑙 

 Where qm = Pole strength 

            2𝑙 = Magnetic length. 

SI unit of �⃗� is Ampere metre2 (Am2) or Joule per Tesla (J T-1) 
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Magnetisation and magnetic intensity: 

 Magnetisation (M) is defined as the net magnetic moment per unit volume. 

 M =  (Unit is Am-1)  

Magnetic field intensity (H): 

 The magnetic field intensity at any point in the magnetic field is defined as the force 

experienced by the unit north pole at that point. 

The magnetic field intensity is defined as, H =  

 Where B = Magnetic flux density 

           𝜇o = Permeability free space. 

Magnetic flux density (�⃗�): Number of magnetic lines of force passing through unit area of a 

material denoted by B. Its unit is Tesla.  

 The degree to which the magnetic field can penetrate a material is called ‘relative 

permeability’ (𝜇r) of the material. 

Magnetic field of a bar magnet at the axial point: 

 Let NS be a bar magnet of length 2l and pole strength qm. Suppose the magnetic field 

is to be determined at a point P which lies on the axis of the magnet at a distance r from the 

centre, as shown in the figure. 
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Let a unit north pole is placed at point P. Then the Coulomb’s law of magnetic forces, 

the force exerted by the north pole of strength qm on unit north pole will be, 

 FN =  
( )

   along 𝑁�⃗� 

Similarly, force exerted by S-pole on unit north pole is, 

 FS =  
( )

   along 𝑃�⃗� 

Therefore, the strength of magnetic field 𝐵 at point P is, 

Baxial = FN - FS =   
( )

 −  
( )

 

        =  [
( )

 −
( )

] 

       = 
( )  ( )

( ) ( )
 

       = 
( ) ( )

[( )( )]
 

        =  
( )

 

But qm.2l = m is the magnetic dipole moment. 

⸫ Baxial =  
( )

 

For a short bar magnet, l≪r, therefore we have 

Baxial =      along 𝑁�⃗� 

        =   

⸫ Baxial =  
⃗
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Magnetic field of a bar magnet (magnetic dipole) at an equilateral point (broad-side-on 

position): 

 Let us consider a magnetic dipole NS of length 2l and of pole strength qm. Suppose 

magnetic field is to be determined at a point P lying on the equilateral line of the magnetic 

dipole NS at a distance r from its centre, as shown in the figure. 

                                

                          Fig: Magnetic field of a magnetic dipole at an equilateral point 

Let us imagine a unit North Pole is placed at a point P. Then from Coulomb’s law of 

magnetic forces, the force exerted by the north pole of the magnet on unit North Pole is: 

 FN =      along NP  

 Similarly, the force exerted by the S-pole of the magnet on unit North Pole is, 

 FS =      along PS 

 ⸫ Bequi = FN cos 𝜃 + FS cos 𝜃     

= 2FN cos 𝜃 
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= 2    

= 2   

Or, Bequi =  
⃗

( )
   along PR, where m =qm2l 

     = −  
⃗

( )
 

Torque on a magnetic dipole in a uniform magnetic field: 

Let us consider a bar magnet NS of length 2l placed in a uniform magnetic field 𝐵. 

Let qm be the pole strength of its each pole. Let the magnetic axis of the bar magnet make an 

angle 𝜃 with the field 𝐵, as shown in the figure. 

                    

Force on N-pole = qmB,   along 𝐵 

Force on S-pole = qmB,   opposite of 𝐵 

The forces on the two poles are equal and opposite. They form a couple. Moment of 

couple or torque is given by, 

𝜏 = Force × Perpendicular distance 
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  = qmB×2l𝑠𝑖𝑛 𝜃 

  = (qm×2l) B𝑠𝑖𝑛 𝜃 

  = mB𝑠𝑖𝑛 𝜃 

Where m = qm×2l, is the magnetic dipole moment of the bar magnet. 

In vector notation, 𝜏 = �⃗� × 𝐵  

The direction of torque 𝜏 is given by the right hand screw rule. 

Vibration magnetometer: 

 It is an instrument used to compare the magnetic moments of two magnets or to 

determine the horizontal component of earth’s magnetic field at a place. 

Principle: When a magnet suspended freely in a uniform magnetic field (like the one 

due to the earth), is displaced from its equilibrium position, it begin to vibrate simple 

harmonically about the direction of the field. The period of vibration is given by, 

T = 2𝜋   

Where m = Magnetic moment of the magnet. 

          BH = Horizontal component of earth’s magnetic field. 

            I = The moment of inertia of the magnet about an axis of rotation through its     

                  centre of mass 

   And I = Mass×  
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Q. State and explain tangent law in magnetism.  

Answer: Tangent law is used to determine the strength of two perpendicular magnetic fields. 

This law is called tangent law because of the tangent factor in the expression. 

                  

It states that when a magnet is suspended under the action of uniform magnetic fields 

B perpendicular to the horizontal component of Earth’s magnetic field BH, then the magnet 

comes to rest at an angle 𝜃 with respect to the field BH such that, 

            tan 𝜃 =   or  B = 𝐵 tan 𝜃 

 This is called the tangent law of magnetisation. 

Q. What do you mean by terrestrial magnetism? Name the elements of terrestrial magnet. 

Answer: 

Terrestrial magnetism: The branch of physics that deals with the study of earth’s 

magnetism is called terrestrial magnetisation. 
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Elements of terrestrial magnetism: The earth’s magnetic field at a place can be 

completely described by three parameters which are called elements of earth’s magnetic field. 

They are declination, dip and horizontal component of earth’s magnetic field. 

1. Magnetic declination: The angle between the geographical meridian and the 

magnetic meridian at a place is called the magnetic declination (𝛼) at that place. 

Magnetic declination arises because of the magnetic axis of the earth does not 

coincide with its geographic axis. 

 

 

 

 

 

 

 

 

 

 

 

To determine the magnetic declination at a place, set up a compass needle that 

is free to rotate in a horizontal plane about a vertical axis. The angle 𝛼 that this needle 

makes with the geographical north-south (Ng - Sg) direction is the magnetic 

declination. 

2. Angle of dip or magnetic inclination: The angle made by the earth’s total magnetic 

field 𝐵 with the horizontal direction in the magnetic meridian is called angle of dip 

(𝛿) at any place. 
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The angle of dip is different at different places on the surface of the earth. 

Consider a dip needle, which is just another compass needle but pivoted horizontally 

so that it is free to rotate in a vertical plane coinciding with the magnetic meridian. It 

orients itself so that its N-pole finally points exactly in the direction of the earth’s 

total magnetic field 𝐵. The angle between the horizontal and the final direction of the 

dip needle gives the angle of dip at the given location. 

3. Horizontal component of earth’s magnetic field: It is the component of the earth’s 

total magnetic 𝐵 in the horizontal direction in the magnetic meridian. If 𝛿 is the angle 

of dip at any place, then the horizontal component of earth’s field 𝐵 at that place is 

given by, BH = Bcos 𝛿. 

At the magnetic equator, 𝛿 = 0, BH = Bcos 0° = B 

At the magnetic poles, 𝛿 = 90°, BH = Bcos 90° = 0 
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Q. Define magnetic lines of force. State some of its properties. 

Answer: A magnetic line of force is defined as the curve that the tangent to which at any 

point gives the direction of the magnetic field at that point. 

Properties of magnetic lines of force: 

1. Magnetic lines of force are closed curves which start in air from the N-pole and end at 

the S-pole and then return to the N-pole through the interior of the magnet. 

2. The lines of force never cross each other. 

3. They start from and end on the surface of the magnet normally. 

4. The relative closeness of the lines of force gives the measure of the strength of the 

magnetic field which is maximum at the pole. 
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