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Unit 3-C 

Discuss basic properties of magnets? 

 

What causes magnetism in some materials? Explain the basis of atomic theory? 

 

Define: 

a) Electric field 

b) Magnetic Field 

 

Compare properties of Electric Field Lines and Magnetic Field Lines of force? 

 

What is Magnetic Dipole? Give its S.I. Units. 

 

a) Derive an Expression for ��� and ��� due to electric dipole? 

b) Derive an Expression ��� due to Magnetic Dipole? 

 

Gauss’s Law for Magnetism? 

 

Mark Earth’s Magnetic Field? What are magnetic elements of earth? 

 

a) What is “Tangent Law”? 

b) Discuss three cases where Tangent Law is used extensively? 

 

Give Principle, Construction and Working of Tangent Galvanometer? 

 

Prove for a Magnetic Dipole in a magnetic field the following: 

a) �� = ���� + ��� 
b) U = -���� . ��� 

 

Prove for an electric dipole in an Electric Field the following: 

a) �� = ��� + ��� 

b) U = -��� . ��� 

 

Unit 3-D 

Compare ‘Electric’ and ‘Magnetic’ circuits? 
 

Compare Para, Dia, Ferro magnetic materials? 
 

Discuss behavior of Dia, Para, Ferro magnetic material on the basis of atomic 

molecular theory? 
 

a) What is Hysteresis? 

b) What is significance of area under the B-H loop? 
 

What is the effect of temperature on Dia, Para, Ferro? 
 

Derive an Expression for 	
�� ���
��, 	 of a magnet in magnetic field? 
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Q.1. Discuss basic properties of magnets? 

 

Ans.i) The attraction appears to be maximum at the two ends of the 

 magnet. The effect of magnet is minimum at centre of magnet 

 i.e. at C. 

 

 

 

 

 

 

 

 

 

 

ii) A vertical plane passing through N-S line of a freely suspended 

 magnet is called magnetic meridian. This plane also passes 

 through point of suspension P. 

 

 

 

 

 

 

 

ii) Like poles repel each other and unlike poles attract each other. 

 

iv) Coulomb’s Law of Magnetic Force 

 

 F = 
��
��  

����
��   ������ �!� " #

�.�.%� .
&�.&�
�� ' 

 

v) The magnetic poles always exist in pairs 
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P → point of suspensior 

Magnetic meridian 

S 

( ) 

*� +� 

90% of 2l 

2l 

M = (m)(2l) 

M 0 Magnetic dipole moment 
m 0 Pole strength 

Total = ml + ml 

 = 2ml 
 

Length gets halved  

Pole strength remains same 

� = >� = ��? . 2A'+ ��? . 2A' 

� = >� = 2ml 
 

Length remains same  

Pole strength gets halved  
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Q2. What causes magnetism in some materials? Explain the basis 

 of atomic theory? 

 

Ans.1. Every molecule of a magnetic substance is a complete magnet. 

 

  Electrons moving in the circle is equivalent to current in 

 the ring. It is equivalent to a magnet. 

 

 

2.  Random Distribution:-. 

 

 

  In an unmagnetised substance, the molecular magnetic 

 are randomly oriented such that they form closed chains. 

 

 ������G  =  ����# + ����? + ����H 
 

  =  0 

 

3. When all the molecular magnets are fully aligned the substance 

 is said to be saturated with magnetism. 

 

 

 

 

 

 

 

 

 

4. Two poles will have equal strength. 

 

5. Magnetism reduces on  

 i) Heating 

 ii) Hammering 

 

Reason: Heating or Hammering causes randomness.  Increase in  

  randomness means decrease in magnetism. 

  As alignment increases, magnetism increases. 
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Q3. Define: 

a) Electric field 

b) Magnetic Field. 

 

Ans. Electric Field:- 

 

  Space surrounding a charge where its influence can be 

 experienced. 

 

 Magnetic Field:- 

 

  Space surrounding a magnet where its influence can be 

 experienced. 

 

 

 

 

 

Q4. Compare properties of Electric Field Lines and Magnetic Field 

Lines? 

 

Ans. 

 

 

 

 

 

 

 

 

 

 

Electric Lines 

 

 

 

 

 

1. Electric Lines of force start from +ve 

charge and end up at –ve charge. 

2. Electric Lines of force are continuous but 

not closed loop. 

3. Contract Longitudinally 

 

 

 

 

 

 

 

 

 

 

Dilate laterally 

 

 

 

Magnetic Lines 

 

 

 

 

 

1. Outside the body of the magnet, the 

direction of magnetic lines of force, is 

from North Pole to South Pole. 

2. Magnetic Lines of force are closed 

continuous curves. 

3. Contract Longitudinally 

 

 

 

 

 

 

 

 

 

Dilate laterally 
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Q5. What is Magnetic Dipole? Give its S.I. Units. 

 

Ans. Magnetic dipole moment is defined as the product of pole 

 strength and the distance between the two poles. 

 

  M  =  m(2l) 

 

 Magnetic dipole moment Pole strength 

 

S.I. unit of M, Magnetic dipole moment are 
N=O��
P�G�> or ampere                    

��D��? 

 

  � =  ���� x ��� 
 

  U =  - ���� . ��� 
 

  M =  
Q
R  =  

N=O��
P�G�> 

 

  M =  IA 

 

 

   =  ampere  �? 

 

 

 S.I. unit of pole strength S 

 

  M =  ml 

 

  
T
�  =  m 

 

  m =  
UVWXYX  ��

�  

 

   =  ampere metre 
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Q6. a) Derive an Expression for Z��� and [��� due to electric dipole? 

 b) Derive an Expression \��� due to Magnetic Dipole? 
 

Ans.  V =  �# + �? 
 

   =  
&

��]���  +  
^&

��]��� 
 

  V =  
&

��]�_�^� �=G`a  +  
^&

��]�_�b� �=G`a 
 

  V =  
&

��]� c_�b� �=G`a^_�^� �=G`a
��^�� �=G�` d 

 

   =  
&

��]�  
?� �=G`

_��^�� �=G�`a 
 

   =  
?&� �=G`
��]���  

 

 

 
 

  ��� =  - differentiation of V 
 

   =  - e+ fg
f�  �̂ + fg

�f`  ijk 
 

   =  - e+ f
f�  �l �=G`

��]���' �̂ + f
f`  �l �=G`

��]���' ijk 
 

   =  - el �=G`��]�  ff�  � #
��' �̂ + #�  l

��]���   f
f`  _m�nia ijk 

 

    

  ��� =  
?l �=G`
��]��o . �̂ + 

l^G!p`
��]��o. ij 

 

   
 

 

 Case I on axial line i = 0° 
 

   =  ���
��'  

?Trstu
�o  �̂ + ���

��'  
Ttvwu

�o  
 

   =  
�� ?T _#a

�� �o   +  0 

 

   =  
��
��  

?T
�o    

 

 Case II on equatorial line i = 90° 
 

   =  ���
��'  

?Trstxu°
�o  �̂ + ���

��'  
Ttvwxu°

�o  

 

   =  
�� T _#a
�� �o   +  0 

 

   =  
��
��  

T
�o   

 

• Ratio of axial line to equatorial line at same distance 2 : 1 

• Strength on axial line is more for points at same distance 

V =  
l �=G`
��]��� 
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Q7. Gauss’s Law for Magnetism? 

 

Ans. Total magnetic flux out of a closed surface is zero. 

 

 

 

 

 Concept Examples:- 

 

 

 

 Example 1. 

  Magnet is inside the closed surface 

 

  Number  of lines leaving  =  +2 

  Number  of lines entering  =  -2 

    Total  =  0 

 

 

 

 Example 2. 

  Magnet is outside the closed surface 

 

  Total number of lines leaving =  +2 

  Number  of lines entering  =  -2 

    Total  =  0 

 

 

 

 Example 3. 

  Magnet is partially inside and partially outside 

 

  Total number of lines leaving =  +2 

  Number  of lines entering  =  -2 

    Total  =  0 

 

 

 Lines, inside the magnet start from South to North. 
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Q8. Mark Earth’s Magnetic Field? What are magnetic elements of  

 earth? 

 

Ans. Angle change with time. At present i ≃ 14°. After thousands of 

 years, i may become 180°.  
 

 Cause of Earth’s magnetic field. 
 

 

 

 

 

 

 

 

a) Iron charges  equivalent to current loop 

Inside the Earth. 

 

 

b) Charge rotation outside Earth 
 

 

 

 

 

 

 

 Magnetic Elements of Earth are: 
 

1.  Magnetic Declination 

2. Magnetic dip 

3. Horizontal component 
 

 

1. Magnetic Declination:- 

 Magnetic declination is defined at a place as the angle 

between magnetic meridian and geographic meridian at that 

place. Here i in figure. 
 

2. Magnetic dip:- 

 Magnetic dip at a place is defined as the angle which 

the direction of total strength of Earth’s magnetic field makes 

with a horizontal line in magnetic meridian. 
 

3. Horizontal component:- 

 H =  R cos � 
 

  V =  R sin � 
 

 More about angle of dip � 
 

i) Apparent dip �� 
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MM 

V 

H � 

	LC � =  
g
� 

H 

i 90 * i 

�� " � m�ni 

Plane making angle i 

with MM 

	LC �� =  
g
�� 

 

             =  �g
�' cosi 

Tan �� =  
P>p �
rst`  

) 

( 

)� 

 

(� 

 

14° 
 

i 



 

  Tan �#� =  
P>p �
rst`�   Tan �?� =  

P>p �
rst`� 

 

   =  
P>p �
rst`�   =  

P>p �
rst _xu^`�a  

 

     Tan �?� =  
P>p �
tvw`�  

 

 

 

 

  n
C? i#      +  m�n? i#  =  1 

 

  � P>p �
�Uw ���

'? +  � P>p �
�Uw ���

'?   =  1�?�  

   

  
P>p� �
P>p� ���

      +  
P>p� �
P>p� ���

  =  1 

 

  	LC?�   F�D?�?� �  +  	LC?�   F�D?�#�  = 1 

 

  F�D?�?�      +  F�D?�#�   =  
#

P>p� � 

 

 

 

 

ii) At a place on the poles, Earth’s magnetic field is perpendicular 

to the surface of Earth i.e. Vertical  

 

  At poles, � = 90° 
 

iii) At a place on the equator, Earth’s magnetic field is parallel to 

the surface of Earth, i.e. Horizontal. 

 

   At poles, � = 0° 
 

 

cos i# = 
P>p �
�Uw ���

 sini# = 
P>p �
�Uw ���

 

F�D?�?�      +  F�D?�#�   =  F�D? � 
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Q9. a)  What is “Tangent Law”? 

 b)  Discuss three cases where Tangent Law is used extensively? 

 

Ans.a) Tangent Law:- 

  Tangent Law is used to find radio of two magnetic 

 fields. 
 

  i.e. 

 

1. If a needle is place in a magnetic field B, at an angle i 

 

 Needle experiences a clockwise Torque 

 

  ����  =  ����  x  �#����� 
 

 

 

 

 

 

2. Needle is placed is magnetic field �?. Needle makes angle i 

with x-axis and angle (90- i) with �? 

 

 

 

 

  ���  =  M �? cos i 

 

 

 

3. Under influence of Both �# and �? needle is stable at angle i 

when 

 

  |��>�� | =  |���| 
 

  M�?cosi  =  M�#sini 

 

 

 

 

 i is the angle which the needle makes with magnetic field in 

 denominator 

 

 

 

 

  

	LC i  =  
R�
R� 

����  =  M �# sin i 

����  =  M �? sin(90-i) 

R�
R� =  	LC i 
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b) 

i) Case I: Two magnetic field due to two magnets. 

 

 

 

 

 

 

 

 

 

 

 

 

ii) Case II: Two magnetic field due to two coils/solenoids carrying  

  currents. 

 

 

 

 

 

 

 

 

 

 

 

iii) Case III: One magnetic field due to magnet and 2
nd

 due to coil  

  carrying current. 
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Q10. Give Principle, Construction and Working of Tangent 

 Galvanometer? 

 

Ans. Principle:- 

 

  M �# sin i =  M �? sin(90-i) 

 

  �# sin i  =  �? cos i  

 

 

 

 

 Construction:- 

   Earth’s magnetic field is used as one of the  

  orthogonal fields. 

 

  2
nd

 magnetic field is established using current coil. 

 

  Needle (Pointer) is placed on a horizontal platform. 

 

 

 

 

 

 

 

 

 

 

 

 Working:- 

    

  	LC i  =  
R����
R�����   

    =  
������ �'

R   

  I  =  �?¡R 
��� ' 	LC i 

 

   

 

 

 

  I    α     	LC i 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

	LC i  =  
R�
R� 

I  =  K  	LC i 

   
            Reduction factor 
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Q11. Prove for a Magnetic Dipole in a magnetic field the following: 

a) ¦�� = §���� x \��� 
b) U = -§���� . \���  (�→ Torque, U→ Potential Energy) 

 

Ans.a)  ��  = ¨�� x ��¨ x 2  

 

    = r . F sini 2 

 

    = (2r m)B sini  (As F = m.B) 

 

  ��  = MB sini 

 

   

 

 

 

 

 

 

b)  dw  = � di 

 

    Integrate both sides 
 

  w  = ª � di 

 

  «  = ª�� sini di 

 

 

 

¬ " *�� m�ni                             ¬ "  �� sini di
`�

`�
 

        = - ���� . ���           = MB |*m�ni|i?i# 

 

 

 

 

 

 

 

  

w = -MB _m�ni? * m�ni#a 
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Q12. Prove for an electric dipole in an Electric Field the following: 

a) ¦�� = �̄�� x [���   

b) U = -�̄�� . [���  

          (�→ Torque, U→ Potential Energy) 

 

Ans.a)  ��  = ¨�� x ��¨ x 2  

 

    = r . F sini 2 

 

    = 2r F sini 

 

    = (2r q)E sini   (F=q.E) 

 

  ��  = �E sini 

 

   

 

b) Energy:  

  dw  = � di 

 

    Integrate both sides 
 

  Sª�¬  = ª � di 

 

  Sw  = ª�� sini di 

 

 

 

¬ " *�� m�ni                                 ¬ "  �� sini di
`±`�

`±`�
 

                          = pE |*m�ni|i?i# 

 

 

 

 

      

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

w = -pE _m�ni? * m�ni#a 
U = - �� . ��� 

i = 90° is taken as 

reference for 

Potential Energy 
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Q.1. Compare Electric and Magnetic Circuit? 

 

Ans.  Electric Circuit 

 

1. What causes current in the Electric 

Circuit? 

Ans. Emf (Electro motive force) 

 

 

 

 

 

       
        

                                
 

                                      

 

 

 

 

 
2. Current, I 

 

3. Resistance, R =  
�

².³ 

 

                      Conductivity of material 

 

 

 

 

 

 
 

4. E, Electric field intensity =  

 

E = 
g
�  = 

�.�.´
��p� ¤ 

 
 

 

 

 

 

 

 

 

Magnetic Circuit 

 

1. What causes magnetic flux in magnetic 

circuit?  

Ans. Mmf (Magneto motive force)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Magnetic flux, ф 

 
3. Reluctance, Re {opposition to flow of 

magnetic flux} 

 

 

 

         

 

Iron has high permeability  

wood has low permeability 
 

µ = µ0. µr 

 

       [1,2,3,4,…..] is relative 

permeability 

 

µ0 → permeability of free space and  

µ0 = 4π x 10^¶ in SI units. 
 

4. H, Magnetising field intensity =  

 

H = 
�.�.´

�  = 
�·
�  

 

 N 0 number of turns 

 A  0 length of magnetic circuit 

Permeability 

¸� "  A
µ. ¹ 

 

1

−

I 

V0 

+

�.�. � 

¸ 

A ) 

BC
D 3 * º 



  Electric Circuit 

 

5.   J  = 
·
³ 

 

Current density 

 

 

 

 

6. Ohm’s Law 

 

V  = IR 

 

I = 
g
¡ 

 

   = 
�.�.´

¡  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Magnetic Circuit 

 

5. Magnetic flux density 

 

���  = 
�>p� !� ´�O»

³��>  

 

= 
ф
³ 

 

 

6. Flux 

 

ф =  
�.�.´

¡�  

 

ф =  
�.·
¡�  

 

ф  = 
�.·
¡�  

 

= 
�.·
� �
�½'

 

 
ф
³  = 

�.·�
�  

 

 B =  
�_�.·a

�  

 

[H = 
�.·
�  is m.m.f. per unit length] 

 

 

 

Magnetic flux density depends upon 

material but H does not depend on 

material.  
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Q2. Compare Para, Dia, Ferro magnetic materials? 

 

Ans. 

 

 

 

Dia 

 

1. 

 

 

 

 

 

 

 

 

 

 

 

 

       �!p → decreases slightly 

 

2.    B = µuµ�H 

 

           = µu (1-0.0001)H’ 

 

3.  Susceptibility and Relative 

permeability 

 

      µ� = 1 + ¾� 

¾ 

            =  1 + (-0.0001)  

 

   e¾� " ·�k 
 

Relative permeability 

slightly lesser than unity 

 

Para 

 

1. 

 

 

 

 

 

 

 

 

 

 

 

 

      �!p → increases slightly 

 

2.    B = µuµ�H 

 

           = µu (1+0.001)H 

 

3. 

 

 

     µ� = 1 + ¾� 

 

           =  1 + (-0.0001)  

 

    

 
µ�  Slightly greater than unity 

 

 

Ferro 

 

1. 

 

 

 

 

 

 

 

 

 

 

 

 

      �!p → increases strongly 

 

2.    B = µuµ�H 

 

           = µu (1+1000)H 

 

3. 

 

 

     µ� = 1 + ¾� 

 

           =  1 + (1000)  

 

 

 

   µ� much greater than unity 
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Dia 

 

 

 

Para 

 

 

 

Ferro 
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Q3. Discuss behavior of Dia, Para, Ferro magnetic material on the 

basis of atomic molecular theory? 

 

Ans. Dia 

 

 Case I:- 

  When there is no external magnetic field. 

 

  �p�  = 0 if ��»  = 0 

 

 Case II:- 

  When ��»  is applied 

 

  F = q¿��� x ���À 

 

  Direction of B is same  

  Direction of ��� is opposite 

  So, direction of �� is opposite 

 

  So, magnetic moment of one electron increase to M + ∆M 

         magnetic moment of 2
nd

 electron decrease to M - ∆M 

 

  ����p�  = ¿���� + ∆����À - ¿���� * ∆����À 

 

  ����p�  = 2 ∆M, opposite to ��� 
 

 Para 

 

 Case I:- 

  When there is no external magnetic field 

 

  ��»   = 0 

 

  Magnetisation  = 0 

 

  When ����»  is present: 

 

 Atoms orient in the direction of field B inside, B 

increases ‘slightly’. 
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� 

� � 

) ( 

� * ∆� 

��» ��p>� 

� + ∆� ) ( 



 Ferro 

 

 Case I:- 

  When there is no external magnetic field 

 

  ��»  = 0 

 

Dipole in different domains are oriented in different 

directions 

 

 

 

 Case II:- 

  When ��»  is present 

 

 

 

 

 

 

 

Theory I 

 

(Domain Expansion Theory) 

 

 

 

 

 

 

Domain A is parallel to ��» . So 

domain A expands at the cost of 

others. 

 

Result  ≠  0 

 

 

 

 

 

 

 

Theory II 

 

(Domain Orientation Theory) 

 

 

 

 

 

 

 

 

 

All atoms orient in the direction of 

��» . 

 

 

 

 

 

 

  

Result → Zero 
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Q4. a)    What is Hysteresis? 

b) What is significance of area under the B-H loop? 

 

Ans.a)  The phenomenon of lagging of I or B behind H when a 

 specimen of a magnetic material is subjected to a cycle of 

 magnetization is called Hysteresis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b)  area  → B x H 

 

  =   
Â
·� x 

�·
�  

 

  =  
Â
��  =  

Â=���
>��>   x  

�
�  =  

�=�Ã
Ä=�O�� 

 

  It indicates losses per unit volume. 

 

Example:-  
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Q5. What is the effect of temperature on Dia, Para, Ferro? 

 

Ans. Dia 

  It is practically independent of temperature. 

The appearance of induced magnetic moment in atoms 

is not affected by the thermal motion of the atoms, 

therefore, magnetic susceptibility of such material does 

not depend on temperature of the materials. 

 

 Para 

   It decreases with rise in temperature 

 

   ¾� Ê 
#
P 

 

   (µ� = 1 + ¾� also decreases with heating). 

 

 Ferro 

It decreases with rise in temperature and above 

curie temperature, ferro magnetic material becomes 

para magnetic. 

 

  Curie Law in magnetism 

 

   ¾� " 
Ë
P 

 

 Where C is a constant of proportionality and is 

called curie constant. 
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Q6. Derive an Expression for ÍÎÏÐ ¯ÐÑÎÒÓ, Í of a magnet in  

  magnetic field? 

 

Ans. Step 1:- 

  Displace the object from its mean position. 
 

  Check object tries to regain its original position. 
 

 Step 2:- 

  Find restoring Force/Torque 

 

  �� =  ����  x  ��� 
 

 

 

  [If we rotate the magnet anticlockwise, Torque acts  

    clockwise] 
 

 Step 3:- 

 

  

 

 Step 4:- 

  From        and  

 

  I α =  -MB sin i 

 

  α =  - 
T
·  sin i  (Not S.H.M.) 

 

  For small angles sin i ≃ i 

 

  α =  - 
TR`

·  

   

      

 

 

 Step 5:- 

  Compare it with standard equation 

 

 

 

  Ô? =  
TR
·  

 

  Ô =  ÕTR
·  

 

  
?�
P  =  ÕTR

·   

  

� =  -MB sin i  1 

� =  I α  2 

 1  2 

acc =  -_Ô?a displacement 

T = 2.Ö Õ ·
TR 
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· ' . i 
Acc = (const.) displacement. 

condition for S.H.M. 



 

Magnetic Magnetometers 

 

 Tan A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Tan i =  
R×
R   

 

  Tan i =  
���ØÙ'��×�o '

R   

 

  We can find (i) Magnetic moment, deflection 

           (ii) to compare the value of M 

 

 

 

 

 Tan B 

  Tan i =  
R×
R   

 

  Tan i =  
���ØÙ'�×

�o'
R   

 

  To find :- M 

 

  Ratio to compare the value of M 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P>p `�
P>p `� =  

T�
T� 

P>p `�
P>p `� =  

T�
T� 

19

�£  

�� 

�p�£ sin i 

�p�p  

sin(90-i) 

�£  

��>� 
) ( 

) 

( 

Ú � 

) 

( 

Ú � 

� 

) ( 

i 

�£  

 

�£  

 

�T 

 


