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Preface 

The concept of electro-magnetism still needs to be mathematically more improved & simplified to 

make its feasible applications in the field of Physics. Mathematical derivations & formulations of 

Electro-magnetism become essential for its applications in basic & applied Physics & so in the field 

of Engineering. Especially Geometry, calculus, trigonometry have been applied to analyse various 

articles in Electro-magnetism. The learners studying at any level or higher education graduate & 

undergraduate can find it useful to learn the basic & advanced mathematical concepts in Electro-

magnetism. This academic book especially deals with the Magnetic Field & Magnetic Moment 

produced by rotating electric charge in Electro-magnetism & hence is available as a reference book.  

The author uses the analogy of a uniformly rotating electric charge to the electric current. A point 

electric charge moving with a constant speed along a circular path of certain radius behaves like a 

circular loop of electric current with the same radius, its centre at the point of rotation and its plane 

coincident with the plane of rotation of point charge. If an electric charge is uniformly distributed over 

a line, surface or throughout a solid rotating at a constant angular speed about an axis then every point 

(i.e. differential charge) on that body also rotates in the same direction, at the same angular speed 

about the same axis. The differential amount of electric charge concentrated at a point and rotating at 

a constant angular speed behaves like a circular loop of tiny current generating differential magnetic 

field along the axis of rotation.  This concept and analogy is used to derive an analytic master formula 

(also in differential form), using Biot-Savart Law, for further deriving the numerous mathematical 

expressions to analytically compute the strength of magnetic field, at the axis of rotation, generated 

by a point or uniformly distributed electric charge over a straight line, a ring, a disk (lamina), a curved 

surface or throughout a solid body (like cube, cylinder, sphere etc.) rotating with a constant angular 

speed about an axis. The magnetic field generated by a uniformly rotating electric charge is along axis 

of rotation, direction of which is given by Right Hand Rule.  

Easy mathematical derivations, numerical examples & key-points are salient features of the entire 

book. The author thinks that the present edition will be very useful to the learners to develop new skills 

in this subject. Although the best efforts have been made by the author to make this book error free 

still some errors might have crept in. Therefore, all the learners & readers are welcome to give their 

feedback to the author.                                                                        

H. C. Rajpoot 

 

 

 

 

 



 

Copyright© Electro-Magnetism by H C Rajpoot 

Acknowledgements 

After a long & deep study, I could complete this book (created as an academic research) written on 

my interesting subject “Electro-magnetism”. I had to study & work constantly for a long time on this 

book for new findings in this subject. I offer my great sense of gratitude to my parents & elder brother 

Dr. C. S. Rajpoot who always, loved, inspired, encouraged, helped & have been showering their 

blessings on me. Also, I am thankful to all my teachers specially Mr Upendra Sir, an experienced 

teacher of physics at Oxford Model I.C. Syam Nagar, Kanpur, who not only taught & guided but also 

helped me with all the aspects in my studies & always inspired me to bring innovative ideas in the 

field of scientific and technical education. He had been my best guide & directed me for this work. 

The author is deeply thankful to ALMIGHTY GOD who kept him physically fit during the completion 

of this academic research based book.   

Hoping my work will be useful for all the learners & wishing them a profitable & enjoyable journey 

through this book. 

 

 

 

 

 

 

 

 

 

 

Copyright© Harish Chandra Rajpoot  

All rights are reserved. This book has been published in good faith that the work of author is original. 

No part of this book shall be produced, stored in a retrieval system or transmitted by any means 

electronic, mechanical, photocopying, recording or otherwise without written permission from the 

author or publisher.  

All the derivations & numerical data of this book computed by the author Mr H.C. Rajpoot, are 

mathematically correct to the best of his knowledge & experience. 



 

Copyright© Electro-Magnetism by H C Rajpoot 

Interior Files 

 

1. A positive electric charge 𝐐 is uniformly distributed over a straight 

line-segment AB (i.e. coincident with X-axis) such that the distances of 

its end-points A and B from the origin O are 𝐚 & 𝐛 (∀ 𝐚 < 𝐛) respectively 

(as shown in fig-4). If it is rotated at a constant angular speed 𝛚 about 

Y-axis (i.e. lying in XY-plane of paper), magnetic field 𝐁 generated at 

the origin O (i.e. centre of rotation) is given by following formula (1) 

 

       𝐁 =
𝛍𝐨

𝟒𝛑

𝛚𝐐

(𝐛 − 𝐚)
𝐥𝐧 (

𝐛

𝐚
)                                        ……… . (𝟏) 

 

The ratio of magnetic dipole moment (M) & angular momentum (J) of an electric charge uniformly 

distributed over a rotating line-segment: Consider an electric charge Q of mass m uniformly distributed over 

a line segment AB of length (b − a) rotating at a constant angular speed ω about the centre O (as shown in fig-

5 above). From above equations (1.1) & (1.2), the ratio of magnetic dipole moment M and angular momentum 

J is given as follows 

M

J
=

(
ωQ(a2 + b2 + ab)

6
)

(
m(a2 + b2 + ab)ω

3
)

=
Q

2m
 

                       
𝐌

𝐉
=

𝐐

𝟐𝐦
                                                                       

 

Above is the standard formula for the ratio of magnetic dipole moment M and angular momentum J of a uniformly 

distributed & rotating electric charge Q of mass  . 

 

 

 

 

 

 

 

 

 

Figure 4: A line-segment AB 
rotating with a constant angular 
speed 𝝎 about Y-axis in XY 
plane (i.e. the plane of paper)  

 

 

Figure 4: A line-segment AB 
rotating with a constant angular 

speed 𝝎 about Y-axis in XY 
plane (i.e. the plane of paper)  
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Solved examples based on Mathematical Formula in Electromagnetism 

The directions of magnetic field (�⃗� ) & magnetic dipole moment (�⃗⃗� ) are same along the angular velocity vector 

(�⃗⃗� ) for a positive electric charge but both are opposite to �⃗⃗�   for a negative electric charge. The direction of 

angular momentum (𝐽 ) is always along the angular velocity vector (�⃗⃗� ) irrespective of the nature of electric 

charge.  The specific formula (as derived above) will be recalled and applied to solve a particular numerical 

problem. Therefore it’s advisable to go through all above formula and derivations for solving the numerical 

questions related to Electromagnetism as given below. 

 

Q1. Two electric charges +2C & −𝟕C are uniformly distributed over 

the lengths AC=4cm and BC=8cm respectively of the line AB which 

rotates at a constant angular speed 𝟓𝝅 𝒓𝒂𝒅/𝒔𝒆𝒄 such that the 

normal distance of its end-point A from the axis of rotation YY’ is 

2cm (As shown in fig-48). Find out the strength of magnetic field (B) 

at the axis of rotation and the magnetic dipole moment (M).  

Sol. There are two electric charges of opposite nature distributed over 

different lengths of line AB therefore we will compute the magnetic field 

& magnetic dipole moment generated by individual electric charge as 

follows 

 

 

The magnetic field |𝐵1
⃗⃗⃗⃗ | generated by electric charge Q = +2 𝐶 uniformly distributed over the line-segment AC 

rotating at a constant angular speed 𝜔 = 5𝜋 𝑟𝑎𝑑/𝑠𝑒𝑐 about axis YY’ such that the normal distances of end-

points A & C from the axis of rotation YY’ are 𝑎 = 2 𝑐𝑚 & 𝑏 = 6 𝑐𝑚 respectively (see fig-48) is given from 

formula(1) (as derived above) as follows 

𝑩 =
𝝁𝒐

𝟒𝝅

𝝎𝑸

(𝒃 − 𝒂)
𝒍𝒏 (

𝒃

𝒂
)                                                                                                                             

⇒  |𝐵1
⃗⃗⃗⃗ | = 10−7 ∙

5𝜋 ∙ 2

(6 − 2) × 10−2
𝑙𝑛 (

6 × 10−2

2 × 10−2
)                         (𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠) 

|𝐵1
⃗⃗⃗⃗ | = 2.5𝜋 × 10−5 𝑙𝑛 3 ≈ 8.628 × 10−5 𝑇  (𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 𝑤𝑖𝑡ℎ �⃗⃗�  )                                                            

& magnetic dipole moment |𝑀1
⃗⃗⃗⃗  ⃗| of uniformly charged line AC is given by substituting  𝜔 = 5𝜋 𝑟𝑎𝑑/𝑠𝑒𝑐 ,  𝑄 =

2 𝐶,  𝑎 = 2 𝑐𝑚 = 2 × 10−2 𝑚 & 𝑏 = 6 𝑐𝑚 = 6 × 10−2 𝑚 in above equation(1.1) as follows 

𝑴 =
𝝎𝑸(𝒂𝟐 + 𝒃𝟐 + 𝒂𝒃)

𝟔
                                                                       

⇒ |𝑀1
⃗⃗⃗⃗  ⃗|  =

5𝜋 ∙ 2((2 × 10−2)2 + (6 × 10−2)2 + (2 × 10−2)(6 × 10−2))

6
     

⇒ |𝑀1
⃗⃗⃗⃗  ⃗|  =

260𝜋 × 10−4

3
≈ 0.027227 𝐴𝑚2   (𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 𝑤𝑖𝑡ℎ �⃗⃗�  )                    

Figure 48: Two charges +2C and 
-7C are distributed uniformly 
over the lines AC & BC 
respectively of line AB rotating 

⟂ to the plane of paper  
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The magnetic field |𝐵2
⃗⃗⃗⃗  | generated by electric charge 𝑄 = −7𝐶 uniformly distributed over the line-segment BC 

rotating at a constant angular speed 𝜔 = 5𝜋 𝑟𝑎𝑑/𝑠𝑒𝑐 about axis YY’ such that the normal distances of end-

points C & B from the axis of rotation YY’ are 𝑎 = 6 𝑐𝑚 & 𝑏 = 14 𝑐𝑚 respectively (see above fig-48) is given 

from formula(1) (as derived above) as follows 

𝑩 =
𝝁𝒐

𝟒𝝅

𝝎𝑸

(𝒃 − 𝒂)
𝒍𝒏 (

𝒃

𝒂
)                                                                                                                        

 ⇒   |𝐵2
⃗⃗⃗⃗  | = 10−7 ∙

5𝜋 ∙ 7

(14 − 6) × 10−2
𝑙𝑛 (

14 × 10−2

6 × 10−2
)                    (𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠) 

|𝐵2
⃗⃗⃗⃗  | =

35𝜋 × 10−5 𝑙𝑛 (
7
3
)

8
≈ 11.646 × 10−5 𝑇  (𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑡𝑜 �⃗⃗�  )                                                        

& magnetic dipole moment |𝑀2
⃗⃗ ⃗⃗  ⃗| of uniformly charged line BC is given by substituting  𝜔 = 5𝜋 𝑟𝑎𝑑/𝑠𝑒𝑐 ,  𝑄 =

7 𝐶,  𝑎 = 6 𝑐𝑚 = 6 × 10−2 𝑚 & 𝑏 = 14 𝑐𝑚 = 14 × 10−2 𝑚 in above equation(1.1) as follows 

𝑴 =
𝝎𝑸(𝒂𝟐 + 𝒃𝟐 + 𝒂𝒃)

𝟔
                                                                                                                         

⇒ |𝑀2
⃗⃗ ⃗⃗  ⃗|  =

5𝜋 ∙ 7((6 × 10−2)2 + (14 × 10−2)2 + (6 × 10−2)(14 × 10−2))

6
                                                 

 |𝑀2
⃗⃗ ⃗⃗  ⃗|  =

553𝜋 × 10−3

3
≈ 0.5791 𝐴𝑚2   (𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑡𝑜 �⃗⃗�  )                                                                           

Now, taking the algebraic sum, the magnetic field |�⃗� | generated by a uniformly charged line AB at the axis of 

rotation YY’ as follows  

|�⃗� | = |𝐵1
⃗⃗⃗⃗ | − |𝐵2

⃗⃗⃗⃗  |                                                                      

= 8.628 × 10−5  − 11.646 × 10−5                       

= −3.018 × 10−5 T                                                   

                       ∴  |�⃗⃗� | = 𝟑. 𝟎𝟏𝟖 × 𝟏𝟎−𝟓 𝑻 (𝒐𝒑𝒑𝒐𝒔𝒊𝒕𝒆 𝒕𝒐 �⃗⃗⃗�  )                                             𝑨𝒏𝒔. 

Similarly, taking the algebraic sum, the magnetic dipole moment |�⃗⃗� | of a uniformly charged line AB rotating at 

a constant angular speed as follows  

|�⃗⃗� | = |𝑀1
⃗⃗⃗⃗  ⃗| − |𝑀2

⃗⃗ ⃗⃗  ⃗|                                                                      

= 0.027227 − 0.5791                                               

= −0.551873 𝐴𝑚2                                                     

                       ∴  |�⃗⃗⃗� | = 𝟎. 𝟓𝟓𝟏𝟖𝟕𝟑 𝑨𝒎𝟐 (𝒐𝒑𝒑𝒐𝒔𝒊𝒕𝒆 𝒕𝒐 �⃗⃗⃗�  )                                              𝑨𝒏𝒔. 
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Q2. An electric charge +15C is uniformly distributed over a 

rectangular lamina ABCD with length & width 𝟏𝟎 𝒄𝒎 & 𝟔 𝒄𝒎 which 

rotates at a constant angular speed 
𝟐𝟓

𝝅
 𝒓𝒂𝒅/𝒔𝒆𝒄 about its vertex A 

(As shown in fig-49). Find out the strength of magnetic field (B) at 

the point of rotation and magnetic dipole moment (M).  

 

 

 

Sol. The magnetic field |�⃗� | generated by electric charge 𝑄 = +15 𝐶 

uniformly distributed over the rectangle ABCD of length 𝑙 = 10 𝑐𝑚 & width 𝑏 = 6 𝑐𝑚 rotating at a constant 

angular speed 𝜔 =
25

𝜋
 𝑟𝑎𝑑/𝑠𝑒𝑐 about its vertex A (see fig-49) is given by formula(25) (as derived above for a 

rectangular lamina) as follows 

𝐵 =
𝜇𝑜

4𝜋

𝜔𝑄

𝑙𝑏
(𝑙 𝑠𝑖𝑛ℎ−1 (

𝑏

𝑙
) + 𝑏 𝑠𝑖𝑛ℎ−1 (

𝑙

𝑏
))                                                                                                  

⇒ |�⃗� | = 10−7 ∙  
(
25
𝜋

)15

0.1 ∙ 0.06
(0.1 𝑠𝑖𝑛ℎ−1 (

0.06

0.1
) + 0.06 𝑠𝑖𝑛ℎ−1 (

0.1

0.06
))      (𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠) 

|�⃗⃗� | = 2.664 × 10−4 𝑇  (𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 𝑤𝑖𝑡ℎ �⃗⃗�  )                                                       𝑨𝒏𝒔.                                      

& magnetic dipole moment |�⃗⃗� | of uniformly charged rectangular lamina is given by substituting  𝜔 =
25

𝜋
 𝑟𝑎𝑑/𝑠𝑒𝑐 ,  𝑄 = 15 𝐶,  𝑙 = 10 𝑐𝑚 = 0.1 𝑚 & 𝑏 = 6 𝑐𝑚 = 0.06 𝑚 in above equation(25.1) as follows 

𝑴 =
𝝎𝑸(𝒍𝟐 + 𝒃𝟐)

𝟔
                                                                                    

⇒ |�⃗⃗� |  =

25
𝜋

∙ 15((0.1)2 + (0.06)2)

6
                                                                      

 |�⃗⃗� |  = 0.27056 𝐴𝑚2   (𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 𝑤𝑖𝑡ℎ �⃗⃗�  )                                𝑨𝒏𝒔.      

 

 

 

 

 

 

 

 

Figure 49: Electric charge +15C is 
distributed uniformly over the 
rectangular lamina ABCD rotating 

at 
𝟐𝟓

𝝅
 𝐫𝐚𝐝/𝐬𝐞𝐜 in the plane of paper  
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Q3. An electric charge +20C is uniformly distributed over a circular lamina with radius 𝟏𝟐 𝒄𝒎  which 

rotates at a constant angular speed 𝟕 𝒓𝒂𝒅/𝒔𝒆𝒄 about its centre. Find out the strength of magnetic field 

(B) at the point of rotation and magnetic dipole moment (M). 

Sol. The magnetic field |�⃗� | generated by electric charge 𝑄 = +20 𝐶 uniformly distributed over the circular lamina 

of radius 𝑅 = 10 𝑐𝑚 = 0.1 𝑚 rotating at a constant angular speed 𝜔 = 7 𝑟𝑎𝑑/𝑠𝑒𝑐 about its centre is given by 

formula (15) (as derived above for a circular lamina) as follows 

 

𝐵 =
𝜇𝑜

2𝜋

𝜔𝑄

𝑅
                                                                                                                

|�⃗� | = 2 × 10−7 ∙  
7 ∙ 20

0.1
                   (𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠) 

            |�⃗⃗� | = 2.8 × 10−4 𝑇  (𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 w𝑖𝑡ℎ �⃗⃗�  )                                                                𝑨𝒏𝒔.   

& magnetic dipole moment |�⃗⃗� | of uniformly charged circular lamina is given by substituting  𝜔 = 7 𝑟𝑎𝑑/𝑠𝑒𝑐 ,  

𝑄 = 20 𝐶,  𝑅 = 10 𝑐𝑚 = 0.1 𝑚 in above equation(15.1) as follows 

𝑴 =
𝝎𝑸𝑹𝟐

𝟒
                                                                                                                

⇒ |�⃗⃗� |  =
7 ∙ 20 ∙ (0.1)2

4
                                                                                                            

 |�⃗⃗� |  = 0.35 𝐴𝑚2   (𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 𝑤𝑖𝑡ℎ �⃗⃗�  )                                                         𝑨𝒏𝒔.      

 

 

Q4. An electric charge -80 C is uniformly distributed over a spherical surface with radius 𝟐𝟎 𝒄𝒎  which 

rotates at a constant angular speed 𝟐𝟒/𝝅 𝒓𝒂𝒅/𝒔𝒆𝒄 about its diametral axis (i.e. passing through the 

centre). Find out the strength of magnetic field (B) at the axis of rotation and magnetic dipole moment 

(M) of the spherical surface. 

Sol. The magnetic field |�⃗� | generated by electric charge 𝑄 = −50 𝐶 uniformly distributed over the spherical 

surface of radius 𝑅 = 20 𝑐𝑚 = 0.2 𝑚 rotating at a constant angular speed 𝜔 = 24/𝜋 𝑟𝑎𝑑/𝑠𝑒𝑐 about its diametral 

axis, is given by formula (19) (as derived above for a spherical surface) as follows 

𝐵 =
𝜇𝑜

8

𝜔𝑄

𝑅
                                                                                                              

                   |�⃗� | =
4𝜋 × 10−7

8
∙  
(
24
𝜋

) (−50)

0.2
                    (𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠) 

= −3 × 10−4                                                                                                 

    |�⃗⃗� | = 300 𝜇𝑇  (𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑡𝑜 �⃗⃗�  )                                                               𝑨𝒏𝒔.         
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& magnetic dipole moment |�⃗⃗� | of uniformly charged spherical surface is given by substituting  𝜔 =

24/𝜋 𝑟𝑎𝑑/𝑠𝑒𝑐 ,  𝑄 = −50 𝐶,  𝑅 = 20 𝑐𝑚 = 0.2 𝑚 in above equation(19.1) as follows 

𝑴 =
𝝎𝑸𝑹𝟐

𝟑
                                                                                                                

⇒ |�⃗⃗� |  =
(
24
𝜋

) ∙ (−50) ∙ (0.2)2

3
                                                                                             

= −
16

𝜋
                                                                                                            

 |�⃗⃗� |  = 5.09296 𝐴𝑚2   (𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑡𝑜 �⃗⃗�  )                                                       𝑨𝒏𝒔.      

 

Q5. An electric charge +96 C is uniformly distributed throughout a solid sphere with radius 𝟏𝟖𝟎 𝒎𝒎  

which rotates at a constant angular speed 𝟑𝟐/𝝅 𝒓𝒂𝒅/𝒔𝒆𝒄 about its axis (i.e. passing through the centre). 

Find out the strength of magnetic field (B) at the axis of rotation and magnetic dipole moment (M) of the 

sphere. 

Sol. The magnetic field |�⃗� | generated by electric charge 𝑄 = +96 𝐶 uniformly distributed throughout the solid 

sphere of radius 𝑅 = 180 𝑚𝑚 = 0.18 𝑚 rotating at a constant angular speed 𝜔 = 32/𝜋 𝑟𝑎𝑑/𝑠𝑒𝑐 about its 

diametral axis, is given by formula (21) (as derived above for a solid sphere) as follows 

𝐵 =
3𝜇𝑜

16

𝜔𝑄

𝑅
                                                                                                         

                         |�⃗� | =
3 ∙ 4𝜋 × 10−7

16
∙  
(
32
𝜋

) (96)

0.18
                     (𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠) 

= 128 × 10−5                                                                                              

    |�⃗⃗� | = 1.28 𝑚𝑇  (𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 𝑤𝑖𝑡ℎ �⃗⃗�  )                                                      𝑨𝒏𝒔.         

& magnetic dipole moment |M⃗⃗⃗ | of uniformly charged solid sphere is given by substituting  ω = 32/π rad/sec ,  

Q = 96 C,  R = 180 mm = 0.18 m in above equation(21.1) as follows 

𝐌 =
𝛚𝐐𝐑𝟐

𝟓
                                                                                                                

⇒ |M⃗⃗⃗ |  =
(
32
π

) ∙ (96) ∙ (0.18)2

5
                                                                                             

 |M⃗⃗⃗ |  = 6.33645 Am2   (collinear with ω⃗⃗  )                                               𝐀𝐧𝐬.      
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Q6. An electric charge +100 C is uniformly distributed over the surface of a cube with each side 𝟑𝟎 𝐜𝐦  

which rotates at a constant angular speed 𝟏𝟐 𝐫𝐚𝐝/𝐬𝐞𝐜 about the axis passing through the centres of its 

opposite square-faces. Find out the strength of magnetic field (B) at the axis of rotation and magnetic 

dipole moment (M) of the rotating cube. 

 

Sol. The magnetic field |B⃗⃗ | generated by electric charge Q = +100 C uniformly distributed over the surface of a 

cube of edge length a = 30 cm = 0.3 m rotating at a constant angular speed ω = 12 rad/sec about the axis 

passing through the centres of its opposite faces, is given by formula (26) (as derived above for a cubical 

surface) as follows 

B =
2μo

3π

ωQ

a
sinh−1(1)                                                                                                                             

|B⃗⃗ | =
2 ∙ 4π × 10−7

3π
∙  
(12)(100)

0.3
sinh−1(1)                    (Substituting corresponding values) 

    |�⃗⃗� | = 0.94013 mT  (collinear with ω⃗⃗  )                                                                                      𝐀𝐧𝐬.         

& magnetic dipole moment |M⃗⃗⃗ | of uniformly charged cubical surface is given by substituting  ω = 12 rad/sec ,  

Q = 100 C,  a = 30 cm = 0.3 m in above equation(26.1) as follows 

𝐌 =
𝟓

𝟑𝟔
 𝛚𝐐𝐚𝟐                                                                                                       

⇒ |M⃗⃗⃗ |  =
5

36
(12)(100)(0.3)2                                                                                             

 |M⃗⃗⃗ |  = 15 Am2   (collinear with ω⃗⃗  )                                                          𝐀𝐧𝐬.      
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Competitive Questions 

Subjective Questions 

Q1. A point electric charge of magnitude 𝟒𝝅 is moving along a unit circle at an angular speed 

(𝟏𝟐𝐭𝟐 − 𝟓𝐭 + 𝟐)  at any time 𝒕. Find out the strength of magnetic field (B) at the centre of 

rotation and magnetic dipole moment (M) at time 𝒕 = 𝟐.                                                                             

Q2. A point electric charge of magnitude −𝟐𝑪 is moving along a circle 𝒙𝟐 + 𝒚𝟐 − 𝟒𝒙 + 𝟑 = 𝟎 in 

XY-plane, with an angular velocity (−𝟔𝐭 + 𝟓)�̂�  rad/sec at time 𝒕 sec. Find out the direction and 

strength of magnetic field (B) and dipole moment (M) at the point (2,0) at time 𝒕 = 𝟖 sec.  

(Take dimensions in m & magnetic permeability of vacuum, 𝝁𝒐 = 𝟒𝝅 × 𝟏𝟎−𝟕𝑵/𝑨𝟐)                                                                        

Q3. A point electric charge of magnitude 𝟑𝝅 is moving along a circle of radius 3 units. It has an 

angular acceleration (𝟏𝟐𝒕𝟐 + 𝟖𝐭)  at any time 𝒕. Find out the strength of magnetic field (B) at 

the centre of rotation and magnetic dipole moment (M) at any time 𝒕.  Given that the magnetic 

field B and magnetic dipole moment are zero at time 𝒕 = 𝟎.                                                                           

Q4. An electric charge +𝟒𝑪 is uniformly distributed over a rectangle defined by 𝒙 = ±𝟒 𝒎 & 

𝒚 = ±𝟐𝒎 in XY-plane. Now it is rotated about +z-axis CCW at a uniformly increasing angular 

speed from 𝛚 = 𝟑 𝐫𝐚𝐝/𝐬𝐞𝐜 at 𝒕 = 𝟎 𝒔𝒆𝒄 to 𝛚 = 𝟗 𝐫𝐚𝐝/𝐬𝐞𝐜 at time 𝒕 = 𝟑 𝒔𝒆𝒄. Find out the 

magnetic field (B) at the origin (0,0) and dipole moment (M) at time 𝒕 = 𝟐 𝒔𝒆𝒄.                                           

Q5. An electric charge +𝟏𝟐𝑪 is uniformly distributed over an arc defined by 𝒙𝟐 + 𝒚𝟐 =

𝟗𝒎𝟐  ∀  𝒙, 𝒚 ≥ 𝟎 in XY-plane. Now it is rotated CCW from rest (i.e. 𝝎 = 𝟎 at 𝒕 = 𝟎) about +z-

axis at a uniformly increasing angular acceleration 𝛂 = 𝟖𝐭 − 𝟑 𝐫𝐚𝐝/𝒔𝒆𝒄𝟐 with time 𝒕. Find out 

magnetic field vector (�⃗⃗� ) at the origin (0,0) as a function of time 𝒕.     

Q6. An electric charge −𝟔𝑪 is uniformly distributed over a plane bounded by = 𝟓𝒙 , 𝒙 = 𝟐, & 

𝒚 = 𝟎 in XY-plane. This plane is rotated at an angular velocity 𝛚 = (𝟐𝐭 + 𝟏𝟎)�̂� 𝐫𝐚𝐝/𝐬𝐞𝐜 at time 

𝒕. Find out magnetic field vector (�⃗⃗� ) at the origin (0,0) at time 𝒕 = 𝟏𝟎𝟎 𝒔𝒆𝒄.  (Take MKS)                                         

Q7. An electric charge +𝟐𝟎𝑪 is uniformly distributed over all 15 equal sides, each of 20 cm, of 

a regular polygon with centre at the origin & lying in XY-plane . This polygon is rotated about 

its centre at an angular velocity 𝛚 = (𝒕𝟐 + 𝟐)�̂� 𝐫𝐚𝐝/𝐬𝐞𝐜 at time 𝒕. Find out magnetic field (�⃗⃗� ) & 

magnetic dipole moment (�⃗⃗⃗� ) at the centre of polygon at time 𝒕 = 𝟑𝟎 𝒔𝒆𝒄.   

Q8. An electric charge +𝟓𝑪 is uniformly distributed over a plane bounded by 𝒙𝟐 + 𝒚𝟐 − 𝟒𝒙 +

𝟔𝒚 − 𝟏𝟐 = 𝟎 & 𝒙𝟐 + 𝒚𝟐 − 𝟒𝒙 + 𝟔𝒚 − 𝟑𝟔 = 𝟎 in XY-plane. This plane is rotated about a point 

(𝟐,−𝟑) at an angular velocity 𝛚 = (𝟐𝒕𝟐 + 𝟑)�̂� 𝐫𝐚𝐝/𝐬𝐞𝐜 at time 𝒕. Find out the rate of change of 

magnetic field (
𝒅�⃗⃗� 

𝒅𝒕
) & dipole moment (

𝒅�⃗⃗⃗� 

𝒅𝒕
) at point (2,-3) at time 𝒕 = 𝟏𝟓 𝒔𝒆𝒄.  (Take MKS)             
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Multiple Choice Questions 

Q1.  An equal amount of electric charge is uniformly distributed over a circle and a circular arc 

each of equal radius. Now, both the circle and circular arcs are rotated uniformly about their 

centres at an equal angular speed in their planes. If 𝑩𝟏
⃗⃗⃗⃗  ⃗ and 𝑩𝟐

⃗⃗⃗⃗  ⃗  are the magnetic field vectors at 

the centres of circle and circular arc respectively then 

𝑎) |𝐵1
⃗⃗⃗⃗ |  >  |𝐵2

⃗⃗⃗⃗ |                 𝑏) |𝐵1
⃗⃗⃗⃗ | =  |𝐵2

⃗⃗⃗⃗ |                           𝑐) |𝐵1
⃗⃗⃗⃗ | <  |𝐵2

⃗⃗⃗⃗ |                                 𝑑) 𝑛𝑜𝑛𝑒  

Q2.  An electric charge 𝑸 units is uniformly distributed over a line segment joining the points 

(𝟐, 𝟒) & (𝟔, 𝟏𝟐). This segment is rotated uniformly about the origin (𝟎, 𝟎) in XY-plane at an 

angular speed 𝝎 such that its orientation does not change. The magnitudes of magnetic field & 

dipole moment at origin are respectively  

𝑎) 
𝜇𝑜𝜔𝑄 ln3

16𝜋√5
,

130𝜔𝑄

7
            𝑏) 

𝜇𝑜𝜔𝑄 ln3

18𝜋√5
,

130𝜔𝑄

7
             𝑐) 

𝜇𝑜𝜔𝑄 ln3

16𝜋√5
,

130𝜔𝑄

3
           𝑑) 

𝜇𝑜𝜔𝑄 ln3

18𝜋√5
,

130𝜔𝑄

3
  

Q3.  A unit electric charge is uniformly distributed over all the sides, each of 2 units, of a regular 

octagon which is rotating at a constant angular speed 𝝎 about its centre in its plane. The 

magnitudes of magnetic field & dipole moment at the centre are respectively  

𝑎) 
𝜇𝑜𝜔sinh−1(√2−1)

4𝜋
,

(5+3√2)𝜔

3
  𝑏)  

𝜇𝑜𝜔sinh−1(√2+1)

4𝜋
,

(5+3√2)𝜔

3
 𝑐)  

𝜇𝑜𝜔sinh−1(√2+1)

4𝜋
,

(5−3√2)𝜔

4
        

𝑑)  
𝜇𝑜𝜔sinh−1(√2−1)

4𝜋
,

(5−3√2)𝜔

4
  

Q4.  An electric charge of 2 units is uniformly distributed over a rectangle of length 15 units and 

width 5 units. The rectangle is rotated at a constant angular speed of 5 units about its centre in 

its plane. The magnitudes of magnetic field & dipole moment at the centre are respectively  

𝑎) 
𝜇𝑜

4𝜋
{sinh−1(3) − sinh−1 (

1

3
)} ,

260

3
                                          𝑏)  

𝜇𝑜

4𝜋
{sinh−1(3) + sinh−1 (

1

3
)} ,

260

3
 

𝑐)  
𝜇𝑜

4𝜋
{sinh−1(3) − sinh−1 (

1

3
)} ,

250

3
                                         𝑑)  

𝜇𝑜

4𝜋
{sinh−1(3) + sinh−1 (

1

3
)} ,

250

3
  

Q5.  A unit electric charge is uniformly distributed over a unit circle which is rotating with a 

time dependent angular acceleration of 𝒂𝒕 + 𝒃 (∀ 𝒂, 𝒃 > 𝟎) about its centre in its plane. If the 

circle is at rest at time 𝒕 = 𝟎, the magnetic field & dipole moment at the centre are respectively  

𝑎) 
𝜇𝑜

4𝜋
(
𝑎𝑡2+2𝑏𝑡

2
) ,

𝑎𝑡2+2𝑏𝑡

4
                     𝑏) 

𝜇𝑜

4𝜋
(
𝑎𝑡2+2𝑏𝑡

4
) ,

𝑎𝑡2+2𝑏𝑡

2
                      𝑐) 

𝜇𝑜

4𝜋
(
𝑎𝑡2+2𝑏𝑡

2
) ,

𝑎𝑡2+2𝑏𝑡

2
          

𝑑) 
𝜇𝑜

4𝜋
(
𝑎𝑡2+2𝑏𝑡

4
) ,

𝑎𝑡2+2𝑏𝑡

4
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Q6.  A unit electric charge is uniformly distributed over the curved surface of a circular cylinder 

of unit radius & finite length. Cylindrical surface is open at both the ends & is rotating with a 

time dependent angular speed of 𝒑𝒕𝟑 − 𝒒𝒕𝟐(∀ 𝒑 > 𝒒 > 𝟎) about its longitudinal axis. The 

magnetic field & dipole moment at 𝒕 = 𝟐 on the axis are respectively  

𝑎) 
𝜇𝑜

4𝜋
(2𝑝 − 𝑞), 8𝑝 − 4𝑞                   𝑏) 

𝜇𝑜

4𝜋
(2𝑝 − 𝑞), 4𝑝 − 2𝑞                   𝑐) 

𝜇𝑜

𝜋
(2𝑝 − 𝑞), 4𝑝 − 2𝑞                 

𝑑) 
𝜇𝑜

𝜋
(2𝑝 − 𝑞), 8𝑝 − 4𝑞       

Q7. An electric charge of 2 units is uniformly distributed over the surface of a unit sphere 

rotating with a time dependent angular acceleration of 𝟑𝒕𝟑 − 𝒕 + 𝟐 about its diametral axis. The 

rate of change of magnetic field & dipole moment at 𝒕 = 𝟏 on the axis are respectively  

𝑎) 4𝜇𝑜 ,
4

3
                     𝑏) 3𝜇𝑜 ,

4

3
                    𝑐) 2𝜇𝑜 ,

8

3
                       𝑑) 𝜇𝑜 ,

8

3
                       𝑒) 𝑛𝑜𝑛𝑒 

Q8. A unit electric charge is uniformly distributed throughout a solid cylinder of unit radius & 

finite length, initially at rest, rotating with a time dependent angular acceleration of 𝟔𝒕𝟐 − 𝟐𝒕 

about its longitudinal axis. The magnetic field on the axis is  

𝑎) 
𝜇𝑜

2𝜋
(2𝑡3 − 𝑡2)           𝑏) 

𝜇𝑜

4𝜋
(2𝑡3 − 𝑡2)             𝑐) 

𝜇𝑜

2𝜋
(6𝑡 − 1)            𝑑)

𝜇𝑜

4𝜋
(6𝑡 − 1)                 𝑒) 𝑛𝑜𝑛𝑒 

 

Answers 

Subjective Questions 

Q1. 𝐵 = 40 𝜇𝑜 ,   𝑀 = 80𝜋 

Q2. 𝐵 = 8.6 × 10−6 𝑇 along +ve z-axis, 𝑀 = 43 𝐴/𝑚2along +ve z-axis 

Q3. 𝐵 = 𝜇𝑜(𝑡
3 + 𝑡2) , 𝑀 = 54𝜋(𝑡3 + 𝑡2) 

Q4. 𝐵 = 8.98262 × 10−7 𝑇 along +ve z-axis, 𝑀 = 168 𝐴/𝑚2along +ve z-axis 

Q5. �⃗� =
𝜇𝑜

𝜋
(4𝑡2 − 3𝑡)�̂� 𝑇  

Q6. �⃗� = −5.8273 × 10−5�̂� 𝑇  

Q7. �⃗� = 3.8062�̂� 𝑚𝑇 , �⃗⃗� = 2026.5124�̂� 𝐴𝑚2  

Q8. 
𝑑�⃗� 

𝑑𝑡
= 5 × 10−6�̂� 𝑇/𝑠𝑒𝑐 , 

𝑑�⃗⃗� 

𝑑𝑡
= 5550�̂� 𝐴𝑚2/𝑠𝑒𝑐  

Multiple Choice Questions 

Q1. 𝑏)   Q2. 𝑐) Q3. 𝑎) Q4. 𝑑) Q5. 𝑎) Q6. 𝑐) Q7. 𝑑) Q8. 𝑎) 
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