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BACHELOR OF SCIENCE (GENERAL) 

(BSCG) 

Term-End Examination 

June, 2024 

BPHCT-133 : ELECTRICITY AND MAGNETISM  

Time : 2 Hours     Maximum Marks : 50 

Note : Attempt all questions. Internal choices are 

given. Marks for each question are indicated 

against it. You may use a calculator. 

Symbols have their usual meanings. Values 

of physical constants are given at the end.   

1. Answer any five parts : 5×3=15 

(a) If V =  2 cosx y xz  defines a scalar field, 

then obtain its directional derivative at the 

point  2, , 1   in the direction 

  ˆ ˆ ˆ / 3i j k  . 
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(b) Calculate the line integral of the vector 

3F /r r
 

   along the curve 

  ˆ ˆ ˆr t ti tj tk


    with 0 2t  .  

(c) The electric field due to a uniformly 

charged sphere of radius 0.05 m has the 

magnitude 9.0 NC–1 at a distance of 0.15 m 

from centre. What is the net charge on the 

sphere ? What is the volume charge density 

of the charge distribution ?    

(d) A Gaussian surface of a cylindrical shape 

(of radius 0.5 m and height 10 m) encloses 

a few positive charges. Assuming that the 

electric field due to these charges is normal 

to the Gaussian surface and has magnitude 

900 NC–1, calculate the volume charge 

density of the charge distribution. 

(e) The electric potential at any point is given 

by : 

 2 2V 3x y x   

Calculate the electric field E


 at that point.  
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(f) Two parallel plates, which have cross-

sectional area of 100 cm2, carry equal and 

opposite charge of 710 C . The space 

between the plates is filled with a dielectric 

material and the electric field within the 

dielectric is 3.3 × 105 Vm–1. What is the 

dielectric constant of the dielectric if the 

electric field across the plates without the 

dielectric is given by 





0
0

E  where   is 

the surface charge density of the plates. 

(g) A toroid with 1000 turns is wound on an 

iron ring whose cross-sectional area is  

400 mm2, mean circumference is 0.75 m 

and relative permeability is 1000.  

If the windings carry 0.25 A current, 

calculate the value of the magnetic 

intensity H


. 

(h) The magnitude of the maximum electric 

field associated with an electromagnetic 

wave travelling in vacuum is 500 Vm–1. 

Determine the magnitude of the maximum 

magnetic field associated with the wave.    
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2. Attempt any five parts : 5×5=25 

(a) A wire loop of radius 20 cm and resistance 

3.0   is kept in a uniform magnetic field 

B


 at right angles to it. The magnetic field 

points into the page and is increasing at 

the rate of 0.10 Ts–1. Determine the 

magnitude and direction of the induced 

current in the loop. 

(b) A long cylindrical wire of radius R carries a 

steady current ‘i’ which is uniformly 

distributed over its cross-sectional area. 

Determine the magnetic field at a distance 

r < R from the axis of the wire. 

(c) In the Bohr model of hydrogen atom, the 

electron follows a circular orbit centered on 

the nucleus. The speed of electron is ‘v ’ and 

radius of the orbit is r. Show that the 

effective current in the orbit is 
2

ev

r
. If the 

radius of the orbit is 5.3 × 10–11 m and the 

electron’s speed is 2.2 × 106 ms–1, calculate 

its frequency f and the current ‘ i ’ in the 

orbit. 
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(d) Calculate the effective capacitance of three 

capacitors arranged in such a way that two 

of them C1 and C2 are in series and third 

one C3 is in parallel with this series 

combination. 

(e) The electric field in some region of space is 

given by 


 ˆE crr , where ' 'c  is a constant. 

Use the differential form of Gauss’ law to 

calculate the volume charge density, which 

gives rise to this electric field. Obtain the 

total charge contained in a sphere of radius 

R centred as the origin in the region of 

space. 

(f) How much work needs to be done to 

transport an electron from +ve terminal  

of a 6-volt battery to its negative  

terminal ? 
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(g) Using Stokes’ theorem, evaluate 
 

F. dl  

where 2 2ˆ ˆ ˆF 2x i xj z k


    and C is the 

ellipse in the xy-plane defined by : 

2 2

1, 0
16 9

x y
z    

(h) Determine the values of ,a b  and c such 

that the vector field : 

   


     ˆ ˆA 3 2x y az i bx y z j   

+   ˆ2x cy z k       

is irrotational.  

3. Answer any one part : 1×10=10 

(a) Determine the electric potential V of a 

uniformly charged spherical shell at a 

point P at a distance ‘r’ from its centre O 

and lying outside the shell.  
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(b) State Biot-Savart’s law. Using it find an 

expression for the magnetic field B


 at a 

point P at a distance R from a long current-

carrying straight wire carrying a  

current ‘i ’ :  

Physical constants : 

9 2 2

0

1
8.99 10 Nm C

4

 


 

6 2
0 1.26 10 NA   

 

     12 2 1 2
0 8.85 10 C N m

 

191.6 10 Ce    

  8 13 10 msc    
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  2V cosx y xz

 2, , 1    ˆ ˆ ˆ / 3i j k
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  ˆ ˆ ˆr t ti tj tk


    

3F /r r
 

 

] 0 2t 

0.05 m

0.15 m

9.0 NC–1

0.5 m

10 m

900 NC–1

³  2 2V 3x y x 

E

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p ] 100 cm2

]
710 C

ª ª

 5 13.3 10 Vm

ª ª

ª

0
0

E





] 

400 mm2 ] 0.75 m

1000

0.25 A ]

H

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500 Vm–1

5×5=25 

20 cm

3.0 ]

B


10.10 Ts

R

' 'i

Rr 



 [ 12 ] BPHCT–133 

   

ª ª ]

ª v

r

2

ev

r
5.3 × 10–11 m 

ª 2.2 × 106 ms–1 ]

ª f

‘ ’i

1C 2C

3C
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³

ˆE crr


 ] ‘ ’c

R

6 V

ª

 

C
F . dl

]
2 2ˆ ˆ ˆF 2x i xj z k



  

C,xy
2 2

1, 0
16 9

x y
z  
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,a b c

   


     ˆ ˆA 3 2x y az i bx y z j   

+   ˆ2x cy z k   

1×10=10 

P

O r ] V

R P

B

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