
  

 

CIVIL SERVICES EXAMINATION (MAINS) 

PHYSICS     PAPER - I: CLASSICAL MECHANICS 
TUTORIAL SHEET:  1 

(Conservation laws) 

 

1) What is the recoil energy in electron - volts of mass 10-23 gm  after emission of a   r  ray of   energy 

of 1 Mev?                                                                       (1990)   

 

2) Define differential scattering cross-section.  Write down the dependence of Rutherford scattering 

cross-section  (), on the scattering angle  and sketch this dependence graphically.  In the present 

case the total scattering cross section  = f() d turns out to be infinite.  Comment on this result.                                                                                                                                          

 (1990)                                                                                                                                                                                 

3) A neutron of energy 1 MeV collides with a stationery helium nucleus and is scattered. Deduce the 

momentum of the neutron and of the helium nucleus in their center of mass system.   

                                                                                                                                            (1990) 

4) Define   differential scattering cross section for a scattering process.  The differential scattering 

cross-section for neutrons scattered elastically from a solid is of the form 
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 5) Prove that if   E and   E1   are respectively the neutron energies in the laboratory system, before and 

after collision with a nucleus of mass number A, then 
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    Where Mc is the cosine of the scattering angle in the centre of mass system.                            (1991)  

                                                                                                                                  

6) What do you mean by centre of mass of a system of particles?   Derive expressions for the 

instantaneous position vector and velocity of the centre of mass of such a system of particles 

                                                                                                                                     (1992) 

 

7) Using Rutherford’s observation that the number of  - particles scattered at angle  and falling on 

unit area of the screen varied as   cosec
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scattering  between angles    &   + d  .                                                            

                                                                                                                                    (1992)                                                                                                                                 

8) A rocket of mass 1000 kg.  is ready for a vertical take off.  The exhaust velocity of its fuel is 4.5 

km/s. Deduce   

(a) The minimum rate of fuel ejection so that the rocket weight be just balanced 

(b) The velocity acquired in 8 seconds if the fuel ejection rate is 2.50 kg/s.  (You may neglect the 

effect of changing mass of the rocket in the given conditions).                                           (1993)   

                                                                    

 



  

9) A radioactive nucleus of mass mo amu emits alpha particle with kinetic energy E. If the 

disintegration occurs when the nucleus is free, deduce an expression for the energy evolved (ET) 

during the disintegration.                                                                                  (1993) 

 

10) Find the fractional decrease of kinetic energy of a of mass m1 when a head on elastic collision takes   

place with another particle of mass m2 initially at rest.  In this context show why hydrogen would be 

best to be used for slowing down. Actually D2O, not H2O is used.  Why?   

                                                                                                                                             (1993) 

11) What is centre of mass? Show that there exists only one centre of mass in a system of particles.  

Discuss the usefulness of centre of mass in studying motion of a system of particles. 

                                                                                                                                             (1994) 

12) The distance between the centres of Oxygen and Carbon atoms in a CO molecule is 1.2A0.   

Determine the position of the centre of mass of the molecule relative to Carbon.  (Assume atomic 

masses of Carbon and Oxygen as 12  & 16 respectively).  

                                                                                                                                          (1995) 

13) A particle of mass m, moving with an initial velocity V0 is acted on by a central repulsive inverse 

square force, F
k

r
= .  Show that the Scattering angle  depends on the impact parameter  `b’as 
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14) A particle of mass m1 moving with a velocity V1 undergoes an elastic collision with a particle of 

mass m2 at rest, in laboratory - frame.  After the collision the first particle moves at a certain angle to 

the direction of its initial velocity, and this angle is  in laboratory-frame and  in centre of mass-

frame.  If the ratio of masses 
m
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  is  A,  show that  &   are related as  
A
1cos

sin
tan

+


=     

                                                                                                                                       (1996) 

15) In the NH3 molecule, the three hydrogen atoms forms an equilateral triangle.  The distance between 

the centre of this triangle from each hydrogen atom is 0.939 Ao.  The nitrogen atom is at the apex of 

the pyramid with the three hydrogen atoms forming the base.  The distance between the hydrogen nd 

nitrogen atoms is 1.014 Ao.  Find the position of the centre of mass relative to the nitrogen atom.   

                                                                                                                                    (1997) 

The two atoms of a molecule of a gas interact according to the potential ( )
126 r

B

r

A
r +=  r being the 

separation distance between the two atoms.  Determine A and B if the potential energy (r) = (r0) at 

the equilibrium separation r = r0.                                                                                                                

              (1998) 

16)  How do we infer the law of conservation of linear momentum from Newton’s laws of motion?      

 A stationery bomb explodes and on explosion, it fragments into three parts.  Two of these parts, 

which are of equal masses, fly apart perpendicular to each other with a velocity of 60m/s each.  The 

third part has a mass four times the other two.  Find the magnitude and the direction of the velocity 

of the third part  

                                                                                                                                       (1999) 

17) Consider the motion of a rocket in a gravitational field and derive an expression for its final velocity 

when the fuel burns at a constant rate till it is fully consumed.                                                            

                                                                                                                     (1999)                                                                            

 Distinguish between elastic and inelastic collision.   Find the minimum distance an  - particle with 

kinetic energy of 0.4 Mev can approach a stationary but free Lithium nucleus in a head on collision.      

                                                                                                                                      (1999)                                                                                                                   

 



  

18) The mass of the moon is about 0.13 times the mass of the earth.  The distance from the center of the 

moon to the center of the earth is 60 times the radius of the earth. Taking the earth ‘ s radius to be 

6378 km, find out the distance of the center of mass of the earth-moon system from the center of the 

earth.                                                                                

                                                                                                                                             (2002)  

 

 

19) Ram and Shyam are two skaters weighing 40 kg and 60 kg respectively. Ram traveling at   4 m/s 

meets Shyam traveling at 2 m/s in opposite direction and collides headon. 

a. If they remain in contact, what is there final velocity? 

b.How much kinetic energy is lost?                                                                      (2000)  

     

20) Define scattering cross-section. A charged particle of mass m and charge Ze is scattered by another 

charged particle of charge Ze at rest. Deduce the expression for the scattering cross-section.                                                                                                                 

                                                                                                                                            (2000) 

21) Using the rocket equation and its integral, find the final velocity of a single stage rocket. Given that 

(a) the velocity of the escaping gas is 2500 m/s (b) the rate of loss of mass is (m /200)/sec. (where m 

is the initial mass and 0.27 m is the final mass .)   

                                                                                                                                           (2002)              

22) Derive the relationship between the impact parameter and the scattering angle for the scattering of an 

alpha particle of charge + 2e by a nucleus of charge +Ze.  

 Calculate the impact parameter for an angle of deflection of 30 if the kinetic energy of the alpha 

particle is 6х10-13 joules. 

                                                                                                                                                  (2002) 

25) If a single stage rocket fired vertically from rest at the earth’s surface burns its fuel in a time of 30 

sec and their relative velocity νr=3km Sec-1, what must be the mass ratio mo/m for a final velocity is 

of 8Km /sec?                                                                                                                               (2004) 
 

26) Considering the scattering of α-particles by the atomic nuclei, find out the Rutherford scattering 

cross- section. Explain the physical significance of the final expression.                                     (2005) 

 

27)  Derive an equation of motion for a variable mass.  Explain how it is applied in the motion of a 

rocket.                  (2006) 

 

28)  What is center of mass?   Show that the total linear momentum of a system of particles about the 

centre of mass is zero.   

                                                                                     (2006) 

29) 

 
 

 
 

 

 



  

TS2 Rotating frame of references 

 

1. What is understood by the term ‘Coriolis force’?  Obtain expressions for velocity & acceleration of a   

particle in rotating coordinate system. 

                                                                                                                                        (1988) 

2. Define Coriolis force and write an expression for it, through suitable examples, explain the way this 

force varies in different parts of the earth’s surface and for different velocities of the concerned 

particle. 

                                                                                                                                            (1989) 

3. Write short notes on 

      (I) Coriolis force                         (1991, 1993, 1997) 

      (II) Inertial forces in a rotating frame                                       (1992) 

 

4. Explain what Coriolis force means.  Discuss the action of Coriolis force on a body falling freely on  

 the earth at latitude  ‘‘  

                                                                                                                                              (1994) 

5. If the earth were to rotate at ‘n’ times its present speed of rotation about its axis, the apparent weight 

of  a  body at the equator would assume zero value.  Find an expression for ‘n’. 

                                                                                                                                            (1995) 

6. Define Coriolis force.  Obtain an expression for the Coriolis force.  How does it account for the 

whirling of winds in opposite directions in Northern and southern Hemispheres?                                                                                                                                                                                              

                                                                                                                                              (1996) 

7.  Obtain the equation of motion of a particle moving relative to a rotating frame of reference Explain 

the term representing Coriolis force in this expression.                                 (2001) 

 

8. For a freely falling body from the height ‘h’ on the surface of the earth in the northern hemisphere 

with a latitude ‘θ’, show that the deviation of the body towards east at the final stage is given by 1/3 

w Cosθ(8h3/g)1/2, where w is the angular velocity of the earth and ‘g’ is the acceleration due to 

gravity. 

                                                                                                                                             (2004) 

     9. Derive the relation 0V V r= +  , where  V  is the velocity of a particle located at r  in a fixed      

            frame of reference S and V  that observed in frame S rotating with angular velocity   with respect  

             to S but having the common origin.                                 (2007) 

     10. Show using the above relation  that the equation of Motion of the particle in S gets modified in S  

            giving rise to Various fictitious force. Identify the coriolis force and describe its effect on the flow  

            of rivers.                        (2007) 

 

 

 

 

 

 

 



  

Tutorial 3 gravitation and central force motion 

 

 

 

 
 
4. Find acceleration of Moon at new Moon/Solar eclipses. 

 

 



  

 
7.find the time period of a satellite rotating at a distance of 20,000 KM from centre of earth, w.r.t. a point on 
the earth. 
 
8.find velocity of a satellite. Of mass 1.9 *10^27 Kg, at a distance of 70,000 km from centre of body. 
9.additional velocity required to escape a body from  near the surface of earth 
 
10.Find a of a elliptical orbit, in diagram shown in r. gupta solution 

 

 

 

 
 
12. Time period given, mass of sun given, find the distance of aphelion and perihelion. 
 
13. on Central force of Motion  
(a) find trajectory, semi latus rectum, e of conic section 
(b) prove path of particle  lies in a plane. 

 

 

 

 

 

 

 

 

 



  

 

 

Tutorial Sheet: 4 

Rigid Body Dynamics 

 



  

 
 

Mechanics of continuous body. TS5 
 

 
 
 
 
 
 
 
 
 
 
 
 



  

 

 

 

           TUTORIAL SHEET: 6 

           Special Relativity  

1. Show from the Lorenz transformation that two events (t1=t2) at different points (x1=x2) in reference 

frame S are not in general simultaneous in reference frame S1 which is moving in the +x direction with 

the constant velocity V with respect to S.                                             (1998) 

2. What is the momentum of a proton having kinetic energy 1 Be V? the energy equivalent to proton rest 

mass is 0.938 Mev.           (1988) 

3. Write down Lorenz transformation relations and prove that x2+y2+z2-c2t2 is invariant under this 

transformation.                                          (1990) 

4. An event occurs at x1=60m, at t1=8x10-8 s in a reference frame S1which is moving along the common X 

or X1 axis with a speed of 3c/5 with reference to a stationery frame S. The origins of two frames coined 

at t=0, t1=0. Deduce the space time coordinates of the event in the frame S.                            (1990)  

5.  Prove that addition theorem of velocities in special theory of relativity. Two bodies A&B are moving 

away in opposite directions, each with a speed of 0.70C with respect to a stationery observer. Deduce 

the speed of B as measured by A?        (1990) 

6. The half of μ-meson at rest is 2x10-8 seconds. Determine the half life of μ-meson while traveling with 

half the speed of light in vacuum.                   (1992) 

7. Write down the expression for the dependence of mass of a particle on its velocity in special relativity. 

What will be the speed of a particle if its mass becomes double of its rest mass.                     (1992) 

8. State Lorenz transformation equations. Show that for V/c<<1, the Lorenz transformation equations 

reduces to Galilean transformation equations. Explain the physical significance of Lorenz 

transformations.              (1993) 

Write short notes on “mass-energy equivalence”.      (1993) 

9. State and explain variation of mass with velocity, hence find an expression for the density of a body in 

an arbitrary inertial frame of reference.           (1994) 

10.  The density of gold in its proper frame of reference is 19.3x103 kg/m3. Determine its density in a 

frame of reference where its velocity is 0.9C, C is the velocity of light in free space.   

 (1995) 

11. In the relativistic region, compare the relative increase in velocity with the relative increase in energy 

of a particle.             (1995) 

12. Determine the speed of an election, which has kinetic energy 1 Mev. The energy equivalent to the rest 

mass of an election is 0.51 me V.        (1995) 

13. The coordinates of an event in an inertial frame S are (25m,o, o, 5x10-8S). What will be the coordinates 

of this event in another inertial frame S1 moving with a velocity 0.6C 0 in +x direction with rest x to s. 

The origin of two frames coincide at t=t1=0.       (1996) 

 



  

14. Obtain the relativistic transformation relation for density in inertial frames. What is the equivalent 

energy corresponding to 1 amu of mass?       (1997) 

15. A μ meson travels towards the earth’s surface from high up in the atmosphere with a speed of 0.99C. It 

decays after traveling a distance of 6km. In what time does the μ meson decay as measured by 

observers in reference frames (i) bound to the earth (ii) bound to the meson itself.            (1998) 

16. How is an election volt connected to other units of energy like the joule or the erg?                     

Determine the space of an election of energy 1.3 Me V assuming its rest energy to be 0.l5 Me V. 

                        (1998) 

17. Prove that the expression x2+y2+z2-c2t2 is invariant under Lorenz transformation.  (1999) 

18. Describe the set-up of Michelson-Morley experiment. Why was a fringe shift expected in it? How are 

its negative results understood?         (1999) 

19. What is ‘Lorentz Contraction’?  A spaceship of rest length 100m takes 4μs to pass an observer on 

Earth. What is its velocity relative to  the Earth?      (2000)  

20. Derive an expression for the mass-energy equivalence using the principle of special relativity. 

             (2000) 

21. The mass of muon at rest is 207 Me where Me is the election rest mass (0.511 Me V ). The mean life 

time at rest for muon is 2.2 μs. The life time of muon emerging from an accelerator is measured in the 

labat 6.9 μs. Estimate the speed of these muons in the laboratory.     (2001) 

22. A person is a space ship is holding a rod of length of 0.5 m, the space ship is cruising at a speed V 

parallel to the earth’s surface. What does the person in the space ship notice as the rod is rotated from 

parallel to perpendicular to the space ship’s motion? What does an observer on earth’s surface notice?

             (2001) 

23. Two spaceships are moving at a velocity of 0.9c relative to the Earth in opposite directions. What is the 

speed of one spaceship relative to the other?       (2002) 

24. An observer A sees two events at the same space point (x=y=z=0) and separated by t=10-6s. Another 

observer B sees them to be separated by t1=3x10-6s. What is the separation in space of the two events 

as observed by B? What is the speed of B relative to A?     

 (2002) 

25. An observer S1 sees two bodies A and B having equal rest mass approach each other with equal but 

opposite velocity of the body 4c/5. To a second observer S2, the body A is at rest. What is the velocity 

of the body B as seen by observer S2? What are the kinetic energies of the body B in the frames of S1 

and S2?                                                                                                                 (2003)                                    

26. How does Doppler effects of light in relativistic physics qualitatively differ from its non-relativistic 

analogue? Calculate the Doppler shift in the frequency of a photon traveling along y-axis, with respect 

to an observer moving along the x-axis with a constant speed u.                              (2003)                    

27. A meson of rest mass п comes to rest and disintegrates to a muon of rest mass μ and a neutrino of zero 

rest mass. Shoe that the kinetic energy of motion of the muon is  

                                                   T=(п-μ)2 c2/ 2 п                                                                                 (2004) 

28. Write down the expression for the relativistic mass of a particle moving with a velocity ν in terms of its 

rest mass. Establish from the above expression Einstein’s mass energy relation E=mc2.          (2004)                                                                                                                                                  

29. Show that the length L of an object moving with a velocity υ is given in the direction of motion by 

 2 2
0L L (1 / c )= − 1/2,Where L0 is the proper length and c is the velocity of light is free space. 

 What will be the shape of a spherical ball while moving under relativistic regime?  

 



  

31.  Prove that two successive Lorentz transformations are equivalent to another Lorentz transformation.  

Hence write down the Einstein’s velocity addition relation.                   (2006) 

32. The source Ś moves along the x’-axis at a speed v, and emits light at an angle θ’to the x’-axis of its own 

frame.  In th S-frame the emitting angle with the x-axis is θ. Hence x and x’-axis are coincident.  Show that 

the exact relativistic aberration formula can be derived from the velocity transformation relations. (2006) 

                        tan =   sin √1 – v2/c2 

                                          cos + v/c
   

33.  A body of rest mass m0 is moving in the positive y-direction at a velocity of 0.6 C relative to the 

laboratory frame. Calculate the components of the four dimensional momentum vector in the laboratory 

frame and in the frame of an observer who is travelling in the positive x-direction at a speed of 0.8 C 

relative to the laboratory frame.                         (2007, 

20 marks) 

34. State the Postulates of the Special theory of relativity and based on these obtain Lorentz as well as 

inverse Lorentz transformations. Hence, obtain an expression to conclude that a moving clock runs more 

slowly than a stationary clock.                                                                                                  (2007, 35 

marks) 

35. An unstable particle has a lifetime of 5 microseconds in its own frame of reference and is moving 

towards the earth at a speed of 0.8C.What will be the lifetime of the particle to an observer on the Earth?  

                                                          (2007, 10 marks) 

36. 

 
 

37. 

 
38. 

 
39. 

 
 

   

 

 

 

 
 

  



  

ELECTRICITY & MAGNETISM 

        TUTORIAL SHEET: 14 

(Electrostatics) 
 

1. Two point charges each of magnitude +2 mill coulomb are placed at A and B in front of an infinite 

conducting plane, which is grounded. The line OAB is perpendicular to the plane with the point O on the 

plane. If OA = 1m and AB = 2m, calculate the force on the charge at A.                 

             (1989)                                                                               

2. The components of an electrostatic field in vacuum are give as 

5

2

3 r

bx

r

a
Ex +=  

 

5r

fxz
Ez = , where a, b, c and f are constants; x, y, z the rectangular Cartesian 

coordinates and r2 = x2 + y2 + z2. Using the basic equations obeyed by the electrostatic field in Vacuum, 

find the relations between a, b, c, and f and determine the charge density at a general point in space. 

Would that explain the observed field?       

                                                                                            (1990) 

3. Show that the electric field intensity due to any distribution of charges at rest can be expressed as the 

gradient of a potential. What is the relation between potential and potential energy? 

A thin disc of radius R is uniformly charged,  being the charge per unit area. Find the potential and the 

electric intensity at points on the axis of the disc. How do these change as one crosses the disc? Explain 

the changes physically.                                       (1991) 

4. Two charges are placed at a distance 1 meter. The magnitude of one charge is double that of the second 

charge. Find the neutral points in the two cases (i) the charges are of the same sign (ii) the charges are of 

opposite sign. What happens to the neutral point if the two charges are of equal magnitude and opposite 

sign?               

                                                                                                                                       (1992) 

5. State Coulomb’s law and show that the electric field can be derived from a potential function. If the 

charge distribution is continuous, find the integral formula for determining its field.                                                                                                    

                                                                                                                                (1992) 

6. Using Laplace’s equation obtains an expression for the potential between two coaxial cylinders.                                                                                                                 

                                                                                                                                     (1994) 

7. An electric dipole is placed in an external electric field. Find the interaction energy between the electric 

dipole and the field. And hence find the force and the torque acting on the dipole                   

                 (1995)                                                                             

8. An electric dipole moment 
→

2p  is placed at (r, ) in the electric field of another dipole moment 
→

1p , 

placed at the origin. Assuming that the electric potential, V, at (r,) due to  P1 is ( ) ,
r4

Cosp
θr,V

2

0

1




=  find 

the dipole – dipole interaction energy.                 

     (1996) 

9. Using Gauss law find the electric field inside a cylindrical capacitor and hence derive the expression for 

its capacitance. Find the dielectric constant of the material inside a 50mm long capacitor of capacitance 

40 F having inner conductor of radius 1mm, outer conductor of radius 10mm. Which of the materials 

has such a value of the dielectric constant?                     (1997)                                                                                      

                                                                                                                                  

10. Determine the energy of attraction an electric dipole and a plane Conducing Surface at zero potential.                                                                                                     

                                                                                                                                  (1998) 

5
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11. A potential field is given by 

     = (x2 + y2 + z2) volt 

Find the electric field at a point (x,y,z) and the charge density in the region.         (1999) 

 

12. Calculate the electric field as a function of position due to a dipole whose potential is cosθ⁄4π r² where 

r=√x²+y². The dipole is at the origin of x,y  system.                     (2001)                                                                                                                                

                                                                                                                                

13. A Conducting sphere of radius a is placed in uniform Eo. Using the method of images show that 

potential is given by
3

2

a
Eo r cos

r

 
 −  

 
         (2001) 

14. Calculate the electric field for a point on the axis of a uniform ring of charge ‘q’ and radius ‘a’. Show 

that the maximum value occurs at x = ±a/2. 

                                                                                                                                (2002) 

15. Show that the potential energy of a charge Q uniformly distributed through the sphere of radius R is 

given by p=3/5 Q 2⁄4πε0R                                                                     

                                                                                                                                (2002)                                                            

16. A Geiger tube consists of a wire of radius 0.2 mm and length 12cm and a coaxial metallic cylinder of 

radius 1.5cm and length 12cm. Find 

i. The capacitance of the system and 

ii. The change per unit length of the wire when the potential difference between the wire & the 

cylinder is 1.2 kv. (Assume the dielectric constant of the gas in the tube is 1).         

                                                                                     (2002)                                                                                                                                   

17. A cylinder of length L and radius b has its axis coincident with z-axis. The electric field in the region is 

E =100 k . Find the electric flux through: 

i. The top circular end 

ii. The curved wall of the cylinder  

iii.  The closed surface of sphere.                                                                (2003) 

 

18. Consider an infinite grounded conducting plane .If a point charge is held at a distance d from the plane, 

compute by method of images the electric potential above the plane & the induced charges on the 

conductor.                                       (2003)      

19.  What is the volume density of the charge in a region of space, where the electrostatic potential is given 

by V= a – b (x2+y2) –c ln (x2+y2) where a, b, c are constants.                                                     (2004) 

20.  A point charge q is held at a distance d in the front of an infinite grounded conducting plane. What is 

the electric potential in front of the plane?       (2004) 

21. Derive approximate expressions for the potential and the radial as well as the azimuthal components of 

the field due to an electric dipole at points far away from it. Also derive expression and hence describe 

the effect of a uniform electric field on a dipole which can rotate freely.   (2005) 

22. What is molecular polarizability?  Derive Clausius - Mosotti equation relating the molecular 

polarizability with the dielectric constant of a dielectric material.                (2006) 

23. Starting from Maxwell’s equation, D = ρ, where D is the electric displacement density and ρ is the 

charge density, derive Poisson’s equation.  Deduce Laplace’s equation for charge-free region from 

Poisson’s equation.           (2006)  

24. A potential in cylindrical coordinates is a function of r and ø but not of z.  Obtain the separated 

differential equations for R and Ф, where V= R(r) Ф (ø) and solve them.      (2006) 

25. Derive poisson equation starting from the Coulomb’s law for a set of point charges.    (2007, 20 marks) 

26. Obtain the solution of the Laplace equation in cylindrical coordinates.                          (2007, 20 marks)  

 



  

27. 

 
28. 

 
29. 

 
30. 

 
31. 

 
32. 

 



  

 

TUTORIAL SHEET: 15 

(Biot-Savart’s law & applications) 

 
1. A wire of length 1 is bent into the form of a rectangle of sides a and b and carries a current I. Calculate 

the magnetic field intensity at the centre of the rectangle. Show further that the intensity is minimum for 

a = b 

(1989) 

2. Starting from Biot-Savart’s law, calculate the magnetic field at the centre of a solenoid of length 1 

metre, radius 2 cm and having 25 turns per cm., the current through the solenoid being 1 Ampere. 

(1990) 

3. A charged particle moving horizontally towards the east with a velocity of 105 m/sec enters into a region 

where there is a horizontal electric field E of intensity 100 volt/cm directed towards the north as also a 

magnetic field B. The particle continues to move in the same direction as before what can you say about 

the field B? Is it completely determined? What will be the path of the particle if the magnetic field be 

switched off? 

(1990) 

4. State Biot-Savart’s law. Derive an expression for the magnetic field at points along the axis of a circular 

coil. 

(1992) 

5. Obtain expressions for electrostatic scalar potential, magneto static Vector potential and electromagnetic 

potential. How are the first two related to the third? Explain the ideas of retarded potential. 

(1994) 

6. Starting from Biot-Savart’s law, find vector potential at a distance r, from a current carrying wire. 

(1996) 

7. Calculate the Magnetic moment of a coil having 100 turns, each of area 10cm2 carrying a current of       

1 mA, flowing for 1 milli second. The coil is placed in a magnetic field of 0.5 wb, which is 

perpendicular to the magnetic moment. Calculate the torque acting on the coil and the angular 

momentum transferred to it. 

(1997) 

8. Current is flowing in a single-turn circular coil of radius 0.1m such that at a point 5mm from the centre 

of the coil on the axis perpendicular to the plane of the coil the magnetic field is 0.1 mT. Find the 

current in the coil. Hence calculate the magnetic moment of the current carrying coil.                    (2000) 

9. Consider two long and straight current carrying wires placed parallel to each other a certain distance 

apart. Derive an expression for the force per unit length experienced by these wires. Discuss that the 

attractive (repulsive) nature of this force is related to the directions of flow of currents in the two wires. 

(2005) 

10. Find the magnetic field B at the point P due to a short straight length of wire carrying current ‘i’.  Length 

of the wire is l.  Point P is at a distance r away from the center of the wire.  Angle between l and r is θ.

                    (2006) 

11. Write Ampere’s circuital law, and obtain a generalized form of this law, for non-stationary case.   (2006) 

 

12. State the Ampere’s law of magnetostatics.Using this law, find the magnetic field at a point due to an 

infinitely long filamentary current.                                               (2007)  

13. What is a magnetic shell? Define the strength of a magnetic shell. A 2mm thick magnetic shell weighing 

100 gm has magnetic moment of 1000 units. The density of the shell material is 10gm/c.c.Calculate the 

intensity of magnetization and the strength of the shell.                                                                     (2007) 

14. 

 



  

15. 

 
16. 

 
 

 

 

         TUTORIAL SHEET: 16 

                  (EMI & A.C.) 

 
A 220 volt 50 cycle AC supply is connected to a circuit containing a resistance of 20 ohms, in series 

with a 100F Capacitor. Determine the current and the phase. 

(1988) 

An electromotive force E0 Sin pt + E1 Sin 2pt is impressed on a circuit containing an inductor and a 

resistor. Set up the differential equation obeyed by the current and show that in the steady state the 

current comprises two sinusoidal terms. Calculate the average power dissipated in the circuit. What 

is the difference, if any, between a varying current and an alternating current? 

(1989) 

A circular coil of wire having 100 turns and radius 10cm is rotating about a Vertical axis in its own 

plane uniformly at the rate of 480 revolutions per minute. There is a horizontal Magnetic field of 

intensity 0.01 wb/m2. The terminals of the coil are connected to the ends of an inductor having 

inductance 0.01 Henry. Assuming that the resistance in the circuit can be neglected. Find the current 

in the circuit at the instant the plane of the rotating coil is perpendicular to the magnetic field.  

          (1990) 

1. Set up the equation for the discharge of a capacitor C connected in series with a resistor R and an 

inductor L. If R0 stands for ,
C

L
2 discuss three cases (I) R<R0. What will you observe if the discharge 

takes place at a low temperature when the material of resistor has become super conducting? 

(1991) 

2. The total energy U in an oscillating L-C circuit is given by U = UB + UE= ,
C

q
LI

2

1 2
2 +  when the 

resistance of the circuit is zero. From this show that it is an oscillatory circuit and find the time 

period. 

(1992) 

3. If steady voltage is applied to an L-R circuit, show how voltage across the inductance and the current 

in the circuit changes with time. Explain the term inductive time constant.     

   (1992) 

4. A harmonic e.m.f is applied to a series circuit, containing resistance, inductance and capacitance. 

Derive the expression for the current and condition for resonance.  

        (1993) 



  

5. A series circuit consisting of 4.10 ohms of resistance, 810  H of inductance and 225 F of 

capacitance is excited by a constant voltage amplitude generator of variable frequency. At what 

frequency is the maximum power delivered? 

(1993) 

6. A harmonic e.m.f is applied to a parallel resonant circuit, containing resistance R, inductance L and 

Capacitance C. Derive expressions for resonance, angular frequency w0 and the bandwidth w.  

            (1995) 

7. Calculate w0, w and quality factor Q for LCR parallel resonant circuit given the values: 

C = 0.4F, L = 4 mH, and R = 1 K                                     

(1994) 

8. Show that the energy stored in a Capacitor is 
C2

q 2

while the energy stored in the inductor is ,LI
2

1 2  

where the symbols have their usual meanings.          (1994) 

 

9. An alternating voltage is applied to CR circuit connected in series. Under what conditions it acts as an 

(i) integrator and (ii) a differentiator? 

(1995) 

10. An alternating voltage of varying frequency is applied across a two-branch parallel circuit of R1 and 

L in series and R2 and C in series as shown in Fig. Below: 

Find its resonant frequency. If R1 and R2 are not zero, state the conditions when the resonant 

frequency is given by 
LC2

1
f0


=                          

                                        (1995) 

11. Self-inductance of two coils, A and B, connected in series is 25 m H or 10mH depending on the 

relative current directions in the coils. Self Inductance of A is 10mH calculate mutual inductance M of 

the pair of coils, coupling factor and leakage factor. If the current in coils is changing at the rate of 1000 

A/S, find the induced electromotive forces across the coil A.  

                                                                (1996) 

12. An alternating voltage is applied to the circuit shown in Figure. Show that it has two resonant 

frequencies fp and fg inter-related as 

         ;
r

1
1fsf p 








+=  where 

a

b

C

C
r =                                                                     (1996) 

 

             

 

 

 

 

Q. A relay has a coil resistance of 10 and inductance of 1H. It is energized by a single voltage 

pulse of 10V, which remains constant for 250 ms and then falls to 0V. Relay contact closes when the 

increasing current reaches 200 mA and opens when the decreasing current is at 100 mA. Calculate 

the time for which the relay contact is closed.                                                                                               

(1996) 

13. The Self-inductance of primary and secondary coils of a R.F transformer is 10mH each. When the 

coils are connected in series, self-resonating frequencies are 132.6 KHZ and 108.3 KHZ. Calculate the 

mutual inductance between the coils & the winding capacitance.   

                                                                                      (1997) 

14. Define quality factor for an A.C. circuit and discuss the meaning of electrical resonance in a series 

LCR circuit. Explain the term sharpness of resonance 

(1998) 



  

15.Two coils are connected in series and their total self-inductance is 4.40 mH. When current is reversed 

then total self-inductance is 1.60 mH. All the flux due to the first coil links the second coil, but only 

40% of the flux due to the second coil links the first coil. Find the self-inductance of each of the coils 

and their mutual inductance. 

(1998) 

16. A potential difference with a frequency of 50 cycles per second is applied to a coil of resistance 1 K 

ohms and inductance 2H. Calculate the power factor of the circuit. 

(1998) 

17. An L – C – R circuit has a resistance of 100 ohms, a capacitance of 0.2 F and an inductance of 5 H. 

An a.c. source E = 50 Sin 1000t Volt is connected in the circuit. Calculate the average power dissipated. 

(1999) 

 

18. In a series L – C – R circuit connected to an alternating constant voltage source the current 

amplitude is 








n

1
times the amplitude at resonance at frequency w1 and w2. Obtain an expression for its 

quality factor at resonant frequency.                             (1999) 

 

 

19. Two inductance coils having inductances L1 and L2 and negligible resistances are connected in 

parallel. The coils have a mutual inductance M. Obtain an expression for the effective inductance of the 

combination. 

(1999) 

20. For an R-L-C series resonant circuit, show that 210 fff = , where f0 is the resonance frequency and f1 

and f2 are the half-power frequencies. Is this relation true for a parallel resonance circuit in which R, L 

and C are connected in parallel to each other? Explain. 

(2000) 

21. A series R-L circuit has a constant d.c voltage V applied at the time t = 0 by closing a switch  

(a) Derive an expression for the current in the circuit 

(b) Calculate the voltage drops across R and across L. 

(c) At what time are these voltage drops equal? 

(d) Find the power dissipated by R and power stored in L. 

(e) Show that the steady-state energy is stored in the magnetic field. 

 

22.What value of inductance has to be used so that a lamp with rating of 200 volt & 10 amperes lights 

the same way with 250 V source at 50Hz.                      

(2001) 

23.An inductance is connected to a 6volt battery through a resistance R. What is the steady state current 

in the circuit? After what time the battery would be delivering one half its steady state current?  

                                                               (2001)                              

24.Explain the use of a parallel resonance circuit:  1) as a rejecter circuit     2) for current amplification.                                                                                       

(2001)  

25. A series LCR circuit with L=2H, C=2 μF and R=20   is powered by a source of 100 volts and variable 

frequency. Find   the resonance frequency fo The value of Q 

i. The width of resonance ∆ƒ and 

ii. The maximum current at resonance.                                                 

(2002) 

26.A bridge network with resistance capacitance and inductance is given in the above figure. Show that 

the condition for balancing the bridge is independent of the frequency of applied voltage.   



  

                                                                       (2003)  

 

 

 

In an a.c. circuit a resistance (R= 100Ω) and a capacitance (C= 1 μ F) in series are connected to an a.c. 

source V= 200 sin (100 π t ).  Calculate the current through the circuit and voltages across R and C. 

Draw a vector diagram representing the magnitudes and phases of the voltages.                   (2007) 

27. 

 

28. 

 

29. 

 

 

 

 



  

                  TUTORIAL SHEET: 17 

(Kirchoff’s laws & applications) 

1. State Kirchoff’s laws of the distribution of currents (a) in the usual form for steady currents and (b) in a 

form applicable to alternating current networks. Discuss the method for comparing inductances by using 

Maxwell’s bridge. State the disadvantages of the method.               (1998) 

2. An inductance in connected to 6 volt battery through a resistance R. What is the steady state current in 

the circuit? After what time the battery would be delivering one half its stead state current?           (2001) 

3. Using Kirchoff’ laws find currents in each branch of the circuit shown in the following diagram. 

 

 

 

 

 

 

 

 

 (2002) 

4. A network PQRS is connected as shown in the figure below. Apply Kirchoff’s law and show that the 

current flowing through the 20 Ω resistor PR is 0.029 A. 

 

 

 

 

 

 

 

(2004) 

 

 

 

 

 

 

 

 

 

 

 



  

                      TUTORIAL SHEET: 18 

(Electromagnetic Waves) 

 
1. Derive an expression for the Poynting’s Vector and explain its significance. A light source (1 Kilowatt) 

is radiating energy uniformly. Determine the intensity of the electric field at a distance of one meter 

from the source. 

(1988) 

2. Write down Maxwell’s equations in vacuum. Show that in the source-free case, both the electric and 

magnetic vectors obey wave equations of identical form and considering a plane wave solution, prove 

that the electric and magnetic vectors and the direction of propagation are mutually perpendicular. Show 

further that there is a propagation of energy given by the poynting Vector 

(1989) 

3. In a certain region of space in vacuum, the components of the magnetic induction are (in wb/m2) 

i. Bx = A e-ay + bx 

ii. By = A e-ax + cy 

iii. Bz = 0 

Where x, y, z are in metres and A, a, b, c are constants. Find the relation, if any, between these 

constants and also the current distribution that gives rise to this field. (No electric field is present). Is the 

current distribution consistent with the charge conservation principle? 

(1991) 

4. Write down Maxwell’s equations for an isotropic homogenous dielectric and point out their relations 

with observational laws. 

How do these equations lead to the concept of electro-magnetic waves? 

(1992) 

5. Give the four basic experimental laws of electro magnetic in words and in mathematical forms. Explain 

how they are modified to obtain the Maxwell’s equations. Show how these, equations lead to prediction 

about the speed at which e.m waves are propagated in vacuum.  

(1993) 

6. What is Pointing Vector? Explain how the transport of electro magnetic energy is expressed 

quantitatively by Poynting Vector? 

(1993) 

7. Show that the electro magnetic waves in free space are transverse in nature. 

        (1994,1996) 

8. State and prove Poynting’s theorem. Discuss the physical significance of each term in the resulting 

equation. 

(1994) 

If the average distance between the sun and earth is 1.5  1011 meter, find the average solar energy flux 

on the earth (solar constant) given the power radiated by the sun = 3.8  1026 watt. 

(1994) 

9. Show that the Ampere’s circuital law fails for time varying currents. How has the difficulty been 

overcome by Maxwell by introducing the concept of displacement current density? How is the expression 

for 
→

→
−

 B modified for magnetized material magnetization vector 
→

M ? 

(1995) 

10. Starting from Maxwell equations, obtain, differential equations for scalar and vector potentials. Solve 

the equation for scalar potential in a dielectric medium having source of charge density . 

(1995) 

11. Show that attenuation constant  and phase fact  for an electromagnetic wave, propagating in a 

perfectly conducting medium are equal. At what frequency the skin depth in silver is 1 m, when the 

conductivity of silver is 30  106 siemens/meter and relative permeability is 1.0? 



  

(1996) 

12. Write down Maxwell’s equations in free space and hence show that the phase velocity of the 

electromagnetic wave is equal to the velocity of light in free space. 

(1997) 

13. Obtain the characteristic impedance of the vacuum. Derive the expression used. 

(1997) 

14. Derive the wave equations for 
→

E and 
→

B and solve one of these for plane wave propagation in an 

unbounded, homogeneous dielectric medium. Further show that in a plane wave 






 →→→

K,B,E  form a 

mutually orthogonal right handed system. 

(1998) 

15. A traveling electromagnetic wave is described by the equation Ex (Z, t) = 0.5 cos. (20t–2Z). 

Determine (i) speed of the wave, V (ii) wave length,  (iii) Time period, T (iv) Direction of 

propogation. 

(1998) 

16. The electric field vector of a plane electromagnetic wave is given by 

  x̂wtkzcosEE 0 







+−=
→

 

Write the magnetic field vector. Calculate the average energy per unit volume stored in electromagnetic 

field and the average energy flux density. 

(1999) 

17. Calculate the peak values of 
→

E  and 
→

B for a laser beam of power 21010 watt and radius 0.1mm. 

(1999) 

18. ‘The introduction of the displacement current is one of the major contributions of Maxwell’. 

Discuss.              

 (2000) 

19. Using Maxwell’s equations, derive the electromagnetic wave equations for a conducting medium 

and solve it. 

(2000) 

20. What is the limiting case of a metallic conductor in the above case? Explain.  

(2000) 

21. What is gauge transformation? Define coulomb gauge. Derive the equation for vector Potential 

under coulomb gauge.          

 (2001) 

   

22. Define scalar and vector potentials. Recast Maxwell’s equations in terms of these potentials. 

             

 (2001) 

23. Derives the energy continuity equation for electromagnets waves using the pouting vector. 

(2001) 

24. Why did Maxwell have to introduce the idea of displacement current? Derive the wave equation 

from Maxwell’s equations. Obtain Fresnel’s formula for reflection and transmission coefficients of 

the electric field vector where it is perpendicular to the plane of incidence. 

(2002) 

25. What are vector and scalar potentials for the electro magnetic field? Are they unique? Explain what 

are coulomb’s Lorentz gauges. Derive the electromagnetic wave equation in Lorentz gauge and 

show that it is equivalent to Maxwell’s equation. 

(2002) 

 



  

26. fine pointing vector and explain its significance. The electric field vector for an electromagnetic field 

travelling in vacuum is given by E =E0 cos(kz- wt) L̂  

Calculate the poynting vector for the wave and show that its magnitude is equal to the energy density of 

the wave time the velocity of light.         

(2003) 

27. A plane wave of frequency ω travels into two linear dielectric media. It has a normal incidence at the 

interface of the media. Giving appropriate boundary conditions, obtain expressions for the intensities 

of reflected and transmitted rays.                                        (2003) 

            

 What are the Vector and scalar potentials? Derive Maxwell’s equation in terms of these potentials. 

   (2004) 

30. Show that the pointing Vector S=
→

E × H  represents the energy flow per unit time both in magnitude and 

direction in case of a plane electromagnetic wave.                                                                             (2004) 

31. Show that the electric and magnetic field vectors, E  and B , plane electromagnetic waves are mutually 

perpendicular in a plane normal to the direction of propagation. How are phases of E  and B related to 

each other?                                                                                                                                           (2005) 

32. Write down the macroscopic from of the Maxwell’s equation in any isotropic (but inhomogeneous) 

medium and define the symbols appearing therein. Convert these equations in the integral forms to 

highlight the laws represented by these equations.                                                                             (2005) 

33. Describe physical significance of the displacement current considering the example of current flow 

through a capacitor.                                                                                                                             (2005) 

 

34. What do you mean by a gauge transformation?  What is its importance?  Show that the Lorentz gauge  

condition    .A+   1.  ∂Φ = 0 is Lorentz invariant. Here A and Φ are the vector and scalar potentials.   (2006) 

       c2    ∂t 

 Starting from Maxwell’s equations of electromagnetic field in vacuum obtain the classical wave  

equations for the four field vectors  E,       D,    B and H.  Show that the field vectors can be propagated as 

waves in free space with the velocity of propagation equal to 3 x 108 m/s, where for free space we have the 

vacuum permittivity ε0 = 8.854 x 10-12 farad/m and vacuum permeability μ0 = 1.257 x 10-6 henry/m. (2006)                   

35.  Write down the different components of the electromagnetic field tensors Fμν and further prove that         

Maxwell’s equations of electrodynamics are invariant to Lorentz transformations.                              (2006)  

36. Explain the Rayleigh Scattering of light. Show that the energy density of light scattered from an 

isotropic homogeneous medium of a gas is inversely proportional to the fourth power of wavelength of the 

incident light.                                    (2007, 35 marks) 



  

38. 

 

39. 

 

40. 

 



  

41. 

 

42. 

 

43. 

 

44. 

 

45. 

 

46. 

 
 



  

TUTORIAL SHEET: 19 

        Black Body Radiation 

1. Write down the expression for energy distribution of a black - body radiation at temperature   T and 

deduce Wien’s displacement law.                         (1988) 

2. Define solar constant and say which of the values 1.34 W/m2, 1.34  103 W/m2, 1.34  105 W/m2 is 

valid for it? Calculate the total energy radiated by the sun in one second and hence the decrease in its 

mass per second.                 (1990) 

3. Write down Planck’s law of radiation and establish Wien’s law from it.                                         (1991) 

4. State Planck’s formula for black - body spectrum.  Show that Planck’s formula reduces to Wien’s 

formula at short wave lengths.                                                  (1992) 

5. In a nuclear explosion, the maximum temperature reached was of the order of 108 K.  Estimate the 

order of wavelength at which the maximum of radiation energy occurs. 

(1992) 

6. Show that the temperature ‘T’ of a planet varies inversely as the square root of its distance  ‘R’ from the 

Sun. (The Sun and planets are considered to be black bodies in radioactive equilibrium.) 

(1992) 

 

 

 

8. The solar constant on the lighted surface of the earth is given as ‘J’.  Assuming Solar radiation as black 

body radiation, find an expression for the temperature of the Photosphere of the Sun. 

(1995) 

9. Derive the distribution law which explains the black body spectrum over the entire wave length region.  

Using this relation determine the value of Wien’s constant b. 

(1997) 

10. Write down the expression for the energy distribution function for the black body radiation at 

temperature T. Show that expression goes into the Rayleigh - Jeans distribution   at one end of the frequency 

spectrum and the Wien’s distribution at the other end. 

(1998)  

11. Calculate the maximum amount of heat which may be lost per sec. by radiation from a sphere of 10 cms. 

diameter at a temperature of 227oC when placed in and enclosure at a temperature  of 27oC.  Given that  = 

5.7  10-2 watt/cm2/deg-4/sec. 

 

12. Calculate the temperature of Sun if solar const. is 1.9 cals per minute, angular diameter is 30o  and         

=  5.7  10-5 C.G.S.  units. 

 

13. Earth receives 1.3 Kw/m2 of radiant energy from the sun. Assuming sun to be a spherical black body of 

radius 7х108m and Earth-Sun distance to be 1.5x1011m, Calculate the surface temperature of Sun.[Stefan-

Boltzmann constant σ=5.67x10-8 w m-2 k-4]                                           (2003) 

 

14. Use the Planck formula for the black body radiation  

    
2

2 3

h
u( ,T)

exp( h ) 1c


 =

  −
 

with 
B

1

k T
 =  to derive Wien’s law, Rayleigh-Jeans law and Stefan-Boltzmann law.  

         (2005) 

15. Using Planck’s radiation formula 

u(ν)dν  =   8πh     ν 3 dν     , where the symbols have their usual meaning, find the wavelength of the  

                   C3         ehv/kT 



  

region where energy density is the greatest.  Also calculate the total energy density over all the 

frequencies.                  (2006) 

16. State Rayleigh-Jeans law. Show that the intensity of emissions at a particular wavelength is proportional   

to the temperature T. Discuss the limitations of this law in describing the intensity distribution of 

emission spectrum of a blackbody.                                                   (2007, 25 marks)               

17.  

                                                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
















































