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Chapter-1 : Electric Charges and Fields      
Q.1 What is the electric flux through a cube of side 1 cm which encloses an electric dipole?  (1) 
Q.2 Write the expression for the torque 휏⃗ acting on a dipole of dipole moment 휌⃗ placed in an electric 

field 퐸⃗ .            (1) 
Q.3 Three point charges + q each are kept at the vertices of an equilateral triangle of side i. Determine the 

magnitude and sign of the charge to be kept at its cntroid so that the charges at the vertices remain in 
equilibrium.             (3) 

Q.4 (a) An electric dipole of dipole moment  휌⃗ consists of point charges + q and  ‒q separated by a 
distance 2a apart. Deduce the expression for the electric field 퐸⃗due to the dipole at a distance x from 
the centre of the dipole on its axial line in terms of the dipole moment 휌⃗. Hence show that in the limit 
x >> a, 퐸⃗ → 2 휌⃗/ 4휋휀0 .             

 (b) Given the electric field in the region 퐸⃗= 2푥횤̂, find the net electric flux through the cube and the 
charge enclosed by it.           (5) 

Q.5 Define electric flux. Write its SI unit.  
 State and explain Gauss’s law. Find out the outward flux due to a point charge + q placed at the 

centre of a cube of side a. Why is it found to be independent of the size and shape of the surface 
enclosing it? Explain.           (5) 

Q.6 (a) A small conducting sphere of radius r carrying a charge + q  is surrounded  by a large concentric 
conducting shell of radius R on which a charge + Q is placed. Using Gauss’s law, derive the 
expressions for the electric field at a point x 

 (i) between the sphere and the shell (r < x < R), 
 (ii) outside the spherical shell. 
 (b) Show that if we connect the smaller and the outer sphere by a wire, the charge q on the former 

will always flow to the latter, independent of how large the charge Q is.    (5) 
Q.7 (a) Consider a system of n charges q1, q2, ……..qn with position vectors 푟 ,⃗ 푟 ,⃗ 푟 ,⃗ ……., 푟⃗ relative to 

some origin 0, Deduce the expression for the net electric field 퐸⃗ at a point P with position vector 푟⃗, 
due to this system of charges. 

 (b) Find the resultant electric field due to an electric dipole of dipole moment, 2aq, (2a being the 
separation between the charge ±q) at a point distant x on its equator.    (5) 

Q.8 (a) State Gauss’s law in electrostatics. Show, with the help of a suitable example along with the 
figure, that the outward flux due to a point charge q, in vacuum within a closed surface, is 
independent of its size or shape and is given by 푞/휀 .  

 (b) Two parallel uniformly charge infinite plane sheets, 1 and 2, have charges densities +휎	푎푛푑 −
2휎 respectively. Give the magnitude and direction of the net electric field at a point 

 (i) in between the two sheets and 
 (ii) outside near the sheet 1.          (5) 
Q.9 (a) “The outward electric flux due to charge +Q is independent of the shape and size of the surface 

which encloses it.” Give two reasons to justify this statement. 
 (b) Two identical circular loops 1 and 2 of radius R each have linear charge densities – 휆 and  + 휆 

C/m respectively. The loops are placed coaxially with their centres R √3 distance apart. Find the 
magnitude and direction of the net electric field at the centre of loop 1.    (5) 

Q.10 Two equal balls having equal positive charge q coulombs are suspended by two insulating strings of equal 
length. What would be the effect on the force when a plastic sheet is inserted between the two?   (1) 

Q.11 Why do the electrostatic field lines not form closed loops?      (1) 
Q.12 Why do the electric field lines never cross each other?      (1) 



Q.13 Given a uniform electric field 퐸⃗ = 5 × 103 횤̂ N/C, find the flux of this field through a square of 10 cm 
on a side whose plane is parallel to the y-z plane. What would be the flux through the same square if 
the plane makes a 30° angle with the x-axis?        (2) 

Q.14 (a) A point charge (+Q) is kept in the vicinity of uncharged conducting plate. Sketch electric field 
lines between the charge and the plate. 

 (b) Two infinitely large plane thin parallel sheets having surface charge densities 휎  and	휎   (	휎 > 	휎 ) are 
shown in the figure. Write the magnitudes and direction of net fields in the regions marked II and III. (3) 

Q.15 Two charges of magnitudes ‒ 2Q and + Q are located at points (a, 0) and (4a,0) respectively. What is 
the electric flux due to these charges through a sphere of radius 3a with its centre at the origin? (1) 

Q.16 Two charges of magnitudes ‒ 3Q and + 2Q are located at points (a, 0) and  (4a,0) respectively. What 
is the electric flux due to these charges through a sphere of radius 5a with its centre at the origin?  (1) 

Q.17 Two charges of magnitudes + 4Q and  ‒Q are located at points (a,0) and (‒3a,0) respectively. What 
is the electric flux due to these charges through a sphere of radius 2a with its centre at the origin?  (1) 

Q.18 Define electric dipole moment. Is it scalar or vector?       (1) 
Q.19 A hollow cylindrical box of length 1m and area of cross-section 25 cm2 is placed in a three 

dimensional coordinate system as shown in the figure. The electric field in the region is given by 퐸⃗ = 
50 푥횤̂, where E is in N C‒1 and x is in metres.  

 Find:- (i) Net flux  through the cylinder. (ii) Charge enclosed by the cylinder.   (3) 
Q.20 A hollow cylindrical box of length 0.5m and area of cross-section 20 cm2 is placed in a three 

dimensional coordinate system as shown in the figure. The electric field in the region is given by 퐸⃗ = 
20 푥횤̂, where E is  N C‒1 and x is in metres Find  

 (i) Net flux through the cylinder.  (ii) Charge enclosed in the cylinder.   (3) 
Q.21 While travelling back to his residence in the car. Dr. Pathak was caught up in a thunderstorm. It 

became very dark. He stopped driving the car and waited for thunderstorm to stop. Suddenly he 
noticed a child walking alone on the road. He asked the boy to come inside the car till the 
thunderstorm stopped. Dr Pathak dropped the boy at his residence. The boy insisted that Dr. Pathak 
should meet his parents. The parents expressed their gratitude to Dr Pathak for his concern for safety 
of the child.            (4) 

 Answer the following questions based on the above information: 
(i) Why is it safer to sit inside a car during a thunderstorm? 
(ii) Which two values are displayed by Dr Pathak in his actions? 
(iii) Give an example of a similar action on your part in the past from everyday life.  

Q.22 Why must electrostatic field be normal to the surface at every point of a charged conductor? (1) 
Q.23 Why should electrostatic field be zero inside a conductor?       (1) 
Q.24 A charge q is placed at the centre of a cube. What is the electric flux passing through the cube? (1) 
Q.25 A charge q is placed at the centre of a cube of side i. what is the electric flux passing through two  

opposite faces of the cube?          (1) 
Q.26 A charge q is placed at the centre of a cube of side i. what is the electric flux passing through each  

face of the cube?           (1) 
Q.27 Define dipole moment of an electric dipole. Is it a scalar or a vector?    (1) 
Q.28 State Gauss’s law in electrostatics. A cube with each side a is kept in an electric field given by 퐸⃗ = C  
 푥횤̂, (as is shown in the figure), where C is a positive dimensional constant. Find out  (3) 

(i) the electric flux through the cube, and 
(ii) the net charge inside the cube. 

Q.29 (a) Define electric flux. Write its SI units. 
 (b) Using Gauss’s law, prove that the electric field at a point due to a uniformly charged infinite  

plane sheet is independent of the distance from it. 
(c) How is the field directed if the sheet is (i) positively charged, (ii) negatively charged?  (5) 

Q.30 A proton is placed in a uniform electric field directed along the positive x-axis. In which direction  
will it tend to move?           (1) 



Q.31 Define electric dipole moment. Write its SI unit.       (1) 
Q.32 Two point charges having equal charges separated by 1 m distance experience a force of 8N. What 

will be the force experienced by them, if they are held in water, at the same distance?                               
(Given: Kwater =80)           (1) 

Q.33 Two insulated charged copper spheres A and B of identical size have charges qA and qB respectively. 
A third sphere C of the same size but uncharged is brought in contact with the first and then in 
contact with the second and finally removed from both. What are the new charges on A and B? (1) 

Q.34 Two insulated charged copper spheres A and B of identical size have charges qA and qB respectively. 
When they are brought in contact with each other and finally separated, what are the new charges on 
them?             (1) 

Q.35 Two insulated charged copper spheres A and B identical size have charges qA and ‒3qA respectively. 
When they are brought in contact with each other and then separated, what are the new charges on 
them?             (1) 

Q.36 To small identical electrical dipoles AB and CD, each of dipole moment 휌 are kept at an angle of 
120° as shown in the figure. What is the resultant dipole moment of this combination? If this system 

is subjected to electric field →  directed along + X direction, what will be the magnitude and 

direction of the torque acting on this?        (2) 
Q.37 A thin straight infinitely long conducting wire having charge density 휆 is enclosed by a cylindrical 

surface of radius r and length l, its axis coinciding with the length of the wire. Find the expression 
for the electric flux through the surface of the cylinder.      (2)  

Q.38 Plot a graph showing the variation of coulomb force (F) versus  , where r is the distance between 
the two charges of each pair of charges: (1µC,2µC)  and  (2µC,‒3µC).   Interpret the graphs 
obtained.            (2) 

Q.39 Using Gauss’s law obtain the expression for the electric field due to a uniformly charged thin 
spherical shell of radius R at a point outside the shell. Draw a graph showing the variation of electric 
field with r, for r > R and r < R.         (3) 

Q.40 State Gauss’s law in electrostatics. Use this law to derive the expression for the electric field due to a 
uniformly charged infinite thin plane sheet.         (3) 

Q.41 (a) State Gauss’ law. Use it to deduce the expression for the electric field due to a uniformly charged 
thin spherical shell at points (i) inside and  (ii) outside the shell. 

 (b) Two identical metallic spheres A and B having charges +4 Q and ‒10 Q are kept a certain 
distance apart. A third identical uncharged sphere C is first placed in contact with sphere A and then 
with sphere B. Spheres A and B are then brought in contact and then separated. Find the charges on 
the spheres A and B.            (5) 

Q.42 Figure show three point charges, + 2q, ‒ q and + 3q. Two charges + 2q and ‒ q are enclosed within a 
surface S. What is the electric flux due to this configuration through the surface S?  (1)  

 
 
 
 
 
Q.43 A charge Q µC is placed at the centre of a cube. What is the electric flux coming out from any one 

surface?            (1) 
Q.44 A metallic sphere is placed in a uniform electric field as shown in the figure. Which path is followed  

by electric field lines and why?         (1) 
 
 

 
 



Q.45 A spherical conducting shell of inner radius r1 and outer radius r2 has a charges Q. A charge q is  
placed at the centre of the shell.         (2) 
(a) What is the surface charge density on the (i) inner surface, (ii) outer surface of the shell? 
(b) Write the expression for the electric field at a point x > r2 from the centre of the shell. 

Q.46 Show that the electric field at the surface of a charged conductor is given by → = 	 푛, where 휎	is  

the surface charge density and  푛 is a unit vector normal to the surface in the outward direction. (2) 
Q.47 Define electric flux. Write its SI unit. A charge q is enclosed by a spherical surface or radius R. If the  

radius is reduced to half, how would the electric flux through the surface change?   (2) 
Q.48 Figure shows two large metal plates, P1 and P2, tightly held against each other and placed between  

two equal and unlike point charges perpendicular to the line joining them.    (2) 
(i) What will happen to the plates when they are released? 
(ii) Draw the pattern of the electric field lines for the system. 

  
Q.49 The sum of two point charges is 7 µC. They repel each other with a force of 1 N when kept 30 cm  

apart in free. Calculate the value of each charge.       (2) 
Q.50 The sum of two point charges is 9 µC. They repel each other with a force of 2N when kept 30 cm  

apart in free space. Calculate the value of each charge.      (2) 
Q.51 State Gauss’s law in electrostatics. Using this law derive an expression for the electric field due to a  

uniformly charged infinite plane sheet.        (3) 
Q.52 A thin conducting spherical shell of radius R has charge Q spread uniformly over its surface. Using  

Gauss’s law, derive an expression for an electric filed at a point outside the shell. 
Draw a graph of electric field E(r) with distance r from the centre of the shell for 0 ≤ r ≤  ∞.  (3) 

Q.53 State Gauss’s law in electrostatics. Use this law to derive an expression for the electric field due to  
an infinitely long straight wire of liner charge density 휆  C m ‒1.     (3) 

Q.54 A positive point charge ( + q) is kept in the vicinity of an uncharged conducting plate. Sketch electric  
field lines originating from the point on to the surface of the plate. 

 Derive the expression for the electric field at the surface of a charged conductor.   (3) 
Q.55 Use Gauss’s law to derive the expression for the electric field between two uniformly charged large  

parallel sheets with surface charge densities 휎 and ‒ 휎 respectively.    (3) 
Q.56 Define the term ‘electric dipole moment’. Is it a scalar or vector? Deduce an expression for the  

electric field at a point on the equatorial plane of an electric dipole of length 2a.   (3) 
Chapter-2 : Electrostatic Potential and Capacitance   

Q.1 Write a relation or polarization 푃⃗  of a dielectric material in the presence of an external electric  
field	퐸⃗.             (1) 

Q.2 A 600 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply and is  
connected to another uncharged 300 pF capacitor. Calculate how much electrostatic energy is lost in  
the process. What is the source of energy loss?       (3) 

Q.3 Two capacitors of unknown capacitances C1 and C2 are connected first in series and then in parallel 
across a battery of 100 V. If the energy stored in the two combinations is 0.045 J and 0.25 J 
respectively, determine the value of C1 and C2. Also calculate the charge on each capacitor in parallel 
combinations             (3) 

Q.4 Explain briefly the process of charging a parallel plate capacitor when it is connected across a dc  
battery. 
A capacitor of capacitance C is charged to V volts by a battery. After some time, the battery is  
disconnected and  the distance between the plates is doubled. Now a slab of dielectric constant, 1 < K 
< 2, is introduced to fill the space between the plates. How will the following be affected:  (3) 
(a) The electric field between the plates of the capacitor, and  
(b) The energy stored in the capacitor? 

 
 



Q.5 Four charges +q, ‒ q, +q and ‒ q are to be arranged respectively at the four corners of a square ABCD  
of side a.            (3) 
(a) Find the work required to put together this arrangement. 
(b) A charge q0 is bought to the centre of the square, the four charges being held fixed. How much  

extra work is needed to do this?     
Q.6 In the given circuit in the steady state, obtain the expression for (a) the potential drop (b) the charge  

and (c) the energy stored in the capacitor C.        (3) 
 
 
 

Q.7 Find the equivalent capacitance of the network shown in the figure, when each capacitor is of 1 µF.  
When the ends X and Y are connected to a 6 battery, find out (i) the charge and (ii) the energy stored  
in the network.           (3) 
 
 
 

Q.8 (a) Explain, using suitable diagrams, the difference in the behaviour of a (i) conductor and (ii)  
dielectric in the presence of external electric field. Define the terms polarization of a dielectric and  
write its relation with susceptibility.          
(b) A thin metallic spherical shell of radius R carries a charger Q on its surface. A point charge  is 
placed at its centre C and another charge + 2Q is placed outside the shell at a distance x from the 
centre as shown in figure. Find (i) the force on the charge at the centre of shell and at the point A, (ii) 
the electric flux through the shell.           (5) 
 
 
 

Q.9 (a)  Deduce the expression for the potential energy of a system of two charges q1 and q2  located at 푟⃗  
And  푟⃗ respectively in an external electric field. 
(b) Three point charges, + Q, + 2Q and ‒3Q are placed at the vertices of an equilateral triangle ABC  
of side I. If these charges are displaced to the mid-points A1, B1 and C1 respectively, find the amount  
of the work done in shifting the charges to the new locations.     (5) 
 
 
 
 

Q.10 (a) A small conducting sphere of radius ‘r’ carrying a charge + q is surrounded by a large concentric  
conducting shell of radius R on which a charge + Q is placed. Using Gauss’ law, derive the  
expressions for the electric field at a points ‘x’ 
(b) Show that if we connect the smaller and the outer sphere by a wire, the charge q on the fomer will  
always flow to the latter, independent of how large the charge Q is.     (5) 

Q.11 “For any charge configuration, equipotential surface through a point is normal to the electric field.”  
Justify.             (1) 

Q.12 Why must electrostatic field at the surface of a charged conductor be normal to the surface at every  
point? Give reasons.           (1) 

Q.13 Figure shows the filed lines due to positive point charge. Give the sign of potential energy difference  
of small negative charge between the points Q and P.      (1) 
 
 
 
 



Q.14 Figure shows the filed lines on a positive charge. Is the work done by the filed in moving a small  
positive charge from Q to P positive negative? Give reason.      (1) 
 
 
 
 
 

Q.15 Figure shows the field lines due to a negative point charge. Give the sign of the potential energy  
difference of a small negative charge between the points A and B.      (1) 
 
 
 
 

Q.16 An electric dipole of length 4 cm, when placed with its axis making an angle of 60° with a uniform  
electric field, experiences a torque of 4√3 Nm. Calculate the potential energy of the dipole, if it has  
charge ± 8 nC.            (2) 

Q.17 An electric dipole of length 2 cm, when placed with its axis making an angle of 60° with a uniform  
electric field, experience a torque of 8√3 Nm. Calculate the potential energy of the dipole, if it has a 
charge of ± 4nC.           (2) 

Q.18 Given a uniform electric field 퐸⃗ = 2 × 103 횤̂  N/C, find the flux of this field through a square of side  
20 cm, whose plane is parallel to the y-z plane. What would be the flux through the same square, if 
the plane makes an angle of 30° with the x-axis?       (2) 

Q.19 An electric dipole of length 1 cm, which placed with its axis making an angle of  60° with uniform  
electric field, experience a torque of 6√3 Nm. Calculate the potential energy of the dipole if it has  
charge ± 2 nC.            (2) 

Q.20 Given a uniform electric field 퐸⃗ = 4 × 103 횤̂  N/C. Find the flux of this field through a square of 5 cm  
on a side whose plane is parallel to the Y-Z plane. What would be the flux through the same square if  
the plane makes a 30° angle with the x-axis?        (2) 

Q.21 A parallel plate capacitor of capacitance C is charged to a potential V. It is then connected to another  
uncharged capacitor having the same capacitance. Find out the ratio of the energy stored in the  
combined system to that stored initially in the single capacitor.     (2) 

Q.22 Find the charge on the capacitor as shown in the circuit.      (2) 
 
 
 
 
 

Q.23 (a) obtain the expression for the energy stored per unit volume in a charged parallel plate capacitor. 
 (b) The electric field inside a parallel plate capacitor is E. Find the amount of work done in moving  

a charge q over a closed rectangular loop a b c d a.       (3) 
 
 
 
 
 

Q.24 (a) Derive the expression for the capacitance of a parallel plate capacitor having plate area A and  
plate separation d. 
(b) Two charged spherical conductors of radii R1 and R2 when connected by a conducting wire  
acquire charges q1 and q2 respectively. Find the ratio of their surface charge densities in terms of  
their radii.            (3) 



Q.25 Three concentric metallic shells A, B and C of radii a, b and c (a < b < c) have surface charge  
densities + 휎, ‒ 휎 and + 휎 respectively as shown in the figure. 
If shells A and C are at the same potential, then obtain the relation between the radii a, b, c.  (3) 
 
 
 
 
 
 
 
 

Q.26 In a parallel plate capacitor with air between the plates, each plate has an area of 6 × 10‒3  m2 and the  
separation between the plates is 3 mm.        (3) 
(i) Calculate the capacitance of the capacitor. 
(ii) If the capacitor is connected to 100 V supply, what would be the charge on each plate? 
(iii) How would charge on the plates be affected, if a 3 mm thick mica sheet of K = 6 is inserted 

between the plates while the voltage supply remains connected? 
Q.27 What is the geometrical shape of equipotential surfaces due to a single isolated charge?  (1) 
Q.28 A slab of material of dielectric constant K has the same area as that of the plates of a parallel plate  

capacitor but has the thickness d/2, where d is the separation between the plates. Find out the  
expression for its capacitance when the slab is inserted between the plates of the capacitor. (2)  

Q.29 A slab of material of dielectric constant K has the same area as that of the plates of a parallel plate  
capacitor but has the thickness d/3, where d is the separation between the plates. Find out the  
expression for its capacitance when the slab is inserted between the plates of the capacitor.  (2) 

Q.30 A slab of material of dielectric constant K has the same area as that of the plates of a parallel plate  
capacitor but has the thickness 2d/3, where d is the separation between the plates. Find out the  
expression for its capacitance when the slab is inserted between the plates of the capacitor.  (2) 

Q.31 Two concentric metallic spherical shells of radii R and 2R are given charges Q1 and Q2,  
respectively. The surface charge densities on the outer surfaces of the shells are equal. Determine the  
ratio Q1 : Q2.            (2) 

Q.32 A parallel plate capacitor, each of plate area A and separation ‘d’ between the two plates, is charged  
with charges + Q and ‒ Q on the two plates. Deduce the expression for the energy stored in the  
capacitor.            (2)  

Q.33 A capacitor of unknown capacitance is connected across a battery of V volts. The charge stored in it  
is 360 µC. When potential across the capacitor is reduced by 120 V, the charge stored in it becomes  
120 µC.            (3) 

Q.34 A capacitor of unknown capacitance is connected across a battery of V volts. The charge stored in it  
is 300 µC. When potential across the capacitor is reduced by 100 V, the charge stored in it becomes  
100 µC. Calculate the potential V and the unknown capacitance C. What will be charge stored in the  
capacitor if the voltage applied had increased by 100 V?      (3) 

Q.35 (a) An infinitely long positively charged straight wire has a liner charge density 휆 cm‒1. An electron  
is revolving around the wire at its centre with a constant velocity in a circular plane perpendicular to  
the wire. Deduce the expression for its kinetic energy.       

 (b) Plot a graph of the kinetic energy as a function of charge density 휆.    (3) 
Q.36 (a) Define electric dipole moment. Is it a scalar or a vector? Derive the expression for the electric  

field of a dipole at a point on the equatorial plane of the dipole. 
(b) Draw the equipotential surfaces due to an electric dipole. Locate the points where the potential  
due to the dipole is zero.          (5) 

Q.37 Why is electrostatic potential constant throughout the volume of the conductor and has the same  
value (as inside) on its surface?         (1) 



Q.38 Why is the potential inside a hollow spherical charged conductor constant and has the same value as  
on its surface?            (1) 

Q.39 Why is there no work done in moving a charge from one point to another on an equipotential  
surface?            (1) 

Q.40 Why do the equipotential surfaces due to a uniform electric field not intersect each other?  (1) 
Q.41 Draw a plot showing the variation of (i) electric field (E) and (ii) electric potential (V) with distance r  

due to a point charge Q.          (2) 
Q.42 An electric dipole is held in a uniform electric field.  
 (i) Show that the net force acting on it is zero. 
 (ii) The dipole is aligned parallel to the field. Find the work done in rotating it through the angle of  

180°.             (2) 
Q.43 A test charge q is moved without acceleration from A to C along the path from A to B and then from  

B to C in electric field E as shown in the figure. (i) Calculate the potential difference between A and  
C. (ii) At which point (of the two) is the electric potential more and why?     (2) 
 
 
 
 
 

Q.44 A test charge q is moved without acceleration from A to C along the path from A to B and then from  
B to C in electric field E as shown in the figure. (i) Calculate the potential difference between A and  
C. (ii) At which point (of the two) is the electric potential more and why?    (2) 
 
 
 
 
 
 
 

Q.45 Deduce the expression for the electrostatic energy stored in a capacitors of capacitance C and having  
charge Q. How will the (i) energy stored and (ii) the electric field inside the capacitor be affected 
 when it is completely filled with a dielectric material o f dielectric constant K?   (3) 

Q.46 A capacitor of 200 pF is charged by a 300 V battery. The battery is then disconnected and the  
charged capacitor is connected to another uncharged capacitor of 100 pF. Calculate the difference 
between the final energy stored in the combined system and the initial energy stored in the single 
capacitor.            (3) 

Q.47 A point charge Q is placed at point O as shown in the figure. Is the potential difference VA ‒VB  
Positives, negative or zero. If Q is (i) positive (ii) negative ?      (1) 

Q.48 Can two equipotentail surfaces intersect each other? Justify your answer.    (1) 
Q.49 Define the dielectric constant of a medium. What is its unit?     (1) 
Q.50 A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 5 V. What  

is the potential at the centre of the sphere?        (1) 
Q.51 A hollow metal sphere of radius 5 cm is charged such that the potential on its surface is 10 V. what is  

the potential at the centre of the sphere?        (1) 
Q.52 A hollow metal sphere of radius 6 cm is charged such that the potential on its surface is 12 V. What  

is the potential at the center of the sphere?        (1) 
Q.53 Two uniformly large parallel thin plates having charge densities + 휎 and ‒		휎 are kept in the X-Z  

plane at a distance d apart. Sketch an equipotential surface due to electric field between the plates. If  
a particle of mass m and charge ‒q remains stationary between the plates, what is the magnitude and  
direction of this field?           (2)  

 



Q.54 Figure shows two identical capacitors, C1 and C2, each of 1 µF capacitance connected to a battery of  
6 V. Initially switch S is closed. After sometime S is left open and dielectric slabs of dielectric  
constant K = 3 are inserted to fill completely the space between the plates of the two capacitors. How  
will the (i) charge and (ii) potential difference between the plates of the capacitors be affected after  
the slabs are inserted?           (2) 
 
 
 
 

Q.55 Figure shows two identical capacitors C1 and C2, each of 2 µF capacitance, connected to a battery of  
5 V. Initially switch S is closed. After sometime S is left open and dielectric slabs of dielectric  
constant K = 5 are inserted to fill completely the space between the plates of the two capacitors. How  
will the (i) charge and (ii) potential difference between the plates of the capacitors be affected after  
the slabs are inserted?           (2) 
 
 
 
 
 

Q.56 Figure shows two identical capacitors C1 and C2, each of 1.5 µF capacitance, connected to a battery  
of 2V. Initially switch S is closed. After sometime ‘S’ is left open and dielectric slabs of dielectric  
constant K = 2 are inserted to fill completely the space between the plates of the two capacitors. How  
will the (i) charge and (ii) potential difference between the plates of the capacitors be affected after  
the slabs are inserted?           (2) 
 
 
 
 

Q.57 (a) Draw equipotential surface due to a point Q > 0. 
 (b) Are these surface equidistant from each other? If not, explain why.    (2) 
Q.58 Deduce the expression for the energy stored in a parallel plate capacitors C having charges + Q and ‒  

Q on its plates.           (2) 
Q.59 Calculate the amount of work done in turning an electric dipole of dipole moment 2 × 10‒8 C m from  

its position of unstable equilibrium to the position of stable equilibrium, in a uniform electric field of 
intensity 103 NC‒1.            (2) 

Q.60 Net capacitance of three identical capacitors in series is 1 µF. what will be their net capacitance if  
connected in parallel? 
Find the ratio of energy stored in the two configurations if they are both connected to the same  
source.             (2) 

Q.61 Net capacitance of three identical capacitors in series is 3 µF. What will be their net capacitance if  
connected in parallel? Find the ratio of energy stored in the two configurations of they are both   
connected to the same source.          (2) 

Q.62 Two point charges 2µC and ‒2µC are placed at points A and B, 6 cm apart. 
 (i) Draw the equipotential surfaces of the system. 
 (ii) Why do the equipotential surface get closer to each other near the point charges?  (2) 
Q.63 Calculate the amount of work done in rotating a dipole, of dipole moment  2 × 10‒8 cm, from its  

position of stable equilibrium to the position of unstable equilibrium, in a uniform electric field of  
intensity 5 × 104 N/C.           (2) 

Q.64 Calculate the amount of work done in rotating a dipole, of dipole moment 3 × 10‒8 cm, from its  
position of stable equilibrium to the position of unstable equilibrium, in a uniform electric field of  
intensity 104 N/C.           (2) 



Q.65 Calculate the amount of work done in rotating a dipole, of dipole moment 5 × 10‒8 cm, from its  
position of stable equilibrium to the position of unstable equilibrium, in a uniform electric field of  
intensity 104 N/C.           (2) 

Q.66 Two identical parallel plates (air) capacitors C1 and C2 have capacitances C each. The space between  
their plates is now filled with dielectrics as shown. If the two capacitors still have equal capacitance,  
obtain the relation between dielectric constants K, K1 and K2.     (2) 
 
 
 
 
 

Q.67 You are given an air-filled parallel plate capacitor C1. The space between its plates is now filled with  
slabs of dielectric constants K1 and K2 as shown in C2. Find the capacitance of the capacitor C2 if  
area of the plates is A and distance between the plates is d.      (2) 
 
 
 
 
 

Q.68 You are given an air-filled parallel plate capacitor C1. The space between its plates is now filled with  
slabs of dielectric constant K1 and K2 as shown in C2. Find the capacitance of the capacitor C2 if area  
of the plates is A and distance between the plates is d.      (2) 
 
 
 
 
 

 

Q.69 Net capacitance of three identical capacitors in series is 2 µF. What will be their net capacitance of  
connected in parallel? Find the ratio of energy stored in the two configurations if they are both  
connected to the same source.          (2) 

Q.70 (a) A parallel plate capacitor is charged by a battery to a potential. The battery is disconnected and a  
dielectric slab is inserted to completely fill the space between the plates. How will (i) its capacitance,  
(ii) electric filed justify your answer giving necessary mathematical expressions for each case.  
(b) Sketch the pattern of electric field lines due to (i) a conducting sphere having negative charge in  
it, (ii) an electric dipole.          (5) 

Q.71 In which orientation, a dipole placed in a uniform electric field is in (i) stable, (ii) unstable  
equilibrium?            (1) 

Q.72 Name the physical quantity whose SI unit is JC‒1. Is it is scalar or a vector quantity?  (1) 
Q.73 A parallel plates capacitor is charged by a battery. After sometime, the battery is disconnected and a  

dielectric slab with its thickness equal to the plate separation is inserted between the plates. How will  
(i) the capacitance of the capacitor, (ii) potential difference between the plates and (iii) the energy  
stored in the capacitor be affected? Justify your answer in each case.     (3) 

Q.74 (a) Depict the equipotential surfaces for a system of two identical positive point charges placed at a  
distance d apart. 
(b) Deduce the expression for the potential energy of a system of two point charges q1 and q2  
brought from infinity to the points 푟⃗	and  푟⃗ respectively in the presence of external electric 

 field 퐸⃗.            (3) 
Q.75 A parallel plate capacitor, each with plate area A and separation d, is charged to a potential  

difference V. the battery used to charge it remains connected. A dielectric slab of thickness d and  
dielectric constant K is now placed between the plates. What change, if any, will take place in: (i)  
charge on plates?           (3) 



Q.76 A parallel plate capacitor is charged to a potential difference V by a dc source. The capacitor is then  
disconnected from the source. If the distance between the plates is doubled, state with reason how the 
following will charge;            (3) 
(i) Electric field between the plates, 
(ii) Capacitance, and 
(iii) Energy stored in the capacitor? 

Q.77 A network of four capacitors each of 12 µF capacitance is connected to a 500 V supply as shown in  
the figure. Determine (a) equivalent capacitance of the network and (b) charge on each capacitor. (3) 
 
 
 
 
 
 

Q.78 A network of four capacitors each of 15 µF capacitance is connected to a 500 V supply as shown in  
the figure. Determine (a) equivalent capacitance of the network and (b) charge on each capacitor. 
             (3) 
 
 
 
 
 

Q.79 (a) How is the electric field due to a charged parallel plate capacitor affected when a dielectric slab is  
inserted between the plates fully occupying the intervening region? 
(b) A slab of material of dielectric constant K has the same area as the plates separation between the  
plates. Find the expression for the capacitance when the slab is inserted between the plates. (3) 

Q.80 (a) Plot a graph comparing the variation of potential V and electric field E due to a point charge Q as  
a function of distance R from the point charge.  
(b) Find the ratio of the potential differences that must be applied across the parallel and the series  
combination of two capacitors C1 and C2 with  their capacitances in the ratio 1:2 so that the energy  
stored, in the two cases, becomes the same.        (3) 

Q.81 (a) Plot a graph comparing the variation of potential V and electric field E due to a point charge Q as  
a function of distance R from the point charge. 
(b) Find the ratio of the potential differences that must be applied across the parallel and the series  
combination of two capacitors C1 and C2  with their capacitances in the ratio 1:3 so that the energy  
stored in the two cases, becomes the same.        (3) 

Q.82 What is the electrostatic potential due to an electric dipole at an equatorial point?   (1) 
Q.83 What is the work done in moving a test charge through a distance of 1 cm along the equatorial axis  

of an electric dipole?            (1) 
Q.84 Define the term ‘Potential energy’ of charge q at a distance r in an external electric field.  (1) 
Q.85 Why is it necessary that the filed lines from a point charge placed in the vicinity of a conductor must  

be normal to the surface of the conductor at every point?      (1) 
Q.86 A metal plate is introduced between the plates of a charged parallel plate capacitor. What is its effect  

on the capacitance of the capacitor?         (1) 
Q.87 (i) Can two equipotential surface intersect each other? Give reasons.  

(ii) Two charge ‒q and + q are located at points A (0,0, ‒a) and B (0,0, +a) respectively. How much 
work is done in moving a test charge from point P(7, 0, 0) to Q(‒3, 0, 0)?    (2) 

Q.88 (i) Can two equipotential surfaces intersect each other. Given reason. 
 (ii) Two charges + q and ‒ q are located at points A(0,0‒2) and B(0,0, + 2) respectively. How much  

work is done in moving a test charge from point P(4,0,0) to Q(‒5, 0, 0)?    (2) 



Q.89 Draw 3 equipotential surfaces corresponding to a field that uniformly increases in magnitude but  
remains constant along z- direction. How are these surfaces different from that of a constant electric 
field along z-direction?           (2) 

Q.90 Figure shows a sheet of aluminum foil of negligible thickness placed between the plates of a  
capacitor. How will its capacitance be affected if 
(i) The foil is electrically be affected if 
(ii) The foil is connected to the upper plate with a conducting wire?    (2) 

 
 
Q.91 Three points A, B and C lie in a uniform electric filed (E) of 5 × 103 NC‒1 as shown in the figure.  

Find the potential difference between A and C.       (2) 
 
 
 

Q.92 Three points A, B and C lie in a uniform electric filed (E) of  5 × 103 NC‒1 as shown in the figure.  
Find the potential difference between A and C.       (2) 
 
 
 
 
 

Q.93 A 800 pF capacitor is charged by a 100 V battery. After sometime the battery is disconnected. The  
capacitor is then connected to another 800 pF capacitor. What is the electrostatics energy stored? (2) 

Q.94 Three identical capacitors C1, C2 and C3 of capacitance 6 µF each are connected to a 12 V battery as  
shown. Find:-            (3) 
(i) Charge on each capacitor.   
(ii) Equivalent capacitance of the network. 
(iii) Energy stored in the network of capacitors.   

 
Q.95 The equivalent capacitance of the combination between A and B in the given figure is 4 µF. (3) 
 (i) Calculate capacitance of the capacitor C. 
 (ii) Calculate charge on each capacitor if a 12 V battery is connected across terminals A and B. 

(iii)What will be the potential drop across each capacitor?  
 
Q.96 Two parallel plate capacitor, X and Y, have the same area of plates and same separation between  

them. X has air between the plates while Y contains a dielectric medium of  휀 = 4.  (3) 
(i) Calculate capacitance of each capacitor if equivalent capacitance of the combination is 4 µF. 
(ii) Calculate the potential difference between the plates of X and Y. 
(iii) What is the ratio of electrostatic energy stored in X and Y? 
 
 

Q.97 (a) A charge + Q is placed on a large spherical conducting shell of radius R. Another small  
conducting sphere of radius r carrying charge ‘q’ is introduced inside the large shell and is placed at  
its centre. Find the potential difference between two points, on lying on the sphere and the other on 
the shell. 
(b) How would the charge between the two flow if they are connected by a conducting wire? Name 
the device which works on the fact.         (3) 

Q.98 A parallel plate capacitor is charged by a battery. After sometime the battery is disconnected and a  
dielectric slab of dielectric constant K is inserted between the plates. How would (i) the capacitance, 
(ii) the electric field between the plates and (iii) the energy stored in the capacitor, be affected? (3) 



Chapter-3 : Current Electricity   
Q.1 Graph showing the variation of current versus voltage for material GaAs is shown in the figure.  

Identify the region of  (i) negative resistance (ii) where Ohm’s law is obeyed.   (1) 
 
 
 
 
 

 
Q.2 Define the term ‘mobility’ of charge carriers. Write its S.I. unit.     (1) 
Q.3 Plot a graph showing the variation of resistivity of a conductor with temperature.   (1) 
 
 
 
 
 
 
 

Q.4 Use Kirchhoff’s rules to obtain conditions for the balance condition in a Wheatstone bridge. (2) 
Q.5 In the circuit diagram shown, AB is a uniform wire of resistance 15 Ω and length 1 m. It is connected  

to a cell E1 of emf2 V and negligible internal resistance and a resistance R. The balance point with 
another cell E2 of emf 75 mV is found at 30 cm from end A. calculate the value of the resistance     
R.             (2) 
 
 
 
 
 
 

Q.6 State the two Kirchhoff’s rules used in electric networks. How are these rules justified?  (2) 
Q.7 Given the resistances of 1	Ω, 2 Ω and 3 Ω. How will you combine them to gen an equivalent  

resistance of (i)  Ω and (ii)  Ω?         (2) 
Q.8 A cell of emf ′휀′ and internal resistance ‘r’ is connected across a variable load resistor R. Draw the  

plots of the terminal voltage V versus (i) R and (ii) the current I.  
It is found that when R = 4 Ω , the current is 1 A and when R is increased to 9 Ω, the current reduces  
to 0.5 A. Find the values of the emf 휀 and internal resistance r.     (3) 

Q.9 Plot a graph showing the variation of current density (j) versus the electric field (E) for two  
conductors of different materials. What information from this plot regarding the properties of the 
conducting material, can be obtained which can be used to select suitable materials for use in making 
(i) standard resistance and (ii) connecting wires in electric circuits? 
Electron drift speed is estimated to be of the order of mm s‒1 . Yet large current of the order of few 
amperes can be set up in the wire. Explain briefly.       (3) 
 
 
 
 
 
 
 
 



Q.10 Sushil is in the habit of charging his mobile and then leaving the charger connected through the  
mains with the switch on. When his sister Asha pointed it out to him, he replied there was no harm as  
the mobile had been disconnected. Asha then explained to him and convinced him, how the energy  
was still being wasted as the charger was continuously consuming energy. 
Answer the following  questions:         (4) 
(a) What values did Asha display in convincing her brother? 
(b) What measures, in your view, should be adopted to minimize the wastage of electric energy in 

your households? 
(c) Imagine an electric appliance of 2 W, left connected to the mains for 20 hours. Estimate the 

amount of electrical energy wasted. 
Q.11 Define the term ‘Mobility’ of charge carriers in a conductor. Write its SI unit.   (1) 
Q.12 Show variation of resistivity of copper as a function of temperature in a graph.   (1) 
Q.13 Define the term ‘electrical conductivity’ of a metallic wire. Write its SI unit.   (1) 
Q.14 Show variation of resistivity of Si with temperature in a graph.     (1) 
 
 
 
 
 
 
Q.15 Define the term ‘drift velocity’ of charge carriers in a conductor and write its relationship with the  

current flowing through it.          (1) 
Q.16 State Kirchhoff’s rules. Explain briefly how these rules are justified.    (2) 
Q.17 A cell of emf ‘E’ and internal resistance ‘r’ is connected across a variable resistor ‘R’. Plot a graph  

showing variation of terminal voltage ‘V’ of the cell versus the current ‘I’. Using the plot, show how  
the emf of the cell and its internal resistance can be determined.     (2) 
 
 
 
 
 
 
 

Q.18 Estimate the average drift speed of conducting electrons in a copper wire of cross-sectional area  
1.0 × 10‒7 m2 carrying a current of 1.5 A. Assume the density of conducting electrons to be  
9 × 1028 m‒3.            (2) 

Q.19 Estimate the average drift speed of conducting electrons in a copper wire of cross-sectional area  
2.5 × 10‒7 m2 carrying a current of 1.8 A. Assume the density of conducting electrons to be  
9 × 1028 m‒3.            (2) 

Q.20 Estimate the average drift speed of conducting electrons in a copper wire of cross-sectional area  
2.5 × 10‒7 m2 carrying a current of 2.7 A. Assume the density of conducting electrons to be  
9 × 1028 m‒3.            (2) 

Q.21 In the circuit shown in the figure, find the total resistance of the circuit and the current in the arm  
CD.             (2) 
 
 
 
 
 
 
 



Q.22 In the circuit shown in the figure, find the total resistance of the circuit and the current in the arm  
AD.             (2) 
 
 
 

 
 

Q.23 A potentiometer wire of length 1 m has a resistance of 10 Ω . It is connected to a 6 V battery in series  
with a resistance of 5 Ω. Determine the emf of the primary cell which gives a balance point at  
40 cm.             (2) 

Q.24 A potentiometer wire of length 1.0 m has a resistance of 15 Ω. It is connected to a 5 V battery in  
series with a resistance of 5 Ω. Determine the emf of the primary cell which gives a balance point at  
60 cm.             (2) 

Q.25 A potentiometer wire of length 1 m has a resistance of 5 Ω . It is connected to a 8 V battery in series  
with a resistance of 15 Ω. Determine the emf of the primary cell which gives a balance point at  
60 cm.             (2) 

Q.26 Answer the following:-          (2) 
 (a) Why are the connections between the resistors in a meter bridge made of thick copper strips? 
 (b) Why is it generally preferred to obtain the balance point in the middle of the meter bridge wire? 
 (c) Which material is used for the meter bridge wire and why? 
Q.27 A resistance of R	Ω draws current from a potentiometer as shown in the figure. The potentiometer as  

shown in the figure. The potentiometer has a total resistance R0 Ω. A voltage V is supplied to the  
potentiometer. Derive an expression for the voltage across R when the sliding contact is in the  
middle of the potentiometer.          (2) 
 
 
 
 

 
Q.28 (a) State the principle of potentiometer. Define potential gradient. Obtain an expression for potential  

gradient in terms of resistivity of the potentiometer wire. 
(b) Figure shows a long potentiometer wire AB having a constant potential gradient. The null points  
for the two primary cells of emfs 휀  and  휀  connected in the manner shown are obtained at a  
distance of 퐼1 = 120 cm and I2 = 300 cm from the end A. Determine (i)	휀 /휀   and (ii) position of  
null point for the cell 휀  only.          (5) 
 
 
 
 
 

 
Q.29 (a) Define the term ‘drift velocity’ of charge carriers in a conductor. Obtain the expression for the 

current density in terms of relaxation time. 
 (b) A 100 V battery is connected to the electric network as shown. If the power consumed in the 2 Ω 

resistor is 200 W, determine the power dissipated in the 5	Ω resistor. 
 
 
 
 
 



Q.30 A cell of emf ‘E’ and internal resistance ‘r’ draws a current ‘I’. write the relation between terminal 
voltage ‘V’ in terms of E, I and r.         (1) 

Q.31 A heating element is marked 210 V, 630 W. What is the value of the current drawn by the element 
when connected to a 210 V dc source?        (1) 

Q.32 A 5 V battery of negligible internal resistance is connected across a 200 V battery and a resistance of 
39 Ω as shown in the figure. Find the value of the current.      (1) 

 
 
 
 
 
 
Q.33 A 10 V battery of negligible internal resistance is connected across a  200 V battery and a resistance 

of 38 Ω as shown in the figure. Find the value of the current in circuit. 
Q.34 The emf of a cell is always greater than its terminal voltage. Why? Give reason.   (1) 
Q.35  Two identical cells, each of emf E, having negligible internal resistance, are connected in parallel 

with each other across an external resistance R. What is the current through this resistance? (1) 
Q.36 Plot a graph showing the variation of resistance of conducting wire as a function of its radius, 

keeping the length of the wire and its temperature as constant.     (1) 
 
 
 
 
 
 
Q.37 Two materials, Si and Cu, are cooled from 300 K to 60 K. What will be the effect on their 

resistivity?            (1) 
Q.38 Two materials, Ge and AI, are cooled from 300 K to 60 K. What will be the effect on their  

resistivity?            (1) 
Q.39 Two materials, Ag and GaAs, are cooled from 300 K to 60 K. what will be the effect on their  

resistivity?            (1) 
Q.40 Explain the term ‘drift velocity’ of electrons in a conductor. Hence obtain the expression for the  

current through a conductor in term of ‘drift velocity’.      (2) 
Q.41 Describe briefly, with the help of a circuit diagram, how a potentiometer is used to determine the  

internal resistance of a cell.          (2) 
 
 
 
 

 
Q.42 Calculate the value of the current drawn from a 5 V battery in the circuit as shown.  (2) 
 
 
 
 
 
 

Q.43 What will be the value of current through the 2 Ω resistance for the circuit shown in the figure? Give  
reason to support your answer.         (2) 
 

 



Q.44 (a) State, with the help of a suitable diagram, the principle on which the working of a meter bridge is 
based.             (2) 

 (b) Answer the following 
 (i) Why are the connections between resistors in a meter bridge made of thick copper strips? 
 (ii) Why is it generally preferred to obtain the balance point near the middle of the bridge wire in 

meter bridge experiments? 
 
 
 
 
 
Q.45 (a) State the working principle of a potentiometer. With the help of the circuit diagram, explain how 

a potentiometer is used to compare the emf’s of two primary cells. Obtain the required expression 
used for comparing the emfs. 

 (b) Write two possible causes for one sided deflection in a potentiometer experiment.  (5) 
Q.46 (a) State Kirchhoff’s rules for a network. Using Kirchhoff’s rules, obtain the balance condition in 

terms of the resistances of four arms of Wheatstone bridge. 
 (b) In the meter bridge experimental set up, shown in the figure, null point ‘D’ is obtained at a 

distance of 40 cm from end A of the meter bridge wire. If a resistance of 10 Ω is connected in series 
with R1, null points is obtained at AD = 60 cm. Calculate the values of R1 and R2.   (5) 

 
 
 
 
 
 
 

 
Q.47 When electrons drift in a metal from lower to higher potential, does it mean that all the free electrons 

of the metal are moving in the same direction?       (1) 
Q.48 Show on a graph, the variation of resistivity with temperature for a typical semiconductor. (1) 
Q.49 Two wires of equal length, one of copper and the other of manganin have the same resistance. Which 

wire is thicker?           (1) 
Q.50 A cell on emf E and internal resistance r is connected to two external resistance R1 and R2 and a 

perfect ammeter. The current in the circuit is measured in four different situations:   (2) 
 (i) without any external resistance in the circuit 
 (ii) with resistance R1 only 
 (iii) with R1 and R2 in series combination 

(iv) with R1 and R2 in parallel combination  
The currents measured in the four cases are 0.42 A, 1.05 A, 1.4 A. but not necessarily in that order. 
Identify the currents corresponding to the four cases mentioned above. 

Q.51 Two students ‘X’ and ‘Y’ perform an experiment on potentiometer separately using the circuit given  
below:             (2) 
Keeping other parameters unchanged, how will the position of the null point be affected if 
(i) ‘X’ increases the value of resistance R is the set-up by keeping the key K1 closed and the key K2  
open? 
(ii) ‘Y’ decreases the value of resistance S in the set-up, while the key K2 remains open and the key 
K1 closed. 
 
 
 



Q.52 A conductor of length ‘I’ is  connected to a dc source of potential ‘V’. If the length of the conductor  
is tripled by gradually stretching it, keeping ‘V’ constant, how will (i) drift speed of electrons and (ii)  
resistance of the conductor be affected? Justify your answer.     (2) 

Q.53 In the figure, a long uniform potentiometer wire AB is having a constant potential gradient along its  
length. The null points for the two primary cells of emf 휀  and 휀   connected in the manner shown  
are obtained at a distance of 120 cm and 300 cm from the end A. Find (i) 휀 /휀   and (ii) position of  
null points for the cell 휀 .    
How is the sensitivity of a potentiometer increased?       (3) 
 
 
 
 
 
 

Q.54 Using Kirchoff’s rules determine the value of unknown resistance R in the circuit so that no current  
flows through 4 Ω resistance. Also find the potential difference between A and D.   (3) 
 
 
 
 
 
 

Q.55 Define relaxation time of the free electrons drifting in a conductor. How is it related to the drift  
velocity of free electrons? Use this relation to deduce the expression for the electrical resistivity of  
the material.            (3) 

Q.56 Calculate the value of the resistance R in the circuit shown in the figure so that the current in the  
circuit is 0.2 A. What would be the potential difference points A and D?    (3) 
 
 
 
 
 
 
 

Q.57 Calculate the value of the resistance R in the circuit shown in the figure so that the current in the 
circuit is 0.2 A. What would be the potential different between point B and E?   (3) 

 
 
 
 
 
 
Q.58 Two cells of emfs 휀  휀  and internal resistant 푟  and 푟  respectively are connected in parallel as 

shown in the figure.           (3) 
 Deduce the expression for 

(i) the equivalent e.m.f. of the combination, 
(ii) the equivalent resistance of the combination and 
(iii) the potential difference between the points A and B.  

 
 



Q.59 A resistance R is connected across a cell of emf 휀 and internal resistance r. A potentiometer now  
measures the potential difference between the terminals of the cells as V. Write the expression for ‘r’  
in terms of 휀, V and R.           (1) 

Q.60 Define resistivity of a conductor. Write its SI unit.       (1) 
Q.61 In the given circuit, assuming point A to be at zero potential, use Kirchhoff’s rules to determine the  

potential at point B.           (2) 
 
 
 
 

 
 
 
Q.62 In the meter bridge experiment, balance point was observed at J with AJ = i.  
 (i) The values of R and X were doubled and them interchanged. What would be the new position of  

balance point? 
(ii) If the galvanometer and battery are interchanged at the balance position. How will the balance  
point get affected?            (2) 
 
 
 
 
 
 

 
Q.63 Plot a graph showing temperature dependence of resistivity for a typical semiconductor. How is this  

behavior explained?           (2) 
Q.64 (a) You are required to select a carbon resistor of resistance 47 kW ± 10% from a large collection.  

What should be the sequence of colour bands  used to code it? 
(c) Write two characteristics of manganin which make it suitable for making standard resistances. (2) 

Q.65 Define the terms (i) drift velocity, (ii) relaxation time. 
 A conductor of length L is connected to a dc source of emf 휀. If this conductor is replaced by another  

conductor of same material and same area of cross-section but of length 3L,  how will the drift  
velocity change?           (3) 

 
Q.66 In the circuit shown, 푅  = Ω 푅   =  푅   = 15 Ω, 푅  = 30 Ω and E = 10 V. Calculate the equivalent  

resistance of the circuit in each resistor.        (3) 
 
 
 
 
 
 
 

Q.67 In the circuit shown, 푅  = 4 Ω 푅   =  푅   = 5 Ω, 푅  = 10 Ω and E = 6 V. Work out the equivalent  
resistance of the circuit and the current in each resistor.      (3) 
 
 
 
 
 



Q.68 Two heating elements of resistance 푅  and 푅  when operated at a constant supply of voltage, V,  
consume powers 푃  and 푃  respectively. Deduce the expressions for the power of their combination  
when they are, in turn, connected in (i) series and (ii) parallel across the same voltage supply. (3) 

Q.69 State the underlying principle of a potentiometer.   
 Describe briefly, giving the necessary circuit diagram, how a potentiometer is used to measure the  

internal resistance of a given cell.         (3) 
 
 
 
 
 
 
 

Q.70 A wire of resistance 8R is bent in the form of a circle. What is the effective resistance between the  
ends of a diameter AB?          (1) 
 
 
 
 
 
 

Q.71 Two conducting wires X and Y of same diameter but different materials are joined is series acroos a  
battery. If the number density of electrons in X is twice that in Y, find the ratio of drift velocity of  
electrons in the two wires.          (1) 

Q.72 Define drift velocity. Write its relationship with relaxation time in terms of the electric field 퐸⃗  
applied to a conductor. A potential difference V is applied to a conductor of length L. How is the  
drift velocity affected when V is doubled and L is halved?       (2) 

Q.73 State the principle of working of a potentiometer. Define potential gradient and write its SI unit. (2) 
Q.74 State the principle on which the working of a meter bridge is based. Under what condition is the  

error in determining the unknown resistance minimized?      (2) 
Q.75 Define ionic mobility. Write its relationship with relaxation time. How does one understand the  

temperature dependence of resistivity of a semiconductor?      (2) 
Q.76 Write the principle of working of a potentiometer. Describe briefly, with the help of a circuit  

diagram, how a potentiometer is used to determine the internal resistance of a given cell.  (3) 
Q.77 In a meter bridge, the null point is found at a distance of 40 cm from A. If a resistance of 12 Ω is  

connected in parallel with S, the null point occurs of 50.0 cm from A. Determine the values  
of R and S.            (3) 
 
 
 

 
 

Q.78 In a meter bridge, the null point is found at a distance of 60.0 cm from A. If a resistance of 5 Ω is  
connected in series with S, the null point occurs at 50.0 cm. Determine the values of R and S. (3) 
 
 
 
 

 
 



Q.79 In a meter bridge, the null point is found at a distance of 퐼  cm from A. If now a resistance of X is  
connected in parallel with S, the null point occurs at  퐼   cm. obtain a formula for X in terms of 퐼 , 퐼   
and S.             (3) 
 
 
 
 

 
 

Q.80 Write any two factors on which internal resistance of a cell depends. The reading on a high resistance  
voltmeter, when a cell is connected across it, is 2.2 V. When the terminals of the cell are also  
connected to a resistance of 5 Ω as shown in the circuit, the voltmeter reading drops to 1.8 V. Find  
the internal resistance of the cell.         (3) 
 
 
 
 
 
 
 

Q.81 Write any two factors on which internal resistance of a cell depends. T he reading on a high  
resistance voltmeter, when a cell is connected across it, is 2.0 V. When the terminals of the cell are  
also connected to a resistance of 3 Ω as shown in the circuit, the voltmeter reading drops to 1.5 V.  
Find the internal resistance of the cell.        (3) 
 
 
 
 
 
 
 

Q.82 State Kirchhoff’s rules. Apply Kirchhoff’s rules to the loops ACBPA and ACBQA to write the  
expressions for the currents 퐼 , 퐼  and 퐼  in the network.      (3) 
 
 
 
 
 
 
 

Q.83 State Kirchhoff’s rules. Apply these rules to the loops PRSP and PRQP to write the expressions for  
the currents 퐼 , 퐼  and 퐼  in the given circuit.        (3) 
 
 
 
 

 
 
 
 



Q.84 State Kirhhoff’s rules. Use these rules to write the expression for the currents 퐼 , 퐼  and 퐼  in the  
circuit diagram shown .          (3) 
 
 
 
 
 

 
Q.85 A network of resistors is connected to a 16 V battery of internal resistance of 1 Ω as shown in the  

Figure.  
(a) Compute the equivalent resistance of the network. 
(b) Obtain the voltage drops 푉  and 푉         (3) 

 
 
 
 
 
 
 
 
Q.86 Two cells 퐸  and 퐸  of EMF’s 5 V and 9 V and internal rersistances of 0.3 Ω and 1.2 Ω respectively  

are connected to a network of resistance as shown in the figure. Calculate the value of current  
flowing through the 3 Ω resistance.         (3) 
 
 
 

 
 
 

Q.87 Calculate the steady current through the 2 Ω resistor in the circuit shown below.   (3) 
 
 
 
 
 
 
 
 
 
Q.88 A steady current flows in a metallic conductor of non-uniform cross-section, Which of these  

quantities is constant along the conductor: Current, Current density, Drift speed, Electric field? (1) 
Q.89 Derive an expression for drift velocity of free electrons in a conductor in terms of relaxation time.(2) 
Q.90 A cell of emf ‘E’ and internal resistance ‘r’ is connected across a variable resistor ‘R’. Plot a graph  

showing the variation of terminal potential ‘V’ with resistance R. 
Predict from the graph, the condition under which ‘V’ becomes equal to ‘E’.   (2) 
 
 
 

 
 



Q.91 A wire of 15 Ω resistance is gradually stretched to double its original length. It is then cut into two  
equal parts. These parts are then connected in parallel across a 3.0 volt battery. Find the current  
drawn from the battery.          (2) 

Q.92 The figure shows experimental set up of a meter bridge. When the two unknown resistance X and Y  
are inserted, the null point D is obtained 40 cm from the end A. When a resistance of 10 Ω is 
connected in series with X, the null point shifts by 10 cm. Find the position of the null point when the 
10 Ω resistance is instead connected in series with resistance ‘Y’ Determine the values of the 
resistance X and Y.           (3) 
 
 
 
 

 
 

Q.93 Calculate the current drawn from the battery in the given network.     (3) 
 
 
 
 
 
 
 
Q.94 (i) State the principle of working of a meter bridge. 
 (ii) In a meter bridge balance point is found at a distance 퐼  with resistance and S as shown in the  

figure. When an unknown resistance X is connected in parallel with the resistance S, the balance  
point shifts to a distance   퐼 . Find the expression for X is terms of 퐼 퐼  and S.   (3) 
 
 
 
 
 
 
 

Q.95 (a) State the principle of working of a potentiometer. 
 (b) Figure shows the circuit diagram of a potentiometer for determining the emf ‘′휀′ of a cell of  

Negligible internal resistance.          (3) 
(i) What is the purpose of using high resistance R2? 
(ii) How does the position of balance Point (J) change when the resistance R1 is decreased? 
(iii) Why cannot the balance point be obtained (1) When the emf  휀 is greater than 2 V, and (2) 

When the key (K) is closed? 
 
 
 
  
 
Q.96 State Kirchhoff’s rules. Use Kirchhoff’s rules to show that no current flows in the given circuit when  

any one of the cells is connected with reverse polarity.      (3) 
 
 
 
 



Chapter-4 : Moving Charges And Magnetism   
Q.1 State the working principle of a galvanometer. 
 A galvanometer of resistance G is converted into a voltmeter to measure up to V volts by connecting  

a  resistance R1 in series with the coil. If a resistance R2 is connected in series with it, then it can  
measure up to V/2 volts. Find the resistance, in terms of R1 and R2, required to be connected to  
convert it into a voltmeter that can read up to 2V. Also find the resistance G of the galvanometer in  
terms of R1 and R2.            (3) 

Q.2 State Biot-Savart law. Deduce the expression for the magnetic field at a point on the axis of a current  
carrying circular loop of radius ‘R’, distance ‘x’ from the centre. Hence, write the magnetic field at  
the centre of a loop.           (3) 

Q.3 (a) An electron moving horizontally with a velocity of 4 × 104 m/s enters a region of uniform  
magnetic field of 10‒5 T acting vertically upward as shown in the figure. Draw its trajectory and find  
out the time it takes to come out of the region of magnetic field.       
(b) A straight wire of mass 200 g and length 1.5 m carries a current of 2 A. It is suspended in mid air  
by a uniform magnetic field B. What is the magnitude of the magnetic field?   (3) 
 
 
 
 
 
 

Q.4 A uniform magnetic field of 6.5 × 10‒4 T is maintained in a chamber. An electron enters into the field  
with a speed of 4.8 × 106  m/s normal to the field. Explain why the path of the electron is a circle.  
Determine its frequency of revolution in the circular orbit. Does the frequency depend on the speed  
of the electron? Explain.          (3) 

Q.5 (a) State Ampere’s circuital law. Use this law to obtain the expression for the magnetic field inside  
an air cored toroid of average radius ‘r’, having ‘n’ turns per unit length and carrying a steady  
current I.   
(b) An observer to the left of a solenoid of N turns each of cross-section area ’A’ observes that a  
steady current I in it flows in the clockwise direction. Depict the magnetic field lines due to the  
solenoid specifying its polarity and show that it acts as a bar magnet of magnetic moment  
m = NIA.             (5) 
 
 
 

 
Q.6 (a) Draw the magnetic field lines due to a circular loop of area 퐴⃗ carrying current I. Show that it acts  

as a bar magnet of magnetic moment  푚⃗ = 퐼퐴.⃗ 
(b) Derive an expression for the magnetic field due to a solenoid of length ‘2I’, radius ‘a’ having ‘n’  
number of turns per unit length and carrying a steady current ‘I’ at a point on the axial line, distance  
‘r’ from the centre of the solenoid. How does this expression compared with the axial magnetic field  
due to a bar magnet of magnetic moment ‘m’?       (5) 

Q.7 Write any two important points of similarities and differences each between Coulomb’s law for the  
electrostatic field and Biot-Savart’s law for the magnetic field. 
Use Biot-Savart’s law to find the expression for the magnetic field due to a circular loop of radius ‘r’  
carrying current ‘I’ its centre.          (5) 

Q.8 Two infinitely long straight parallel  wires, ‘I’ and ‘2’m, carrying steady currents I1 and I2 in the 
same direction are separated by a distance d. Obtain the expression for the magnetic field 퐵⃗  due to 
the wire ‘1’ acting on wire ‘2’. Hence find out, with the help of a suitable diagram, the magnitude 
and direction of this force per unit length on wire ‘2’ due to wire ‘1’. How does the nature of this 
force change if the currents are in opposite direction? Use this expression to define the S.I. unit of 
current.            (5) 



Q.9 Write an expression, in a vector form, for the Lorentz magnetic force 퐹⃗ due to a charge moving with 
velocity 푣⃗ in a magnetic field 퐵⃗. What is the direction of the magnetic force?   (1) 

Q.10 Using the concept of force between two infinitely long parallel current carrying conductors, define 
one ampere of current.          (1) 

Q.11 Define one tesla using the expression for the magnetic force acting on a particle of charge ‘q’ 
moving with velocity푣⃗ in a magnetic field 퐵⃗.        (1) 

Q.12 State the underlying principle of a cyclotron. Write briefly how this machine is used to accelerate 
charged particles to high energies.         (2) 

Q.13 Two very small identical circular loops, (1) and (2), carrying equal currents I are placed vertically 
(with respect to the plane of the paper) with their geometrical axes perpendicular to each other as 
shown in the figure. Find the magnitude and direction of the net magnetic field produced at the point 
O.             (2) 

 
 
 
 
 
Q.14 Show diagrammatically the behavior of magnetic field lines in the presence of (i) paramagnetic and 

(ii) diamagnetic substances. How does one explain this distinguishing feature?   (3) 
Q.15 (a) State Ampere’s circuital law, expressing it in the integral form. 
 (b) Two long  coaxial insulated solenoids, S1 and S2 of equal lengths are wound one over the other as  

shown in the figure. A steady current ‘’I’’ flows through the inner solenoids S1 to the other end B,  
which is connected to the outer solenoid S2 through which the same current ‘’I’’ flows in the  
opposite direction so as the come out at end A. if n1 and n2 are the number of turns per unit length,  
find the magnitude and direction of the net magnetic field at a point (i) inside on the axis and (ii)  
outside the combined system.          (3) 
 
 
 
 
 

 
Q.16 (a) Two long straight parallel conductors ‘a’ and ‘b’, carrying steady currents Ia and Ib are separated  

by a distance d. write the magnitude and direction of the magnetic field produced by the conductor  
‘a’ at the points along the conductor ‘b’. if the currents are flowing in the same direction, what is the  
nature of the force between the two conductors> 
(b) Show with the help of a diagram how the force between the two conductors would change when  
the currents in them flow in the opposite directions.       (3) 

Q.17 (a) Deduce an expression for the frequency of revolution of a charged particle in a magnetic field and  
show that it is independent of velocity or energy of the particle. 
(b) Draw a schematic sketch of a cyclotron. Explain, giving the essential details of its  construction  
and how it is used to accelerate the charged particles. 

Or 
(a) Draw a labeled diagram of a moving coil galvanometer. Describe briefly its principle and 

working. 
(b) Answer the following: 

a. Why is it necessary to introduce a cylindrical soft iron core inside the coil if 
galvanometer? 

b. Increasing the current sensitivity of a galvanometer may not necessarily increase its 
voltage sensitivity. Explain, giving reasons.      (5) 



Q.18 A long straight wire carries a steady current I along the positive y-axis in a coordinate system. A  
particle of charge +Q is moving with a velocity 푣⃗ along the x-axis. In which direction will the  
particle experience a force.          (1) 

Q.19 When a charged particle moving with velocity 푣⃗ is subjected to magnetic field 퐵⃗, the force acting on  
it is non-zero. Would the particle gain any energy?       (1) 

Q.20 In a certain region of space, electric field 퐸⃗ and magnetic field 퐵⃗ are perpendicular to each other. An  
electron enters in the region perpendicular to the directions of both 퐵⃗ and 퐸⃗ and moves undeflected.  
Find the velocity of the electron.         (1) 

Q.21 An ammeter a resistance 0.80 Ω can measure current up to 1.0 A.  
 (i) What must be the value of shunt resistance to enable the ammeter to measure current up to 5.0 A? 
 (ii) What is the combined resistance of the ammeter and the shunt?     (2) 
Q.22 An ammeter of resistance 1 Ω can measure current up to 1.0 A. (i) What must be the value of the  

shunt resistance to enable  the ammeter to measure up to 5.0A?  (ii) What is the combined resistance  
of the ammeter and the shunt:?          (2) 

Q.23 An ammeter of resistance 0.6 Ω can measure current up to 1.0 A. Calculate: (i) The shunt resistance  
required to enable the ammeter to measure current up to 5.0 A. (ii) The combined resistance of the  
ammeter and the shunt.                     (2)          

Q.24 The circuit shown in the given figure shows that, the galvanometer ‘G’ gives zero deflection. If the  
batteries A and B have negligible internal resistance, find the value of the resistor R.   (2) 
 
 
 
 
 
 

 
Q.25 Figure shows a rectangular loop conducting PQRS in which the arm PQ is free to move. A uniform  

magnetic field acts in the direction perpendicular to the plane of the loop. Arm PQ is moved with a  
velocity v towards the arm Rs. Assuming that the arms QR, Rs and SP have negligible resistance and  
the  moving arm PQ has the resistance r, obtain the expression for (i) the current in the loop (ii) the  
force and (iii) the power required to move arm PQ.        (3)    
 
 
 
 
 
 
 

Q.26 Define the current sensitivity of a galvanometer. Write its SI unit. Figure shows two circuits each  
having a galvanometer and a battery of 3V. When the galvanometers in each arrangement do not  
show any deflection, obtain the ratio R1/R2.         (3) 
 
 
 
 
 
 

 
Q.27 A wire AB is carrying a steady current of 12 A and is lying on the table. Another wire CD carrying 5  

A is held directly above AB at a height of 1 mm. Find the mass per unit length of the wire CD so that  
it remains suspended at its position when left free. Give the direction of the current flowing in CD  
with respect to that in AB. [Take the value of g = 10 ms‒2]                 (3) 



Q.28 A wire AB is carrying a steady current of 10 A and is laying on the table. Another wire CD carrying 6  
A is held directly above AB at a height of 2 mm. Find the mass per unit length of the wire CD so that  
it remains suspended at its position when left free. Give the direction of the current flowing in CD  
with respect to that in AB. [Take the value of g = 10 ms‒2]            (3) 

Q.29 A wire AB is carrying a steady current of 6 A and is laying on the table. Another wire CD carrying 4  
A is held directly above AB at a height of 1 mm. Find the mass per unit length of the wire CD so that  
it remains suspended at its position when left free. Give the direction of the current flowing in CD  
with respect to that in AB. [Take the value of g = 10 ms‒2]      (3) 

Q.30 (a) (i) A circular loop of area 퐴⃗, carrying a current I is placed in a uniform magnetic field  퐵⃗. Write  
the expression for the torque 휏⃗  acting on it in a vector form.   
(ii) If the loop is free to turn, what would be its orientation of stable equilibrium? Show that in this 
orientation, the flux of net field (external field + the field produced by the loop) is maximum.    
(b) Find out the expression for the magnetic field due to a long solenoid carrying a current I and 
having n number of turns per unit length.        (3) 

Q.31 Write the generalized expression for the Ampere’s circuital law in terms of the conducting current  
and the displacement current. Mention the situations when there is: 
(i) Only conduction current and no displacement current. 
(ii) displacement current and no conduction current.       (3) 

Q.32 (a) Derive an expression for the torque on a rectangular current carrying loop suspended in a uniform  
magnetic field. 
(b) A proton and a deuteron having equal momenta enter in a region of uniform magnetic field at  
right angle to the direction of the field. Depict their trajectories in the field.   (5) 

Q.33 (a) Using Biot-Savart’s law, derive an expression for the magnetic field in the vector form at a point  
on the axis of a circular current loop. 
(b) What does a toroid consist of? Find out the expression for the magnetic field inside a toroid for N  
turns of the coil having the average radius r and carrying a current I. show that the magnetic field in 
the open space inside and exterior to the tortoid is zero.   

Or 
(a) Draw schematic sketch of a cyclotron. Explain clearly the role of crossed electric and magnetic 
field in accelerating the charge. Hence, derive the expression for the kinetic energy acquired by the 
particles. 
(b) An 훼- particle and a proton are released from the centre of the cyclotron and made to accelerate. 
(i) Can both be accelerated at the same cyclotron frequency? Give reason to justify your answer. 
(ii) When they are accelerated in turn, which of the two will have higher velocity at the exit slit of 
the dees?            (5) 

Q.34 Kamal’s uncle was advised by his doctor to undergo an MRI scan test of his chest and gave him an  
estimate of the cost. Not knowing much about the significance of this test and finding it to be too 
expensive he first hesitated. When Kamal learnt about this, he decided to take help of his family, 
friends and neighbours and arranged for the cost. He convinced his uncle to undergo this test so as to 
enable the doctor to diagnose the disease. He got the test done and the resulting information greatly 
helped the doctor to give him proper treatment. 
(a) What, according to you, are the values displayed by Kamal, his family, friends and neighbours? 
(b) Assuming that the MRI scan test involved a magnetic field of 0.1 T, find the maximum and 

minimum values of the force that this field could exert on a proton moving with a speed of 104 
ms‒1. State the condition under which the force can be minimum.    (4) 

Q.35 Two identical circular wires P and Q each of radius R carrying current ‘I’ are kept in perpendicular  
planes such that they have a common centre as shown in the figure. Find the magnitude and direction  
of the net magnetic field at the common centre of the two coils.     (2) 
 
 
 
 



Q.36 Two identical circular loops, P and  Q, each of  radius r carrying currents I and 2I respectively are  
lying in parallel planes such that they have a common axis. 
The direction of current in both the loops is clockwise as seen from O which is equidistant from both  
loops. Find the magnitude of the net magnetic field at point O.      (2) 
 
 
 
 
 
 
 

Q.37 Two identical circular loops, P and Q, each of radius r and carrying equal currents are:- 
Kept in the parallel planes having a common axis passing through O. The direction of current is P is 
clockwise and in Q is anti – clockwise as seen from O which is equidistant from the loops P and Q. 
Find the magnitude of the net magnetic field at O.       (2)  
 
 
 
 
 
 
 

Q.38 A circular coil of N turns and radius R carries a current I. It is unwound and rewound to make  
another coil of radius R/2, current I remaining the same. Calculate the ratio of the magnetic moments  
of the new coil and the original coil.         (2) 

Q.39 A circular coil of ‘N’ turns and diameter ‘d’ carries a curries a current ‘I’. It is unwound and rewound  
to make another coil of diameter ‘2d’, current ‘I’ remaining the same. Calculate the ratio of the  
magnetic moments of the new coil and the original coil.      (2) 

Q.40 A circular coil of closely wound N turns and radius r carries a current I. write the expression for the  
following:            (2) 
(i) the magnetic field at its centre. 
(ii) the magnetic moment of this coil. 

Q.41 A particle of charge ‘q’ and mass ‘m’ is moving with velocity 퐵⃗ . It is subjected to a uniform  
magnetic field 퐹⃗ directed perpendicular to its velocity. Show that it describes a circular path. Write  
the expression for its radius.          (2) 

Q.42 A rectangular loop of wire of size 4 cm × 10 cm carries a steady current of 2 A. A straight long wire  
carrying 5 A current is kept near the loop as shown. If the loop and the wire are coplanar, find  
(i) the torque acting on the loop and 
(ii) the magnitude and direction of the force on the loop due to the current carrying wire. (3) 

 
 
 
 
 
 
 
 
Q.43 Draw a labelled diagram of a moving coil galvanometer and explain its working. What is the  

function of radial magnetic field inside the coil?       (3) 
 



Q.44 (a) Write the expression for the force 퐹⃗, acting on a charged particle of charge ‘q’, moving with a  
velocity  푣⃗ in the presence of both electric field 퐸⃗ and magnetic field 퐵⃗. Obtain the condition under 
which the particle moves undefected through the fields.   
(b) A rectangular loop of size 퐼 × b carrying a steady current is placed in a uniform magnetic field 퐵⃗. 
Prove that the torque 휏⃗ acting on the loop is given by 휏⃗  = 푚	⃗ × 퐵⃗ , where 푚⃗	 is the magnetic 
movement of the loop.          (5) 

Q.45 (a) Explain, giving reasons, the basic difference in converting a galvanometer into (i) a voltmeter and  
(ii) an ammeter.  
(b) Two long straight parallel conductors carrying steady current I1 and I2 are separated by a distance  
‘d’. explain briefly, with the help of a suitable diagram, how the magnetic field due to one force acts 
beween the two conductors. Mention the nature of this force.     (5) 

Q.46 Two particle A and B of masses m and 2m have charge q and 2q respectively. Both these particles  
moving with velocities v1 and v2 respectively in the same direction enter the same magnetic field B 
acting normally to their direction of motion. If the two forces FA and FB acting on them are in the 
ratio of 1:2, find the ratio of their velocities.        (1) 

Q.47 A narrow beam of protons and deuterons, each having the same momentum, enters a region of  
uniform magnetic field directed perpendicular to their direction of momentum. What would be the  
ratio of the radii of the circular paths described by them?      (1) 

Q.48 A straight wire of length L is bent into a semi-circular loop. Use Bio-Savart law to deduce an  
expression for the magnetic field at its centre due to the current I passing through it.  (2) 

Q.49 How is a moving coil galvanometer converted into a voltmeter? Explain, giving the necessary circuit  
diagram and the required mathematical relation used.      (2) 

Q.50 Define the current sensitivity of a moving coil galvanometer. “Increasing the current sensitivity may  
not necessarily increase the voltage sensitivity.” Justify this statement.    (2) 

Q.51 A long solenoid of length ‘I’ N turns carries a current I. Deduce the expression for the magnetic field  
in the interior of the solenoid.          (2) 

Q.52 Obtain, with the help of a necessary diagram, the expression for the magnetic field in the interior of a  
toroid carrying current.  

Or 
A toroid of N turns of mean radius r carries a current ‘I’. Show that the magnetic field in its interior  
is given by B = . Draw the necessary diagram.       (2) 

Q.53 Write the expression for Lorentz magnetic force on a particle of charge ‘q’ moving with velocity 푣⃗ in  
a magnetic field 퐵⃗. Show that no work is done by this force on the charged particle. 

Or 
A steady current (I1) flows through a long straight wire. Another wire carrying steady current (I2) in  
the same direction is kept close and parallel to the first wire. Show with the help of a diagram how  
the magnetic field due to the current I1 exerts a magnetic force on the second wire. Write the  
expression for this force.          (2) 

Q.54 Draw a schematic sketch of the cyclotron. State its working principle. Show that the cyclotron  
frequency is independent of the velocity of the charged particles.     (3) 

Q.55 Depict the magnetic field lines due to two straight, long, parallel conductors carrying currents I1 and 
I2 in the same direction. Hence, deduce an expression for the force acting per unit length on one 
conductor due to the other. Is this force attractive or repulsive.     (3) 

Q.56 Using Biot-Savart law derive an expression for the magnetic field at a distance x along the axis from  
the centre of a current carrying circular loop.        (3) 

Q.57 With the help of a labelled diagram, state the underlying  principle of a  cyclotron. Explain clearly 
how it work to accelerate the charged particles. Show that cyclotron frequency is independent of 
energy of the particle. Is there an upper limit on the energy acquired by the particle?  
Given reason.             (5) 



Q.58 (a) State the principle of the working of a moving coil  galvanometer, giving its labelled diagram. 
 (b) “Increasing the current sensitivity of a galvanometer may not necessarily increase its voltage  

      sensitivity.” Justify this statement. 
 (c) Outline the necessary steps to convert a galvanometer of resistance RG into an ammeter of a given  

      range. 
Or 

(a) Using Ampere’s circuital law, obtain the expression for the magnetic field due to a long solenoid        
     at a point inside the solenoid on its axis. 
(b) In what respect is a toroid different from a solenoid? Draw and compare the pattern of the     
      magnetic field lines in the two cases. 
 (c) How is the magnetic field inside a given solenoid made strong?     (5) 

Q.59 (a) Show that a planer loop carrying a current I, having N closely wound turns and area of cross-  
     section A, possesses a magnetic moment 푚⃗ = NI퐴⃗.  
(b) When this loop is placed in a magnetic field 퐵⃗, find out the expression for the torque acting on it. 
(c) A galvanometer coil of 50 Ω resistance shows full scale deflection for a current of 5 mA. How   
     will you convert this galvanometer into a voltmeter of range 0 t o 15 V? 

Or 
(a) Draw a schematic sketch of a cyclotron , explain its working principle and deduce the expression 

for the kinetic energy of the ions accelerated. 
(b) Two long and parallel straight wires carrying currents of 2 A and 5 A in the opposite directions 

are separated by a distance of 1 cm. Find the nature and magnitude of the magnetic force between 
them.            (5) 

Q.60 State Biot-Savart law, giving the mathematical expression for it. Use this law to derive the  
expression for the magnetic field due to a circular coil carrying current at a point along its axis. How  
does a circular loop carrying current behave as a magnet?      (5) 

Q.61 A beam of  훼 particles projected along + x-axis, experience a force due to magnetic field along the +  
y-axis. What is the direction of the magnetic field?       (1) 

Q.62 A beam of electrons projected along + x-axis, experiences a force due to a magnetic field along the +  
y-axis. What is the direction of the magnetic field?       (1) 

Q.63 A beam of protons projected along + x-axis, experience a force due to a magnetic field along the ‒ y- 
axis. What is the direction of the magnetic field?       (1) 

Q.64 Two conducting wires X and Y of same diameter but different materials are joined in series across a  
battery. If the number density of electrons in X is twice that in Y, find the ratio of drift velocity of  
electrons in the two wires.          (1) 

Q.65 An 훼-particles and proton moving with the same speed enter the same magnetic field region at right  
angles to the direction of the field. Show the trajectories followed by the two particles in the region  
of the magnetic field. Find the ratio of the radii of the circular paths which the two particles may  
describe.            (2) 
 
 

 
 

 
Q.66 An electron and a proton moving with the same speed enter the same magnetic field region at right  

angles to the direction of the field. Show the trajectory followed by the two particles in the magnetic  
field. Find the ratio of the radii of the circular paths which the particles may describe.  (2) 
 
 
 
 



Q.67 A deuteron and a proton moving with the same speed enter the same magnetic field region at right  
angles to the direction of the field. Show the trajectories followed by the two particles in the  
magnetic field. Find the ratio of the radii of the circular paths which the two particles may  
describe.             (2) 

Q.68 Write the expression for the magnetic moment (푚⃗) due to a planar square loop of side ‘푙’ carrying a  
steady current I in a vector form. In the given figure this loop is placed in a horizontal plane near a  
long straight conductor carrying a steady current I1 at a distance 푙 as shown. Give reasons to explain  
that the loop will experience a net force but no torque. Write the expression for this force acting on  
the loop.            (3) 
 
 
 
 
 

Q.69 A long straight wire of a circular cross-section of radius ‘a’ carries a steady current ‘I’. The current is  
uniformly distributed across the cross-section. Apply Ampere’s circuital law to calculate the  
magnetic field at a point ‘r’ in the region for (i) r < a and (ii) r > a.     (3) 

Q.70 State the underlying principle of working of a moving coil galvanometer. Write two reasons why a  
galvanometer cannot be used as such to measure current in a given circuit. Name any two factors on  
which the current sensitivity of a galvanometer depends.      (3) 

Q.71 (a) With the help of a diagram, explain the principle and working of a moving coil galvanometer. 
 (b) What is the importance of a radial magnetic field and how is it produced? 
 (c) Why is it that while using a moving coil galvanometer as a voltmeter a high resistance in series is  

      required whereas in an ammeter a shunt is used?       (5) 
Q.72 (a) State Ampere’s circuital law. 
 (b) Use it to derive an expression for magnetic field inside, along the axis of an air cored solenoid. 
 (c) Sketch the magnetic field lines for a finite solenoid. How are these field lines different from the  

electric field lines from an electric dipole?        (5) 
Q.73 (a) Derive an expression for the force between two long parallel current carrying conductors. 
 (b) Use this expression to define S.I. unit of current. 
 (c) A long straight wire AB carries a current I. A proton P travels with a speed v, parallel to the wire,  

      at a distance d from it in a direction opposite to the current as shown in figure. What is the force  
      experienced by the proton and what is its direction?        (5) 

Q.74 (a) Using Biot-Savart law, deduce an expression for the magnetic field on the axis of a circular  
      current carrying loop.   
(b) Draw the magnetic field lines due to a current carrying loop. 
(c) A straight wire carrying a current of 12 A is bent into a semi-circular arc of radius 2.0 cm as 
shown. What is the magnetic field 퐵⃗ at O due to (i) straight segments, (ii) the semicircular arc? (5) 
 
 
 

Q.75 Magnetic field lines can be entirely confined within the core of a toroid, but not within a straight  
solenoid, why?           (1) 

Q.76 An electron does not suffer any deflection while passing through a region of uniform magnetic field.  
What is the direction of the magnetic field?         (1) 

Q.77 A charge ‘q’ moving along the x-axis with a velocity 푣⃗ is subjected to a uniform magnetic filed B  
acting along the z-axis as it crosses the origin O.        (2) 
(i) Trace its trajectory. 
(ii) Does the charge gain kinetic energy as it enters the magnetic field? Justify your answer. 

 
 



Q.78 State Biot-Savart law. 
 A current I flows in a conductor placed perpendicular to the plane of the paper. Indicate the direction  

of the magnetic field due to a small element 푑푙⃗ at point P situated at a distance  푟⃗ from the element as  
shown in the figure.           (2) 
 
 
 
 
 

Q.79 A point charge is moving with a constant velocity perpendicular to a uniform magnetic field as  
shown in the figure. What should be the magnitude and direction of the electric field so that the  
particle moves undeviated along the same path?       (2) 
 
 
 
 
 
 
 

Q.80 Define current sensitivity and voltage sensitivity of a galvanometer. Increasing the current sensitivity 
may not necessarily increase the voltage sensitivity of a galvanometer. Justify.   (2)  

Q.81 A wire of length L is bent round in the form of a coil having N turns of same radius. If a steady 
current I flows through it in a clockwise direction, find the magnitude and direction of the magnetic 
field produced as its centre.          (2) 

Q.82 Derive the expression for force per unit length between two long straight parallel current carrying 
conductors. Hence, define one ampere.         (3) 

Q.83 Deduce the expression for the torque experience by a rectangular loop carrying a steady current ‘I’  
and placed in a uniform magnetic field 퐵⃗. Indicate the direction of the torque acting on the loop. (3) 

Q.84 Depict the field-line pattern due to a current carrying solenoid of finite length. 
 (i) In what way do these lines differ from those due to an electric dipole? 
 (ii) Why can’t two magnetic field lines intersect each other?     (3) 
Q.85 Explain the principle and working of a cyclotron with the help of a schematic diagram. Write the  

expression for cyclotron frequency.         (3) 
Q.86 Draw a schematic sketch of a cyclotron. Explain briefly how it work and how it is used to accelerate  

the charged particles.           (5) 
(i) Show that time period of ions in a cyclotron is independent of both the speed and radius of 

circular path. 
(ii) What is resonance condition? How is it used to accelerate the charged particles? 

Or 
(a) Two straight long parallel conductors carry currents I1 and I2 in the same direction. Deduce the 

expression for the force per unit length between them. 
Depict the pattern of magnetic field lines around them. 

(b) A rectangular current carrying loop EFGH is kept in a uniform magnetic field as shown in the 
figure. 
(i) What is the direction of the magnetic moment of the current loop? 
(ii) When is the torque acting on the loop (A) maximum, (B) zero? 

 
 
 
 



Chapter-5 : Magnetism and Matter   
Q.1 Write the expression for the magnetic moment of a circular coil of area A carrying a current I, in a  

vector from.             (1) 
Q.2 An electron in an atom revolves round the nucleus in an orbit of radius r with frequency v. Write the  

expression for the magnetic moment of the electron.       (1) 
Q.3 Out of the two magnetic materials, A has relative permeability slightly greater than unity while B has  

less than unity. Identify the nature of the materials A and B. will their susceptibilities be positive or 
negative?             (2) 

Q.4 Give two points to distinguish between a paramagnetic and a diamagnetic substance.  (2) 
Q.5 What are permanent magnets? Give on example.       (1) 
Q.6 Which of the following substances are diamagnetic?       (1) 
 Bi, A1, Na, Cu, Ca and Ni 
Q.7 Which of the following substances are paramagnetic?      (1) 
 Bi, A1, Cu, Ca, Pb and Ni 
Q.8 (a) A small compass needle of magnetic moment m is free to turn about an axis perpendicular to the  

direction of uniform magnetic field B. The moment of inertia of the needle about the axis is I. the 
needle is slightly disturbed from its stable position and then released. Prove that it executes simple 
harmonic motion. Hence deduce the expression for its time period.  
(b) A compass needle, free to turn in a vertical plane orients itself with its axis vertical at a certain 
place on the earth. Find out the values of (i) horizontal component of earth’s magnetic field and (ii) 
angle of dip at the place.          (5) 

Q.9 The horizontal component of the earth’s magnetic field at a place is B and angle of dip is 60°. What  
is the value of vertical component of earth’s magnetic field at equator?    (1) 

Q.10 Mention the two characteristic properties of the material suitable for making core of a transformer. 
Q.11 A magnetic needle, free to rotate in a vertical plane, orients itself vertically at a certain place on the  

Earth. What are the values of (i) horizontal component of Earth’s magnetic field and (ii) angle of dip 
at this placed.            (1) 

Q.12 What is the angle of dip at a place where the horizontal and vertical components of the Earth’s  
magnetic field are equal?          (1) 

Q.13 A small magnet is pivoted to move freely in the magnetic meridian. At what place on the surface of  
the Earth will the magnet be vertical?        (1) 

Q.14 The susceptibility of a magnetic material is ‒ 2.6 × 10‒5. Identify the type of magnetic material and  
state its two properties.          (2) 

Q.15 The relative magnetic permeability of a magnetic is 800. Identify the nature of magnetic material and  
state its two properties.          (2) 

Q.16 A short bar magnet of magnetic moment 0.9 J/T is placed with its axis at 30° to a uniform magnetic  
field. It experiences a torque of 0.063 J.        (2) 
(i) Calculate the magnitude of the magnetic field. 
(ii) In which orientation will the bar magnet be in stable equilibrium in the magnetic field? 

Q.17 A magnetized needle of magnetic moment 4.8 × 10‒2 JT‒1 is placed at 30° with the direction of  
uniform magnetic field of magnitude 3× 10‒2 T. Calculate the torque acting on the needle. (2) 

Q.18 A short bar magnet of magnetic moment 0.5 J/T is placed with its axis at 30° to a uniform magnetic  
field of 0.1 T. Calculate (i) the magnitude of the torque experienced and (ii) the direction on which it 
acts.             (2)   

Q.19 The permeability of a magnetic material is 0.9983. Name the type of magnetic materials it represents. 
              (1) 
Q.20 The susceptibility of a magnetic material is 1.9 × 10‒5. Name the type of magnetic materials it  

represents.             (1) 
Q.21 The susceptibility of a magnetic material is 4.2 × 10‒6. Name the type of magnetic materials it  

Represents            (1) 



Q.22 If the horizontal and vertical components of the Earth’s magnetic field are equal at a certain place,  
what would be the angle of dip at that place?        (1) 

Q.23 Where on the surface of Earth is the angle of dip 90°?      (1) 
Q.24 Where on the surface of Earth is the angle of dip zero?      (1) 
Q.25 Where on the surface of Earth is the vertical component of Earth’s magnetic field zero?  (1) 
Q.26 A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian has its north tip  

down at 60° with the horizontal. The horizontal component of the earth’s magnetic field at the place  
is known to be 0.4 G. Determine the magnitude of the earth’s magnetic field at the place.  (2) 

Q.27 A small compass needle of magnetic moment M and moment of inertia I is free to oscillate in a  
magnetic field B. It is slightly disturbed from its equilibrium position and then released. Show that it  
executes simple harmonic motion. Hence, wire the expression for its time period.    (2) 

Q.28 Explain the following :          (2) 
 (i) Why do magnetic lines of force form continuous closed loops?  
 (ii) Why are the field lines repelled (expelled) when a diamagnetic material is placed in an external  

uniform magnetic field? 
Q.29 (i) Name the three elements of the Earth’s magnetic field.      (2) 
 (ii) Where on the surface of the Earth is the vertical component of the Earth’s magnetic field is zero? 
Q.30 What is the characteristic property of a diamagnetic material?     (1) 
Q.31 (i) Write two characteristics of a material used for making permanent magnets. 
 (ii) Why is the core of an electromagnet made of ferromagnetic materials?    (2) 
Q.32 Draw magnetic field lines when a         (2) 
 (i) diamagnetic, 
 (ii) paramagnetic substance is placed in an external magnetic field, which magnetic property  

distinguishes this behavior of the field lines due to the two substances?   
Q.33 Deduce the expression for the magnetic dipole moment of an electron orbiting around the central  

nucleus.            (2) 
Q.34 (i) What happens when a diamagnetic substance is placed in a varying magnetic field? 
 (ii) Name the properties of a magnetic material that make it suitable for making (a) a permanent  

      magnet and (b) a core of an electromagnet.        (2) 
Q.35 (i) How does angle of dip change as one goes from magnetic pole to magnetic equator of the Earth? 
 (ii) A uniform magnetic field gets modified as shown below when two specimens X and Y are placed  

in it. Identify whether specimens X and Y are diamagnetic, paramagnetic or ferromagnetic.   
(iii) How is the magnetic permeability of specimen X different from that of specimen Y?  (2) 
 
 
 
 
 

Chapter-6 : Electromagnetic Induction   
Q.1 A circular coil of radius 10 cm, 500 turns and resistance 200 Ω is placed with its plane perpendicular  

to the horizontal component of the Earth’s magnetic field It is rotated about its vertical diameter 
through 180° in 0.25 s. Estimate the magnitudes of the emf and current induced in the coil. 
(Horizontal component of the Earth’s magnetic field at the place is 3.0 × 10‒5 T)   (3) 

Q.2 (a) Define mutual inductance and write its S.I. units. 
 (b) Derive an expression for the mutual inductance of two long co-axial solenoids of same length  

wound one over the other.           
 (c) In an experiment, two coils c1 and c2 are placed close to each other. Find out the expression for  

the emf induced in the coil c1 due to a change in the current through the coil c2.   (5) 
Q.3 (a) Define self-inductance of a coil. Obtain an expression for the energy stored in a solenoid of self- 

inductance ‘L’ when the current through it grows from zero to ‘I’. 



(b) A square loop MNOP of side 20 cm is placed horizontally in a uniform magnetic field acting  
vertically downwards as shown in the figure. The loop is pulled with a constant velocity of 20 cm s‒1  
till it goes out of the field. 
 
 
 
    
 
        
(i) Depict the direction of the induced current in the loop as it goes out of the field. For how long  
would the current in the loop persist? 
(ii) Plot a graph showing the variation of magnetic flux and induced emf as a function of time. 

Or 
 (a) Draw the magnetic field lines due to a circular loop of area 퐴⃗ carrying current I. Show that it acts  

as a bar magnet of magnetic moment 푚⃗ = I퐴⃗. 
(b) Derive the expression for the magnetic field due to a solenoid of length ‘2 푙’, radius ‘a’ having  
‘n’ number of turns per unit length and carrying a steady current ‘I’ at a point on the axial line,  
distance ‘r’ from the  centre of the solenoid. How does this expression compare with the axial  
magnetic field due to a bar magnet of magnetic moment ‘m’?      (5) 

Q.4 What are eddy currents? How are they produced? 
 Describe briefly three main useful applications of eddy currents.     (5) 
Q.5 Two spherical bobs, one metallic and the other of glass, of the same size are allowed to fall freely  

from the same height above the ground. Which of the two would reach earlier and why?  (1) 
Q.6 The electric current flowing in a wire in the direction from B to A is decreasing. Find out the  

direction of the induced current in the metallic loop kept above the wire as shown.   (1) 
 
 
 
 
 
 
 

Q.7 A conducting loop is held above a current carrying wire ‘PQ’ as shown in the figure. Depict the  
direction of the current induced in the loop when the current in the wire PQ is constantly increasing.  

(1) 
 
 
 
 
 
 

Q.8 A conducting loop is held below a current carrying wire PQ as shown. Predict the direction of the  
induced current in the loop when the current in the wire is constantly increasing.   (1) 
 
 
 
 
 

 
 



Q.9 A flexible wire of irregular shape, abcd, as shown in the figure, turns into a circular shape when  
placed in a region of magnetic field which is directed normal to the plane of the loop away from the  
reader. Predict the direction of the induced current in the wire.     (1) 

 
 
 
 
 
 
 
Q.10 Use Lenz’ law to determine the direction of the induced current when a rectangular conducting loop  

abcd is moved into region of magnetic field which is directed normal to the plane of the loop away  
from the reader.           (1) 
 
 
 

 
 
 
 
Q.11 A triangular loop of wire placed at abc is moved completely inside a magnetic field which is directed  

normal to the plane of the loop away from the reader to a new position a’b’c. What is the direction of  
the current induced in the loop? Give reason.        (1) 
 
 
 
 
 
 
 

Q.12 Define the term ‘mutual inductance’ between the two coils. Obtain the expression for mutual 
inductance of a pair of long coaxial solenoids each of length 푙 and raddi r1 and r2 (r2 >> r1). Total 
number of turns in the two solenoids are N1 and N2 respectively.     (3) 

Q.13 Define the term self-inductance of a solenoid. Obtain expression for the magnetic energy stored in an 
inductor of self-inductance L build up a current I through it.      (3) 

Q.14 (a) A rod of length 푙 is moved horizontally with a uniform velocity ‘v’ in a direction perpendicular to 
its length through a region in which a uniform magnetic field is acting vertically downward. Derive 
an expression for the emf induced across the ends of the rod. 

 (b) How does one understand this moving emf by invoking  the Lorentz force acting on the free 
charge carriers of the conductor? Explain.        (3) 

Q.15 The currents flowing in the two coils of self-inductance L1 = 16 mH and L2 = 12 mH are increasing  
at the same rate. If the power supplied to the two coils are equal, find the ratio of (i) induced 
voltages, (ii) the currents and (iii) the energies stored in the two coils at a given instant.  (3) 

Q.16 The currents flowing in the two coils of self-inductance L1 = 20 mH and L2 = 15 mH are increasing  
at the same rate. If the power supplied to the two coils are equal, find the ratio of (i) induced voltages 
(ii) the currents and (iii) the energies stored in the two coils at a given instant.   (3) 

Q.17 An air-core toroidal solenoid has an average radius of 15 cm, area of cross-section 12 cm2 and has  
1,200 turns. Calculate the self-inductance of the toroid. Assume the field to be uniform across the  
cross-section of the torrid.          (3) 

 



Q.18 (a) Describe a simple experiment (or activity) to show that the polarity of emf induced in a coil is  
always such that it tends to produce a current which opposes the change of magnetic flux that  
produced it. 
(b) The current flowing through an inductor of self inductance L is continuously increasing. Plot a  
graph showing the variation of  
(i) Magnetic flux versus the current. 
(ii) Induced emf versus dI/dt. 
(iii) Stored magnetic potential energy versus the current. 

Q.19 How does the mutual inductance of a pair of coils change when     (1)  
 (i) distance between the coils is increased and  
 (ii) number of turns in the coils is increased?  
Q.20 The motion of copper plate is damped when it is allowed to oscillate between the two poles. What is  

the cause of this damping?          (1) 
Q.21 A light metal disc on the top of an electromagnet is thrown up as the current is switched on. Why?  

Give reason.            (1) 
Q.22 On hat factors does the magnitude of the emf induced in the circuit due to magnetic flux depend? (1) 
Q.23 State Lenz’s Law.           (2) 
 A metallic rod held horizontally along east-west direction, is allowed to fall under gravity. Will there  

be an emf induced at its ends? Justify your answer. 
Q.24 A metallic rod of length ‘푙’ is rotated with a frequency v with one end hinged at the centre and the  

other end at the circumference of a circular metallic ring of radius r, about an axis passing through  
the centre and perpendicular to the plane of the ring. A constant uniform magnetic field B parallel to  
the axis is present everywhere around the metallic rod. Using Lorentz force, explain how emf is  
induced between the centre and the metallic ring and hence obtain the expression for it.   (3) 

Or 
A wheel with 8 metallic spokes each 50 cm long is rotated with a speed of 120 rev/min in a plane  
normal to the horizontal component of the Earth’s magnetic field. The earth’s magnetic field at the  
place is 0.4 G and the angle of dip is 60°. calculate the emf induced between the axle and the rim of  
the wheel. How will the value of emf be affected if the number of spokes were increased. 

Q.25 A rectangular conductor LMNO is placed in a uniform magnetic field of 0.5 T. The field is directed  
perpendicular to the plane of the conductor. When the arm MN of length of 20 cm is moved toward  
left with a velocity of 10 ms‒1, calculate the emf induced in the arm. Given the resistance of the arm  
to be 5 Ω (assuming that other arms are of negligible resistance) find the value of the current in the  
arm.             (3) 
 
 
 
 
 
 
 
 
 

Q.26 (a) Define the term mutual inductance.        (5) 
 Deduce the expression for the mutual inductance of two long coaxial solenoids  having different radii  

and different number of turns. 
(b) A coil is mechanically rotated with constant angular speed 휔 in a uniform magnetic field which is  
perpendicular to the axis of rotation of the coil. The plane of the coil is initially held perpendicular to 
the field. Plot a graph showing variation of (i) magnetic flux and (ii) the induced emf in the coil as a 
function of 휔t   



Q.27 Predict the direction of induced currents in metal rings 1 and 2 lying in the same plane where current  
I in the wire is increasing steadily.         (1) 
 
 

 
Q.28 Predict the direction of induced current in a metal ring when the ring is moved towards a straight  

conductor with constant speed v. the conductor is carrying current I in the direction shown in the  
figure.              (1) 
 
 

 
Q.29 Predict the direction of induced current in metal rings 1 and 2 when current I in the wire is steadily  

decreasing?            (1) 
 
 

 
 

Q.30 A bar magnet is moved in the direction indicated by the arrow between two coil PQ and CD. Predict  
the direction of induced current in each coil.        (1) 
 
 
 
 

Q.31 The closed loop (PQRS) of wire is moved into a uniform magnetic field at right angles to the plane  
of the paper as shown in the figure. Predict the direction of the induced current in the loop. (1) 
 
 
 
 
 

Q.32 The closed loop (PQRS) of wire is moved out of a uniform magnetic field at right angles to the plane  
of the paper as shown in figure. Predict the direction of the induced current in the loop.  (1) 
 
 
 
 
 
 

Q.33 Define self-inductance of a coil. Show that magnetic energy required to build up the current I in a  
coil of self inductance L, is given by  LI2.        (2) 

Q.34 A metallic rod of ‘L’ length is rotated with angular frequency of ′휔′ with one end hinged at the 
centre and the other end at the circumference of a circular metallic ring of radius L, about an axis 
passing through the centre and perpendicular to the plane of the ring. A constant and uniform 
magnetic field B parallel to the axis is present everywhere. Deduce the expression for the emf 
between the centre and the metallic ring.        (2) 

Q.35 Derive the expression for the self inductance of a long solenoid of cross sectional area A and length 푙, 
having n turns per unit length.         (2) 

Q.36 Define mutual inductance between two long coaxial solenoids. Find out the expression for the 
mutual inductance of inner solenoid of length 푙 having the radius r1 and the number of turns n1 per 
unit length due to the second outer solenoid of same length and of n2 number of turns per unit length.
             (2) 



Q.37 Two bar magnets are quickly moved towards a metallic loop connected across a capacitor ‘C’ as  
shown in the figure. Predict the polarity of the capacitor.      (1) 
 
 
 
 

Q.38 A current is induced in coil C1 due to the motion of current carrying coil C2. (a) Write any two ways  
by which a large deflection can be obtained in the galvanometer G. (b) Suggest an alternative device  
to demonstrate the induced current in place of a galvanometer.     (2) 
 
 
 
 
 

Q.39 What are eddy currents? Write any two applications of eddy currents.     (2) 
Q.40 Two concentric circular coils C1 and C2, radius r1 and r2 (r1 << r2) respectively are kept co-axially. If  

current is passed through C2, then, find an expression for mutual inductance between the two coils. (2) 
Q.41 A magnet is quickly moved in the direction indicated by an arrow between two coils C1 and C2 as  

shown in the figure. What will be the direction of induced current in each coil as seen from the  
magnet? Justify your answer.          (2) 
 
 
 
 

Q.42 Predict the polarity of the capacitor when the two magnets are quickly moved in the directions  
marked by arrows.           (2) 
 
 
 

Q.43 Current in a circuit falls steadily from 5.0 A to 0.0 A in 100 ms. If an average e.m.f. of 200 V is  
induced, calculate the self-inductance of the circuit.       (2) 

Q.44 (a) Obtain the expression for the magnetic energy stored in a solenoid due to the current I following  
in it, in terms of magnetic field B, area of cross-section A and length 푙 of the solenoid. 
(b) How is this magnetic energy per unit volume compared with the electrostatic energy per unit 
volume stored in a parallel plate capacitor?        (3) 

Q.45 (a) Derive an expression for the mutual inductance of two long coaxial solenoids of same length 푙  
having radii r1 and r2. (r2 < r1) and (푙 > > r2). 
(b) Show that mutual inductance of solenoid 1due to solenoid 2, M12, is the same as that of 2 due to 1 
i.e., M21.  
(c) A power transmission line feeds power at 2200 V with a current of 5 A to a step down 
transformer with its primary winding having 4000 turns. Calculate the number of turns and the 
current in the secondary coil in order to get output power at 220 V.     (5) 

Q.46 A plot of magnetic flux (휙) versus current (I) is shown in the figure for two inductors A and B.  
which of the two has larger value of self inductance?      (1) 
 
 
 
 
 
 
 
 



Q.47 Define self-inductance of a coil. Write its SI units.       (1) 
Q.48 Two loops of different shapes are moved in a region of uniform magnetic field in the direction   

marked by arrows as shown in the figure. What is the direction of the induced current in each loop? (1) 

 
 
 
 
 

 
 
 
 

Q.49 A circular loop is moved through the region of uniform magnetic field. Find the direction of induced  
current (clockwise or anticlockwise) when the loop moves. 
(i) into the field, and  
(ii) out of the field. 

 
 
 
 
Q.50 A rectangular loop of wire is pulled to the right, away from the long straight wire through which a  

steady current I flows upwards. What is the direction of induced current in the loop?  (1) 
 
 
 
 
 
 
 

Q.51 (i) When primary coil P is moved towards secondary coil S (as shown in the figure below) the  
galvanometer shows momentary deflection. What can be done to have larger deflection in the 
galvanometer with the same battery. 
 
 
 
 
 
 
(ii) State the related law.          (2) 

Q.52 Two identical loops, one of copper and the other of aluminum, are rotated with the same angular  
speed in the same magnetic field. Compare (i) the induced emf and (ii) the current produced in the  
two coils. Justify your answer.         (2) 

Q.53 A rectangular loop and a circular loop are moving out of a uniform magnetic field to a field-free  
region with a constant velocity ‘v’ as shown in the figure. Explain in which loop do you expect the  
induced emf to be constant during the passage our of the field region. The magnetic field is normal in  
and out of the loops.           (2) 
 

 
 
 
 

Q.54 Two long coaxial solenoids of the same length but different radii and different number of turns are  
wound one over the other. Deduce the expression for the mutual inductance of this arrangement. (2) 



Q.55 State Faraday’s law of electromagnetic induction.       (5) 
 
 
 
 
 
 
 Figure shows a rectangular conductor PQRS is which the conductor PQ is free to move in a uniform  

magnetic field B perpendicular to the plane of the paper. The field extends from x = 0 to x = b and is 
zero for x > b. Assume that only the arm PQ possesses resistance r. when the arm PQ is pulled 
outward from x = 0 to x = 2b and is then moved backward to x = 0 with constant speed v, obtain the 
expression for the flux and the induced emf. Sketch the variations of these quantities with distance 0 
≤ x ≤ 2b.  

Q.56 State the Faraday’s law of electromagnetic induction.      (1) 
Q.57 Define mutual inductance. Give its S.I. units.       (1) 
Q.58 Define self-inductance. Give its S.I. units.        (1) 
Q.59 (i) How are eddy currents reduced in a metallic core?      (2) 
 (ii) Give two uses of eddy currents.         
Q.60 (i) Define self-inductance. Write its S.I. units.       (3) 
 (ii) Derive an expression for self-inductance of a long solenoid of length 푙, cross-sectional area A and  

having N number of turns. 
Q.61 (i) State Faraday’s law of electromagnetic induction. 
 (ii) A jet plane is travelling towards west at a speed of 1800 km/h. What is the voltage difference  

developed between the ends of the wings having a span of 25 m, if the Earth’s magnetic field at the 
location has a magnitude of 5 × 10‒4 T and the dip angle is 30°?     (3) 

Q.62 Calculate self inductance for a long solenoid of length  , number of turns N and radius r.  (5) 
Q.63 (a) What are eddy currents? Write their two applications.      (5) 
 (b) Figure shows a rectangular conducting loop PQSR in which arm RS of length ‘푙’ is movable. The  

loop is kept in a  uniform magnetic field ‘B’ directed downward perpendicular to the plane of the 
loop. The arm RS is moved with a uniform speed ‘v’ 
 
 
 
 
 
       
Deduce an expression for 
(i) the emf induced across the arm ‘RS’, 
(ii) the external force required to move the arm, and  
(iii) the power dissipated as heat. 

Or 
(a) State Lenz’s law. Give one example to illustrate this law. “The Lenz’s law is a consequence of  

the principal of conservation of energy.” Justify the statement. 
(b) Deduce an expression for the mutual inductance of two long co-axial solenoids having different 

radii and different number of turns. 
Chapter-7 : Alternating Current 

Q.1 Define capacitor reactance. Write its S.I. units.       (1) 
Q.2 In a series LCR circuit, VL = VC ≠ VR. What is the value of power factor?    (1) 
Q.3 The power factor of an a.c. circuit is 0.5. What is the phase difference between voltage and current in  

this circuit?             (1) 



Q.4 An inductor L of inductance XL is connected in series with a bulb B and an ac source. How would  
brightness of the bulb change when (i) number of turn in the inductor is reduced, (ii) an iron rod is 
inserted in the inductor and (iii) a capacitor of reactance XC = XL is inserted in series in the circuit. 
Justify your answer in each case.         (3) 

Q.5 You are given three circuit elements X, Y and Z. when the element X is connected across an a.c.  
source of a given voltage, the current and the voltage are in the same phase. When the element Y is 
connected in series with X across the source, voltage is ahead of the current in phase by 휋/4. But the 
current is ahead of the voltage in phase by 휋/4	when Z is connected in series with X across the 
source. Identify the circuit elements X, Y and Z. When all the three elements are connected in series 
across the same source, determine the impedance of the circuit. Draw a plot of the current versus the 
frequency of applied source and mention the significance of this plot.    (3) 

Q.6 Why is the use of a.c. voltage preferred over d.c. voltage? Give two reasons.   (1) 
Q.7 A capacitor ‘C’, a variable resistor ‘R’ and a bulb ‘B’ are connected in series to the ac mains in  

circuit as shown. The bulb glows with some brightness. How will the glow of the bulb change if (i) a 
dielectric slab is introduced between the plates of the capacitor, keeping resistance R to be the same; 
(ii) the resistance R is increased keeping the same capacitance?     (2) 
 
 
 
 
 

Q.8 Show that the current leads the voltage in phase by 휋/2 in an ac circuit containing an ideal capacitor. (2) 
Q.9 In a series LCR circuit, obtain the conditions under which (i) the impedance of the circuit is  

minimum, and (ii) wattless current flows in the circuit.      (2) 
Q.10 In a series LCR circuit with an ac source of effective voltage 50 V, frequency v = 50/	휋 HZ, R =  

300	Ω, C = 20 µF and L = 1.0 H. Find the rms current in the circuit.    (2) 
Q.11 A circuit is set up by connecting inductance L = 100 mH, resistor R = 100 Ω and a capacitor of  

reactance 200 Ω in series. An alternating emf of 150 √2 V, 500/ 휋 Hz is applied across this series 
combination. Calculate the power dissipated in the resistor.      (2) 

Q.12 A voltage V = V0 sin 휔푡 is applied to a series LCR circuit. Derive the expression for the average  
power dissipated over a cycle. Under what condition is (i) no power dissipated even through the  
current flows through the circuit, (ii) maximum power dissipated in the circuit?   (3) 

Q.13 (a) Draw a schematic sketch of an ac generator describing its basic elements. State briefly its  
working principle. Show a plot of variation of        (5) 
(i) Magnetic flux and  
(ii) Alternating emf versus time generated by a loop of wire rotating in a magnetic field. 
(b) Why is choke coil needed in the use of fluorescent tube with ac mains? 

Q.14 A capacitor has been charged by a dc source. What are the magnitudes of conduction and 
displacement currents, when it is fully charged?       (1) 

Q.15 A resistor ‘R’ and an element ‘X’ are connected in series to an ac source of voltage. The voltage is 
found to lead the current in phase by 휋/4. If ‘X’ is replaced by another element ‘Y’, the voltage legs 
behind the current by 휋/4.           (2) 

 (i) Identify elements ‘X’ and ‘Y’. 
 (ii) When both ‘X’ and ‘Y’ are connected in series with ‘R’ to the same source, will the power 

dissipated in the circuit be maximum or minimum? Justify your answer. 
Or 

 A series LCR circuit is connected to an ac source (200 V, 50 Hz). The voltages across the resistor, 
capacitor and inductor are respectively 200 V, 250 V and 250 V.  
(i) The algebraic sum of the voltages across the three elements is greater than the voltage of the 

source. How is this paradox resolved? 
(ii) Given the value of the resistance of R is 40 Ω, Calculate the current in the circuit. 



Q.16 In a series LCR circuit connected to an ac source of variable frequency and voltage V = Vm sin 휔푡,  
draw a plot showing the variation of current (I) with angular frequency (휔) for two different values 
of resistance R1 and R2 (R1 > R2). Write the condition under which the phenomenon of resonance 
occurs. For which value of the resistance out of the two curves, a sharper resonance is produced? 
Define Q-factor of the circuit and give its significance.       (3) 

Q.17 (a) For a given a.c., 풾 = 풾  sing 휔푡, show that the average power dissipated in a resistor R over a  
complete cycle is 풾 푅.    

  (b) A light bulb is rated at 100 W for a 220 V a.c. supply. Calculate the resistance of the bulb. (3) 
Q.18 (a) For a given a.c., 풾 = 풾 푠푖푛 휔푡, show that the average power dissipated in a resistor R over a 

compete cycle is 풾 푅. 
 (b) A light bulb is rated at 120 W for a 240 V a.c. supply. Calculate the resistance of the bulb. (3) 
Q.19 (a) For given a.c., 풾 = 풾 푠푖푛 휔푡, show that the average power dissipated in a resistor R over a  

complete cycle is 풾 푅. 
(b) A light bulb is rated at 125 W for a 250 V a.c. supply. Calculate the resistance of the bulb. (3) 

Q.20 Using phasor diagram for a series LCR circuit connected to an source of voltage V = V0 sin 휔푡,  
derive the relation for the current flowing in the circuit and the phase angle between the voltage  
across the resistor and the net voltage in the circuit. 
Draw a plot showing the variation of the current I as a function of angular frequency ′휔′ of the 
applied ac source for the two cases of a series combination of (i) inductance L1, capacitance C1 and 
resistance R1 and (ii) inductance L2, capacitance C2 and resistance R2 where R2 > R1. Write the 
relation between L1, C1 and L2, C2 at resonance. Which one of the two would be better suited for fine 
turning in a receiver set? Give reasons.        (5) 

Q.21 Mention the two characteristic properties of the material suitable for making core of transformer. (1) 
Q.22 A ligh bulb is rated 100 W for 220 V ac supply of 50 Hz. Calculate (i) the resistance of the bulb; (ii)  

the rms current through the bulb.         (2) 
Or 

An alternating voltage given by V = 140 sin 314t is connected across a pure resistor of 50 Ω. Find: (i)  
The frequency of the source (ii) The rms current through the resistor 

Q.23 State the underlying principle of a transformer. How is the large scale transmission of electric energy 
over long distance done with the use of transformers?      (1) 

Q.24 An alternating voltage given by V = 70 sin 100 휋푡 is connected across a pure resistor of 25   Ω . Find  
 (i) the frequency of the source 
 (ii) the rms current through the resistor. 
Q.25 Calculate the quality factor of a series LCR circuit with L = 2.0 H,C = 2 µF and R = 10 Ω. Mention  

the significance of quality factor in LCR circuit.        (2) 
Q.26 The figure shows a series LCR circuit with L = 5.0 H, C = 80 µF, R = 40  Ω  connected to a variable  

frequency 240 V source. Calculate           (3) 
 
 
 
 
 
(i) The angular frequency of the source which drives the circuit at resonance. 
(ii) The current at the resonating frequency. 
(iii) The rms potential drop across the capacitor at resonance.                                                      

Q.27 A series LCR circuit is connected to an a.c. source. Using the phasor diagram, derive the expression  
for the impedance of the circuit. Plot a graph to show the variation of current with frequency of the  
source, explaining the nature of its variation.                  (3) 

 



Q.28 (a) State the principle on which AC generator works. Draw a labelled diagram and explain its  
working. 
(b) A conducting rod held horizontally  along East-West direction is dropped from rest from a certain  
height near the Earth’s surface. Why should there be an induced emf across the ends of the rod? 
Draw a plot showing the instantaneous variation of emf as a function of time from the instant it 
begins to fall.            (5) 

Or 
(a) State the principle of a step-up transformer. Explain, with the help of a labelled diagram and its 

working. 
(b) Describe briefly any two energy losses, giving the reasons for their occurrence in actual 

transformers. 
Q.29 The current flowing through a pure inductor of inductance 2 mH is i = 15 cos 300 t ampere. What is  

the (i) rms and (ii) average value of current for a complete cycle?     (1) 
Q.30 Define the term ‘wattless current’.         (1) 
Q.31 What is the function of a step-up transformer? 
Q.32 The peak value of e.m.f. in a.c. is E0. Write its (i) rms and (ii) average value over a complete cycle.            (1) 
Q.33 The current flowing through a pure inductor of inductance 4 mH is i = 12 cos 300 t ampere. What is  

(i) rms and (ii) average value of the current for a complete cycle?    1 (1) 
Q.34 Mention various energy losses in a transformer.       (2) 
Q.35 (a) the graphs (i) and (ii) represent the variation of the opposition offered by the circuit element to  

the flow of alternating current with frequency of the applied emf. Identify the circuit element  
corresponding to each graph.  
 
 
 
 
 
 
 
 
 (b) Write the expression for the impedance offered by the series combinations of the above two  
elements connected across the a.c. Which will be ahead in phase in this circuit, voltage or current?(2) 

Q.36 State the principle of working of a transformer. Can a transformer be used to step up or step down a  
d.c. voltage? Justify your answer.         (3) 

Q.37 (a) An alternating voltage v = vm sin 휔푡 applied to a series LCR circuit drives a current given by i =   
im sin (휔푡 + 휙). Deduce an expression for the average power dissipated over a cycle. 
(b) For circuits used for transporting electric power, a low power factor implies large power loss in  
transmission. Explain. 
(c) Determine the current and quality factor at resonance for a series LCR circuit with L = 1.00 mH, 

C = 1.00 nF and  R = 100 Ω connected to an a.c. source having peak voltage of 100 V.  (5) 
Q.38 (a) with the help of a labelled diagram, describe briefly the underlying principle and working of a  

step-up transformer. 
(b) Write any two source of energy loss in a transformer. 
(c) A step-up transformer converts a low input voltage into a high output voltage. Does it violate law  
of conservation of energy? Explain.          (5) 

Q.39 Derive an expression for the impedance of a series LCR circuit connected to an AC supply of  
variable frequency. Plot a graph showing variation of current with the frequency of the applied 
voltage. Explain briefly how the phenomenon of resonance in the circuit can be used in the tuning 
mechanism of a radio or a TV set.         (5) 

 
 



Q.40 (a) What do you understand by sharpness of resonance in a series LCR circuit? Derive an expression  
for Q- Factor of the circuit.          (5) 
(b) Three electrical circuits having a.c. sources of variable frequency are shown in the figure.  
Initially the current flowing in each of these is same. if the frequency of the applied a.c. source is 
increased, how will the current flowing in these circuits be affected? Give reason for your answer.  
   
 
 
  
 

Q.41 State the working of a.c. generator with the help of a labelled diagram. The coil of an a.c. generator  
having N turns, each of area A, is rotated with e..m.f. generated in the coil. 

 What is the source of energy generation  in this device?      (5) 
Q.42 (a) Show that in an a.c. circuit containing a pure inductor, the voltage is ahead of current by 휋/2 in  

phase. 
(b) A horizontal straight wire of length L extending from east to west is falling with speed v at right  
angles to the horizontal component of Earth’s magnetic field B.     (5) 
(i) Write the expression for the instantaneous value of the e.m.f. induced in the wire. 
(ii) What is the direction of the e.m.f.? 
(iii) Which end of the wire is at the higher potential? 

Q.43 An electric lamp having coil of negligible inductance connected in series with capacitor and an a.c.  
source is glowing with certain brightness. How the brightness of the lamp changes on reducing the 
(i) capacitance and (ii) the frequency? Justify your answer.      (2) 
 
 
 
 
 

Q.44 A coil is connected to low voltage bulb B and placed near another coil P as shown is the figure. Give  
reasons to explain the following observations: 
(a) The bulb ‘B’ lights. 
(b) Bulb gets dimmer if the coil Q is moved toward left.      (2) 

 
Q.45 Describe briefly, with the help of a labelled diagram, the basic elements of an A.C. generator. State  

its underlying principle. Show diagrammatically how an alternating emf is generated by a loop of 
wire rotating is a magnetic field. Write the expression for the instantaneous value of the emf induced 
in the rotating loop.           (5) 

Or 
A series LCR circuit is connected to an ac source having voltage V = Vm sin 휔푡. Derive the 
expression for the instantaneous current I and its phase relationship to the  applied voltage. 
Obtain the condition for resonance to occur. Define ‘power factor’. State the conditions under which 
it is (i) maximum and (ii) minimum.          

Q.46 (a) A resistor of 400 Ω, an inductor of  H and a capacitor of  µF are connected in series across a  
source of alternating voltage of 140 sin 100 휋푡 volts.  
Find the voltage (rms) across the resistor, the inductor and the capacitor. Is the algebraic sum of  
these voltages more than the source voltage? If yes, resolve the paradox. (Given √2 == 1.4).  
(b) An ideal capacitor having a change q = 푞° cos 휔푡is connected across an ideal inductor ‘I’ through  
a switch ‘S’. On closing the switch, show that the sum of the energies in the capacitor and inductor is  
constant in time in the free oscillations of the LC circuit.       (5) 

Or 



(a) What are eddy currents? How are these currents reduced in the metallic cores of transformers? 
(b) A step down transformer operates on a 2.5 kV line. It supplies a load with 20A. The ratio of the  
primary winding to the secondary is 10:1. If the transformer is 90% efficient, calculate  
(i) the power output 
(ii) the voltage, and 
(iii) the current in the secondary.         (5) 

Q.47 (a) State the law that gives the polarity of the induced emf. 
 (b) A 15.0 µF capacitor is connected to 220 V, 50 Hz source. Find the capacitive reactance and the  

rms current.            (3) 
Q.48 State the working principle of an A.C. generator with the help of a labelled diagram.  
 Derive an expression for the instantaneous value of the emf induced in coil. Why is the emf  

maximum when the plane of the armature is parallel to the magnetic field.    (5) 
Or 

Draw a labelled diagram of a step-up transformer and explain briefly its working. 
Deduce the expression for the secondary voltage and secondary current in terms of the number of  
turns of primary and secondary windings. 
How is the power transmission and distribution over long distances done with the use of transformer. 

Q.49 (a) Derive an expression for the average power consumed in a series LCR circuit connected to a.c.  
source in which the phase difference between the voltage and the current in the circuit is 휙. 
(b) Define the equality factor in an a.c. circuit. Why should the quality factor have high value in 
receiving circuits? Name the factors on which it depends.      (5) 

Q.50 What is called Q factor of an LCR circuit? Also discuss the sharpness of resonance and half power  
frequencies.            (5) 

Chapter-8: Electromagnetic Waves 
Q.1 Name the parts of the electromagnetic spectrum which is       (3) 
 (a) Suitable for radar system used in aircraft navigation. 
 (b) Used to treat muscular strain. 
 (c) Used as a diagnostic tool in medicine. 
 Write in brief, how these waves can be produced.  
Q.2 Arrange the flowing electromagnetic waves in the order if their increasing wavelength: 
 (a) ⋎-rays   (d) Microwaves  (c) X-rays  (d) Radio waves 
 How are infrared waves produced? What role does infrared radiation play in (i) maintaining the  

Earth’s warmth, and (ii) Physical therapy?         (3) 
Q.3 Why does a galvanometer when connected in series with a capacitor show a momentary deflection,  

when it is being charged or discharged?   
How does this observation lead to modifying the Ampere’s circuital law? 
Hence write the generalized expression of Ampere’s law.      (3) 

Q.4 How are electromagnetic waves produced? What is the source of energy of these waves? 
 Draw a schematic sketch of the electromagnetic waves propagating along the + x-axis. Indicate the  

directions of the electric and magnetic fields. Write the relation between the velocity of propagation  
and the magnitudes of electric and magnetic fields.       (3) 

Q.5 To which part of the electromagnetic spectrum does a wave of frequency  5 × 1019 Hz belong? (1) 
Q.6 To which part of the electromagnetic spectrum does a wave of frequency 3 × 1013 Hz belong? (1) 
Q.7 To which part of the electromagnetic spectrum does a wave of frequency 5 × 1011 Hz belong? (1) 
Q.8 Arrange the following electromagnetic waves in order of increasing frequency:   (1)  
 ⋎-rays, microwaves, infrared rays and ultraviolet rays. 
Q.9 Arrange the following electromagnetic waves in order of decreasing frequency:   (1) 
 X-rays ⋎-rays, microwaves, infrared rays. 
Q.10 Arrange the following electromagnetic waves in decreasing order of wavelength:- 
 ⋎-rays, infrared rays, X-rays and microwaves.       (1) 



Q.11 Considering the case of a parallel plate capacitor being charged, show how one is required to  
generalize Ampere’s circuital law to include the term due to displacement current.   (2) 

Q.12 (a) How does oscillating charge produce electromagnetic waves? 
 (b) Sketch a schematic diagram depicting oscillating electric and magnetic fields of an em wave  

propagating along + z-direction.         (2) 
Q.13 Answer the following            (3) 
 (a) Name the em waves which are suitable for radar system used in aircraft navigation. Write the  

range of frequency of these waves.  
(b) If the earth did not have atmosphere, would its average surface temperature be higher or lower  
than what it is now? Explain. 
(c) An em wave exerts pressure on the surface on which it is incident. Justify. 

Q.14 Answer the following:          (3) 
 (a) Name the em wave which are used for the treatment of certain forms of cancer. Write their  

frequency range.  
(b) Thin ozone layer on top of stratosphere is crucial for human survival. Why? 
(c) Why is the amount of the momentum transferred by the em waves incident on the surface so  
small?  

Q.15 Which of the following waves can be polarized (i) heat waves (ii) sound waves? Give reason to  
support your answer.           (1) 

Q.16 A capacitor has been charged by a dc source. What are the magnitudes of conduction and  
displacement currents, when it is fully charged?       (1) 

Q.17 Welders wear special goggles or face masks with glass windows to protect their eyes from 
electromagnetic radiations. Name the radiations and write the range of their frequency.  (1) 

Q.18 (a) An em wave is travelling in a medium with a velocity 푣⃗ = v횤. Draw a sketch showing the 
propagation of the em wave, indicating the direction of the oscillating electric and magnetic fields. 

 (b) How are the magnitudes of the electric and magnetic fields related to the velocity of the em 
wave?             (2) 

Q.19 (a) How are electromagnetic waves produced by oscillating charges?    (3) 
 (b) State clearly how a microwave oven works to heat up a food item contacting water molecules. 
 (c) Why are microwaves found useful for the radar systems in aircraft navigation? 
Q.20 (a) Why are infrared radiations referred to as hear waves? Name the radiations which are next to 

these radiations in the electromagnetic spectrum having (i) shorter wavelength (ii) longer 
wavelength.            (3) 

 (b) State the conditions under which a microwave oven heats up a food item containing water 
molecules.  

Q.21 Name the physical quantity which remains same for microwaves of wavelength 1 mm and UV 
radiation of 1600 in Å vacuum.         (1) 

Q.22 What are the directions of electric and magnetic field vactors relative to each other and relative to the 
direction of propagation of electromagnetic waves?       (1) 

Q.23 The speed of an electromagnetic wave in a material medium is given be 푣 = 	
√

, µ being the 

permeability of the medium and 휀 its permittivity.  
How does its frequency change?         (1) 

Q.24 Name the electromagnetic waves, which        (1) 
 (i) maintain the Earth’s warmth and     

(ii) are used in aircraft navigation. 
Q.25 When an ideal capacitor is charged by a dc battery, no current flows. However, when an ac source is  

used, the current flows continuously. How does one explain this, based on the concept of 
displacement current?           (3) 

 
 



Q.26 A capacitor of capacitance C is being charged by connecting it across a dc source along with an  
ammeter. Will the ammeter show a momentary deflection during the process of charging? If so, how 
would you explain this momentary deflection and the resulting continuity of current in the circuit? 
Write the expression for the current inside the capacitor.      (3) 

Q.27 Explain briefly how electromagnetic waves are produced by an oscillating charge? How is the  
frequency of the electromagnetic waves produced related to that of the oscillating charge?  (3) 

Q.28 What is the frequency of electromagnetic waves produced by oscillating charge of frequency? (1) 
Q.29 How are infrared waves produced? What is the range of their wavelength?    (1) 
Q.30 How are radio waves produced?         (1) 
Q.31 How are X-rays produced?          (1) 
Q.32 How are microwaves produced?         (1) 
Q.33 Write two uses of microwaves.         (1) 
Q.34 Write two uses of infrared rays.         (1) 
Q.35 Write two uses of X-rays.          (1) 
Q.36 A plane electromagnetic waves travels in vacuum along z-direction. What can you say about the  

direction of electric and magnetic field vectors?       (1) 
Q.37 A plane electromagnetic waves travels in vacuum along x-direction. What can you say about the  

direction of electric and magnetic field vectors?       (1) 
Q.38 A plane electromagnetic wave travels in vacuum along y-direction. What can you say about the  

direction of electric and magnetic field vectors?        (1) 
Q.39 How are infrared waves produced? Why are these referred to as a heat waves? Write their one 

important use.            (2) 
Q.40 Name the constituent radiation of electromagnetic spectrum which is used for    (2) 
 (i) aircraft navigation. 
 (ii) studying crystal structure. 
 Write the frequency range for each. 
Q.41 A parallel plate capacitor is being charged by a time varying current. Explain briefly how Ampere’s 

circuital law is generalized to incorporate the effect due to the displacement current.  (2) 
Q.42 Show how the equation for Ampere’s circuital law, viz.      (2) 
 is modified in the presence of displacement current. 
Q.43 (a) Describe briefly how electromagnetic waves are produced by oscillating charges.  (3) 
 (b) Give one use of each of the following: 
 (i) Microwaves  (ii) Ultraviolet rays  (iii) Infrared rays 
 (iv) Gamma rays 
Q.44 Which part of electromagnetic spectrum has largest penetrating power?    (1) 
Q.45 Which part of electromagnetic spectrum is absorbed from sunlight by ozone layer?  (1) 
Q.46 Which part of electromagnetic spectrum is used in radar systems?     (1) 
Q.47 Name the part of electromagnetic spectrum whose wavelength lies in the range of 10‒10 m. give its 

one use.            (1) 
Q.48 Which of the following has the shortest wavelength: Microwaves, Ultraviolet rays, X-rays (1) 
Q.49 Arrange the following in descending order of wavelength: X-rays, Radio waves, Blue light, infrared  

light.             (1) 
Q.50 Name the electromagnetic radiation used to destroy cancer cells and write its frequency range. (1) 
Q.51 To which part of the electromagnetic spectrum do the waves emitted by radioactive nuclei belog? 

What is its frequency range?          (1) 
Q.52 Which part of the electromagnetic spectrum is used in satellite communication?   (1) 
Q.53 Arrange the following electromagnetic radiations in ascending order of their frequencies:  (2) 
 (i) Microwaves    (ii) Radio waves 
 (iii) X-rays     (iv) Gamma rays 



Q.54 Draw a sketch of a plane electromagnetic wave propagating along the z-direction. Depict clearly the 
direction of electric and magnetic fields.         (2) 

Q.55 How are microwaves produced? Write their two important uses.     (2) 
Q.56 How are X-rays produced? Write their two important uses.      (2) 
Q.57 How are infrared rays produced? Write their two important uses.      (2) 
Q.58 Write the following radiations in ascending order in respect of their frequencies?   (1) 
Q.59 Name of electromagnetic radiation to which waves of wavelength in the range of 10‒2 m belong. 

Give one use of this part of EM spectrum.        (1) 
Q.60 Name of the part of electromagnetic spectrum which is suitable for     (1) 
 (i) radar systems used in aircraft navigation 
 (ii) treatment of cancer tumours.    
Q.61 Name of EM waves used for studying crystal structure of solids. What is its frequency range? (1) 
Q.62 Name the electromagnetic radiations which are produced when high energy electrons are bombarded 

on a metal target.           (1) 
Q.63 Name the electromagnetic radiation which can be produced by a klystron or a magnetron valve. (1) 
Q.64 How does a charge q oscillating at certain frequency produce electromagnetic waves?  (2) 

Sketch a schematic diagram depicting electric and magnetic fields for an electromagnetic wave 
propagating along the z-direction.         (2) 

Q.65 Answer the following questions: 
 (a) optical and radio telescopes are built on the ground while X-ray astronomy is possible only from  

satellite  orbiting the Earth. Why?         (2) 
(b) the small ozone layer on top of the stratosphere is crucial for human survival. Why? 

Q.66 Name of the electromagnetic radiations having the wavelength range from 1 mm to 700 nm. Give its 
two important applications.          (2) 

Q.67 Name the electromagnetic radiations having the wavelength range from 1 nm to 10‒3 nm. Give its 
two important applications.          (2) 

 Chapter-9: Ray Optics and Optical Instruments 
Q.1 A concave lens of refractive index 1.5 is immersed in a medium of refractive index 1.65. What is the  

nature of the lens?           (1) 
Q.2 The focal length of an equiconvex lens is equal to the radius of curvature of either face. What is the  

refractive index of the material of the lens?        (1) 
Q.3 Why does the Sun look reddish at sunset or sunrise? 
Q.4 The line AB in the ray diagram represents a lens. State whether the lens is convex or concave. (1)  
 
 
 
 
 
 
Q.5 The radii of curvature of both the surfaces of a lens are equal. If one of the surfaces is made plane by  

grinding, how will the focal length and power of the lens change?     (1) 
Q.6 When light travels from an optically denser medium to a rarer medium, why does the critical angle of  

incidence depend on the colour of light?        (1) 
Q.7 An object is placed 15 cm in front of a convex lens of focal length 10 cm. Find the nature and  

position of the image formed. Where should a concave mirror of radius of curvature 20 cm be placed 
so that final image is formed at the position of the object itself.     (2) 

Q.8 Use the mirror equation to show that an object placed between f and 2f of a concave mirror produces  
a real image beyond 2f.          (2) 

Q.9 Explain the basic difference between the construction and working of a telescope and a microscope.
              (2) 



Q.10 How does the refractive index of a transparent medium depend on the wavelength of incident light  
used?             (2) 
Velocity of light in glass is 2 × 108 m/s and in air is 3 × 108 m/s. If the ray of light passes from glass 
to air, calculate the value of critical angle.         (2) 

Q.11 An equiconvex lens of focal length f is cut into two identical plane convex lenses. How will the  
power of each part be related to the focal length of the original?  
A bauble convex lens of + 5D is made of glass of refractive index 1.55 with both faces of equal  radii  
of curvature. Find the value of its radius of curvature.       (2) 

Q.12 A ray of light passes through an equilateral glass prism such that the angle of incidence to the angle of 
emergence and each of these angles is equal to ¾ of angle of prism. Find the angle of deviation.   (2) 

Q.13 Calculate the speed of light in a medium whose critical angle is 45° . Does critical angle for a given  
pair of media depend on the wavelength of incident light? Give reason.    (2) 

Q.14 A screen is placed 90 cm away from an object. The image of the object on the screen is formed by a  
convex lens at two different locations separated by 20 cm. Determine the focal length of the lens. (2) 

Q.15 A ray of light incident on one of the faces of a glass prism of angle A has angle of incidence 2A. The  
refracted ray in the prism strikes the opposite face which is silvered, the reflected ray from it 
retracing its path. Trace the ray diagram and find the relation between the refractive index of the 
material of the prism and the angle of the prism.       (2) 

Q.16 An object is placed 40 cm from a convex lens of focal length 30 cm. If a concave lens of focal length 
50 cm is introduced between the convex lens and image formed such that it is 20 cm form the convex 
lens, find the change in the position of the image.       (2) 

Q.17 (i) A giant refracting telescope has an objective lens of focal length 15 m. If an eyepiece of focal 
length 1.0 cm is used, what is the angular magnification of the telescope? 

 (ii) If this telescope is used to view the moon, what is the diameter of the image of the moon formed 
by the objective lens? The diameter of the moon is 3.48 × 106 m and the radius of lunar orbit is      
3.8 ×108 m.            (3) 

Q.18 An object is placed 15 cm in front of a convex lens of focal length 10 cm. Find the nature and 
position of the image formed. Where should a concave mirror of radius of curvature 20 cm be placed 
so that the final image is formed at the position of the object itself?     (3) 

Q.19 (a) A ray of light is incident normally on the face AB of a right-angled glass prism of refractive 
index aµg = 1.5. The prism is partly immersed in a liquid of unknown refractive index. Find the value 
of refractive index of the liquid so that the ray grazes along the face BC after refraction through the 
prism. 

 (b) Trace the path of the rays if it were incident normally on the face AC.    (3) 
 
 
 
 
 
 
Q.20 (a) Point object O is kept in a medium of refractive index n1 in front of a convex spherical surface of 

radius of curvature R which separates the second medium of refractive index n2 from the first one, as 
shown in the figure. 

 Draw the ray diagram showing the image formation and deduce the relationship between the object 
distance and the image distance in terms of n1, n2 and R.   

 
 
 
 



 (b) When the image formed above acts as a virtual object for a concave spherical surface separating 
the medium n2 from n1 (n2 < n1), draw this ray diagram and write the relation (similar to (a)). Hence 
obtain the expression for the lens maker’s formula.        (5) 

Q.21 (a) Two thin convex lenses L1 and L2 of focal lengths f1 and f2 respectively, are placed coaxially in 
contact. An object is placed at a point beyond the focus of lens L1. Draw a ray diagram to show the 
image formation by the combination and hence derive the expression for the focal length of the 
combined system.   

 (b) A ray PQ incident on the face AB of a prism ABC, as shown in the figure, emerges from the face 
AC such that AQ = AR. 

 Draw the ray diagram showing the passage of the ray through of the prism. If the angle of the prism 
is 60° and refractive index of the material of the prism is √3, determine the values of angle of 
incidence and angle of deviation.         (5) 

 
 
 
 
 
 

Q.22 Draw a ray diagram showing the image formation of a distant object by a refracting telescope. 
Define its magnifying power and write the two important factors considered to increase the 
magnifying power. Describe briefly the two main limitations and explain how far these can be 
minimized in a reflecting telescope.         (5) 

Q.23 (a) Draw a ray diagram showing image formation in a compound microscope. Define the term ‘limit 
of resolution’ and name the factors on which it depends. How is it related to resolving power of 
microscope? 

 (b) Suggest two ways by which the resolving power of a microscope can be increased. 
 (c) “A telescope resolves whereas a microscope magnifies.” Justify this statement.   (5) 
Q.24 (a) State the essential conditions for the phenomenon of total internal reflection to take place. 
 (b) Draw a ray diagram to show how a right isosceles prism made of crown glass can be used to 

obtain the inverted image. 
 (c) Explain briefly with the help of a necessary diagram, how the phenomenon of total internal 

reflection is used in optical fibres. Illustrate giving an example how optical fibres can be employed 
for transmission of optical signals. 

Q.25 A convex lens is placed in contact with a plane mirror. A point object at a distance of 20 cm on the 
axis of this combination has its image coinciding with itself. What is the focal length of the lens? (1) 

Q.26 A biconvex lens made of a transparent material of refractive index 1.25 is immersed in water of 
refractive index 1.25 is immersed in water of refractive index  1.33. will the lens behave as a 
converging or a diverging lens? Give reason.        (1) 

Q.27 A biconvex lens made of a transparent material of refractive index 1.5 is immersed in water of 
refractive index 1.33. will the lens behave as a converging or a diverging lens? Give reason. (1) 

Q.28 A biconcave lens made  of a transparent material of refractive index 1.25 is immersed in water of 
refractive index 1.33. Will the lens behave as a converging or a diverging lens? Give reason. (1) 

Q.29 A ray of light falls on a transparent sphere with centre C as shown in the figure. The ray emerges 
from the sphere parallel to the line AB. Find the angle of refraction at A if refractive index of the 
material of the sphere is √30          (1) 

 
 
 
 



Q.30 Two monochromatic rays of light are incident normally on the face AB of an isosceles right- angled 
prism ABC. The refractive indices of the glass prism for the two rays 1 and 2 are respectively 1.35 
and 1.45. Trace the path of these rays after entering through the prism.    (2) 

 
 
 
 
 
Q.31 Two monochromatic rays of light are incident normally on the face AB of an isosceles right- angled 

prism ABC. The refractive indices of the glass prism for the two rays 1 and 2 are respectively 1.3 and 
1.5 Trace the path of these rays after entering through the prism.     (2) 

 
 
 
 
 
 
 
Q.32 Figure show a rays of light passing through a prism. If the refracted ray QR is parallel to the base BC, 

show that (i) r1 = r2 = A/2, (ii) angle of minimum deviation, Dm = 2i ‒A.    (2) 
 
 
 
 
 
 
 
Q.33 (a) Draw a labelled ray diagram showing the formation of a final image by a compound microscope 

at least distance of distinct vision. 
 (b) The total magnification produced by a compound microscope is 20. The magnification produced 

by the eyepiece is 5. The microscope is focussed on a certain object. The distance between the 
objective and eyepiece is observed to be 14 cm. if least distance of distance vision is 20 cm, calculate 
the focal length of the objective and the eyepiece.       (3) 

Q.34 (a) A mobile phone lies along the principal axis of a concave mirror. Show, with the help of suitable 
diagram, the formation of its image. Explain why magnification is not uniform. 

 (b) Suppose the lower half of the concave mirror’s reflecting surface is covered with an opaque 
material. What effect this will have on the image of the object? Explain.    (3) 

Q.35 A convex lens of focal length 20 cm is placed coaxially with  a convex mirror of radius of curvature 
20 cm. the two are kept at 15 cm from each other. A point object lies 60 cm in front of the convex 
lens. Draw a ray diagram to show the formation of the image by the combination. Determine the 
nature and position of the image formed.        (3) 

Q.36 A convex lens of focal length 20 cm is placed coaxially with a concave mirror of focal length 10 cm 
at a distance of 50 cm apart from each other. A beam of light coming parallel to the principal axis is 
incident on the convex lens. Find the position of the final image formed by this combination. Draw 
the ray diagram showing the formation of the image.      (3) 

Q.37 A convex lens of focal length 20 cm is placed coaxially with a convex mirror of radius of curvature 
20 cm. The two are kept 15 cm apart. A point object is placed 40 cm in front of the convex lens. Find 
the position of the image formed by this combination. Draw the ray diagram showing the image 
formation.            (3) 



Q.38 (a) Draw a labelled ray diagram of an astronomical telescope to show the image formation of a 
distant object. Write the main considerations required in selecting the objective and eyepiece lenses 
in order to have large magnifying power and high resolution of the telescope. 

 (b) A compound microscope has an objective of objective of focal length 1.25 cm and eyepiece of 
focal length 5 cm. A small object is kept at 2.5 cm from the objective. If the final image formed is at 
infinity, find the distance between the objective and the eyepiece.     (5) 

Q.39 Write the relationship between angle of incidence i, angle of prism A and angle of minimum 
deviation for a triangular prism.         (1) 

Q.40 A ray of monochromatic light passes from medium (1) to medium (2). If the angle of incidence in 
medium (1) is 휃 and the corresponding angle of refraction in medium (2) is 휃/2, which of the two 
media is optically denser? Give reason.        (1) 

Q.41 A ray of monochromatic light passes from medium (1) to medium (2). If the angle of incidence in 
medium (1) is 휃 and the corresponding angle of refraction in medium (2) is 4휃/3, which if the two 
media is optically denser? Give reason.        (1) 

Q.42 (a) Write the necessary conditions for the phenomenon of total internal reflection to occur. (2) 
 (b) Write the relation between the refractive index and critical angle for a given pair of optical media. 
Q.43 A convex lens of focal length 25 cm is placed coaxially in contact with a concave lens of focal length 

20 cm. Determine the power of the combination. Will the system be converging or diverging in 
nature?             (2) 

Q.44 A convex lens of focal length 20 cm is placed coaxially in contact with a concave lens of focal length 
20 cm is placed coaxially in contact with a concave lense of focal length 25 cm. determine the power 
of the combination. Will the system be converging or diverging in nature? 

Q.45 A convex lens of focal length 30 cm is placed coaxially in contact with a concave lens of focal length 
40 cm. Determine the power of the combination. Will the system be converging or diverging in 
nature?             (2) 

Q.46 A convex lens of focal length f1 is kept in contact with concave lens of focal length f2. Find the focal 
length of the combination.          (2) 

Q.47 Three rays of light, red (R), green (G) and blue (B), are incident on the face AB of a right angled 
prism, as shown in the figure. The refractive indices of the material of the prism for red, green and 
blue are 1.39, 1.44  and 1.47 respectively. Which one of the three rays will emerge out of the prism? 
Give reason to support your answer.         (2) 

 
 
 
 
 
 
 
Q.48 Draw a labelled ray diagram of a refracting telescope. Define its magnifying power and write the 

expression for it. Write two important limitations of a refracting telescope over a reflecting type 
telescope.            (3) 

Q.49 (i) Draw a schematic labelled ray diagram of a reflecting type telescope.  
 (ii) Write two important advantages justifying why reflecting type telescopes are preferred over 

refracting telescopes. 
 (iii) The objective of a telescope is of larger focal length and of larger aperture (compared to the 

eyepiece). Why? Give reasons.         (3) 
Q.50 (a) Draw a labelled ray diagram of a compound microscope. 
 (b) Derive an expression for its magnifying power. 
 (c) Why is objective of a microscopes of short aperture and shorts focal length? Give reason. (3) 
 



Q.51  (a) Draw a labelled ray diagram of a refraction type telescope in normal adjustment. 
 (b) Give its two shortcomings over reflection type telescope. 
 (c) Why is eyepiece of a telescope of short focal length, while objective is of large focal length? 

Explain.            (3)  
Q.52 One day Chetan’s mother developed a severe stomach ache all of a sudden. She was rushed to the 

doctor who suggested for an immediate endoscopy test and gave an estimate of expenditure for the 
same. Chetan immediately contacted his class teacher and shared the information with her. The class 
teacher arranged for the money and rushed to the hospital. On realizing that Chetan belonged to a 
below average income group family, even the doctor offered concession for the test fee. The test was 
conducted successfully. 

 Answer the following questions based on the above information: 
(a) Which principle in optics is made use of in endoscopy? 
(b) Briefly explain the values reflected in the action taken by the teacher. 
(c) In what way do you appreciate the response of the doctor on the given situation?  (4) 

Q.53 (a) Draw a ray diagram showing the image formation by a compound microscope. Hence obtain  
expression for total magnification when the image is formed at infinity. 
(b) Distinguish between myopia and hypermetropia. Show diagrammatically how these defects can 
be corrected.             (5) 

Q.54 A thin convex lens having two surface of radii of curvature R1 and R2 is made of a material of  
refractive index µ2. It is kept in a medium of refractive index µ1. Derive, with the help of a ray  
diagram, the lens maker formula when a point object placed on the principal axis in front of the 
radius of curvature R1 produces an image I on the other side of the lens.    (5) 

Q.55 Under what condition does a biconvex lens of glass having a certain refractive index act as a plane  
glass sheet when immersed in a liquid?        (1) 

Q.56 For the same value of angle of incidence, the angles of refraction in three media A, B and C are 15° ,  
25° and 35° respectively. In which medium would the velocity of light be minimum?  (1) 

Q.57 How does focal length of lens change when red light incident on it is replaced by violet light? Give  
reason for your answer.          (1) 

Q.58 A ray of light, incident on an equilateral glass prism (µg=√3) moves parallel to the base line of the 
bases line of the prism inside it. Find the angle of incidence for this ray.    (2) 

Q.59 An object AB is kept in front of a concave mirror as shown in the figure.  
 (a) Complete the ray diagram showing the image formation of the object. 
 (b) How will the position and intensity of the image be affected if the lower half of the mirror’s 

reflecting surface is painted black?         (2) 
 
 
 
 
 
 

Q.60 Draw a labelled ray diagram of a reflecting telescope. Mention its two advantages over the refracting 
telescope.            (2) 

Q.61 Trace the path of ray of light passing through a glass prism (ABC) as shown in the figure. If the 
refractive index of glass is √3, find out the value of the angle of emergence from the prism. (2) 

 
 
 
 
 
 



Q.62 Trace the path of the ray (P) of light passing through the glass prism as shown in the figure. The 
prism is made of glass with critical angle ic = 41°.       (2) 

 
 
 
 
 
 
 
Q.63 You are given three lenses L1, L2 and L3 each of focal length 20 cm. an object is kept at 40 cm in 

front of L1, as shown. The final real image is formed at the focus I of L3. Find the separations 
between L1, L2 and L3.           (3) 

 
 
 
 
Q.64 Define power of a lens. Write its units. Deduce the relation = +  for two thin lenses kept in 

contact coaxially.           (3) 
Q.65 Define magnifying power of a telescope. Write its expression. A small telescope has an objective 

lens of focal length 150 cm and an eyepiece of focal length 5 cm. if this telescope is used to view a 
100 m high tower 3 km away. Find the height of the final image when it is formed 25 cm away from 
the eyepiece.            (5) 

Q.66 How is the working of a telescope different from that a microscope? The focal length of the objective 
and eyepiece of a microscope are 1.25 cm and 5 cm respectively. Find the position of the object 
relative to the objective in order to obtain an angular magnification of 30 in normal adjustment. (5) 

Q.67 When monochromatic light travels from one medium to another its wavelength changes but 
frequency remains the same. Explain.        (1) 

Q.68 Two convex lenses of same focal length but of apertures A1 and A2 (A2 < A1), are used as the 
objective lenses in two astronomical telescopes having identical eyepieces. What is the ratio of their 
resolving power? Telescope will you prefer and why? Give reason.     (2) 

Q.69 Define the resolving power of a microscope. How is this affected when  
 (i) the wavelength of illuminating radiations is decreased? Justify your answer.   (2) 
Q.70 A convex lens made up of glass of refractive index 1.5 is dipped, in turn, in  
 (i) a medium of refractive index 1.65, (ii) a medium of refractive index 1.33. 
 (a) Will it behave as  a converging or a diverging lens in the two cases? 
 (b) How will its focal length change in the two media?      (3) 
Q.71 Use the mirror equation to show that 
 (a) an object placed between f and 2f a concave mirror produces a real image beyond 2f. 
 (b) a convex mirror always produces a virtual image independent of the location of the object.  
 (c) an object placed between the pole and focus of a concave mirror produces a virtual and enlarged 

image.    
Q.72 A compound microscope uses an objective lens of focal length 4 cm and eyepiece lens of focal 

length 10 cm. An object is placed at 6 cm from the objective lens. Calculate the magnifying power of 
the compound microscope. Also calculate the length of the microscope.    (3) 

Q.73 A giant refracting telescope at an observatory has an objective lens of focal length 15 m. If an 
eyepiece lens of focal length 1.0 cm is used, find the angular magnification of the telescope. 

 If this telescope is used to view the moon, what is the diameter of the image of the moon formed by 
the objective lens? The diameter of the moon is 3.42×106 m and the radius of the lunar orbit is  
3.8 ×108 m.              (3) 

 



Q.74 Find the position of the image formed of the object O by the lens combination given in the figure. (3) 
 
 
 
 
 
 
 
Q.75 (a) Draw a ray diagram to show refraction of a ray of monochromatic light passing through a glass  

prism. Deduce the expression for the refractive index of glass in terms of angle of prism and angle of  
minimum deviation.           (5) 
(b) Explain briefly how the phenomenon of total internal reflection is used in fibre optics.  (5) 

Q.76 (a) Obtain lens maker’s formula using the expression 

  − =  ( ) 
Here the ray of light propagating from a rarer medium of refractive index (n1 to a denser medium of  
refractive index (n2) is incident on the convex side of spherical refracting surface of radius of 
curvature R. 
(b) Draw a ray diagram to show the image formation by a concave mirror when the object is kept 
between its focus and the pole. Using this diagram, derive the magnification formula for the image 
formed.            (5) 

Q.77 (a) A ray of monochromatic light us incident on one of the faces of an equilateral triangular prism of  
refracting angle A. Trace the path of ray passing through the prism. Hence derive an expression for  
the refractive index of the material of the prism in terms of the angle of minimum deviation and its  
refracting angle. 
(b) Three light rays red (R), green (G) and blue (B) are incident on the right angled prism abc at face  
ab. The refractive indices of the material of the prism for red, green and blue wavelengths are  
respectively 1.39, 1.44 and 1.47. Trace the paths of these rays reasoning out the difference in their 
behavior.            (5) 
 
 
 
 
 
 

Q.78 A glass lens of refractive index 1.45 disappears when immersed in a liquid. What is the value of  
refractive index of the liquid?          (1) 

Q.79 State the conditions for the phenomenon of total internal reflection to occur.   (1) 
Q.80 Calculate the speed of light in a medium whose critical angle is 30°.    (1) 
Q.81 A converging lens is kept coaxially in contact with a diverging lens –both the lenses being of equal 

focal length. What is the focal length of the combination?      (1) 
Q.82 When light travels from a rarer to a denser medium, the speed decreases. Does this decrease in speed 

imply a decrease in the energy carried by the light wave? Justify you answer.   (1) 
Q.83 Why does sky appear blue?          (1) 
Q.84 The radii of curvature of the faces of a double convex lens are 10 cm and 15 cm. If focal length of 

the lens is 12 cm, find the refractive index of the material of the lens.    (2) 
Q.85 (a) The bluish colour predominates in clear sky. 
 (b) Violet colour is seen at the bottom of the spectrum when white light is dispersed by a prism. (2) 
 dispersed by a prism. State reasons to explain these observations. 
Q.86 A biconvex lens has a focal length  times the radius of curvature of either surface. Calculate the 

refractive index of lens material.          (2) 



Q.87 (a) Why does the Sun appear reddish at Sunset or Sunrise? 
 (b) For which colour the refractive index of prism material is maximum and minimum?  (2) 
Q.88 Find the radius of curvature of the convex surface of a plano-convex lens whose focal length is 0.3 m 

and the refractive index of the material of the lens is 1.5.      (2) 
Q.89 (a) Out of blue and red light which is deviated more by a prism? Give reason. 
 (b) Give the formula that can be used to determine refractive index of material of a prism in 

minimum deviation condition.         (2) 
Q.90 Draw a ray diagram to show the formation of the image in a myopic eye. Show with the help of a ray 

diagram how this defect is corrected .        (2) 
Q.91 Draw a ray diagram to show the formation of the image in a far-sighted (hypermetripic) eye. Show 

with the help of a ray diagram how this defect is corrected.      (2) 
Q.92 Define the resolving power of a microscope. How is this affected when  
 (i) the wavelength of illuminating radiations is decreased, and 
 (ii) the diameter of the objective lens is decreased? Justify you answer.    (2) 
Q.93 (a) Draw a neat labellled ray diagram of an astronomical telescope in normal adjustment. Explain 

briefly its working.           (3) 
 (b) An astronomical telescope uses two lenses of powers 10 D and 1 D. What is its magnifying 

power in normal adjustment? 
Q.94 (a) Draw a neat labelled ray diagram of a compound microscope. Explain briefly its working. 
 (b) Why must both the objective and the eyepiece of a compound microscope have short focal 

length?             (3) 
Q.95 An illuminated object and a screen are placed 90 cm apart. Determine the focal length and nature of 

the lens required to produced a clear image on the screen, twice the size of the object.  (3) 
Q.96 The image obtained with a convex lens is erect and its length is four times the length of the object. If 

the focal length of the lens is 20 cm, calculate the object and image distances.   (3) 
Q.97 A convex lens is used to obtain a magnified image of an object on a screen 10 cm from the lens. If 

the magnification is 19, find the focal length of the lens.      (3) 
Q.98 (a) How is the focal length of a spherical lens affected when the wavelength of the light used is 

increased? 
 (b) A convex lens has 20 cm focal length in air. What is its focal length in water? (Refractive index 

of air-water = 1.33, refractive index of air-glass = 1.5)      (3) 
Q.99 Draw a schematic diagram of a reflecting telescope (Cassegrain). Write two important advantages 

that the reflecting telescope has over a refracting type.      (3) 
Q.100 (a) How is the focal length of a spherical mirror affected when it is immersed in water?  (3) 
 (b) A convex lens has 10 cm focal length in air. What is its focal length in water? (Refractive index 

of air-water = 1.33, refractive index of air-glass = 1.5)   
Q.101 (a) How is the focal length of a spherical mirror affected when it is immersed in glycerine? 
 (b) A convex lens has 15 cm focal length in air. What is its focal length in water? (Refractive index 

of air-water = 1.33, refractive index of air-glass = 1.5)      (3) 
Q.102 Draw a ray diagram to show the working of a compound microscope- Deduce an expression for the 

total magnification when the final image is formed at the near point.  
 In a compound microscope, an object is placed at a distance of 1.5 cm from the objective of focal 

length 1.25 cm. If the eye piece has a focal length of 5 cm and the final image is formed at the near 
point, estimate the magnifying power of the microscope.      (5) 

Q.103 You are given following three lenses. Which tow lenses will you use as an eyepiece and as an 
objective to construct an astronomical telescope?       (1) 
Lenses Power (P) Aperture (A) 
L1 3D 8 cm 
L2 6D 1 cm 
L3 10D 1 cm 

  



Q.104 At what angle of incidence should a light beam strike a glass slab of refractive index √3, such that 
reflected and refracted rays are perpendicular to each other?      (1) 

Q.105 Two thin lenses of power + 6D and ‒2D are in contact. What is the focal length of the combination? (1) 
Q.106 Two thin lenses of power + 5D and ‒ 2.5D are in contact. What is the focal length of the combination? (1) 
Q.107 Define refractive index of a transparent medium. 
 A ray of light passes through a triangular prism. Plot a graph showing the variation of the angle of 

deviation with the angle of incidence.        (2) 
Q.108 (a) What is the relation between critical angle and refractive index of  a material? 
 (b) Does critical angel depend on the colour of light? Explain.     (2) 
Q.109 (a) State the principle on which the working of an optical fibre is based. 
 (b) What are the necessary conditions for this phenomenon to occur?    (2) 
Q.110 Three light rays red (R), green (G) and blue (B) are incident on a right angled prism abc at face ab. 

The refractive indices of the material of the prism for red, green and blue wavelengths are 1.39, 1.44 
and 1.47 respectively. Out of the three which colour ray will emerge out of the face ac? Justify your 
answer. Trace the path of these rays after passing through face ab.     (3) 

 
 
 
 
 
 
Q.111 State the conditions under which total internal reflection occurs. 
 One face of a prism with a refracting angle of 30° is coated with silver. A ray incident on another 

face at an angle of 45°  is refracted and reflected from the silver coated face and retraces its path. 
Find the refractive index of the material of the prism.      (3) 

Q.112 Trace the rays of light showing the formation of an image due to a point object placed on the axis of 
a spherical surface separating the two media of refractive indices n1 and n2. Establish the relation 
between the distances of the object, the image and the radius of curvature from the central point of 
the spherical surface. Hence derive the expression of the lens maker’s formula.   (5) 

Q.113 Draw the labelled ray diagram for the formation of image by a compound microscope. Derive the 
expression for the total magnification of a compound microscope. Explain why both the objective 
and the eyepiece of a compound microscope must have short focal lengths.    (5) 

Q.114 (a) (i) Draw a labelled ray diagram to show the formation of image in an astronomical telescope for a 
distant object. 

 (ii) Write three distinct advantages of  a reflecting type telescope over a refracting type telescope. 
(c) A convex lens of focal length 10 cm is placed coaxially 5 cm away from a concave lens of focal 

length 10 cm. If an object is placed 30 cm in front of the convex lens, find the position of the 
final image formed by the combined system.        (5) 

Q.115 (a) With the help of a suitable ray diagram, derive the mirror formula for a concave mirror. 
 (b) The near point of a hypermetropic person is 50 cm from the eye. What is the power of the lens  

required to enable the person to read clearly a book held at 25 cm from the eye?   (5) 
Q.116 (a) Draw a ray diagram for formation of image of a point object by a thin double convex lens having  

radii of curvatures R1 and R2 and hence derive lens maker’s formula.   
(b) Define power of a lens and give its S.I. units. 
If a convex lens of focal length 50 cm is placed in contact of the combination?   (5) 

Q.117 Draw a labelled ray diagram to show the image formation by an astronomical telescope. Derive the  
expression for its magnifying power in normal adjustment. Write two basic features which can  
distinguish between a telescope and a compound microscope.     (5) 

 
 



Chapter-10: Wave Optics 
Q.1 Find an expression for intensity of transmitted light when a Polaroid sheet is rotated between two  

crossed Polaroid’s. In which position of the Polaroid sheet will the transmitted intensity be 
maximum?            (2) 

Q.2 Write the important characteristics features by which the interference can be distinguished from the  
observed diffraction pattern.           (2) 

Q.3 (a) Assume that the light of wavelength 6000 Å is coming from a star. Find the limit of resolution of  
a telescope whose objective has a diameter of 250 cm.       
(b) Two slits are made 1 mm apart and the screen is placed 1 m away. What should be the width of 
each slit to obtain 10 maxima of the double slit pattern within the central maximum of the single slit 
pattern?            (3)  

Q.4 (a) Write the necessary conditions to obtain sustained interference fringes. 
 (b) In Young’s double slit experiment, plot a graph showing the variation of fringe width versus the  

distance of the screen from the plane of the slits keeping other parameters same. what information 
can one obtain  from the slope of the curve?   
(c) What is the effect on the fringe width if the distance between the slits is reduced keeping other 
parameters same?           (3) 

Q.5 In young’s double slit experiment, the two slits are separated by a distance of 1.5 mm and the screen  
is placed 1 m away from the plan of the slits. A beam of light consisting of two wavelengths 650 nm 
and 520 nm is used to obtain interference fringes. Find  
(a) the distance of the third bright fringe for 휆 = 520 nm on the screen from the central maximum. 
(b) The least distance from the central maximum where the bright fringes due to both the 

wavelengths coincide.          (3) 
Q.6 Answer the following questions: 
 (a) In a double slit experiment using light of wavelength 600 nm, the angular width of the fringe  

formed on a distant screen is 0.1°. Find the spacing between the two slits. 
 (b) Light of wavelength 5000	Å propagating in air gets partly reflected from the surface of water.  

How will the wavelengths and frequencies of the reflected and refracted light be affected? (3) 
Q.7 What does a Polaroid consist of? Show, using a simple Polaroid, that light waves are transverse in  

nature. Intensity of light coming out of a Polaroid does not change irrespective of the orientation of  
the pass-axis of the Polaroid. Explain why.        (3) 

Q.8 A plane wave front propagating in a medium of refractive index µ1 is incident on a plane surface 
making the angle of incidence i as shown in the figure. It enters into a medium of refractive index  
µ2 (µ2 > µ1). Use Huygens’ construction of secondary wavelets to trace the propagation of the 
refracted wave front. Hence verify Snell’s law of refraction.      (3) 
 
 
 
 
 
 
 

Q.9 Why cannot two independent monochromatic sources produce sustained interference pattern? 
 Deduce, with the help of Young’s arrangement to produce interference pattern, an expression for the  

fringe width.            (3) 
Q.10 (a) Using Huygen’s construction of secondary wavelets explain how a diffraction pattern is obtained  

on a screen due to a narrow slit on which a monochromatic beam of light is incident normally. 
(b) Show that the angular width of the first diffraction fringe is half that of the central fringe. 

(c) Explain why the maxima at 휃 = 푛 +   become weaker and weaker with increasing n. (5) 
 



Q.11 (a) In Young’s double slit experiment, deduce the conditions for obtaining constructive and  
destructive interference fringes. Hence deduce the expression for the fringe width.  
(b) Show that the fringe pattern on the screen is actually a superposition of single slit diffraction  
from each slit. 
(c) What should be the width of each slit to obtain 10 maximum of the double slit pattern within the 

central maximum of the single slit pattern, for green light of wavelength 500 nm, if the separation 
between two slits is 1 mm?          (5) 

Q.12 For a single slit of width a, the first minimum of the interference pattern of a monochromatic light of  
wavelength 휆 occurs at an angle of . At the same angle of 	 , we get a maximum for two narrow slits 
separated by a distance a. Explain.         (2) 

Q.13 (a) Using the phenomenon of polarization, show how transverse nature of light can be demonstrated. 
(b) Two polaroids P1 and P2 are placed with their pass-axes perpendicular to each other. Unpolarised 
light of intensity I0 is incident on P1. A third Polaroid P3 is kept in between P1 and P2 such that its 
pass-axis makes an angle of 30° with that of P1. Determine the intensity of light transmitted through 
P1, P2 and P3.             (3) 

Q.14 (a) Show, with the help of a diagram, how unpolarised sunlight gets polarized due to scattering. 
 (b) Two polarised P1 and P2 are placed with their pass-axes perpendicular to each other. Unpolarsied  

light of intensity I0 is incident on P1. A third Polaroid P3 is kept in between P1 and P2 such that its  
pass-axis makes an angle of 45° with that of P1. Determine the intensity of light transmitted through  
P1, P2 and P3            (3) 

Q.15 (a) Show, giving a suitable diagram, how unpolarised light can be polarized by reflection. 
(b) Two Polaroid’s P1 and P2 are placed with their pass-axes perpendicular to each other. 
Unpolarised light of intensity I0 is incident on P1. A third Polaroid P3 is kept in between  P1 and P2 
such that its pass axis makes an angle of 60° with that of P1. Determine the intensity of light 
transmitted through P1, P2 and P3.         (3) 

Q.16 When Puja, a student of 10th class, watched her mother washing clothes in the open, she observed  
coloured shoap bubbles and was curious to know why the soap bubbles appear coloured. In the  
evening when her father, an engineer by profession, came home, she asked him this question. Her  
father explained to her the basic phenomenon of physics due to which the soap bubbles appear  
colored.            (3) 
(a) What according to you are the values displaced by Puja and her father? 
(b) State the phenomenon of light involved in the formation of coloured soap bubbles. 

Q.17 (i) Distinguish between unpolarised and linearly polarized light. 
 (ii) What does a Polaroid consists of? How does it produce a linearly polarized light? 
 (iii) Explain briefly how sunlight is polarized by scattering through atmospheric particles.  (3) 
Q.18 (a) Distinguish between unpolarised and linearly polarized light. 
 (b) A partially plane ploarised beam of light is passed through a Polaroid. Show graphically the  

variation of the transmitted light intensity with angle of rotation of the Polaroid.  
(c) Explain with the help of a diagram how sunlight is polarized by scattering through atmospheric 

particles.            (3) 
Q.19 (a) (i) ‘Two independent monochromatic sources of light cannot produce a sustained interference  

pattern’. Give reason. 
(ii) Light waves each of amplitude a and frequency 휔, emanating from  two coherent light sources  
superpose at a point. If the displacements due to these waves is given by y1 = a cos 휔푡  and y2 = a 
cos (휔푡+∅), where ∅ is the phase difference between the two, obtain the expression for the resultant 
intensity at the point . 
(b) In young’s double slit experiment, using monochromatic light of wavelength 휆, the intensity of 
light at a point on the screen where path difference is 휆, is K units, Find out the intensity of light at a 
point  where path difference is 휆/3.          (5) 

 



Q.20 (a) How does one demonstrate, using a suitable diagram, that unpolarised light when passed through  
a Polaroid gets polarized?  
(b) A beam of unpolarised light is incident on a glass-air interface. Show, using a suitable ray 
diagram, that light reflected from the interface is totally polarized, when µ is the refractive index of 
glass with respect to air and iB  is the Brewster’s angle.      (5) 

Q.21 (a) In Young’s double slit experiment, describe briefly how bright and dark fringes are obtained on 
the screen kept in front of a double slit. Hence obtain the expression for the fringe width. 
(b) The ratio of the intensities at minima to the maxima in the Younger’s double slit experiment is     
9 : 25. Find the ratio of the widths of the two slits.       (5) 

Q.22 (a) Describe briefly how a diffraction pattern is obtained on a screen due to a single narrow slit  
illuminated by a monochromatic source of light. Hence obtain the condition for the angular width of 
secondary  maxima and secondary minima.  
(b) Two wavelengths of sodium light of 590 nm and 596 nm are used in turn to study the diffraction 
taking place at a single slit of aperture 2 x 10‒6 m. The distance between the slit and the screen is 1.5 
m. Calculate the separation between the position of first maxima of the diffraction pattern obtained in 
the two cases.             (5) 

Q.23 (a) Write three characteristic features to distinguish between the interference fringes in Young’s  
double slit experiment and the diffracting pattern obtained due to a narrow single slit. 
(b) A parallel beam of light of wavelength 500 nm falls on a narrow slit and the resulting diffraction  
pattern is observed on a screen 1 m away. It is observed that the first minimum is a distance of 2.5  
mm away from the centre. Find the width of the slit.       (5) 

Q24 A parallel beam of light of 500 nm falls on a narrow slit and the resulting diffraction pattern is 
observed on a screen 1 m away. It is observed that the first minimum is at a distance of 2.5 mm from 
the centre of the screen. Calculate the width of the slit.      (2) 

Q.25 A parallel beam of light of 600 nm falls on a narrow slit and the resulting diffraction pattern is 
observed on a screen 1.2 m away. It is observed that the first minimum is at a distance of 3 mm from 
the centre of the screen. Calculate the width of the slit.      (2) 

Q.26 A Parallel beam of light of 450 nm falls on a narrow slit and the resulting diffraction pattern is 
observed on a screen 1.5 m away. It is observed that the first minimum is at a distance of 3 mm from 
the centre of the screen. Calculate the width of the slit.      (2) 

Q.27 (a) In what way is diffraction from each slit related to the interference pattern in a double slit 
experiment?  

 (b) Two wavelengths of sodium light 590 nm and 596 nm are used, in turn, to study the diffraction 
taking place at a single slit of aperture 2 × 10‒4 m. the distance between the slit and the screen is 1.5 
m. Calculate the separation between the position of the first maxima of the diffraction pattern 
obtained in the two cases.          (3) 

Q.28 (a) Write two characteristic features distinguishing the diffraction pattern from the interference 
fringes obtained in Young’s double slit experiment. 

 (b) Two wavelengths of sodium length 590 nm and 596 nm are used, in turn, to study the diffraction 
taking place due to a single slit of aperture 1 × 10‒4 m. The distance between the slit and the screen is 
1.8 m. calculate the separation between the positions of the first maxima of the diffraction pattern 
obtained in the two cases.          (3) 

Q29 (a) what is linearly polarized light? Described briefly using a diagram how sunlight is polarized. 
 (b) Unpolarised light is incident on a Polaroid. How would the intensity of transmitted light change 

when the Polaroid is rotated?          (3) 
Q.30 When unpolarised light is incident on the boundary separating the two transparent media, explain, 

with the help of a suitable diagram, the conditions under which the reflected light gets polarized. 
 Hence, define Brewster’s angle and write its relationship in term of the relative refractive index of 

the two media.            (3) 



Q.31 (a) State Huygen’s principle. Using this principle draw a diagram to show how a plane wave front 
incident at the interface of the two media gets refracted when it propagates from a rarer to a denser 
medium. Hence verify Snell’s lay of refraction.        
(b) When monochromatic light travels from a rarer to a denser medium, explain the following, giving 
reasons.            (5) 
(i) Is the frequency of reflected and refracted light same as the frequency of incident light? 
(ii) Does the decrease in speed imply a reduction in the energy carried by light wave? 

Q.32 (a) A monochromatic source of light of wavelength 휆 illuminates a narrow slit of width d to produce  
a diffraction pattern on the screen. Obtain the conditions when secondary wavelets originating from  
the slit interfere to produce maxima and minima on the screen. 
(b) How would the diffraction pattern be affected when 
(i) the width of the slit is decreased? 
(ii) the monochromatic source of light is replaced by white light? 

Q.33 How does the angular separation between fringes in single-slit diffraction experiment change when  
the distance of separation between the slit and screen is doubled?     (1) 

Q.34 In a single-slit diffraction experiment, the width of the slit is made double the original width. How  
does this affect the size and intensity of the central diffraction band?    (1) 

Q.35 How does the fringe width, in Young’s double-slit experiment, change when the distance of  
separation between the slits and screen is doubled?       (1) 

Q.36 (a) Why are coherent source necessary to produce a sustained interference pattern? 
 (b) In Young’s double slit experiment using monochromatic light of wavelength 휆 the intensity of  

light at a point on the screen where path difference is 휆, is K units. Find out the intensity of light at a 
point  where path difference is 휆/3.         (3) 

Q.37 Use Huygen’s principle to explain the formation of diffraction pattern due to a single slit illuminated  
by a monochromatic source of light. When the width of the slit is made double the original width, 
how would  this affect the size and intensity of the central diffraction band?   (3) 

Q.38 Define a wavefront. Use Huygen’s geometrical construction to show the propagation of a plane  
wavefront from a rarer medium (1) to a denser medium (2) undergo refraction. Hence, derive Snell’s 
law of refraction.           (3) 

Q.39 (a) Use Huygen’s geometrical construction to show the behavior of a plane wavefront 
 (i) passing through a biconvex lens; 
 (ii) reflecting by a concave mirror. 
 (b) When monochromatic light is incident on a surface separating two media, why does the refracted  

light have the same frequency as that of the incident light?      (3) 
Q.40 In Young’s double slit interference experiment, the distance between the two parallel slits is d and  

the distance of the screen from the slits is D. If the wavelength of light used is 휆, then obtain the 
formula for the positions of bright and dark fringe. Calculate the fringe width also.   (5) 

Q.41 (a) How does an unpolarised light incident on a Polaroid get polarized? Describe briefly, with the  
help of a necessary diagram, the polarization of light by reflection from a transparent medium. 
(c) Two polaroids A and B are kept in crossed position. How should a third Polaroid C be placed  
between them so that the intensity of polarized light transmitted by Polaroid B reduces to 1/8th of the 
intensity of unpolarised light incident on A?        (5) 

Q.42 (a) In Young’s double slit experiment, derive the condition for (i) constructive interference and (ii)  
destructive interference at a point on the screen. 
(b) A beam of light consisting of two wavelengths, 800 nm and 600 nm, is used to obtain the  
interference fringes in a Young’s double slit experiment on a screen placed 1.4 m away. If the two 
slits are separated by 0.28 mm, calculate the least distance from the central bright maximum where 
the bright fringes of the two wavelengths coincide.       (5) 

 
 



Q.43 (a) What is the effect on the interference fringes in a Young’s double slit experiment when 
 (i) the separation between the two slits is decreased? 
 (ii) the width of the source slit is increased? 
 (iii) the monochromatic source is replaced by a source of white light? 
 Justify you answer in each case. 
 (b) The intensity at the central maxima in Young’s double slit experimental set-up is I0. Show that  

the intensity at a point where the path difference is 휆/3 is I0/4.     (5) 
Q.44 (a) Obtain the conditions for the bright and dark fringes in diffraction pattern due to a single narrow 

slit illuminated by a monochromatic source. Explain clearly why the secondary maxima go on 
becoming weaker with increasing n. 

 (b) When the width of the slit is made double, how would this affect the size and intensity of the 
central diffraction band? Justify.         (5) 

Q.45 Describe Young’s double slit experiment to produce interference pattern due to a monochromatic  
source of light. Deduce the expression for the fringe width.      (3) 

Q.46 Use Huygen’s principle to verify the laws of refraction.      (3) 
Q.47 (a) Describe briefly, with the help of suitable diagram, how the transverse nature of light can be  

demonstrated by the phenomenon of polarization.   
(b) When unpolarised light passes from air to a transparent medium, under what condition does the  
reflected light get polarized?          (3) 

Q.48 The intensity at the central maxima (O) in a Young’s double slit experiment is I0. If the distance OP  
equals one-third of the fringe width of the pattern, show that the intensity at point P would be . (3) 
 
 
 

 
Q.49 In the experiment on diffraction due to a single slit, show that 
 (i) the intensity of diffraction fringes decreases as the order (n) increases. 
 (ii) angular width of the central maximum is twice that of the first order secondary maximum. (3) 
 Q.50 (a) Light passes through two polaroids P1 and P2 with pass-axis of P2 making an angle 휃 is the  

intensity of emergent light zero?  
(b) A third Polaroid is placed between P1 and P2 with its pass-axis making an angle 훽 with the pass 
axis of P1. Find a value of 훽 for which the intensity of light emerging from P2 is  , where I0 is the 
intensity of light on the Polaroid P1.         (3) 

Q.51 State the importance of coherent source in the phenomenon of interference. In young’s double slit  
experiment to produce interference pattern, obtain the conditions for constructive and destructive  
interference. Hence deduce the expression for the fringe width. 

 How does the fringe width get affected, if the entire experimental apparatus of Young is immersed in  
water?             (5) 

Q.52 (a) State Huygen’s principle. Using this principle explain how a diffraction pattern is obtained on a  
screen due to narrow slit on which a narrow beam coming from a monochromatic source of light is  
incident normally. 

 (b) Show that the angular width of the first diffraction fringe is half of that of the central fringe. 
 (c) If a monochromatic source of light is replaced by white light, what change would you observe in  

the diffraction pattern?          (5) 
Q.53 (a) A plane wavefront approaches a plane surface separating two media. If medium ‘One’ is optically  

denser and medium ‘two’ is optically rarer, using Hygens’ principle, explain and show how a 
refracted wavefront  is constructed. 
(b) Hence verify Snell’s law. 
(c) When a light wave travels from a rarer to a denser medium, the speed decreases. Does it imply 
reduction in its energy? Explain.         (5) 



Q.54 What is an unpolarised light? Explain with the help of suitable ray diagram how an unpolarised light  
can be polarized by reflection from a transparent medium. Write the expression for Brewster angle in 
terms of the refractive index of denser medium.       (3) 

Q.55 In Young’s double slit experiment, the two slits 0.15 mm apart are illuminated by monochromatic  
light of wavelength 450 nm. The screen is 1.0 m away from the slits. 
(a) Find the distance of the second (i) bright fringe, (ii) dark fringe from the central maximum. 
(b) How will the fringe pattern change if the screen is moved away from the slits?   (3) 

Q.56 In Young’s double slit experiment, the two slits 0.12 mm apart are illuminated by monochromatic  
light of wavelength 420 nm. The screen is 1.0 m away from the slits. 
(a) Find the distance of the second (i) bright fringe, (ii) dark fringe from the central maximum. 
(b) How will the fringe pattern change if the screen is moved away from the slits?   (3) 

Q.57 In Young’s double slit experiment, the two slits 0.20 mm apart are illuminated by monochromatic  
light of wavelength 600 nm. The screen is 1.0 m away from the slits. 
(a) Find the distance of the second (i) bright fringe, (ii) dark fringe from the central maximum. 
(b) How will the fringe pattern change if the screen is moved away from the slits?   (3) 

Q.58 How does an unpolarised light get polarized when passed through a Polaroid? Two polaroids are set  
in crossed positions. A third Polaroid is placed between the two making an angle ∅ with the pass-
axis of the first Polaroid. Write the expression for the intensity of light transmitted from the second 
Polaroid. In what orientations will the transmitted intensity be (i) minimum and (ii) maximum? (3) 

Q.59 A parallel beam of monochromatic light of wavelength 500 nm falls normally on a narrow slit and  
the resulting diffraction pattern is obtained on a screen 1 m away. It is observed that the first 
minimum is at a distance of 2.5 mm from the centre of the screen. Find 
(a) The width of the slit. 
(b) The distance of the second maximum from the centre of the screen. 
(c) The width of the central maximum.        (3) 

Q.60 A beam of light consisting of two wavelengths, 650 nm and 520 nm, is used to obtain interference  
fringes in a Young’s double slit experiment. What is the least distance from the central maximum 
where the bright fringes due to both the wavelengths coincide? The distance between the slits is 2 
mm and  the distance between the plane of the slits and screen is 120 cm.    (3) 

Q.61 State Huygens’ principle. Show, with the help of a suitable diagram, how this principle is used to  
obtain the diffraction pattern by a single slit. Draw a plot of intensity distribution and explain clearly 
why the secondary maxima become weaker with increasing order (n) of the secondary maxima. 

Q.62 If the angle between the pass-axis of polarizer and the analyser is 45°, write the ratio of the  
intensities of original light and the transmitted light after passing through the analyser.  (1) 

Q.63 What type of wavefront will emerge from a (i) point source, and (ii) distant light source?  (1) 
Q.64 Unpolarised light is incident on a plane surface of glass of refractive index µ at angle i. If the  

reflected light gets totally polarized, write the relation between the angle i and refractive index µ. (1) 
Q.65 Draw a diagram to show refraction of a plane wavefront incident in a convex lens and hence draw  

the refracted wavefront.          (1) 
Q.66 Differentiate between a ray and a wavefront.        (1) 
Q.67 How would the angular separation of interference fringes in Young’s double slit experiment change 

when the distance between the slits and screen is doubled?      (1) 
Q.68 How would the angular separation of interference fringes in Young’s double slit experiment change 

when the distance between the slits and screen is halved?      (1) 
Q.69 Draw the wavefront coming out of a convex lens when a point source of light is placed at its focus. (1) 
Q.70 Unpolarised light of intensity I is passed through a Polaroid. What is the intensity of the light  

transmitted by the Polaroid?          (1) 
Q.71 Why are coherent source required to create interference of light?      (1) 
Q.72 Sketch of shape of wavefront emerging from a point source of light and also mark the rays. (1) 
Q.73 Define a wavefront.           (1) 



Q.74 Define the term ‘linearly polarized ligth’.        (2) 
 When does the intensity of transmitted light become maximum, when a Polaroid sheet is rotated  

between two crossed polaroids?         (2) 
Q.75 In a single slit diffracting experiment, when a tiny circular obstacle is placed in the path of light from 

a distant source, a bright spot is seen at the centre of the shadow of the obstacle. Explain why? 
 State two points of difference between the interference pattern obtained in Young’s double slit 

experiment and the diffraction pattern due to a single slit.      (3) 
Q.76 In Young’s double slit experiment, monochromatic light of wavelength 630 nm illuminates the pair 

of slits and produces an interference pattern in which two consecutive bright fringes are separated by 
8.1 mm. another source of monochromatic light produces the interference pattern in which the two 
consecutive bright fringes are separated by 7.2 mm. find the wavelength of light from the second 
source. 

 What is the effect on the interference fringes if the monochromatic source is replaced by a source of 
white light?            (3) 

Q.77 In Young’s double slit experiment, monochromatic light of wavelength 600 nm illuminates the pair 
of slits and produces an interference pattern in which two consecutive bright fringes are separated by 
10 mm. Another source of monochromatic light produces interference pattern in which the two 
consecutive bright fringes are separated by 8 mm. Find the wavelength of light from the second 
source. What is the effect on the interference fringes if the monochromatic source is replaced by a 
source of white light?           (3) 

Q.78 (a) In a single slit diffraction experiment, a slit of width d is illuminated by red light of wavelength 
650 nm. For what value of d will 

 (i) the first minimum fall at an angle of diffraction of 30°, and  
 (ii) the first maximum fall at an angle of diffraction of 30°? 
 (b) Why does the intensity of the secondary maximum become less as compared to the central 

maximum?            (3) 
Q.79 (a) Why do we not encounter diffraction effects of light in everyday observations? 
 (b) In the observed diffraction pattern due to a single slit, how will the width of central maximum be 

affected if 
 (i) the width of the slit is doubled if 
 (ii) the wavelength of the light used is increased? 
 Justify your answer in each case.         (3) 

Chapter-11: Dual Nature of Radiation and Matter 
Q.1 A proton and an 훼-particle have the same de Broglie wavelength. Determine the ratio of (i) their  

accelerating potentials, (ii) their speeds.        (2) 
Q.2 Given the ground state energy E0 = ‒13.6 eV and Bohr radius a0 = 0.53 Å. Find out how the de  

Broglie wavelength associated with the electron orbiting in the ground state would when it jumps 
into the first excited state.          (2) 

Q.3 The kinetic energy of the electron orbiting in the first excited state of hydrogen atom is 3.4 eV. 
Determine the de-Broglie wavelength associated with it.      (2) 

Q.4 How does one explain, using de Broglie hypothesis, Bohr’s second postulate of quantization of 
orbital angular momentum?          (2) 

Q.5 When the electron orbiting in hydrogen atom in its ground state moves to the third excited state, 
show how the de Broglie wavelength associated with it would be affected.    (2) 

Q.6 The wavelength of light from the spectral emission line of sodium is 589 nm. Find the kinetic energy 
of the electron for which it would have the same de Broglie wavelength.    (2) 

Q.7 Write Einstein’s photoelectric equation and mention which important features in photoelectric effect 
can be explained with the help of this equation. The maximum kinetic energy of the photoelectrons 
gets doubled when the wavelength of light incident on the surface changes from 휆   to 휆 . Derive the 
expressions for the threshold wavelength 휆  and work function for the metal surface.  (3) 



Q.8 Light of intensity ‘I’ and frequency ‘v’ incident on a photosensitive surface and causes photoelectric emission. 
What will be the effect on anode current when (i) the intensity of light is gradually increased, (ii) the 
frequency of incident radiation is increased, and (iii) the anode potential is increased? In each case, all other 
factors remain the same. Explain, giving, Justification in each case.     (3)   

Q.9 A beam  of monochromatic radiation is incident on a photosensitive surface. Answer the following  
questions giving reasons:          (3) 
(a) Do the emitted photoelectrons have the same kinetic energy? 
(b) Does the kinetic energy of the emitted electrons depend on the intensity of incident radiation? 
(c) On what factors dos the number of emitted photoelectrons depend?    (3) 

Q.10 (a) Define the term ‘intensity of radiation’ in terms of photon picture of light. 
 (b) Two monochromatic beams, one red and the other blue, have the same intensity. In which case (i)  

the number of photons per unit area per second is larger, (ii) the maximum kinetic energy of the 
photoelectrons. is more? Justify your answer.       (3) 

Q.11 Define intensity of radiation on the basis of photon picture of light. Write its SI unit.  (1) 
Q.12 The graph shows the variation of stopping potential with frequency of incident radiation for two  

photosensitive metals A and B. Which one of the two has higher value of work-function? Justify your 
answer.            (1) 
 
 
 
 
 
 
 

Q.13 The graph shows the variation of stopping potential V0 versus frequency of incident radiation v for  
two photosensitive metals A and B. which of the two metals has higher threshold frequency and  
why?             (1) 
 
 
 
 
 

Q.14 In photoelectric effect, why should be photoelectric current increases as the intensity of  
monochromatic radiation incident on a photosensitive surface is increases? Explain.  (1) 

Q.15 Plot a graph showing variation of photoelectric current with collector plate potential at a give 
frequency and intensity of incident radiation. What does the intercept of the graph with potential axis 
signify?            (1) 

Q.16 Plot a graph showing the variation of photoelectric current with collector plate potential at a given 
frequency but for two different intensities I1 and I2m, where I2>I1.     (1) 

Q.17 A proton and deuteron are accelerated through the same accelerating potential. Which one of the two 
has             (2) 

 (a) greater value of de Broglie wavelength associated with it, and  
 (b) less momentum?            
 Give reasons to justify your answer. 
Q.18 (i) Monochromatic light of frequency 6.0 ×1014 Hz is produced by a leaser. The power emitted is  

2.0 × 10‒3 W. Estimate the number of photons emitted per second on an average by the source. 
(ii) Draw a plot showing the variation of photoelectric current versus the intensity of incident  
radiation on a given photosensitive surface.        (2) 

Q.19 A proton and an alpha particle are accelerated through the same potential. Which one of the two has  
(i) greater value of de Broglie wavelength associated with it and (ii) less kinetic energy. Give reasons 
to justify your answer.          (2) 



Q.20 A deuteron and an alpha particle are accelerated with the same accelerating potential. Which one of  
the two has 
(i) greater value of de-Broglie wavelength, associated with it and  
(ii) less kinetic energy? Explain.         (2) 

Q.21 (i) Monochromatic light of frequency 6.0 × 1014 Hz is produced by a laser.  The power emitted is    
2.0 × 10‒3 W. Estimate the number of photons emitted per second on an average by the source. 
(ii) Draw a plot showing the variation of photoelectric current versus the intensity of incident  
radiation on a given photosensitive surface.         (2) 

Q.22 (i) Monochromatic light of frequency 5.0 × 1014 Hz is produced by a laser. The power emitted is    
3.0 × 10‒3 W. Estimate the number of photons emitted per second on an average by the source. 

 (ii) Draw a plot showing the variation of photoelectric current versus the intensity of incident 
radiation on a given photosensitive surface.        (2) 

Q.23 An electron microscope uses electrons accelerated by a voltage of 50 kV. Determine the de Brogile 
wavelength associated with the electrons. Taking other factors, such as numerical aperture, etc. to be 
same, how does the resolving power of an electron microscope compare with that of an optical 
microscope which uses yellow light?         (3) 

Q.24 (a) Describe briefly how Davisson-Germer experiment demonstrated the wave nature of electrons. 
 (b) An electron is accelerated from rest through a potential V. obtain the expression for the de 

Broglie wavelength associated with it.        (3) 
Q.25 The given graph shows the variation of photoelectric current (I) versus applied voltage (V) for two 

different photosensitive materials and for two different intensities of the incident radiation. Identify 
the pairs of curves that correspond to different materials but same intensity of incident radiation. (1) 

 
 
 
 
 
 
 
Q.26 Write the expression for the de Broglie wavelength associated with a charged particle having charge 

‘q’ and mass ‘m’, when it is accelerated by a potential V.      (1) 
Q.27 An electron and a proton, each has de Broglie wavelength of 1.6 nm.  
 (i) Find the ratio of their momenta. 
 (ii) Compare the kinetic energy of the proton with that of the electron.    (2) 
Q.28 An electron and a proton, each has de Broglie wavelength of 1.00 nm.  
 (i) Find the ratio of their momenta.  
 (ii) Compare the kinetic energy of the proton with that of the electron     (2) 
Q.29 (a) Why photoelectric effect cannot be explained on the basis of wave nature of light? Give reasons. 
 (b) Write the basic features of photon picture of electromagnetic radiation on which Einstein’s 

photoelectric equation is based.         (3) 
Q.30 Write Einstein’s photoelectric equation and point out any two characteristic properties of photons on 

which this equation is based. 
 Briefly explain the three observed features which can be explained by this equation.  (3) 
Q.31 State de Broglie hypothesis.          (1) 
Q.32 A proton and an electron have the same kinetic energy. Which one has smaller de Broglie 

wavelength and why?           (1) 
Q.33 A proton and an electron have the same velocity. Which one has greater de Broglie wavelength and 

why?             (1) 
Q.34 Show on a graph variation of the de Broglie wavelength (휆) associated with the electron versus 1/√푉, 

where V is the accelerating potential for the electron.      (1) 



Q.35 Write the relation between de Broglie wavelength  (휆) associated with the electron and its kinetic 
energy E.            (1) 

Q.36 Show on a graph the variation of the de Broglie wavelength (휆) associated with an electron with the 
square root of accelerating potential (V).        (1) 

Q.37 Write Einstein’s photoelectric equation. State clearly how this equation is obtained using the photon 
picture of electromagnetic radiation. Write the three salient features observed in photoelectric effect 
which can be explained using this equation.        (3) 

Q.38 Define the term (i) ‘cut-off voltage’ and (ii) ‘threshold frequency’, in relation to the phenomenon of 
photoelectric effect. Using Einstein’s photoelectric equation show how the cut-off voltage and 
threshold frequency for a given photosensitive material can be determined with the help of a suitable 
plot/graph.            (3) 

Q.39 Write two characteristic features observed in photoelectric effect which support the photon picture of 
electromagnetic radiation. Draw a graph between the frequency of incident radiation (v) and the 
maximum kinetic energy of the electrons emitted from the surface of a photosensitive material. State 
clearly how this graph can be used to determine (i) Planck’s constant and (ii) work function of the 
material.            (3) 

Q.40 Show graphically, the variation of the De Broglie wavelength (휆) with the potential (v) through 
which an electron is accelerated from rest.         (1) 

Q.41 Define the term ‘stopping potential’ in relation to photoelectric effect.     (1) 
Q.42 Define the term ‘threshold frequency’ in relation to photoelectric effect.    (1) 
Q.43 Show the variation of photocurrent with collector plate potential for different frequencies but the 

same intensity of incident radiation.         (1) 
Q.44 Show the variation of photocurrent with collector plate potential for different intensity but same 

frequency of incident radiation.         (1) 
Q.45 An electron and a photon each have a wavelength 1.00 nm. Find  
 (i) their momenta 
 (ii) the energy of the photon and 
 (iii) the kinetic energy of electron         (3) 
Q.46 An electron and a photon each has a wavelength of 1.50 nm. Find (i) their momenta, (ii) the energy 

of the photon and (iii) kinetic energy of the electron.       (3) 
Q.47 An electron and a photon each has a wavelength of 2 nm. Find  
 (i) their momenta 
 (ii) the energy of the photon  
 (iii) the kinetic energy of the electron.        (3) 
Q.48 Draw a plot showing the variation of photoelectric current with collector plate potential for two 

different frequencies v1 > v2, of incident radiation having the same intensity. In which case will the 
stopping potential be higher? Justify your answer.       (3) 

Q.49 Light of wavelength 2000 Å falls on a metal surface of work function 4.2 eV. What is the kinetic 
energy (in eV) of the fastest electrons emiited from the surface? 

 (i) What will be the change in the energy of the emitted electrons if the intensity of light with the 
same wavelength is doubled? 

 (ii) If the same light falls on another surface of work function 6.5 eV, what will be the energy of 
emitted electrons?           (3) 

Q.50 Light of wavelength 2500 Å falls on a metal surface of work function 3.5 eV. What is the kinetic 
energy (in eV) of (i) the fastest and (ii) the slowest electrons emitted from the surface? 

 If the same light falls on another surface of work function 5.5 eV, what will be the energy of emitted 
electrons?            (3) 

Q.51 Light of wavelength 2400 Å falls on a metal surface of work function 3.6 eV. What is the kinetic 
energy (in eV) of (i) fastest and (ii) the slowest electrons emitted from the surface? If the same light 
falls on another surface of work function 5.5 eV, what will be the energy of emitted electrons? (3) 



Q.52 Name an experiment which shows wave nature of electrons. Which phenomenon was observed in 
this experiment using an electron beam?        (1) 

Q.53 An electron is accelerated through a potential difference of 144 volts. What is the de Broglie 
wavelength associated with it? To which part of the electromagnetic spectrum does this wavelength 
correspond?            (2) 

Q.54 An electron is accelerated though a potential difference of 64.Volts. What is the de Broglie 
wavelength associate with it? To which part of the electromagnetic spectrum does this value of 
wavelength correspond?          (2) 

Q.55 An electron in accelerated though a potential difference of 100 volts. What is the de Broglie 
wavelength associated with it? To which part of the electromagnetic spectrum does this value of 
wavelength correspond?          (2) 

Q.56 Plot a graph showing the variation of stopping potential with the frequency of incident radiation for 
two different photosensitive materials having work function W1 and W2 (W1 > W2). On what factors 
does the (i) slope and (ii) intercept of the lines depend?      (2) 

Q.57 An 훼-partcle and a proton are accelerated from rest by the same potential. Find the ratio of their de 
Broglie wavelengths.           (2) 

Q.58 Write Einstein’s photoelectric equation. State clearly the three salient features observed in 
photoelectric effect, which can be explained on the basis of the above equation.   (2) 

Q.59 Define the terms ‘threshold frequency’ and ‘stopping potential’ in the study of photoelectric 
emission. Explain briefly the reasons why wave theory of light is not able to explain the observed 
features in photoelectric effect.         (2)  

Q.60 The figure shows a plot of three curves a,b,c showing the variation photocurrent vs collector plate 
potential for three different intensities I1, I2 and I3 having frequencies v1, v2, v3 respectively incident 
on a photosensitive surface. 

 Point out the two curves for which the incident radiations have the same frequency but different 
intensities.            (1) 

 
 
 
 
 
Q.61 The stopping potential in an experiment on photoelectric effect is 1.5 V. what is the maximum 

kinetic energy of the photoelectrons emitted?       (1) 
Q.62 The maximum kinetic energy of a photoelectron is 3 eV. What is its stopping potential?  (1) 
Q.63 The stopping potential in an experiment on photoelectric effect is 2 V. What is the maximum kinetic 

energy of the photoelectrons emitted?        (1) 
Q.64 Derive an expression for the de Broglie wavelength associated with an electron accelerated through a 

potential V. Draw a schematic diagram of a localized-wave describing the wave nature of the moving 
electron.            (2) 

Q.65 Figure show variation of stopping potential (V0) with the frequency (v) for two photosensitive 
materials M1 and M2.  

 (i) Why is the slope same for both lines? 
 (ii) For which material will the emitted electrons have greater kinetic energy for the incident 

radiations of the same frequency? Justify you answer.      (2) 
 
 
 
 



Q.66 (a) Draw a graph showing variation of photoelectric current (I) with anode potential (V) for different 
intensities of incident radiation. Name the characteristic of the incident radiation that is kept constant 
in this experiment. 

 (b) if the potential difference used to accelerate electrons is doubled, by what factor does the de 
Broglie wavelength associated with the electrons change?      (2) 

Q.67 The graph below show variation of photoelectric current with collector plate potential for different 
frequencies of incident radiations.         (2) 

 
 
 
 
 
Q.68 A proton and an alpha particle are accelerated through the same potential. Which one of the two has 

(i) greater value of de Broglie wavelength associated with it, and (ii) less kinetic energy? Justify your 
answer.             (3)  

Q.69 An electron and a proton are accelerated through the same potential. Which one of the two has (i) 
greater value of de Broglie wavelength associated with it and (ii) less momentum? Justify your 
answer.            (3) 

Chapter-12: Atoms 
Q.1 Show that the radius of the orbit in hydrogen atom varies as n2, where n is the principle quantum  

number of the atom.           (2) 
Q.2 State Bohr’s postulate of hydrogen atom which successfully explains the emission lines in the 

spectrum of hydrogen atom.  
 Use Rydberg formula to determine the wavelength of 퐻  line. 
 (Given : Rydberg constant R = 1.03 × 107 m‒1)       (2) 
Q.3 Using Rydberg’s formula, calculate the longest wavelength belonging to Lyman and Balmer series. 

In which region of hydrogen spectrum do these transitions lie? 
 (Given R = 1.1 × 107 m‒1)          (3) 
Q.4 Using Rutherford model of the atom, derive the expression for the total energy of the electron in 

hydrogen atom. What is the significance of total negative energy possessed by the electron? (2) 
Q.5 Using Bohr’s postulates of the atomic model, derive the expression for radius of nth electron orbit. 

Hence, obtain the expression for Bohr’s radius       (2) 
Q.6 A 12.5 eV electron beam is used to bombard gaseous hydrogen at room temperature. Upto which 

energy level the hydrogen atoms would be excited? Calculate the wavelength of the first member of 
Lyman and the first member of Balmer series.       (3) 

Q.7 A 12.9 eV beam of electron is used to bombard gaseous hydrogen at room temperature. Up to which 
energy level the hydrogen atoms would be excited? Calculate the wavelength of the first member of 
Paschen series and first  member of Balmer series.       (3) 

Q.8 A 12.3 eV electron beam is used to bombard gaseous hydrogen at room temperature. Up to which 
energy level the hydrogen atoms would be excited? 

 Calculate the wavelength of the second member of Lyman series and second member of Balmer  
 Series.             (3) 
Q.9 (a) Using Bohr’s postulates, derive the expression for the total energy of the electron in the stationary 

states of the hydrogen atom. 
 (b) Using Rydberg formula, calculate the wavelengths of the spectral lines of the first member of the 

Lyman series and of the Balmer series.        (5) 
Q.10 Using Bohr’s postulates, obtain the expression for the total energy of the electron in the stationary 

states of the hydrogen atom. Hence, draw the energy level diagram showing how the line spectra 
corresponding to Balmer series occur due to transition between energy levels.   (3) 



Q.11 Using Bohr’s postulates, obtain the expressions for (i) kinetic energy and (ii) potential energy of the 
electron in stationary state of hydrogen atom. Draw the energy level diagram showing how the 
transitions between energy levels result in the appearance of Lyman series.    (3) 

Q.12 (a) The energy levels of a hypothetical hydrogen-like atom are shown in the figure. Find out the 
transition, from the ones shown in the figure, which will result in the emission of a photon of 
wavelength 275 nm.           (3) 

 
 
 
 
 
Q.13 Using Bohr’s postulates, derive the expression for the frequency of radiation emitted when electron 

in hydrogen atom undergoes transition from higher energy state (quantum number ni) to the lower 
state (nf).            (5) 

Q.14 (a) Using Bohr’s second postulate of quantization of orbital angular momentum show that the 
circumference of the electrons in the nth orbital state in hydrogen atom is a times the de Broglie 
wavelength associated with it. 

 (b) The electron in hydrogen atom is initially in the third excited state. What is the maximum number 
of spectral lines which can be emitted when it finally moves to the ground state?   (3) 

Q.15 The ground state energy of hydrogen atom is ‒13.6 eV. If an electron makes a transition from an 
energy level ‒0.85 eV to ‒3.4 eV, calculate the wavelength of the spectral line emitted. To which 
series of hydrogen spectrum does this wavelength belong?      (3) 

Q.16 Using Bohr’s postulates for hydrogen atom, show that the total energy (E) of the electron in the 
stationary states can be expressed as the sum of kinetic energy (K) and potential energy and potential 
energy (U), where K = ‒2U. Hence, deduce the expression for the total energy in the nth energy level 
of hydrogen atom.           (3) 

Q.17 The energy levels of a hypothetical atom are shown below. Which of the shown transitions will 
result in the emission of a photon of wavelength 275 nm? Which of these transitions corresponds to 
emission of radiation of (i) maximum and (ii) minimum wavelength?    (3) 

 
 
 
 
 
 
Q.18 (a) Using postulates of Bohr’s theory of hydrogen atom, show that  
 (i) the radii of orbits increases as n2, and 
 (ii) the total energy of the electron increases 1/n2, where n is the principal quantum number of the 

atom. 
 (b) Calculate the wavelength of 퐻  line in Balmer series of hydrogen atom, given Rydberg constant, 

R = 1.0947 ×107 m‒1.           (3) 
Q.19 Using the postulates of Bohr’s model of hydrogen atom, obtain an expression for the frequency of 

radiations emitted when the atom makes a transition from the higher energy stat with quantum 
number ni to the lower energy state with quantum number nf (nf < ni).     (3) 

Q.20 What is the ratio of radii of the orbits corresponding to first excited state and ground state in a 
hydrogen atom?           (1) 

Q.21 The radius of innermost electron orbit of a hydrogen atom is 5.3 × 10‒11 m. What is the radius of 
orbit in the second excited state?         (1) 

Q.22 Write the expression for Bohr’s radius in hydrogen atom.      (1) 
Q.23 Define ionization energy. What is its value for a hydrogen atom?     (1) 



Q.24 Find the ratio of energies of photons produced due to transition of an electron of hydrogen atom from 
its 

 (i) second permitted energy level to the first level, and 
 (ii) the highest permitted energy level to the first permitted level.     (1) 
Q.25 The ground state energy of hydrogen atom is ‒ 13.6 eV. What are the kinetic and potential energies 

of electron in this state?          (1) 
Q.26 State Bohr’s quantization condition for defining stationary orbits.     (1) 
Q.27 In the Rutherford scattering experiment the distance of closet approach for an 훼-particle is replaced 

by a proton, how much kinetic energy in comparison to 훼-particle will it require to have the same 
distance of closet approach d0?         (1) 

Q.28 The energy of the electron in the ground state of hydrogen atom is ‒13.6eV. 
 (i) What does the negative sign signify? 
 (ii) How much energy is required to take an electron in this atom from the ground state to the first 

excited state?            (2) 
Q.29 (a) The energy levels of an atom are as shown below. Which of them will result in the transition of a 

photon of wavelength 275 nm?          
 (b) Which transition corresponds to emission of radiation of maximum wavelength?  (3) 
 
 
 
 
 
 

Chapter-13: Nuclei 
Q.1 (a) Write the 훽-decay of tritium in symbolic from. 

(b) Why is it experimentally found difficult to detect neutrinos in this process?   (2) 
Q.2 Determine the distance of closet approach when an alpha particle of kinetic energy 4.5 MeV strikes a  

nucleus of Z = 80, stops and reverses its direction.       (2) 
Q.3 (a) In the following nuclear reaction 
 n + 푈                         퐵푎 +  푋 + 3n, 
 assign the value of Z and A. 

(c) If both the number of protons and the number of neutrons are conserved in each nuclear reaction, 
in what way is the mass converted into energy? Explain.     (2) 

Q.4 In the study of Geiger-Marsden experiment on scattering of 훼-particles by a thin foil of gold, draw  
the trajectory of 훼-particles in the coulomb field of target nucleus. Explain briefly how one gets the 
information on the size of the nucleus from this study. 
From the relation R = R0 A1/3, where R0 is constant and A is the mass number of the nucleus, show 
that nuclear matter density is independent of A.       (3) 

Q.5 Distinguish between nuclear fission and fusion. Show how in both these processes energy is released. 
 Calculate the energy release in MeV in the deuterium-tritium fusion reaction:  
 퐻 + 퐻                           퐻푒+ n 
 Using the data:   m( 퐻) = 2.014102 u 
      m( 퐻) = 3.016049 u 
      m( 퐻푒) = 4.002603 u 
             mn  = 1.008665 u 
              1u = 931.5 MeV/c2 

Q.6 Write symbolically the nuclear 훽  decay process of 퐶. Is the decayed product X an isotope or 
isobar of 퐶? 

 Given the mass values m( 퐶) = 11.011434 u and m(X) = 11.009305 u. 
 Estimate the Q-value in this process.         (3) 



Q.7 Obtain the relation between the decay constant and half-life of a radioactive sample. 
 The half-life of a certain radioactive material against 훼-decay is 100 days. After how much time, will 

the undecayed fraction of the material be 6.25%?       (3) 
Q.8 Define the activity of a radioactive sample. Write its S.I. unit.  
 A radioactive sample has activity of 10, 000 disintegrations per second (dps) after 20 hours. After 

next 10 hours its activity reduces to 5,000 dps. Find out its half-life and initial activity.  (3) 
Q.9 Why is it found experimentally difficult to detect neutrinos in nuclear 훽-decay?   (1) 
Q.10 In both 훽  and 훽  decay processes, the mass number of a nucleus remains same, whereas the atomic 

number Z increases by one in 훽  decay and decreases by on in 훽  decay. Explain, giving reason. (1) 
Q.11 (a) Deduce the expression, N = 푁 푒  for the law of radioactive decay.  

(b) (i) Write symbolically the process expressing the 훽  decay of 푁푎. Also write the basic nuclear  
process underlying this decay.  
(ii) Is the nucleus formed in the decay of the numbers 푁푎, an isotope or isobar?   (3) 

Q.12 For the past some time, Aarti had been observing some erratic body movement, unsteadiness and  
lack of coordination in the activities of her sister Radha, who also used to complain of severe 
headache occasionally. Aarti suggested to her parents to get medical check-up of Radha. The doctor 
thoroughly examined Radha and diagnosed that she has a brain tumour. 
(a) What, according to you, are the values displayed by Aarti? 
(b) How can radioisotopes help a doctor to diagnose brain tumour?     (3) 

Q.13 (a) Define the terms (i) half-life (T1/2) and (ii) average life (휏). Find out their relationship with decay  
constant (휆).  
(b) A radioactive nucleus has a decay constant 휆 = 0.3465 (day)‒1. How long would it take the 
nucleus to decay to 75% of its initial amount?        (5) 

Q.14 Define the activity of a given radioactive substance. Write its SI unit.    (1) 
Q.15 (a) In a typical nuclear reaction, e.g. 
 퐻 + 퐻     퐻푒 + n + 3.27 MeV, 
 Although number of nucleons is conserved, yet energy is released. How? Explain. 

(c) Show that nuclear density in a given nucleus is independent of mass number A.  (3) 
Q.16 (a) In a nuclear reaction 
 퐻푒 + 퐻푒  퐻푒 + 퐻+ 퐻+12.86 MeV, though the number of nucleons is conserved on both  

sides of the reaction, yet the energy is released. How? Explain. 
(b) Draw a plot of potential energy between a pair of nucleons as function of their separation. Mark 
the regions where potential energy is (i) positive and (ii) negative.     (3) 

Q.17 In an experiment on 훼-particle scattering by a thin foil of gold, draw a plot showing the number of 
particles scattered versus the scattering angle θ. Why is it that a very small fraction of the particles 
are scattered at θ > 90°? 

 Write two important conclusions that can be drawn regarding the structure of the atom from the 
study of this experiment.          (3) 

Q.18 Derive the expression of the law of radioactive decay of given sample having initially N0 nuclei 
decaying to the number N present at any subsequent time t.  
Plot a graph showing the variation of the number of nuclei versus the time t lapsed. 
Mark a point on the plot in terms of T1/2 value when the number present N = N0/16.  (3) 

Q.19 (a) Draw the plot of binding energy per nucleon (BE/A) as a function of mass number A. Write two  
important conclusions that can be drawn regarding the nature of nuclear force. 
(b) Use this graph to explain the release of energy in both the processes of nuclear fusion and fission. 
(c) Write the basic nuclear process of neutron undergoing 훽-decay. Why is the detection of neutrinos  
found very difficult?           (5) 

Q.20 Write the relationship between the size of a nucleus and its mass number (A).    (1) 



Q.21 In a given sample, two radioisotopes, A and B, are initially present in the ratio 1 : 4. The half-lives of 
A and B are respectively 100 years and 50 years. Find the time after which the amounts of A and B 
become equal.            (2) 

Q.22 In a given sample, two radioactive nuclei, A and B, are initially present in the ratio 4 : 1. The half-
lives of A and B are respectively 25 years and 50 years. Find the time after which the amounts of A 
and B become equal.           (2) 

Q.23 Draw a plot of potential energy of a pair of nucleons as a function of their separation. Write two 
important conclusions which you can draw regarding the nature of nuclear forces.    (2) 

Q.24 (i) What characteristic property of nuclear force explains the constancy of binding energy per 
nucleon (B.E./A) in the range of mass number A lying 30 < A < 170?  

 (ii) Show that the density of nucleus over a wide range of nuclei is constant independent of mass 
number A.             (3) 

Q.25 Draw a plot of potential energy of a pair of nucleons as a function of their separations. Mark the 
regions where the nuclear force is (i) attractive and (ii) repulsive. Write any two characteristic 
features of nuclear forces.          (3) 

Q.26 In a Geiger-Marsden experiment, calculate the distance of closet approach to the nucleus of z = 80, 
when an 훼-particle of 8 MeV energy impinges on it before it come momentarily to rest and reverses 
its direction. How will the distance of closet approach be affected when the kinetic energy of the 훼-
particle is doubled?           (3) 

Q.27 A nucleus undergoes 훽 -decay. How does its (i) mass number, (ii) atomic number change? (1) 
Q.28 A nucleus U undergoes alpha-decay and transforms to thorium. What is  

(i) the mass number, and 
(ii) atomic number of the nucleus produced?        (1) 

Q.29 What are isotopes? Give on example.         (1) 
Q.30 Write any two characteristic properties of nuclear force.      (1) 
Q.31 How is the radius of a nucleus related to its mass number?      (1) 
Q.32 How is the mean life of a radioactive sample related to its half-life?     (1) 
Q.33 Using the curve for the binding energy per nucleon as a function of mass number A, state clearly 

how the energy in the processes of nuclear fission and nuclear fusion can be explained  (2) 
Q.34 When four hydrogen nuclei combine to from a helium nucleus, estimate the amount of energy in 

MeV released in this process of fusion (Neglect the masses of electrons and neutrons), given: 
 (i) mass of H = 1.007825 u 
 (ii) mass of helium nucleus = 4.002603 u, 1 u = 931 MeV/c2     (2) 

Q.35 State the law of radioactive decay. 
 Plot a graph showing the number (N) of undecayed nuclei as a function of time (t) for a given 

radioactive sample having half life T1/2.   
 Depict in the plot the number of undecayed nuclei at (i) t  = 3T1/2 and (ii) t = 5T1/2.   (3) 
Q.36 How is the size of a nucleus experimentally determined? Write the relation between the radius and 

mass number of the nucleus. Show that the density of nucleus is independent of its mass number. (3) 
Q.37 State the law of radioactive decay. 
 Plot a graph showing the number (N) of undecayed nuclei as a function of time (t) for a given 

radioactive sample having half life T1/2  
 Depict in the plot the number of undecayed nuclei at (i) t = 2T1/2 and (ii) t = 4T1/2   (3) 
Q.38 (a) Derive the law of radioactive decay, viz. N = N0 푒  

(b) Explain, giving necessary reactions, how energy is released during  
(i) fission and (ii) fusion.          (3) 

Q.39 A heavy nucleus X of mass number 240 and binding energy per nucleon 7.6 MeV is split into two  
fragments Y and Z of mass numbers 110 and 130. The binding energy of nucleons in Y and Z is 8.5 
MeV nucleon. Calculate the energy Q released per fission in MeV.     (2) 



Q.40 Draw a plot of the binding energy per nucleon as a function of mass number for a lerge number of 
nuclei, 2 ≤ A ≤ 240. How do you explain  the constancy of binding energy per nucleon in the range 
30 < A < 170 using the property that nuclear force is short-ranged?     (2) 

Q.41 If both the number of protons and the number of neutrons are conserved in a nuclear reaction like 
퐶 + 퐶   푁푒 +  퐻푒, in what way is mass converted into energy? Explain.  (2) 

Q.42 Draw a plot  of potential energy of a pair of nucleons as a function of their separation. Write two 
important conclusions which you can draw regarding the nature of nuclear forces.   (2) 

Q.43 (i) Define ‘activity’ of a radioactive material and write its SI unit. 
 (ii) Plot a graph showing variation of activity of a given radioactive sample with time. 
 (iii) The sequence of stepwise decay of a radioactive nucleus is  

   퐷→ 퐷 		 퐷  
If the atomic number and mass number of 퐷  are 71 and 176 respectively, what are their 
corresponding values for D?          (3) 

Q.44 (a) Write symbolically the 훽  decay process of 푃. 
(b) Derive an expression for the average life of a radionuclide. Give its relationship with the half-life. (3) 

Q.45 Draw a schematic arrangement of the Geiger-Marsden experiment for studying 훼-particle scattering  
by a thin foil of gold. Describe briefly, by  drawing trajectories of the scattered 훼-particles, how this 
study can be used to estimate the size of the nucleus.      (3) 

Q.46 Two nuclei have mass numbers in the ratio 2:5. What is the ratio of their  nuclear densities? (1) 
Q.47 Two nuclei have mass numbers in the ratio 27:125. What is the ratio of their nuclear radii? (1) 
Q.48 Two nuclei have mass numbers in the ratio 1:8. What is the ratio of their nuclear radii?  (1) 
Q.49 A radioactive nucleus ‘A’ undergoes a series of decays according to the following scheme:  

 퐴→ 퐴 		→ 퐴 → 퐴 → 퐴  
The mass number and atomic number of A are 180 and 72 respectively. What are these numbers for  A4? (2) 

Q.50 (a) The mass of a nucleus in its ground state is always less than the total mass of its constituents-  
neutrons and protons. Explain.  
(b) Plot a graph showing the variation of potential energy of a pair of nucleons as a function of their  
separation.             (2) 

Q.51 Draw a plot showing the variation of binding energy per nucleon versus the mass number A. explain  
with the help of this plot the release of energy in the processes of nuclear fission and fusion. (3) 

Q.52 Define the activity of a radionuclide. Write its SI unit. Give a plot of the activity of a radioactive  
species versus time. 
How long will a radioactive isotope, whose half life is T years, take for its activity to reduce to 1/8th  
of its initial value?           (3) 

Q.53 (a) What is meant by half-life of radioactive elements? 
 (b) The half-life of a radioactive substance is 30 s. calculate 
 (i) the decay constant, and  
 (ii) time taken for the sample to decay by 3/4th of the initial value.     (3) 
Q.54 Draw a schematic arrangement of the Geiger-Marsden experiment. How did the scattering of 훼-

particle by a thin foil of gold provide an important way to determine an upper limit on the size of the 
nucleus? Explain briefly?          (3) 

Chapter-14: Semiconductor Electronics Materials, Devices and Simple Circuits 
Q.1 What happens when a forward bias is applied to a p-n junction?     (1) 
Q.2 Distinguish between ‘intrinsic’ and ‘extrinsic’ semiconductors.     (1) 
Q.3 The V-I characteristic of a silicon diode is as shown in the figure. Calculate the resistance of the 

diode at (i) I = 15 mA and (ii) V = ‒ 10 V.        (1) 
Q.4 Describe briefly using the necessary circuit diagram, the three basic processes which take place to 

generate the emf in a solar cell when light falls on it. 
 Draw the I ‒ V characteristics of a solar cell. 
 Write two important criteria required for the selection of a material for solar cell fabrication. (1) 



Q.5 Describe briefly how light emitting diode is fabricated and explain its working. Write three important 
advantages of LEDs over conventional incandescent lamps.      (1) 

Q.6 With what considerations in view, a photodiode is fabricated? State its working with the help of a 
suitable diagram. 

 Even through the current in the forward bias is known to be more than in the reverse bias, yet the 
photodiode works in reverse bias. What is the reason?      (3) 

Q.7 Draw a circuit diagram of a transistor amplifier in CE configuration. 
 Define the terms: (i) input resistance and (ii) Current amplification factor. 
 How are these determined using typical input and output characteristics?    (3) 
Q.8 How is a zener diode fabricated? What causes the setting up of high electric field even for small 

reverse bias voltage across the diode? 
 Describe, with the help of a circuit diagram, the working of zener diode as a voltage regulator. (3) 
Q.9 (a) Explain with the help of a diagram, how depletion region and potential barrier are formed in a 

junction diode. 
 (b) If a small voltage is applied to a p-n junction diode how will the barrier potential be affected 

when is it (i) forward biased, and (ii) reverse biased?      (3) 
Q.10 When is a transistor said to be in active state? Draw circuit diagram of a p-n-p transistor and explain 

how it works as a transistor amplified. Write clearly, why in the case of a transistor (i) the base is 
thin and lightly doped and (ii) the emitter is heavily doped. 

Q.11 Write briefly the important processes that occur during the formation of p-n junction. With the help 
of necessary diagrams, explain the term ‘barrier potential’.      (3) 

Q.12 (a) What is an ‘integrated circuit (I.C.)’? Distinguish between (i) linear I.C. and (ii) digital I.C. 
 (b) Identify the equivalent gate for the following circuit and write its truth table.   (3) 
 
 
 
 
 
Q.13 Plot a graph showing variation of current versus voltage for the material GaAs.   (1) 
Q.14 Write the truth table for the combination of the gates shown. Name the gates used.   (1) 
 
 
 
 
Q.15 Identify the logic gates marked ‘P’ and ‘Q’ in the given circuit. Write the truth table for the 

combination.            (1) 
 
 
 
Q.16 Explain, with the help of a circuit diagram, the working of a-p-n junction diode as a half-wave 

rectifier.            (1) 
Q.17 Draw a circuit diagram of n-p-n transistor amplified in CE configuration. Under what condition does 

the transistor act as an amplifier?         (1) 
Q.18 Identify the equivalent gate the represented by the circuit shown in the figure. Draw its logic symbol 

and write the truth table.          (1) 
 
 
 
 
 



Q19 Draw energy band diagrams of an n-type and p-type semiconductor at temperature T > 0 K. Mark the 
donor and acceptor energy levels with their energies.      (1) 

Q.20 Distinguish between a metal and an insulator on the basis of energy band diagrams.  (1) 
Q.21 Identify the gate equivalent to the circuit shown in the figure. Write its truth table.   (1) 
 
 
 
 
Q.22 Write any two distinguishing features between conductors, semiconductors and insulators on the 

basis of energy band diagrams.         (3) 
Q.23 (a) Why is zener diode fabricated by heavily doping both p- and n-sides  of the junction?  (3) 
 (b) Draw the circuit diagram of zener diode as a voltage regulator and briefly explain its working. 
Q.24 (a) How is a photodiode fabricated? 
 (b) Briefly explain its working. Draw its V ‒ I characteristics for two different intensities of 

illumination.            (3) 
Q.25 (a) State briefly the processes involved in the formation of p-n junction explaining clearly how the 

depletion region is formed.  
 (b) Using the necessary circuit diagrams, show how the V-I characteristics of a p-n junction are 

obtained in   
 (i) Forward biasing   (ii) Reverse biasing 
 How are these characteristics made use of in rectification?      (5) 
Q.26 (a) Differentiate between three segments of a transistor on the basis of their size and level of doping. 
 (b) How is a transistor  biased to be in active state? 
 (c) With the help of necessary circuit diagram, describe briefly how n-p-n transistor in CE 

configuration amplifies a small sinusoidal input voltage. Write the expression for the ac current    
gain             (5) 

Q.27 The graph shown in the figure represents a plot of current versus voltage for a given semiconductor. 
Indentify the region, if any, over which the semiconductor has a negative resistance.  (5) 

 
 
 
 
 
 
 
Q.28 In the given circuit diagram, a voltmeter ‘V’ is connected across a lamp ‘L’. How would (i) the 

brightness of the lamp and (ii) voltmeter reading ‘V’ be affected, if the value of resistance ‘R’ is 
decreased? Justify your answer.         (2) 

 
 
 
 
 
Q.29 Explain, with the help of a circuit diagram, the working of a photodiode. Write briefly how it is used 

to detect the optical signals.          (2) 
Q.30 Mention the important considerations required while fabricating a p-n junction diode to be used as a 

Light Emitting Diode (LED). What should be the order of band gap of an LED if it is required to 
emit light in the visible range?          (2) 

Q.31 Draw typical output characteristics of an n-p-n transistor in CE configuration. Show how these 
characteristics can be used to determine output resistance.       (2) 



Q.32 In the circuit shown in the figure, identify the equivalent gate of the circuit and make its truth     
table.             (2) 

 
 
 
 

Q.33 In the circuit show in the figure, identify the equivalent gate of the circuit and make its truth table.
             (2) 

 
 
 
 
Q.34 The circuit shown in the figure has two oppositely connected ideal diodes connected in parallel. Find 

the current flowing through each diode in the circuit.      (2) 
Q.35 The circuit shown in the figure contains two diodes each with a forward resistance of 50 Ω and 

infinite backward resistance. Find the current through the 100 Ω resistance.    (2) 
 
 
 
 
 
 
 

Q.36 The circuit shown in the figure contains two diodes each with a forward resistance of 50 Ω and 
infinite backward resistance. Calculate the current in the 100	Ω resistance.    (2) 

 
 
 
 
 
 
Q.37 Output characteristics of an p-n-n transistor in CE configuration is shown in the figure. 
 Determine :            (3) 

(i) dynamic output resistance  
(ii) dc current gain and 
(iii) as current gain at an operating  
       point VCE = 10 V, when IB= 30 µA. 
 

Q.38 Draw V-I, characteristics of a p-n junction diode. Answer the following questions, giving reasons: 
 (i) Why is the current under reverse bias almost independent of the applied  potential upto a critical  

voltage? 
(ii) Why does the reverse current show a sudden increase at the critical voltage? 
Name any semiconductor device which operates under the reverse bias in the breakdown region. (3) 

Q.39 (a) Distinguish between intrinsic semiconductor and a p- type semiconductor. Give reason why a p-
type semiconductor  is electrically neutral, although nh > > ne.     (5) 

Q.40 Draw the circuit arrangement for studying the input and output characteristics of an n-p-n transistor 
in CE configuration. 

 Draw the typical nature of these input and output characteristics. Explain  how these are obtained. 
 Define the terms (i) input resistance and (ii) current amplification factor.    (5) 
Q.41 The current in the forward bias is known to be more (mA) than the current in the reverse bias             

(͠   µA.). What is the reason, then, to operate the photodiode in reverse bias?   (2) 



Q.42 Describe briefly with the help of a circuit diagram, the paths of current carries in an n-p-n transistor 
with emitter- bases junction forward biased and base-collector junction reverses biased.  (2) 

Q.43 How does a light emiting diode (LED) work? Give two advantages of LED’s over the conventional 
incandescent lamps.           (2) 

Q.44 Write two characteristic features to distinguish between n-type and p-type semiconductors. (2) 
Q.45 Draw a simple circuit of a CE transistor amplifier. Explain its working. Show that the voltage gain, 

Av, of the amplifier is given by Av = , where 훽  is the current gain, RL is the load resistance and 

ri is the input resistance of the transistor. What is the significance of the negative sign in the 
expression for the voltage gain?         (5) 

Q.46 (a) Draw the circuit diagram of a full wave rectifier using p-n junction diode. Explain its working 
and show the output, input waveforms.  

 (b) Show the output waveform (Y) for the following inputs A and B of  
 (i) OR gate  (ii) NAND gate        (5) 
 
 
 
 
 
 
Q.47 (a) Describe briefly, with the help of a diagram, the role of the two important processes involved in 

the formation of a p-n junction. 
 (b) Name the device which is used as a voltage regulator. Draw the necessary circuit diagram and 

explain its working.           (5) 
Q.48 (a) Explain briefly the principle on which a transistor-amplifier work as an oscillator. Draw the 

necessary circuits diagram and explain its working. 
 (b) Identify the equivalent gate for the following circuit and write its truth table.   (5) 
 
 
 
 
 
 
Q.49 (a) Draw the circuit for studying the input and output characteristics of an n-p-n transistor in CE 

configuration. Show, how, from the output characteristics, the information about the current 
amplification factor (훽 ) can be obtained. 

 (b) Draw a plot of the transfer characteristic (V0 versus Vi) for a base- biased transistor in CE 
configuration. Show for which regions in the plot. The transistor can operate as a switch.   (5) 

Q.50 Why is zener diode considered as a special purpose semiconductor diode? 
 Draw the I‒V characteristics of a zener diode and explain briefly how reverse current suddenly 

increases at the breakdown voltage. 
 Describe briefly with the help of a circuit diagram how a zener diode works to obtain a constant dc 

voltage from the unregulated dc output of a rectifier.      (5) 
Q.51 In a transistor, doping level in base in increased slightly. How will it affect (i) collector current and 

(ii) base current?           (1) 
Q.52 What happens to the width of depletion layer of a p-n junction when it is (i) forward biased, (ii) 

reverse biased?           (1) 
Q.53 Draw the logic circuit of a NAND gate and write its truth table.     (1) 
Q.54 Draw the logic circuit of AND gate and write its truth table.      (1) 
Q.55 Draw the logic circuit of NOT gate and write its truth table.      (1) 
 



Q.56 Draw the output waveform at X, using the given inputs A and B for the logic circuit shown below. 
Also, identify the logic operation performed by this circuit.      (2) 

 
 
 
 
 
 

 
 
Q.57 Draw the transfer characteristic curve of a base biased transistor in CE configuration. Explain clearly 

how the active region of the V0 versus Vi curve in a transistor is used as an amplifier.  (2) 
Q.58 How is forward biasing different from reverse biasing in a p-n junction diode?   (2) 
Q.59 Explain how a depletion region is formed in a junction diode.     (2) 
Q.60 Draw the output waveform at X, using the given inputs A and B for the logic circuit shown below. 

Also, identify the logic operation performed by this circuit.      (2) 
 
 
 
 
 
 
 
Q.61 Name the  semiconductor device that can be used to regulate an unregulated dc power supply. With 

the help of I-V characteristics of this device, explain its working principle.    (2) 
Q.62 Write the truth table for the logic circuit shown below and identify the logic operation performed by 

this circuit.            (2) 
 
 
 
 
 
Q.63 Draw a labelled diagram of a full wave rectifier circuit. State its working principle. Show the input-

output waveforms.           (3) 
Q.64 You are given a circuit below. Write its truth table. Hence, identify the logic operation carried out by 

this circuit. Draw the logic symbol of the gate it corresponds to.     (3) 
 
 
 
 
 
 
Q.65 You are given a circuit below. Write its truth table. Hence, identify the logic operation carried out by 

this circuit. Draw the logic symbol of the gate it corresponds to.     (3) 
 
 
 
 
 
 
 



Q.66 You are given a circuit below. Write its truth table. Hence, identify the logic operation carried out by 
this circuit. Draw the logic symbol of the gate it corresponds to.     (3) 

 
 
 
 
 
 

Q.67 Name the important processes that occur during the formation of a p-n- junction. Explain briefly, with the help 
of a suitable diagram, how a p-n junction is formed. Define the term ‘barrier potential’.    (3) 

Q.68 Draw transfer characteristics of a common emitter n-p-n transistor. Point out the region in which the  
transistor operates as an amplifier. Define the following terms used in transistor amplifiers: 

 (i) Input resistance    (ii) Output resistance 
 (iii) Current amplification factor 
Q.69 Draw the circuit diagram of an illuminated photodiode in reverse bias. How is photodiode used to  

measure light intensity?          (2) 
Q.70 (i) Indentify the logic gates marked P and Q in the given logic circuit. 
 
 
 
 (ii) Write down the output at X for the inputs A = 0, B = 0 and A = 1, B = 1.   (2) 
Q.71 (i) Identify the logic gates marked P and Q in the given logic circuit.    (2) 
 
 
 
 (ii) Write down the output at X for the inputs A = 0, B = 0 and A = 1, B=1. 
Q.72 Write the truth table for the following circuit. Name the gate that this circuit represents.  (2) 
 
 
 
Q.73 Draw the output waveform for the following gate. Also, name the gate.    (2) 
 
 
 
 
 
Q.74 Write the truth table for the following circuit. Name the equivalent gate that this circuit represents.(2) 
 
 
 
 
Q.75 (a) With the help of the circuit diagram explain the working principle of a transistor amplifier as an  

oscillator. 
(b) Distinguish between a conductor, a semiconductor and an insulator on the basis of energy band  
diagrams.            (5) 

Q.76 (a) Explain the formation of depletion layer and potential barrier in a p-n junction. 
 (b) In the figure given below the input waveform is converted into the output waveform by a device  

‘X’. Name the device and draw its circuit diagram.      
 
 
   



(c) Identify the logic gate represented by the circuit as shown and write its truth table.  (5) 
 
 
 
 
 

Q.77 (a) Draw the circuit arrangement for studying the input and output characteristics of an n-p-n  
transistor in CE configuration. With the help of these  characteristic define (i) input resistance, (ii) 
current amplification factor.  
(b) Describe briefly with the help of a circuit diagram how an n-p-n transistor is used to produce self-
sustained oscillations.           (5) 

Q.78 (a) Draw the circuit diagrams of a p-n junction diode in (i) forward bias, (ii) reverse bias. How are 
these circuits used to study the V-I characteristics of a silicon diode? Draw the typical V‒I 
characteristics of silicon diode? Draw the typical V-I characteristics. 

 (b) What is a light emitting diode (LED)? Mention two important advantages of LEDs over 
conventional lamps.           (5) 

Q.79 (a) Draw the circuit diagram of a base-biased n-p-n transistor in C-E configuration. Explain how this 
circuit is used to obtain the transfer characteristic (V0 ‒Vi characteristic). How do we explain the 
working of a  transistor as a switch using the characteristic? 

 (b) The typical output characteristics (IC ‒ VCE) of an n-p-n transistor in C-E configuration is shown 
in the figure. Calculate (i) the output resistance r0 and (ii) the current amplification factor 훽 . (5) 

 
 
 
 
 
 
 
 
Q.80 (a) Draw I-V characteristics of a Zener diode. 
 (b) Explain with the help of a circuit diagram, the use of a zener diode as a voltage regulator. 
 (c) A Photodiode is operated under reverse bias although in the forward bias the current is known to 

be more than the current in the reverse bias. Explain, giving reason.    (5) 
Q.81 Give the logic symbol of NOR gate.         (1) 
Q.82 Give the logic symbol of NAND gate.        (1) 
Q.83 Give the logic symbol of AND gate.         (1) 
Q.84 The output of a 2-input AND gate is fed to a NOT gate. Give the name of the combination and its 

logic symbol. Write down its truth table.        (2) 
Q.85 The following figure shows the input waveforms (A, B) and the output waveform (Y) of a gate. 

Identify the gate, write its truth table and draw its logic symbol.     (2) 
 
 
 
 
 
 
 
 
 
 



Q.86 (i) Sketch the output waveform from an AND gate for the inputs A and B shown in the figure: 
  

 
 
 
 
 
 
 
(ii) If the output of the above AND gate is fed to a NOT gate, name the gate of the combination so 
formed.            (2) 

Q.87 Draw the logic symbol of the gate whose truth table is given below:    (2) 
  
  
 

 
 

 
 If this logic gate is connected to NOT gate, what will be the output when (i) A = 0, B = 0 and  
 (ii)  A  = 1, B = 1? Draw the logic symbol of the combination.     (2) 
Q.88 A logic gate is obtained by applying output of OR gate to a NOT gate. Name the gate so formed. 

Write the symbol and truth table of this gate.        (2) 
Q.89 A logic gate is obtained by applying output of AND gate to a NOT gate. Name the gate so formed.  

Write the symbol and truth table of this gate.        (2) 
Q.90 Explain with the help of a circuit diagram how a zener diode works as a DC voltage regulator. Draw 

its I‒V characteristics.           (3) 
Q.91 Give a circuit diagram of a common emitter amplifier using an n-p-n transistor. Draw the input and 

output waveform of the signal. Write the expression for its voltage gain.    (3) 
Q.92 (i) with the help of circuit diagrams, distinguish between forward biasing and reverse biasing of a p-n 

junction diode. 
 (ii) Draw V-I characteristics of a p-n junction diode in (a) forward bias, (b) reverse bias.  (3) 
Q.93 How is zener diode fabricated so as make it a special purpose diode? Draw I-V characteristics of 

zener diode and explain the significance of breakdown voltage. Explain briefly, with the help of a 
circuit diagram, how a p-n junction diode works as a half wave rectifier.    (5) 

Q.94 (i) Draw a circuit diagram to study the input and output characteristics of an n-p-n transistor in its 
common emitter configuration. Draw the typical input and output characteristics. 

 (ii) Explain, with the help of a circuit diagram, the working of n-p-n transistor as a common emitter 
amplifier.            (5) 

Q.95 (a) Explain the formation of ‘depletion layer’ and ‘barrier potential’ in a p-n junction. 
 (b) with the help of a labelled circuit diagram explain the use of a p-n junction diode as a full wave 

rectifier. Draw the input and output waveforms.       (5) 
Q.96 Draw a circuit diagram of an n-p-n transistor with its emitter-bases junction forward biased and base-

collector junction reverse biased. Describe briefly its working . 
 Explain how a transistor in active state exhibits a low resistance at its emitter-base junction and high 

resistance at its base-collector junction.  
 Draw a circuit diagram and explain the operation of a transistor as a switch.   (5) 

Chapter-15: Communication Systems  
Q.1 How are side bands produced?         (1) 
Q.2 Is it necessary for a transmitting antenna to be at the same height as that of the receiving antenna for  

LOS communication?           (1) 
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Q.3 (a) Distinguish between ‘Analog’ and ‘Digital’ forms of communication. 
 (b) Explain briefly two commonly used applications of the ‘Internet’.    (2) 
Q.4 What is ground wave communication? Explain why this mode cannot be used for long distance  

communication using high frequencies.        (2) 
Q.5 For an amplitude modulated wave, the maximum amplitude is found to be 10 V while the minimum  

amplitude is 2 V. Determine the value of modulation index µ. 
 What would be the value of µ if the minimum amplitude is zero volt? Why is µ generally kept less  

than 1?             (2) 
Q.6 Draw a block diagram of a detector for AM signal and show, using necessary processes and the  

waveforms, how the original message signal is detected from the input AM wave.   (3) 
Q.7 (a) State three important factors showing the need for translating a low frequency signal into a high  

frequency wave before transmission. 
(b) Draw a sketch of a sinusoidal carrier wave along with a modulating signal and show how these 
are superimposed to obtain the resultant amplitude modulated wave.    (3) 

Q.8 Answer the following question: 
 (a) Define ‘bandwidth’ and describe briefly its importance in communication signals. 
 (b) Distinguish between digital and analogue signals. 
 (c) Write the functions of transducer and repeater.       (3) 
Q.9 The figure given below shows the block diagram of a generalized communication system. Identify  

the element labelled ‘X’ and write its function.        (1) 
 
 
 
 
 

Q.10 The carrier wave of a signal is given by C(t) =3 sin (8휋푡) volt. The modulating signal is a square 
wave as shown. Find its modulation index.        (1) 

 
 
 
 
 
Q.11 Write the functions of the following in communication system: 
 (i) Transducer    (ii) Repeater        (2) 
Q.12 Write the functions of the following in communication system: 
 (i) Transmitter    (ii) Modulator       (2) 
Q.13 Write the functions of the following in communication systems:     (2) 
 (i) Receiver     (ii) Demodulator 
Q.14 Define the term modulation. Draw a block diagram of a simple modulator for obtaining AM signal. (2) 
Q.15 Write two basic modes of communication. Explain the process of amplitude modulation. Draw a 

schematic sketch showing how amplitude modulated signal is obtained by superposing a modulating 
signal over a sinusoidal carrier wave.         (3) 

Q.16 Describe briefly, by drawing suitable diagrams, the (i) sky wave wand (ii) space wave modes of 
propagating. Mention the frequency range of the waves in these modes of propagation.  (3) 

Q.17 Distinguish with the help of suitable diagrams between ground wave and sky wave modes of 
propagation. Mention the frequency range of the waves in these modes of propagating.  (3) 

Q.18 Explain, with the help of a suitable diagram, the space wave mode of propagation. Give two 
examples in communication system where this mode is used. What is the frequency range of these 
waves? Give reason for using this range of frequency.      (3) 



Q.19 Write the function of a transmitter in a communication system.     (1) 
Q.20 Why are broadcast frequencies (carrier waves) sufficiently spaced in amplitude modulated wave? (1) 
Q.21 Block diagram of a receiver is shown in the figure: 
 
 
 
 (a) Identify ‘X’ and ‘Y’. 
 (b) Write their functions.          (2) 
Q.22 In the block diagram of a simple modulator for obtaining an AM signal, shown in the figure, identify 

the boxes A and B. write their functions.        (2) 
 
 
 
 
 
Q.23 Write three important factors which justify the need of modulating a message signal. Show 

diagrammatically how an amplitude modulated wave is obtained when a modulating signal is 
superimposed on a carrier wave.         (3) 

Q.24 Distinguish between ‘sky waves’ and ‘space waves’ modes of propagation in communication system. 
 (a) Why is sky wave mode propagation restricted to frequencies upto 40 MHz? 
 (b) Give two examples where space wave mode of propagation is used.    (3) 
Q.25 Name the type of waves which are used for line of sight (LOS) communication. What is the range of 

their frequencies? 
 A transmitting antenna at the top of a tower has a height of 20 m and the height of the receiving 

antenna is 45 m. calculate the maximum distance between them for satisfactory communication in 
LOS mode, (Radius of the Earth = 6.4 × 106 m)       (3) 

Q.26 Name the type of waves which are used for line of sight (LOS) communication. What is the range of 
their frequencies? 

 A transmitting antenna at the top of a tower has a height of 45 m and the height of the receiving 
antenna is 80 m. calculate the maximum distance between them for satisfactory communication in 
LOS mode. (Radius of the Earth = 6.4 × 106 m)       (3) 

Q.27 Name the type of waves which are used for line of sight (LOS) communication. What is the range of 
their frequencies? 

 A transmitting antenna at the top of a tower has a height of 45 m and the receiving antenna is on the 
ground. Calculate the maximum distance between them for satisfactory communication in LOS 
mode. (Radius of the Earth = 6.4 × 106 m)        (3) 

Q.28 Give reasons for the following: 
 (i) For ground wave transmission, size of antenna should be comparable to the wavelength of the 

signal, e.g. ~ 휆/4. 
(ii) Audio signals converted into electromagnetic waves are not transmitted as such directly. 
(iii) The amplitude of modulating signal is kept less than that of the carrier wave.   (3)  

Q.29 Distinguish between ‘Analog and Digital signals’.       (2) 
Q.30 Mention the function of any two of the following used in communication system:   (2) 
 (i) Transducer   (ii) Repeater   (iii) Transmitter   (iv) Bandpass Filter 
Q.31 In the given block diagram of a receiver, identify the boxes labelled as X and Y and write their  

function.            (2) 
 
 
 
 



Q.32 Figure shows a block diagram of a transmitter. Identify the boxes ‘X’ and ‘Y’ and write their  
functions.            (2) 
 
 
 
 

Q.33 Figure shows a block diagram of a detector for amplitude modulated signal. Identify the boxes ‘X’  
and ‘Y’ and write their functions.         (2) 
 
 
 
 

Q.34 Write any two factors which justify the need for modulating a signal. 
Draw a diagram showing an amplitude modulated wave by superposing a modulating signal over a 
sinusoidal carrier wave.          (3) 

Q.35 Name the three different modes of propagation of electromagnetic waves. Explain, using a proper 
diagram the mode of propagation used in the frequency range above 40 MHz.   (3) 

Q.36 Explain briefly the following terms used in communication system: 
 (i) Transducer     (ii) Repeater  (iii) Amplification   (3) 
Q.37 Mention three different modes of propagation used in communication system. Explain with the help 

of a diagram how long distance communication can be achieved by ionosphere reflection of radio 
waves.             (3) 

Q.38 Define modulation index. Give its physical significance. 
 For an amplitude modulated wave, the maximum amplitude is found to be 10V while the minimum 

amplitude is 2V. Determine the modulation index µ.       (3) 
Q.39 What is the function of a ‘Repeater’ in a communication system?     (1) 
Q.40 What is the function of a transmitter in a communication system?     (1) 
Q.41 What is the function of a receiver in a communication system?     (1) 
Q.42 (i) Define modulation index. 
 (ii) Why is the amplitude of modulating signal kept less than the amplitude of carrier wave? (2) 
Q.43 What is sky wave communication? Why is this mode of propagation restricted to the frequencies 

only upto few MHz?           (2) 
Q.44 What is ground wave communication? On what factors does the maximum range of propagation in 

this mode depend?           (2) 
Q.45 What is space wave communication? Write the range of frequencies suitable for space wave 

communication.           (2) 
Q.46 For an amplitude modulated wave, the maximum amplitude is found to be 10 V while the minimum 

amplitude is 2 V. calculate the modulation index. Why is modulation index generally kept less than 
one?             (2) 

Q.47 Draw a block diagram showing the important components in a communication system. What is the 
function of a transducer?          (2) 

Q.48 For an amplitude modulated wave, the maximum amplitude is found to be 15V while the minimum 
amplitude is 3V. calculate the modulation index. Why is modulation index generally kept less than 
one?             (2) 

Q.49 Draw a schematic diagram showing the (i)ground wave (ii) sky wave and (iii) space wave 
propagation modes for em waves.         (3) 

 Write the frequency range for each of the following: 
 (i) Standard AM broadcast  (ii) Television  
 (iii) Satellite communication  



Q.50 Write briefly any two factors which demonstrate the need for modulating a signal. Draw a suitable 
diagram to show amplitude modulation using a sinusoidal signal as the modulating signal. (3) 

Q.51 Which part of the electromagnetic spectrum is used in satellite communication?   (1) 
Q.52 Explain the function of a repeater in a communication system.     (2) 
Q.53 What is the range of frequencies used for TV transmission? What is common between these waves 

and light waves?           (2) 
Q.54 What is the range of frequencies used in satellite communication? What is common between these 

waves and light waves?          (2) 
Q.55 Write two factors justifying the need of modulating a signal. 
 A carrier wave of peak voltage 12 V is used to transmit a message signal. 
 What should be the peak voltage of the modulating signal in order to have a modulation index of 

75%?             (2)  
Q.56 In standard AM broadcast, what mode of propagation is used for transmitting a signal? Why is this 

mode of propagation limited to frequencies upto a few MHz?     (2) 
Q.57 (i) Why is communication using line of sight mode limited to frequencies above 40 MHz? 
 (ii) A transmitting antenna at the top of a tower has a height 32 m and the height of the receiving 

antenna is 50 m. what is the maximum distance between them for satisfactory communication in line 
of sight mode?            (3) 

Q.58 What is space wave propagation? Give two examples of communication system which use space 
wave mode.      

 A TV tower is 80 m tall. Calculate the maximum distance upto which the signal transmitted from the 
tower can be received.          (3) 

Q.59 Which mode of propagation is used by short wave broadcast services having frequency range from a 
few MHz upto 30 MHz? Explain diagrammatically how long distance communication can be 
achieved by this mode. Why is there an upper limit to frequency of waves used in this mode? (3) 

Q.60 (a) State briefly any two reasons explaining the need for modulating a signal. 
 (b) Draw a labelled block diagram of a simple modulator for obtaining an AM signal.  (3) 
Q.61 What is sky wave propagation?         (1) 
Q.62 What is ground wave propagation?         (1) 
Q.63 What is space wave propagation?         (1) 
Q.64 By what percentage will the transmission range of a TV tower be affected when the height of the 

tower is increased by 21%?          (2) 
Q.65 What is meant by term ‘modulation’? Draw a block diagram of simple modulator for obtaining an 

AM signal.            (2) 
Q.66 Why are high frequency carrier waves used for transmission?     (2) 
Q.67 Write two factors justifying the need of modulation for transmission of a signal.    (2) 
Q.68 Write the function of (i) Transducer and (ii) Repeater in the context of communication system. (2) 
Q.69 (i) What is line of sight communication?  
 (ii) Why is it not possible to use sky wave propagation for transmission of TV signals?  (2) 
Q.70 Distinguish between sky wave and space wave propagation. Give a brief description with the help of 

suitable diagram indicating how there waves are propagated.     (3) 
Q.71 What is meant by detection of a signal in a communication system? With the help of a block diagram 

explain the detection of A.M. signal.         (3) 
Q.72 (a) Define the terms (i) ‘amplitude modulation’ and (ii) ‘modulation index’. 
 (b) If a low frequency signal in the audio frequency range is to be transmitted over long distances, 

explain briefly the need of translating this signal to high frequencies before transmission.  (3)                                                                                                                             


