
JMSS        WORKSHEET          12th               Subject: Physics 
ELECTRIC CHARGES AND FIELD 

Electric charge and methods: 
Q1. 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 in 
them? 

Electrostatic force: 

Q2. Three point charges +q each are kept at the vertices of an equilateral triangle of side l. Determine 
the magnitude and the sign of the charge to be kept at its centroid so that the charges at the vertices 
remain in equilibrium. 

Q3. Two equal balls having equal positive charge q coulombs are suspended by two insulating strings of 
equal length. What would be the effect on force when a plastic sheet is inserted between the two? 

Q4. 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 a same distance? (Given Kwater = 80) 

Q5. Plot a graph showing the variations of coulomb force (F) versus (1/r2), where r is the distance 
between the two charges: (1µC, 2µC) and (2µC, -3µC). Interpret the graph obtained. 

Electric field: 

Q6. Consider a system of n charges q1,q2,....qn with position vectors r1,r2, r3, .... rnrelative to some origin 
O. Deduce the expression for the net electric field E at the point of P with position vector rp, due to this 
system of charges. 

Q7. A proton is placed in a uniform electric field directed along the positive x- axis. In which direction 
will it tend to move? 

Q8. Two identical circular loops 1 and 2 of radius R each have linear charge densities     -훾 and +훾 c/m 

respectively. The loops are placed coaxially with their centres R√ 3 distances apart. Find the 
magnitude and direction of the net electric field at the centre of loop 1. 

Q9. Draw a plot showing the variation of electric field E with distance r due to a point charge q. 

Q10. two point charges +q and – 2q are placed at the vertices B and C of an equilateral ∆ ABC of side a. 
obtain the expression for  

(a) the magnitude and  

(b) the direction of the resultant electric field at the vertex A due to these two charges. 

Electric dipole: 

Q11. Two small identical electrical dipole moment p 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 (E) 
directed along +X direction, what will be the magnitude and direction of the torque acting on this? 



Q12. An electric dipole length 4cm, 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 a dipole, if it has a 
charge ±8 nC. 

Q13. Calculate the amount of work done in turning an electric dipole moment 2× 10-8 C m from its 
positions of unstable equilibrium to the position of stable equilibrium, in a uniform electric field of 
intensity 103 NC-1. 

Q14. if a dipole is kept in a uniform electric field E, diagrammatically represent the potion of the dipole 
in stable and unstable equilibrium and write the expressions for the torque acting on the dipole in both 
the cases. 

Q15. An electric dipole is placed in a uniform electric field E with its dipole moment P parallel to the 
field. Find  

(a) the work done in turning the dipole till its dipole moment points in the direction opposite to E. 

(b) the orientation of the dipole for which the torque acting on it becomes maximum. 

Electric field lines: 

Q16. A point charge (Q+) is kept in the vicinity of uncharged conducting plate. Sketch electric field lines 
between the charge and the plate. 

Electric flux and Gauss’s law: 

Q17. What is the electric flux through a cube of side 1 cm which encloses an electric dipole? 

Q18. Find out the outward flux due to a point charge +q placed at the centre of the cube of side a. Why 
is it found to be independent of the size and shape of the surface enclosing it? 

Q19. Show, with the help of suitable example along with a figure that the outward flux due to a point 
charge q, in vacuum within a closed surface, is independent of its size and shape and is given by q/∈0. 

Q20. Given uniform electric field E =5×103i N/C, find the flux of this field through a square of 10 cm on 
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? 

CHAPTER 2: ELECTROSTATIC POTENTIAL AND CAPACITANCE 
Electric potential: 

Q1. A point charge Q is placed at a point O as shown in the figure is the potential difference VA – VB 
positive, negative or zero, if Q is (i) positive (ii) negative? 

 
Q2. Two point charges q and – 2q are kept d distance apart. Find the location of point relative to charge 
q at which potential due to this system of charges is zero. 
Q3. 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 to C (ii) At 
which point (of the two) is the electric potential more and why? 



 
Q4. Draw and plot showing variation of (i) electric field (E) and (ii) electric potential (V) with distance r 
due to the point charge Q. 
Potential energy 
Q5. Figure shows the field lines due to a positive point charge give the sign of potential energy difference 
of a small negative charge between the points Q and P. 

 
Q6. What is the amount of workdone in moving a point charge around a circular arc of radius r at the 
centre of which another point charge is located? 
Q7. Two point charges q1 and q2 are located at r1 and r2 respectively in an external electric field E. obtain 
the expression for the total work done in assembling this configuration. 
Q8.Calculate the amount of work done to dissociate a system of three charges, two of 1 µC and one of – 
4 µC placed on the vertices of an equilateral triangle of side 10 cm. 
Electric dipole: 
Q9. A charge q is moved from a point A above a dipole of dipole moment p to a point B below the dipole 
in equatorial plane without acceleration. Find the work done in this process. 

 
Equipotential surface: 
Q10. Why are electric field lines perpendicular at a point on an equipotential surface of a conductor? 
Q11. Two charges 2 µC and -2 µC are placed at points A and B, 5 cm apart. Depict an equipotential 
surface of the system. 
Q12. Why electrostatic potential is constant throughout the volume of the conductor and has the same 
value as on its surface?   
Q13. Why there is no work done in moving a charge from one point to another on a equipotential 
surface? 



Q14. 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? 
Q15. Two uniformly large parallel thin plates having charge densities +σ and –σ are kept in the X-Z plane 
at a distance d apart. Sketch an equipotential surface due to electric field between the plates. If parctical 
of mass m and charge –q remains stationery between the plates, what is the direction and magnitude of 
this field? Given acceleration due to gravity is g. 
Q16. Why the equipotential surfaces about a single charge are not equidistant? 
Ans: E = dV/ dx 
Because of changing electric field, dx changes. 
Capacitance: 
Q17. The given graph shows the variation of charge q versus potential difference V for two capacitors C1 
and C2. Both the capacitors have same plate separation but plate area of C2 is greater than that C1. Which 
line (A or B) corresponds to C1 and why? 

 
Q18. A metal plate is introduced between the plates of a charged parallel plate capacitor. What is its 
effect on the capacitance of the capacitor? 
Q19. In a parallel plate capacitor with air between the plates, each plate has an area of 6× 10-3m2 and 
the separation between the plates is 3mm 

(i) Calculate the capacitance of the capacitor 
(ii) If the capacitor is connected to 100V supply, what would be the charge on each plate? 
(iii) How would the charge on plate be affected, if 3mm thick mica sheet of K = 6 is inserted 

between the plates while the voltage supply remains connected? 
Q20. A capacitor of an unknown capacitance is connected across the battery of V volts. The charge 
stored in it is 360 µC. When the potential across the capacitor is reduced by 120V, the charge stored in it 
becomes 120 µC. Calculate: 

(i) The potential V and the unknown capacitance C. 
(ii) What will be the charge stored in the capacitor, if the voltage applied had increased by 120 

V. 

Q21. Distinguish between a dielectric and a conductor. 

Q22. Calculate the potential difference and the energy stored in the capacitor C2 in the circuit shown in 
the figure. Given potential at A is 90 V, C1 = 20 µF, C2 = 30 µF and C3 = 15 µF. 

 



Q23. 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 supply is disconnected. Find out the ratio of 
energy stored in the combined system to that stored initially in the single capacitor. 

Q24. 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 (i) 
charge and (ii) potential difference between the plates of the capacitors be affected after the slabs are 
inserted? 

 

Q25. Two parallel plate capacitors of capacitances C1 and C2 such that C1 = 2C2 are connected across a 
battery of V volt as shown in figure. Initially the key k is kept closed to fully charge the capacitors. The 
key is now thrown open and a dielectric slab of dielectric constant K is inserted in the two capacitors to 
completely fill the gap between the plates. Find the ratio of  

(a) The net capacitance 
(b) The energies stored in the combination before and after the introduction of the dielectric slab. 

 

Q26. A slab of material of dielectric constant K has the same area as that of the plates of a parallel plate 
capacitor but has 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 a capacitor. 

Q27. Determine the potential difference across the plates of the capacitor C1 of the network shown in 
the figure. Assume E2> E1) 

 

Q28. 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. 



Q29. Two identical parallel plates (air) capacitors C1 and C2 have capacitance C each. The space between 
their plates is now filled with dielectric as shown. If two capacitors still have equal capacitance, obtain 
the relation between dielectric constant K, K1 and K2. 

 

Q30. You are given an air filled parallel plate capacitor C1.the space between its plates is now filled with 
slabs of dielectric constants K1and K2 as shown in C2. find the capacitance of the capacitor C2if area of 
plates is A and distance between the plates is d. 

 

CURRENT ELECTRICITY 

Electric current: 

Q1. Figure shows a plot of current I flowing through the cross- section of a wire versus the time t. Use 
the plot to find the charge flowing in 10 sec through the wire. 

 

Drift velocity: 

Q2. 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? 

Q3. Estimate the average drift speed of conduction electrons in a copper wire of cross-sectional 
area.1.0 × 10-7 m2 carrying a current of 1.5A. Assume the density of conduction electrons to be 
9 × 1028 m-3. 

Ohm’s law and resistance: 



Q5. Plot a graph showing the variation of resistance of a conducting wire as a function of its radius. 
Keeping the length of the wire and its temperature as constant. 

Q6. Two wires of equal length, one of copper and the other of manganin have the same resistance. 
Which wire is thicker? 

Q7. Graph showing the variation of current versus voltage for a material GaAs is shown in the figure. 
Identify the region (a) of negative resistance (b) where ohm’s law is obeyed. 

 

Q8. Plot a graph showing the variation of resistivity of a conductor with temperature. 

Q9. A conductor of length l 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 (a) drift speed of electrons and (b) 
resistance of the conductor be affected? 

Q10. I-V graph for a metallic wire at two different temperatures T1 and T2 is as shown in figure. Which of 
the two temperature is lower? 

 

Q11. Show variation of resistivity of copper as a function of temperature in graph. 

Q12. Show variation of resistivity of Si as a function of temperature in graph. 

Q13. Nichrome and coper wires of same length and same radius are connected in series. Current I is 
passed through them. Which wire gets heated up more? 

Q14. Two materials Si and Cu are cooled from 300 K to 60 K. what will be the effect on their resistivity? 

Q15. You are required to select a carbon resistor of resistance 47 kΩ± 10% from a large collection. What 
should be the sequence of colour bands used to code it? 

Q16. A metal rod of square cross-sectional area A having length l has current I flowing through it when a 
potential difference of V volt is applied across its ends (figure I). Now the rod is cut parallel to its length 



into two identical pieces and joined as shown in figure II. What potential difference must be maintained 
across the length of 2l so that the current in the rod is still I?  

 

Cell:  

Q17. The plot of the variation of potential difference across a combination of three identical cells in 
series versus current is shown below. What is the emf and internal resistance of each cell? 

 

Q18. the emf of a cell is always greater than its terminal voltage. Why? 

Q19. A battery of emf 12 V and internal resistance 2 Ω is connected to a 4 Ω resistor as shown in the 
figure. Show that a voltmeter when placed across the cell and across the resistor, in turn, gives the same 
reading. 

 

Q20. A battery of emf 10 V and internal resistance 3 Ω is connected to a resistor. If the current in the 
circuit is 0.5 A, find (a) the resistance of the resistor and (b) the terminal voltage of the battery 

Q21. A battery of emf E and internal resistance r when connected across an external resistance of 12 Ω, 
produces a current of 0.5 A. when connected across a resistance of 25 Ω, it produces a current of 0.25 A. 
determine (a) the emf and (b) internal resistance of the cell. 

Q22. A cell of emf e and internal resistance r is connected to two external resistances R1 and R2 and a 
perfect ammeter. The current in the circuit is measured in four different situations: 



(a) Without any external resistance in the circuit 
(b) With resistance R1 only 
(c) With R1 and R2 in series combination 
(d) With R1 and R2 in parallel combination 

The current measured in the four cases are 0.42 A, 1.05 A, 1.4 A and 4.2 A, but not necessarily in that 
order. Identify the currents corresponding to the four cases mentioned above. 

Q23. Two cells of emfs 1.5 V and 2 V having internal resistances 0.2 Ω and 0.3 Ω respectively are 
connected in parallel. Calculate the emf and internal resistance of the equivalent cell. 

Kirchhoff’s law: 

Q24. A 10V battery of negligible internal resistance is connected across a200V battery and a resistance 
of 38 Ω as shown in the figure.  Find the value of the current. 

 

Q25. use Kirchhoff’s rules to determine the value of the current I1 flowing in the circuit shown in figure. 

 

Q26. the network PQRS shown in the circuit diagram, has the batteries of 4 V and 5 V and negligible 
internal resistance. A milliammeter of 20 Ω resistance is connected between P and R. Calculate the 
reading in the milliammeter. 

 

Q27. Using Kirchhoff’s rule in the given circuit, determine  

(a) The voltage drop across the unknown resistor R 
(b) The current I2 in the arm EF. 



 

Q28. 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 between points A and B? 

 

Q29. In the given circuit, assuming point A to be at zero potential, use Kirchhoff’s rules to determine the 
potential at point B. 

 

Q30. Using Kirchhoff’s rules, determine the value of unknown resistance R in the circuit, so that no 
current flows through 4 Ω resistance. Also, find thee potential difference between points A and D. 

 

Wheatstone bridge: 

Q31. Figure shows two circuits each having a galvanometer and a battery of 3 V. when the galvanometer 
in each arrangement do not show any deflection, obtain the ratio R1/ R2. 



 

Moving charge and magnetism 
Magnetic Lorentz force: 

Q1. Two particles A and B of masses m and 2m have charges 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. 

Q2. A beam of 훼 particles projected along +X axis, experiences a force due to a magnetic field along +Y 
axis. What is the direction of the magnetic field? 

Q3. Write the expression for Lorentz magnetic force on a particle of charge q moving with velocity v in a 
magnetic field B. Show that no work is done by this force on the charged particle. 

Biot savart’s law and applications: 

Q4. A straight wire of length L is bent into a semi- circular loop. Use Biot- Savart law to deduce an 
expression for the magnetic field at its centre due to the current I passing through it. 

Q5. Two identical loops P and Q each of radius 5 cm are lying in perpendicular planes such that they 
have a common centre as shown in figure. Find the magnitude and direction of the net magnetic field at 
the common centre of the two coils, if they carry currents equal to 3 A and 4 A, respectively. 

 

Q6. 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. 



 

Q7. Two identical circular loops, P and Q, each of the radius r carrying currents I and 2I respectively are   
lying in parallel planes such that they have common axis. The direction of the current in both the loops is 
clockwise as seen from O which is equidistant from both loops. Find the magnitude of net magnetic field 
at point O. 

 

Lorentz force: 

Q8. Find the condition under which the charged particles moving with different speeds in the presence 
of electric and magnetic field vectors can be used to select charged particles of a particular speed. 

Motion of charge particle in magnetic field: 

Q9. 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? 

Q10. An electron moving horizontally with a velocity of 4×104m/s enters a region of uniform magnetic 
field of 10-5T acting vertically upward as shown in the figure. Draw a trajectory and find out the time it 
takes to come out of the region of magnetic field. 

 



Q11. A neutron, an electron and an alpha particle moving with equal velocities, enter a uniform 
magnetic field going into the plane of the paper. Trace their paths in the field. 

Q12. (a) write the expression for the force F acting on a particle of mass m and charge q moving with 
velocity v in a magnetic field B. under what conditions will it move in (i) a circular path and (ii) a helical 
path? (b) show that the kinetic energy of the particle moving in magnetic field remains constant. 

Magnetism and matter 
Current carrying loop as magnetic dipole: 

Q1. A coil of N turns and radius r carries a current I. it is unwound and rewound to make a square coil 
of side a having same number of turns N. keeping the current I same, find the ratio of the magnetic 
moments of the square coil and the circular coil. 

Q2. 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. 

Torque on a bar magnet: 

Q3. 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. 

Earth magnetism: 

Q4. At a place, the horizontal component of earth’s magnetic field is B and angle of dip is 600. What is 
the value of horizontal component of the earth’s magnetic field at equator? 

Q5. Where on the surface of earth is the vertical component of earth’s magnetic field zero? 

Q6. If the horizontal and vertical components of the Earth’s magnetic field are equal at a certain pace, 
what would be the angle of dip at that place? 

Q7. 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 horizontal component of the eatth’s magnetic field and angle of dip 
at this place? 

Q8. 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. 

Electromagnetic induction 
Faraday’s law: 

Q1. Figure shows a current carrying solenoid moving towards conducting loop. Find the direction of the 
current induced in the loop. 



 

Q2. A flexible wire of irregular shape, abcd, as shown in fig, 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. 

 

Q3. Predict the polarity of the capacitor when the two magnets are quickly moved in the directions 
marked by arrows. 

 

Q4.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 fig. predict the direction of the induced in the loop. 

 

Q5. Predict the direction of induced current in metal rings 1 and 2 when current I in the wire is 
decreasing. 

 

Q6. 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 fig. 



 

Q7. A bar magnet is moved in the direction indicated by the arrow between two coils PQ and CD. Predict 
the directions of induced current in each coil. 

 

Q8. 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. 

 

Eddy current: 

Q9. A metallic piece gets hot when surrounded by a coil carrying high frequency alternating current. 
Why? 

Q10. Why core of transformer is laminated? 

Q11. The motion of copper plate is damped when it is allowed to oscillate between the two poles. What 
is the cause of this damping? 

Q12. A light metal disc on the top of an electromagnet is thrown up as the current is switched on. Why? 

Self induction: 

Q13. A plot of magnetic flux (∅ ) versus current (I) is shown in the figure for two inductors A and B. 
which of the two has larger value of self- inductance? 



 

Q14. Current in a circuit falls steadily from 5 A to 0 A in 100 ms. If an average emf of 200 V is induced, 
calculate the self-inductance of the circuit. 

Mutual induction: 

Q15. A pair of adjacent coils has a mutual inductance of 1.5 H. If the current in one coil changes from 0 
to 20 A in 0.5 s, what is the change of flux linkage with the other coil? 

Q16. a long solenoid with 15 turns per cm has a small loop of area 2 cm2 placed inside the solenoid 
normal to its axis. If the current carries by the solenoid changes steadily from 2 to 4 A in 0.1 sec, then 
what is the induced emf in the loop while the current is changing? 

Q17. Two concentric circular coils C1 and C2, radius r1 and r2 (r2>> r1 ) respectively are kept co-axially. If 
current is passed through C2, then find an expression for mutual inductance between the two coils. 

Alternating current 
Average and rms value: 

Q1. The peak value of emf in AC in E0. Write its (i) rms (ii) average value over a complete cycle. 

Q2. An alternating voltage given by V = 70 sin 100 휋t is connected across a pure resistor of 25 Ω. 
Find (i) the frequency of the source (ii) the rms current through the resistor. 

RLC circuit: 

Q3. 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? 

 

      Q4. Write the expression for the impedance offered by the series combination of resistor, 
inductor and capacitor connected to an AC source of voltage v = V0 sin 휔푡. Show on a graph the 
variation of the voltage and the current with 휔푡 in the circuit. 



Q5. A lamp is connected in series with a capacitor. Predict your observation when this combination 
is connected in turn across  

(a) AC source 
(b) A DC battery. What change would your notice in each case if the capacitance of the 

capacitor is increased? 

Q6. Find the value of the phase difference between the current and the voltage in the series L C R 
circuit shown below. Which one leads in phase: current or voltage? 

 

Q7. A lamp is connected in series with an inductor and an AC source. What happens to the 
brightness of the lamp when the key is plugged in and an iron rod is inserted inside the inductor? 

 

Average power: 

Q8. A circuit containing an 80 mH inductor and a 250 mF in series connected to a 240 V, 100 
rad/sec supply. The resistance of the circuit is negligible. 

(a) Obtain rms value of current. 
(b) What is the total average power consumed by the circuit? 

Q9. The power factor of an AC circuit is 0.5. What is the phase difference between voltage and 
current in the circuit? 

Q10. A light 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. 

Q11. For a given a c, i= im sin ωt, show that the average power dissipated in a resistance R over a 

complete cycle is i2
mR. 

Resonance: 

Q12. Plot the graph showing variation of capacitive reactance with the change in the frequency of 
the AC source. 



Q13. A series LCR circuit is connected to a variable frequency 250 V source with L= 50 mH, C = 80 µF 
and R = 40 Ω. Determine  

(a) The source frequency which derives the circuit in resonance. 
(b) The quality factor of the circuit. 
(c) Rms potential drop across inductor at resonance. 

Q14. Calculate the value of the additional capacitor which may be joined suitably to the capacitor C 
that would make the power factor of the circuit unity. 

 

Q15. a device X is connected to an AC source, v = V0 sin 휔푡. The variation of voltage, current and 
power in one cycle is shown in the figure. 

(a) Identify the device X. 
(b) Which of the curve A, B and C represent the voltage, current and power consumed in the 

circuit? 
(c) How does its impedance vary with frequency of the AC source? Show graphically. 
(d) Obtain an expression for the current in the circuit and its phase relation with AC voltage. 

 

Q16. A capacitor of unknown capacitance, a resistor of 100 Ω and an inductor of self inductance L = 
4/ 휋  H are in series connected to an AC source of 200 V and 50 Hz. Calculate the value of the 
capacitance and the current that flows in the circuit when the current is in phase with the voltage. 

Q17. 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? 

 

Ac generator: 



Q18. A rectangular coil of area A, having number of turns N is rotated at f revolutions per second in 
a uniform magnetic field B, the field being perpendicular to the coil. Prove that the maximum emf 
induced in the coil is 2휋푓푁퐵퐴. 

Transformers: 

Q19. A power transmission line feeds input power at 2200 V to a step- down transformer with its 
primary winding having 3000 turns. Find the number of turns in the secondary winding to get the 
power output at 220 V. 

Q20. The primary coil of an ideal transformer has 100 turns and transformation ratio is also 100. 
The input voltage and power are respectively 220 V and 1100 W. calculate 

(a) Number of turns in the secondary winding 
(b) Current in primary 
(c) Voltage across secondary 
(d) Current in secondary  
(e) Power in secondary 

Electromagnetic waves 
Q1. Do electromagnetic waves carry energy and momentum? 

Q2. In which directions do the electric and magnetic field vectors oscillate in an electromagnetic wave 
propagating along the X- axis. 

Q3. Why is microwave considered suitable for radar system? 

Q4. The charging current for a capacitor is 0.25 A. what is the displacement current across its plates? 

Q5. To which part of the electromagnetic spectrum does a wave of frequency 5 ×  10 Hz belong? 

Q6. Arrange the following electromagnetic waves in order of increasing frequency: 훾 rays, microwaves, 
infrared and ultraviolet. 

Q7. Welders wear special goggles or face masks with glass windows to protect their eyes from 
electromagnetic radiation. Name the radiations and write the range of their frequency. 

Q8. A capacitor has been charged by a DC source. What are the magnitude of conduction and 
displacement current, when it is fully charged? 

Q9. What is the frequency of em waves produced by oscillating charge of frequency 휗 = 10  Hz? 

Q10. How does oscillating charge produce electromagnetic waves? 

Q11. An electromagnetic wave is travelling in a medium, with a velocity 푣 = 푣 횤̂. Draw a sketch showing 
the propagation of the electromagnetic wave, indicating the direction of the oscillating electric and 
magnetic fields. 

Ray optics 
Reflection of light: 

Q1. An object AB is kept in front of a concave mirror as shown in 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? 

 

Q2. Use the mirror equation to show that  

(a)   An object placed between f and 2f of 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. 

Q3. Draw a ray diagram for a convex mirror showing the image formation of an object placed anywhere 
in front of the mirror. Use this ray diagram to obtain the expression for its linear magnification. 

Q4. 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. 

Q5.Calculate the distance of an object of height h from a concave mirror of radius of curvature 20 cm, so 
as to obtain a real image of magnification 2. Find the location of image also. 

Q6. An object of 3 cm height is placed at a distance of 60 cm from a convex mirror of focal length 30 cm. 
find the nature, position and size of the image formed. 

Q7. A mobile phone lies along the principal axis of a concave mirror as shown in figure. Show by suitable 
diagram, the formation of its image. 

 

Refraction of light: 

Q8. 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? 

Q9. When monochromatic light travels from one medium to another its wavelength changes but 
frequency remains the same. Explain. 



Q10. 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 √3. 

 

Q11. When monochromatic light travels from a rarer to a denser medium. Does the decrease in speed 
imply a reduction in the energy carried by light wave? 

Q12. Monochromatic light of wavelength 589 nm is incident from air on water surface. If n for water is 
1.33, find the wavelength, frequency and speed of the refracted light. 

Total internal reflection: 

Q13. State the criteria for the phenomenon of total internal reflection of light to take place. 

Q14. Velocity of light in glass is 2 × 108 m/s and in air is 3 × 108 m/s. if the ray light passes from glass to 
air, calculate the value of critical angle. 

Q15. 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. 

 

Q16. Trace the path of ray of light passing through a glass prism as shown in figure. If the refractive 
index of glass is √3, find out the value of the angle of emergence from the prism. 

 



Q17. A ray of light is incident normally on the face AB of a right angled glass prism of refractive index is 
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. 

 

Refraction by a lens: 

Q18.  Light from a point source in air falls on a spherical glass surface (n= 1.5 and radius of curvature = 
20 cm). the distance of the light source from the glass surface is 100 cm. At what position the image is 
formed? 

Q19. A convex lens of refractive index 1.5 is immersed in a medium of refractive index 1.65. what is the 
nature of the lens? 

Q20. When red light passing through a convex lens is replaced by light of blue colour, how will the focal 
length of the lens change? 

Q21. 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. 

Q22. A converging lens has a focal length of 20 cm in air. It is made of a material of refractive index 1.6. 
it is immersed in a liquid of refractive index 1.3. calculate its new focal length. 

Q23. A double convex lens having both faces of the same radius of curvature has refractive index 1.55. 
find out the radius of curvature of the lens required to get the focal length of 20 cm. 

Q24. 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? 

Q25. A beam of light converges at a point P. A concave lens of focal length 16 cm is placed in the path of 
this beam 12 cm from P. Draw a ray diagram and find the location of the point at which the beam would 
now converge. 

Combination of lenses: 

Q26. 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. 

Q27. A convex lens of focal length f1 is kept in contact with a concave lens of focal length f2. Find the 
focal length of the combination. 

Q28. Two thin lenses of power – 4 D and 2 D are placed in contact coaxially. Find the focal length of the 
combination. 



Q29. A double convex lens of + 5 D 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. 

Q30. 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. 

Q31. 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. 

Q32. Find the position of the image formed of the object O by the lens combination given in the figure. 

 

Q33. 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 in figure. The final real image is formed at the focus I of L3. Find the separations 
between L1, L2 and L3. 

 

Refraction through prism: 

Q24. How does the angle of minimum deviation of a glass prism vary, if the incident violet light is 
replaced by red light? 

Q25. A ray of light, incident on an equilateral glass prism (ng= √3) moves parallel to the base line of the 
prism inside it. Find the angle of incidence for this ray. 

Q26. A ray of light incident of face AB of an equilateral glass prism, shows minimum deviation of 300. 
Calculate the speed of light through prism. 

Microscope: 

Q27. Define the magnifying power of a compound microscope when the final image is formed at infinity. 
Why must both the objective and the eyepiece of a compound microscope has short focal lengths? 



Q28. You are given two converging lenses of focal lengths 1.25 cm and 5 cm to design to compound 
microscope. If it is desired to have a magnification of 30, find out the separation between the objective 
and eyepiece. 

Q29. The total magnification produced by a compound microscope is 20. The magnification produced by 
the eyepiece is 5. The microscope is focused on a certain object. The distance between the objective and 
eyepiece is observed to be 14 cm. if least distance of distinct vision is 20 cm. calculate the focal length of 
the objective and eyepiece. 

Q30. 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. 

Telescope: 

Q31. A telescope has an objective lens of focal length 150 cm and eyepiece of focal length 5 cm. what is 
the magnifying power of the telescope for viewing distance objects in normal adjustments. 

Q32.Answer the following: 

(a) A gaint refracting telescope has an objective lens of focal length 15 m. if an eyepiece of 
focal length 1 cm is used, what is the angular magnification of the telescope? 

(b) 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. 

Q33. An astronomical telescope uses two lenses of powers 10 D and 1 D. What is its magnifying 
power in normal adjustment? 

Q34. The sum of focal lengths of the two lenses of a refracting telescope is 105 cm. the focal length 
of one lens is 20 times that of the other. Determine the total magnification of the telescope when the 
final image is formed at infinity. 

Wave optics 
Interference of light: 
Q1. Two monochromatic waves emanating from two coherent sources have the displacements 
represented by  

푦 = 푎 sin 휔푡 
푦 = 푎 sin(휔푡 +  ∅) 

Show that the resultant intensity at a point due to their superposition is given by 퐼 = 4 퐼 푐표푠 휔푡 
Where I0 = a2 
Q2. “two independent monochromatic sources of light cannot produce a sustained interference 
pattern”. Gove reason. 
Q3. How does the fringe width in Young’s double slit experiment, change when the distance of 
separation between the slits and screen is doubled? 
Q4. How will the interference pattern in Young double slit experiment get affected, when 

(i) Distance between the slit S1 and S2 reduced and (ii) the entire set up is immersed in water? 



Q5. Laser light of wavelength 630 nm incident on a pair of slits produces an interference pattern in 
which the bright fringes are separated by 7.2 mm. calculate the wavelength of another source of laser 
light which produce interference fringes separated by 8.1 mm using same pair of slits. 
Q6.The ratio of the intensities at minima to the maxima in the Young’s double slit experiment is 9: 25. 
Find the ratio of the width of the two slits. 
Q7. 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? 

Q8. The intensity at the central maxima in Young’s double slit experimental set-up is Io. show that 
the intensity at a point where the path difference is λ/3 is Io/4. 

Diffraction of light: 

Q9. How does the angular separation between fringes in single-slit diffraction experiment change 
when the distance of separation between the slit and screen is double? 

Q10. 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. 

Q11.  Yellow light (λ = 6000 A0) illuminates a single slit of width 1 ×  10  m. calculate the distance 
between two dark lines on either side to the central maximum, when the diffraction pattern is viewed 
on a screen kept 1.5 m away from the slit.  

Q12. 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 in the 
two cases. 

Polarization: 

Q13.  Which of the following waves can be polarized (i) heat waves (ii) sound waves? 

Q14. Unpolarised light is passed through a polaroid P1. When this polarized beam passes through 
another polaroid P2 and if the pass axis of P2 makes an angle  with the pass axis of P1, then write 
the expression for the intensity of polarized beam passing through P2. Draw a plot showing the 
variation of intensity, when  varies from 0 to 2휋. 

Q15. Two polaroids P1 and P2 are placed with their pass axes perpendicular to each other. 
Unpolarised light of intensity Io 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. 

Q16. The velocity of a certain monochromatic light in a given transparent medium is 2.25 × 108 
m/s. what is the (a) critical angle of incidence, (b) polarizing angle for this medium? 

 
DUAL NATURE OF RADIATION AND MATTER 



Experimental effects of photoelectric emission: 
Q1. Two monochromatic radiations of frequencies 푣  푎푛푑 푣 (푣 > 푣 ) and having the same intensity 
are in turn, incident on a photosensitive surface to cause photoelectric emission. Explain in which case 

(a) More number of electrons will be emitted and (b) maximum kinetic energy of the emitted 
photoelectrons will be more. 

Q2. A beam of monochromatic radiation is incident on a photosensitive surface. Answer the following 
questions 

(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 does the number of emitted photoelectrons depend? 

Einstein’s photoelectric equation: 
Q3. 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? 

 
Q4. Using the graph shown in the figure for stopping potential versus the incident frequency of photons, 
calculate planck’s constant. 

 
Q5. Monochromatic light of frequency 6 × 10  Hz is produced by a laser. The power emitted is 
2 × 10  W. estimate the number of photons emitted per second on an average by the source. 
Q6. Sketch the graphs showing variation of stopping potential with frequency of incident radiations for 
two photosensitive materials A and B having threshold frequencies 푣 > 푣 . 

(a) In which case is the stopping potential more? 
(b) Does the slope of the graph depend on the nature of the material used? 

Q7. The maximum kinetic energy of the photoelectrons gets doubled when the wavelength of light 
incident on the surface change from λ1 to λ2. Derive the expressions for the threshold wavelength λ0 and 
work function for the metal surface. 



Q8. The work function of the following metals is given as Na= 2.75 eV, K= 2.3 eV, Mo= 4.17 eV and Ni= 
5.15 eV. Which of these metals will not cause photoelectric emission for radiation of wavelength 3300 
A0 from a laser source placed 1 m away from these metal. 
Wave nature of particle: 
Q9. Draw a plot showing the variation of de- Broglie wavelength of electron as a function of its KE. 

Q10. Figure shows a plot of 
√

, where V is the accelerating potential, versus the de- Broglie wavelength 

λ in the case of two particles having same charge q but different masses m1 and m2. Which line (A or B) 
represents a particle of large mass? 

 
Q11. A proton and an electron have same kinetic energy. Which one has greater de- Broglie wavelength 
and why? 
Q12. A particle is moving three times as fast as an electron. The ratio of the de Broglie wavelength of the 
particle to that of the electron is 8.3 ×  10 . Calculate the particle’s mass. Given mass of electron is 
9.1 ×  10  kg. 
Q13. An 훼 particle and a proton are accelerated through the same potential difference. Find the ratio of 
their de Broglie wavelengths. 
Q14. An electron is revolving around the nucleus with a constant speed of 2.2 ×  10  m/s. Find the de 
Broglie wavelength associated with it. 
Q15. Determine the de Broglie wavelength of a proton whose kinetic energy is equal to the rest mass 
energy of an electron. Mass of a proton 1836 times that of electron. 
Q16. A particle moving with velocity 5 × 10  m/s has de Broglie wavelength associated with it to be 
0.135 nm. Calculate its mass. 

Atoms  
Alpha particle scattering: 

Q1. An alpha particle of kinetic energy K is bombarded on a thin gold foil. The distance of the closest 
approach is r. what will be the distance of closest approach for an alpha particle of double the kinetic 
energy? 

Energy levels: 

Q2. The ground state energy of hydrogen atom is – 13.6 eV. What are the kinetic and potential energies 
of electron in this state? 

Q3. In the ground state of hydrogen atom, its Bohr radius is given as 5.3 ×  10 m. The atom is excited 
such that the radius becomes 21.2 ×  10 m. Find (i) the value of the principle quantum number and 
(ii) the total energy of the atom in this excited state. 



Line spectra of the hydrogen atom: 

Q4. What is the maximum number of spectral lines emitted by a hydrogen atom when it is in the third 
excited state? 

Q5. A 12.5 eV electron beam is used to excite a gaseous hydrogen atom at room temperature. 
Determine the wavelength. 

Q6. If an electron makes a transition from an energy level – 1.51 eV to – 3.4 eV, then calculate the 
wavelength of the spectral line emitted and name the series of hydrogen spectrum to which it belongs. 

Q7. A 12.5 eV electron beam is used to bombarded gaseous hydrogen at room temperature. Upto which 
energy level the hydrogen atoms would be excited? 

Q8. Calculate the wavelengths of the first members of Lyman and first member of Balmer series. 

Q9. Answer the following questions  

(a) In hydrogen atom, an electron undergoes transition from second excited state to the first 
excited state and then to the ground state. Identify the spectral series to which these transition 
belong. 

(b) Find out the ratio of the wavelengths of the emitted radiations in the two cases. 

Q10. How would the ionization energy change when electron in hydrogen atom is replaced by a particle 
of mass 200 times that of the electron but having the same charge? 

Nuclei  
Q1. Two nuclei have mass numbers in the ratio 8 : 125. What is the ratio of their nuclear radii? 
Q2. Two nuclei have mass numbers in the ratio 1 : 2. What is the ratio of their nuclear densities? 
Q3complete the following nuclear reactions 

(i) 퐵 + 푛  →  퐻푒+. ....... 
(ii) 푀표 + 퐻  →  푇푒+. ....... 

Q4.When four hydrogen nuclei combine to form a helium nucleus estimate the amount of energy in 
MeV released in this process of fusion. Given mass of hydrogen nucleus = 1.007825 u and mass of 
helium nucleus = 4.002603 u. 

SEMICONDUCTOR ELECTRONICS 
Semiconductor diodes: 
Q1. The V-I characteristic of a diode is as shown in the figure. Calculate the resistance of the diode at (i) I 
= 15 mA and (ii) V = - 10 V 

 



Q2. Assuming that the two diodes D1 and D2 used in the electric circuit shown in the figure are ideal, find 
out the value of the current flowing through 4 Ω resistor. 

 
Q3. In the following diagram, which bulb will glow? 

 
Q4. In the following diagram, is the junction diode forward biased or reverse biased? 

 
Q5. Even though 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? 
Q6. Why are Si and GaAs preferred materials for fabrication in solar cells? 

 


