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Question 1.1: 

What is the force between two small charged spheres having charges of 2 × 10−7 C 

and 3 × 10−7 C placed 30 cm apart in air? 

Answer: 

Repulsive force of magnitude 6 × 10−3 N 

Charge on the first sphere, q1 = 2 × 10−7 C 

Charge on the second sphere, q2 = 3 × 10−7 C 

Distance between the spheres, r = 30 cm = 0.3 m 

Electrostatic force between the spheres is given by the relation, 

 

Where, ∈0 = Permittivity of free space 

 

Hence, force between the two small charged spheres is 6 × 10−3 N. The charges are 

of same nature. Hence, force between them will be repulsive. 

 

Question 1.2: 

The electrostatic force on a small sphere of charge 0.4 µC due to another small 

sphere of charge − 0.8 µC in air is 0.2 N. (a) What is the distance between the two 

spheres? (b) What is the force on the second sphere due to the first? 

Answer: 

(a) Electrostatic force on the first sphere, F = 0.2 N 

Charge on this sphere, q1 = 0.4 µC = 0.4 × 10−6 C 

Charge on the second sphere, q2 = − 0.8 µC = − 0.8 × 10−6 C 

Electrostatic force between the spheres is given by the relation, 
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Where, ∈0 = Permittivity of free space 

 

 

The distance between the two spheres is 0.12 m. 

(b) Both the spheres attract each other with the same force. Therefore, the force on 

the second sphere due to the first is 0.2 N. 

 

Question 1.3: 

Check that the ratio ke2/G memp is dimensionless. Look up a Table of Physical 

Constants and determine the value of this ratio. What does the ratio signify? 

Answer: 

The given ratio is . 

Where, 

G = Gravitational constant 

Its unit is N m2 kg−2. 

me and mp = Masses of electron and proton. 

Their unit is kg. 

e = Electric charge. 

Its unit is C. 
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∈0 = Permittivity of free space 

Its unit is N m2 C−2. 

 

Hence, the given ratio is dimensionless. 

e = 1.6 × 10−19 C 

G = 6.67 × 10−11 N m2 kg-2 

me= 9.1 × 10−31 kg 

mp = 1.66 × 10−27 kg 

Hence, the numerical value of the given ratio is 

 

This is the ratio of electric force to the gravitational force between a proton and an 

electron, keeping distance between them constant. 

 

Question 1.4: 

(a) Explain the meaning of the statement ‘electric charge of a body is quantised’. 

(b) Why can one ignore quantisation of electric charge when dealing with 

macroscopic i.e., large scale charges? 

Answer: 

(a) Electric charge of a body is quantized. This means that only integral (1, 2, …., n) 

number of electrons can be transferred from one body to the other. Charges are not 

transferred in fraction. Hence, a body possesses total charge only in integral 

multiples of electric charge. 
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(b) In macroscopic or large scale charges, the charges used are huge as compared 

to the magnitude of electric charge. Hence, quantization of electric charge is of no 

use on macroscopic scale. Therefore, it is ignored and it is considered that electric 

charge is continuous. 

 

Question 1.5: 

When a glass rod is rubbed with a silk cloth, charges appear on both. A similar 

phenomenon is observed with many other pairs of bodies. Explain how this 

observation is consistent with the law of conservation of charge. 

Answer: 

Rubbing produces charges of equal magnitude but of opposite nature on the two 

bodies because charges are created in pairs. This phenomenon of charging is called 

charging by friction. The net charge on the system of two rubbed bodies is zero. This 

is because equal amount of opposite charges annihilate each other. When a glass rod 

is rubbed with a silk cloth, opposite natured charges appear on both the bodies. This 

phenomenon is in consistence with the law of conservation of energy. A similar 

phenomenon is observed with many other pairs of bodies. 

 

Question 1.6: 

Four point charges qA = 2 µC, qB = −5 µC, qC = 2 µC, and qD = −5 µC are located at 

the corners of a square ABCD of side 10 cm. What is the force on a charge of 1 µC 

placed at the centre of the square? 

Answer: 

The given figure shows a square of side 10 cm with four charges placed at its 

corners. O is the centre of the square. 
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Where, 

(Sides) AB = BC = CD = AD = 10 cm 

(Diagonals) AC = BD = cm 

AO = OC = DO = OB = cm 

A charge of amount 1µC is placed at point O. 

Force of repulsion between charges placed at corner A and centre O is equal in 

magnitude but opposite in direction relative to the force of repulsion between the 

charges placed at corner C and centre O. Hence, they will cancel each other. 

Similarly, force of attraction between charges placed at corner B and centre O is 

equal in magnitude but opposite in direction relative to the force of attraction 

between the charges placed at corner D and centre O. Hence, they will also cancel 

each other. Therefore, net force caused by the four charges placed at the corner of 

the square on 1 µC charge at centre O is zero. 

 

Question 1.7: 

(a) An electrostatic field line is a continuous curve. That is, a field line cannot have 

sudden breaks. Why not? 

(b) Explain why two field lines never cross each other at any point? 

Answer: 

(a) An electrostatic field line is a continuous curve because a charge experiences a 

continuous force when traced in an electrostatic field. The field line cannot have 
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sudden breaks because the charge moves continuously and does not jump from one 

point to the other. 

(b) If two field lines cross each other at a point, then electric field intensity will show 

two directions at that point. This is not possible. Hence, two field lines never cross 

each other. 

 

Question 1.8: 

Two point charges qA = 3 µC and qB = −3 µC are located 20 cm apart in vacuum. 

(a) What is the electric field at the midpoint O of the line AB joining the two 

charges? 

(b) If a negative test charge of magnitude 1.5 × 10−9 C is placed at this point, what 

is the force experienced by the test charge? 

Answer: 

(a) The situation is represented in the given figure. O is the mid-point of line AB. 

 

Distance between the two charges, AB = 20 cm 

∴AO = OB = 10 cm 

Net electric field at point O = E 

Electric field at point O caused by +3µC charge, 

E1 = along OB 

Where, 

= Permittivity of free space 

 

Magnitude of electric field at point O caused by −3µC charge, 
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E2 = = along OB 

 

= 5.4 × 106 N/C along OB 

Therefore, the electric field at mid-point O is 5.4 × 106 N C−1 along OB. 

(b) A test charge of amount 1.5 × 10−9 C is placed at mid-point O. 

q = 1.5 × 10−9 C 

Force experienced by the test charge = F 

∴F = qE 

= 1.5 × 10−9 × 5.4 × 106 

= 8.1 × 10−3 N 

The force is directed along line OA. This is because the negative test charge is 

repelled by the charge placed at point B but attracted towards point A. 

Therefore, the force experienced by the test charge is 8.1 × 10−3 N along OA. 

 

Question 1.9: 

A system has two charges qA = 2.5 × 10−7 C and qB = −2.5 × 10−7 C located at 

points A: (0, 0, − 15 cm) and B: (0, 0, + 15 cm), respectively. What are the total 

charge and electric dipole moment of the system? 

Answer: 

Both the charges can be located in a coordinate frame of reference as shown in the 

given figure. 
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At A, amount of charge, qA = 2.5 × 10−7C 

At B, amount of charge, qB = −2.5 × 10−7 C 

Total charge of the system, 

q = qA + qB 

= 2.5 × 107 C − 2.5 × 10−7 C 

= 0 

Distance between two charges at points A and B, 

d = 15 + 15 = 30 cm = 0.3 m 

Electric dipole moment of the system is given by, 

p = qA × d = qB × d 

= 2.5 × 10−7 × 0.3 

= 7.5 × 10−8 C m along positive z-axis 

Therefore, the electric dipole moment of the system is 7.5 × 10−8 C m along positive 

z−axis. 

 

Question 1.10: 

An electric dipole with dipole moment 4 × 10−9 C m is aligned at 30° with the 

direction of a uniform electric field of magnitude 5 × 104 N C−1. Calculate the 

magnitude of the torque acting on the dipole. 

Answer: 

Electric dipole moment, p = 4 × 10−9 C m 
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Angle made by p with a uniform electric field, θ = 30° 

Electric field, E = 5 × 104 N C−1 

Torque acting on the dipole is given by the relation, 

τ = pE sinθ 

 

Therefore, the magnitude of the torque acting on the dipole is 10−4 N m. 

 

Question 1.11: 

A polythene piece rubbed with wool is found to have a negative charge of 3 × 10−7 

C. 

(a) Estimate the number of electrons transferred (from which to which?) 

(b) Is there a transfer of mass from wool to polythene? 

Answer: 

(a) When polythene is rubbed against wool, a number of electrons get transferred 

from wool to polythene. Hence, wool becomes positively charged and polythene 

becomes negatively charged. 

Amount of charge on the polythene piece, q = −3 × 10−7 C 

Amount of charge on an electron, e = −1.6 × 10−19 C 

Number of electrons transferred from wool to polythene = n 

n can be calculated using the relation, 

q = ne 

 

 

= 1.87 × 1012 
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Therefore, the number of electrons transferred from wool to polythene is 1.87 × 

1012. 

(b) Yes. 

There is a transfer of mass taking place. This is because an electron has mass, 

me = 9.1 × 10−3 kg 

Total mass transferred to polythene from wool, 

m = me × n 

= 9.1 × 10−31 × 1.85 × 1012 

= 1.706 × 10−18 kg 

Hence, a negligible amount of mass is transferred from wool to polythene. 

 

Question 1.12: 

(a) Two insulated charged copper spheres A and B have their centers separated by a 

distance of 50 cm. What is the mutual force of electrostatic repulsion if the charge on 

each is 6.5 × 10−7 C? The radii of A and B are negligible compared to the distance of 

separation. 

(b) What is the force of repulsion if each sphere is charged double the above 

amount, and the distance between them is halved? 

Answer: 

(a) Charge on sphere A, qA = Charge on sphere B, qB = 6.5 × 10−7 C 

Distance between the spheres, r = 50 cm = 0.5 m 

Force of repulsion between the two spheres, 

 

Where,  

∈0 = Free space permittivity 

= 9 × 109 N m2 C−2 
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∴  

= 1.52 × 10−2 N 

Therefore, the force between the two spheres is 1.52 × 10−2 N. 

(b) After doubling the charge, charge on sphere A, qA = Charge on sphere B, qB = 2 

× 6.5 × 10−7 C = 1.3 × 10−6 C 

The distance between the spheres is halved. 

∴  

Force of repulsion between the two spheres, 

 

 

= 16 × 1.52 × 10−2 

= 0.243 N 

Therefore, the force between the two spheres is 0.243 N. 

 

Question 1.13: 

Suppose the spheres A and B in Exercise 1.12 have identical sizes. A third sphere of 

the same size but uncharged is brought in contact with the first, then brought in 

contact with the second, and finally removed from both. What is the new force of 

repulsion between A and B? 

Answer: 

Distance between the spheres, A and B, r = 0.5 m 

Initially, the charge on each sphere, q = 6.5 × 10−7 C 
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When sphere A is touched with an uncharged sphere C, amount of charge from A 

will transfer to sphere C. Hence, charge on each of the spheres, A and C, is . 

When sphere C with charge is brought in contact with sphere B with charge q, 

total charges on the system will divide into two equal halves given as, 

 

Each sphere will share each half. Hence, charge on each of the spheres, C and B, 

is . 

Force of repulsion between sphere A having charge and sphere B having charge 

=  

 

Therefore, the force of attraction between the two spheres is 5.703 × 10−3 N. 

 

Question 1.14: 

Figure 1.33 shows tracks of three charged particles in a uniform electrostatic field. 

Give the signs of the three charges. Which particle has the highest charge to mass 

ratio? 
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Answer: 

Opposite charges attract each other and same charges repel each other. It can be 

observed that particles 1 and 2 both move towards the positively charged plate and 

repel away from the negatively charged plate. Hence, these two particles are 

negatively charged. It can also be observed that particle 3 moves towards the 

negatively charged plate and repels away from the positively charged plate. Hence, 

particle 3 is positively charged. 

The charge to mass ratio (emf) is directly proportional to the displacement or 

amount of deflection for a given velocity. Since the deflection of particle 3 is the 

maximum, it has the highest charge to mass ratio. 

 

Question 1.15: 

Consider a uniform electric field E = 3 × 103 îN/C. (a) What is the flux of this field 

through a square of 10 cm on a side whose plane is parallel to the yz plane? (b) 

What is the flux through the same square if the normal to its plane makes a 60° 

angle with the x-axis? 

Answer: 

(a) Electric field intensity, = 3 × 103 î N/C 

Magnitude of electric field intensity, = 3 × 103 N/C 

Side of the square, s = 10 cm = 0.1 m 

Area of the square, A = s2 = 0.01 m2 

The plane of the square is parallel to the y-z plane. Hence, angle between the unit 

vector normal to the plane and electric field, θ = 0° 



 
Class XII                  Chapter 1 – Electric Charges And Fields                            Physics 

 

 
Page 14 of 34 

 
Website: www.vidhyarjan.com             Email: contact@vidhyarjan.com Mobile: 9999 249717 

 
Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051 

 (One Km from ‘Welcome’ Metro Station) 

Flux (Φ) through the plane is given by the relation, 

Φ =  

= 3 × 103 × 0.01 × cos0° 

= 30 N m2/C  

(b) Plane makes an angle of 60° with the x-axis. Hence, θ = 60° 

Flux, Φ =  

= 3 × 103 × 0.01 × cos60° 

= 15 N m2/C 

 

Question 1.16: 

What is the net flux of the uniform electric field of Exercise 1.15 through a cube of 

side 20 cm oriented so that its faces are parallel to the coordinate planes? 

Answer: 

All the faces of a cube are parallel to the coordinate axes. Therefore, the number of 

field lines entering the cube is equal to the number of field lines piercing out of the 

cube. As a result, net flux through the cube is zero. 

 

Question 1.17: 

Careful measurement of the electric field at the surface of a black box indicates that 

the net outward flux through the surface of the box is 8.0 × 103 N m2/C. (a) What is 

the net charge inside the box? (b) If the net outward flux through the surface of the 

box were zero, could you conclude that there were no charges inside the box? Why 

or Why not? 

Answer: 

(a) Net outward flux through the surface of the box, Φ = 8.0 × 103 N m2/C 

For a body containing net charge q, flux is given by the relation, 
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∈0 = Permittivity of free space 

= 8.854 × 10−12 N−1C2 m−2 

q = ∈0Φ 

= 8.854 × 10−12 × 8.0 × 103 

= 7.08 × 10−8 

= 0.07 µC 

Therefore, the net charge inside the box is 0.07 µC. 

(b) No 

Net flux piercing out through a body depends on the net charge contained in the 

body. If net flux is zero, then it can be inferred that net charge inside the body is 

zero. The body may have equal amount of positive and negative charges. 

 

Question 1.18: 

A point charge +10 µC is a distance 5 cm directly above the centre of a square of 

side 10 cm, as shown in Fig. 1.34. What is the magnitude of the electric flux through 

the square? (Hint: Think of the square as one face of a cube with edge 10 cm.) 

 

Answer: 

The square can be considered as one face of a cube of edge 10 cm with a centre 

where charge q is placed. According to Gauss’s theorem for a cube, total electric flux 

is through all its six faces. 
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Hence, electric flux through one face of the cube i.e., through the square,  

 

Where, 

∈0 = Permittivity of free space 

= 8.854 × 10−12 N−1C2 m−2 

q = 10 µC = 10 × 10−6 C 

∴  

= 1.88 × 105 N m2 C−1 

Therefore, electric flux through the square is 1.88 × 105 N m2 C−1. 

 

Question 1.19: 

A point charge of 2.0 µC is at the centre of a cubic Gaussian surface 9.0 cm on edge. 

What is the net electric flux through the surface? 

Answer: 

Net electric flux (ΦNet) through the cubic surface is given by, 

 

Where, 

∈0 = Permittivity of free space 

= 8.854 × 10−12 N−1C2 m−2 

q = Net charge contained inside the cube = 2.0 µC = 2 × 10−6 C 

∴  
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= 2.26 × 105 N m2 C−1 

The net electric flux through the surface is 2.26 ×105 N m2C−1. 

 

Question 1.20: 

A point charge causes an electric flux of −1.0 × 103 Nm2/C to pass through a 

spherical Gaussian surface of 10.0 cm radius centered on the charge. (a) If the 

radius of the Gaussian surface were doubled, how much flux would pass through the 

surface? (b) What is the value of the point charge? 

Answer: 

(a) Electric flux, Φ = −1.0 × 103 N m2/C 

Radius of the Gaussian surface, 

r = 10.0 cm 

Electric flux piercing out through a surface depends on the net charge enclosed 

inside a body. It does not depend on the size of the body. If the radius of the 

Gaussian surface is doubled, then the flux passing through the surface remains the 

same i.e., −103 N m2/C. 

(b) Electric flux is given by the relation, 

 

Where, 

q = Net charge enclosed by the spherical surface 

∈0 = Permittivity of free space = 8.854 × 10−12 N−1C2 m−2 

∴  

= −1.0 × 103 × 8.854 × 10−12 

= −8.854 × 10−9 C 

= −8.854 nC 

Therefore, the value of the point charge is −8.854 nC. 
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Question 1.21: 

A conducting sphere of radius 10 cm has an unknown charge. If the electric field 20 

cm from the centre of the sphere is 1.5 × 103 N/C and points radially inward, what is 

the net charge on the sphere? 

Answer: 

Electric field intensity (E) at a distance (d) from the centre of a sphere containing net 

charge q is given by the relation, 

 

Where, 

q = Net charge = 1.5 × 103 N/C 

d = Distance from the centre = 20 cm = 0.2 m 

∈0 = Permittivity of free space 

And,  = 9 × 109 N m2 C−2 

∴  

 

= 6.67 × 109 C 

= 6.67 nC 

Therefore, the net charge on the sphere is 6.67 nC. 

 

Question 1.22: 

A uniformly charged conducting sphere of 2.4 m diameter has a surface charge 

density of 80.0 µC/m2. (a) Find the charge on the sphere. (b) What is the total 

electric flux leaving the surface of the sphere? 

Answer: 

(a) Diameter of the sphere, d = 2.4 m 
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Radius of the sphere, r = 1.2 m 

Surface charge density, = 80.0 µC/m2 = 80 × 10−6 C/m2 

Total charge on the surface of the sphere, 

Q = Charge density × Surface area 

=  

= 80 × 10−6 × 4 × 3.14 × (1.2)2 

= 1.447 × 10−3 C 

Therefore, the charge on the sphere is 1.447 × 10−3 C. 

(b) Total electric flux ( ) leaving out the surface of a sphere containing net 

charge Q is given by the relation, 

 

Where, 

∴0 = Permittivity of free space 

= 8.854 × 10−12 N−1C2 m−2 

Q = 1.447 × 10−3 C 

 

= 1.63 × 108 N C−1 m2 

Therefore, the total electric flux leaving the surface of the sphere is 1.63 × 108 N C−1 

m2. 

 

Question 1.23: 

An infinite line charge produces a field of 9 × 104 N/C at a distance of 2 cm. 

Calculate the linear charge density. 

Answer: 

Electric field produced by the infinite line charges at a distance d having linear 

charge density λ is given by the relation, 
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Where, 

d = 2 cm = 0.02 m 

E = 9 × 104 N/C 

∴0 = Permittivity of free space 

= 9 × 109 N m2 C−2 

 

= 10 µC/m 

Therefore, the linear charge density is 10 µC/m. 

 

Question 1.24: 

Two large, thin metal plates are parallel and close to each other. On their inner 

faces, the plates have surface charge densities of opposite signs and of magnitude 

17.0 × 10−22 C/m2. What is E: (a) in the outer region of the first plate, (b) in the 

outer region of the second plate, and (c) between the plates? 

Answer: 

The situation is represented in the following figure. 

 

A and B are two parallel plates close to each other. Outer region of plate A is labelled 

as I, outer region of plate B is labelled as III, and the region between the plates, A 

and B, is labelled as II. 
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Charge density of plate A, σ = 17.0 × 10−22 C/m2 

Charge density of plate B, σ = −17.0 × 10−22 C/m2 

In the regions, I and III, electric field E is zero. This is because charge is not 

enclosed by the respective plates. 

Electric field E in region II is given by the relation, 

 

Where, 

∴0 = Permittivity of free space = 8.854 × 10−12 N−1C2 m−2 

∴  

= 1.92 × 10−10 N/C 

Therefore, electric field between the plates is 1.92 × 10−10 N/C. 

 

Question 1.25: 

An oil drop of 12 excess electrons is held stationary under a constant electric field of 

2.55 × 104 N C−1 in Millikan’s oil drop experiment. The density of the oil is 1.26 g 

cm−3. Estimate the radius of the drop. (g = 9.81 m s−2; e = 1.60 × 10−19 C). 

Answer: 

Excess electrons on an oil drop, n = 12 

Electric field intensity, E = 2.55 × 104 N C−1 

Density of oil, ρ = 1.26 gm/cm3 = 1.26 × 103 kg/m3 

Acceleration due to gravity, g = 9.81 m s−2 

Charge on an electron, e = 1.6 × 10−19 C 

Radius of the oil drop = r 

Force (F) due to electric field E is equal to the weight of the oil drop (W) 

F = W 

Eq = mg 
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Ene  

Where, 

q = Net charge on the oil drop = ne 

m = Mass of the oil drop 

= Volume of the oil drop × Density of oil 

 

 

= 9.82 × 10−4 mm 

Therefore, the radius of the oil drop is 9.82 × 10−4 mm. 

 

Question 1.26: 

Which among the curves shown in Fig. 1.35 cannot possibly represent electrostatic 

field lines? 

(a) 

 

(b) 
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(c) 

 

(d) 

 

(e) 
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Answer: 

(a) The field lines showed in (a) do not represent electrostatic field lines because 

field lines must be normal to the surface of the conductor. 

(b) The field lines showed in (b) do not represent electrostatic field lines because the 

field lines cannot emerge from a negative charge and cannot terminate at a positive 

charge. 

(c) The field lines showed in (c) represent electrostatic field lines. This is because 

the field lines emerge from the positive charges and repel each other. 

(d) The field lines showed in (d) do not represent electrostatic field lines because the 

field lines should not intersect each other. 

(e) The field lines showed in (e) do not represent electrostatic field lines because 

closed loops are not formed in the area between the field lines. 

 

Question 1.27: 

In a certain region of space, electric field is along the z-direction throughout. The 

magnitude of electric field is, however, not constant but increases uniformly along 

the positive z-direction, at the rate of 105 NC−1 per metre. What are the force and 

torque experienced by a system having a total dipole moment equal to 10−7 Cm in 

the negative z-direction? 

Answer: 

Dipole moment of the system, p = q × dl = −10−7 C m 

Rate of increase of electric field per unit length, 

 

Force (F) experienced by the system is given by the relation, 

F = qE 
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= −10−7 × 10−5 

= −10−2 N 

The force is −10−2 N in the negative z-direction i.e., opposite to the direction of 

electric field. Hence, the angle between electric field and dipole moment is 180°. 

Torque (τ) is given by the relation, 

τ = pE sin180° 

= 0 

Therefore, the torque experienced by the system is zero. 

 

Question 1.28: 

(a) A conductor A with a cavity as shown in Fig. 1.36(a) is given a charge Q. Show 

that the entire charge must appear on the outer surface of the conductor. (b) 

Another conductor B with charge q is inserted into the cavity keeping B insulated 

from A. Show that the total charge on the outside surface of A is Q + q [Fig. 

1.36(b)]. (c) A sensitive instrument is to be shielded from the strong electrostatic 

fields in its environment. Suggest a possible way. 

 

Answer: 

(a) Let us consider a Gaussian surface that is lying wholly within a conductor and 

enclosing the cavity. The electric field intensity E inside the charged conductor is 

zero. 

Let q is the charge inside the conductor and is the permittivity of free space. 

According to Gauss’s law, 

Flux,  
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Here, E = 0 

 

 

Therefore, charge inside the conductor is zero. 

The entire charge Q appears on the outer surface of the conductor. 

(b) The outer surface of conductor A has a charge of amount Q. Another conductor B 

having charge +q is kept inside conductor A and it is insulated from A. Hence, a 

charge of amount −q will be induced in the inner surface of conductor A and +q is 

induced on the outer surface of conductor A. Therefore, total charge on the outer 

surface of conductor A is Q + q. 

(c) A sensitive instrument can be shielded from the strong electrostatic field in its 

environment by enclosing it fully inside a metallic surface. A closed metallic body 

acts as an electrostatic shield. 

 

Question 1.29: 

A hollow charged conductor has a tiny hole cut into its surface. Show that the electric 

field in the hole is , where is the unit vector in the outward normal 

direction, and is the surface charge density near the hole. 

Answer: 

Let us consider a conductor with a cavity or a hole. Electric field inside the cavity is 

zero. 

Let E is the electric field just outside the conductor, q is the electric charge, is the 

charge density, and is the permittivity of free space. 

Charge  

According to Gauss’s law, 
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Therefore, the electric field just outside the conductor is . This field is a 

superposition of field due to the cavity and the field due to the rest of the 

charged conductor . These fields are equal and opposite inside the conductor, 

and equal in magnitude and direction outside the conductor. 

 

Therefore, the field due to the rest of the conductor is . 

Hence, proved. 

 

Question 1.30: 

Obtain the formula for the electric field due to a long thin wire of uniform linear 

charge density λ without using Gauss’s law. [Hint: Use Coulomb’s law directly and 

evaluate the necessary integral.] 

Answer: 

Take a long thin wire XY (as shown in the figure) of uniform linear charge density . 
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Consider a point A at a perpendicular distance l from the mid-point O of the wire, as 

shown in the following figure. 

 

Let E be the electric field at point A due to the wire, XY. 

Consider a small length element dx on the wire section with OZ = x  

Let q be the charge on this piece. 

 

Electric field due to the piece, 

 

 

The electric field is resolved into two rectangular components. is the 

perpendicular component and is the parallel component. 

When the whole wire is considered, the component is cancelled. 

Only the perpendicular component affects point A. 

Hence, effective electric field at point A due to the element dx is dE1. 
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On differentiating equation (2), we obtain 

 

From equation (2), 

 

 

Putting equations (3) and (4) in equation (1), we obtain 

 

The wire is so long that tends from to . 

By integrating equation (5), we obtain the value of field E1 as, 

 

Therefore, the electric field due to long wire is . 
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Question 1.31: 

It is now believed that protons and neutrons (which constitute nuclei of ordinary 

matter) are themselves built out of more elementary units called quarks. A proton 

and a neutron consist of three quarks each. Two types of quarks, the so called ‘up’ 

quark (denoted by u) of charge (+2/3) e, and the ‘down’ quark (denoted by d) of 

charge (−1/3) e, together with electrons build up ordinary matter. (Quarks of other 

types have also been found which give rise to different unusual varieties of matter.) 

Suggest a possible quark composition of a proton and neutron. 

Answer: 

A proton has three quarks. Let there be n up quarks in a proton, each having a 

charge of . 

Charge due to n up quarks  

Number of down quarks in a proton = 3 − n 

Each down quark has a charge of . 

Charge due to (3 − n) down quarks  

Total charge on a proton = + e 

 

Number of up quarks in a proton, n = 2 

Number of down quarks in a proton = 3 − n = 3 − 2 = 1 

Therefore, a proton can be represented as ‘uud’. 
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A neutron also has three quarks. Let there be n up quarks in a neutron, each having 

a charge of . 

Charge on a neutron due to n up quarks  

Number of down quarks is 3 − n,each having a charge of . 

Charge on a neutron due to down quarks =  

Total charge on a neutron = 0 

 

Number of up quarks in a neutron, n = 1 

Number of down quarks in a neutron = 3 − n = 2 

Therefore, a neutron can be represented as ‘udd’. 

 

Question 1.32: 

(a) Consider an arbitrary electrostatic field configuration. A small test charge is 

placed at a null point (i.e., where E = 0) of the configuration. Show that the 

equilibrium of the test charge is necessarily unstable. 

(b) Verify this result for the simple configuration of two charges of the same 

magnitude and sign placed a certain distance apart. 

Answer: 

(a) Let the equilibrium of the test charge be stable. If a test charge is in equilibrium 

and displaced from its position in any direction, then it experiences a restoring force 
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towards a null point, where the electric field is zero. All the field lines near the null 

point are directed inwards towards the null point. There is a net inward flux of 

electric field through a closed surface around the null point. According to Gauss’s 

law, the flux of electric field through a surface, which is not enclosing any charge, is 

zero. Hence, the equilibrium of the test charge can be stable. 

(b) Two charges of same magnitude and same sign are placed at a certain distance. 

The mid-point of the joining line of the charges is the null point. When a test charged 

is displaced along the line, it experiences a restoring force. If it is displaced normal 

to the joining line, then the net force takes it away from the null point. Hence, the 

charge is unstable because stability of equilibrium requires restoring force in all 

directions. 

 

Question 1.33: 

A particle of mass m and charge (−q) enters the region between the two charged 

plates initially moving along x-axis with speed vx (like particle 1 in Fig. 1.33). The 

length of plate is L and an uniform electric field E is maintained between the plates. 

Show that the vertical deflection of the particle at the far edge of the plate is qEL2/ 

(2m ). 

Compare this motion with motion of a projectile in gravitational field discussed in 

Section 4.10 of Class XI Textbook of Physics. 

Answer: 

Charge on a particle of mass m = − q 

Velocity of the particle = vx 

Length of the plates = L 

Magnitude of the uniform electric field between the plates = E 

Mechanical force, F = Mass (m) × Acceleration (a)  
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Therefore, acceleration,  

Time taken by the particle to cross the field of length L is given by, 

t  

In the vertical direction, initial velocity, u = 0 

According to the third equation of motion, vertical deflection s of the particle can be 

obtained as, 

 

Hence, vertical deflection of the particle at the far edge of the plate is  

. This is similar to the motion of horizontal projectiles under gravity. 

 

Question 1.34: 

Suppose that the particle in Exercise in 1.33 is an electron projected with velocity 

vx= 2.0 × 106 m s−1. If E between the plates separated by 0.5 cm is 9.1 × 102 N/C, 

where will the electron strike the upper plate? (| e | =1.6 × 10−19 C, me = 9.1 × 

10−31 kg.) 

Answer: 

Velocity of the particle, vx = 2.0 × 106 m/s 

Separation of the two plates, d = 0.5 cm = 0.005 m 

Electric field between the two plates, E = 9.1 × 102 N/C 

Charge on an electron, q = 1.6 × 10−19 C 

Mass of an electron, me = 9.1 × 10−31 kg 
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Let the electron strike the upper plate at the end of plate L, when deflection is s. 

Therefore, 

 

Therefore, the electron will strike the upper plate after travelling 1.6 cm. 
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Question 2.1: 

Two charges 5 × 10−8 C and −3 × 10−8 C are located 16 cm apart. At what point(s) on 

the line joining the two charges is the electric potential zero? Take the potential at 

infinity to be zero. 

Answer 

There are two charges, 

 

Distance between the two charges, d = 16 cm = 0.16 m 

Consider a point P on the line joining the two charges, as shown in the given figure. 

 

r = Distance of point P from charge q1 

Let the electric potential (V) at point P be zero. 

Potential at point P is the sum of potentials caused by charges q1 and q2 respectively. 

 

Where, 

= Permittivity of free space 

For V = 0, equation (i) reduces to 
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Therefore, the potential is zero at a distance of 10 cm from the positive charge between 

the charges. 

Suppose point P is outside the system of two charges at a distance s from the negative 

charge, where potential is zero, as shown in the following figure. 

 

For this arrangement, potential is given by, 

 

For V = 0, equation (ii) reduces to 

 

Therefore, the potential is zero at a distance of 40 cm from the positive charge outside 

the system of charges. 

 

Question 2.2: 

A regular hexagon of side 10 cm has a charge 5 µC at each of its vertices. Calculate the 

potential at the centre of the hexagon. 

Answer 

The given figure shows six equal amount of charges, q, at the vertices of a regular 

hexagon. 
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Where, 

Charge, q = 5 µC = 5 × 10−6 C 

Side of the hexagon, l = AB = BC = CD = DE = EF = FA = 10 cm 

Distance of each vertex from centre O, d = 10 cm 

Electric potential at point O, 

 

Where, 

= Permittivity of free space 

 

Therefore, the potential at the centre of the hexagon is 2.7 × 106 V. 

 

Question 2.3: 

Two charges 2 µC and −2 µC are placed at points A and B 6 cm apart. 

(a) Identify an equipotential surface of the system. 

(b) What is the direction of the electric field at every point on this surface? 

Answer 

 (a) The situation is represented in the given figure. 
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An equipotential surface is the plane on which total potential is zero everywhere. This 

plane is normal to line AB. The plane is located at the mid-point of line AB because the 

magnitude of charges is the same. 

(b) The direction of the electric field at every point on this surface is normal to the plane 

in the direction of AB. 

 

Question 2.4: 

A spherical conductor of radius 12 cm has a charge of 1.6 × 10−7C distributed uniformly 

on its surface. What is the electric field  

(a) Inside the sphere 

(b) Just outside the sphere 

(c) At a point 18 cm from the centre of the sphere? 

Answer 

 (a) Radius of the spherical conductor, r = 12 cm = 0.12 m 

Charge is uniformly distributed over the conductor, q = 1.6 × 10−7 C 

Electric field inside a spherical conductor is zero. This is because if there is field inside 

the conductor, then charges will move to neutralize it. 

(b) Electric field E just outside the conductor is given by the relation, 

 

Where, 

= Permittivity of free space 

 

Therefore, the electric field just outside the sphere is . 

(c) Electric field at a point 18 m from the centre of the sphere = E1 

Distance of the point from the centre, d = 18 cm = 0.18 m 
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Therefore, the electric field at a point 18 cm from the centre of the sphere is  

. 

 

Question 2.5: 

A parallel plate capacitor with air between the plates has a capacitance of 8 pF (1pF = 

10−12 F). What will be the capacitance if the distance between the plates is reduced by 

half, and the space between them is filled with a substance of dielectric constant 6? 

Answer 

Capacitance between the parallel plates of the capacitor, C = 8 pF 

Initially, distance between the parallel plates was d and it was filled with air. Dielectric 

constant of air, k = 1 

Capacitance, C, is given by the formula, 

 

Where, 

A = Area of each plate 

= Permittivity of free space 

If distance between the plates is reduced to half, then new distance, d’ =  

Dielectric constant of the substance filled in between the plates, = 6 

Hence, capacitance of the capacitor becomes 

 



 
Class XII                   Chapter 2 – Electrostatic Potential And Capacitance                 Physics 

 

 
Page 6 of 42 

 

Website: www.vidhyarjan.com             Email: contact@vidhyarjan.com Mobile: 9999 249717 
 

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051 

 (One Km from ‘Welcome’ Metro Station) 

Taking ratios of equations (i) and (ii), we obtain 

 

Therefore, the capacitance between the plates is 96 pF. 

 

Question 2.6: 

Three capacitors each of capacitance 9 pF are connected in series.  

(a) What is the total capacitance of the combination? 

(b) What is the potential difference across each capacitor if the combination is 

connected to a 120 V supply? 

Answer 

 (a) Capacitance of each of the three capacitors, C = 9 pF 

Equivalent capacitance (C’) of the combination of the capacitors is given by the relation, 

 

Therefore, total capacitance of the combination is . 

(b) Supply voltage, V = 100 V 

Potential difference (V’) across each capacitor is equal to one-third of the supply voltage. 

 

Therefore, the potential difference across each capacitor is 40 V. 

 

Question 2.7: 

Three capacitors of capacitances 2 pF, 3 pF and 4 pF are connected in parallel. 

(a) What is the total capacitance of the combination? 

(b) Determine the charge on each capacitor if the combination is connected to a 100 V 

supply. 

Answer 
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 (a) Capacitances of the given capacitors are 

 

For the parallel combination of the capacitors, equivalent capacitor is given by the 

algebraic sum, 

 

Therefore, total capacitance of the combination is 9 pF. 

(b) Supply voltage, V = 100 V 

The voltage through all the three capacitors is same = V = 100 V 

Charge on a capacitor of capacitance C and potential difference V is given by the 

relation, 

q = VC … (i) 

For C = 2 pF, 

 

For C = 3 pF, 

 

For C = 4 pF, 

 

 

Question 2.8: 

In a parallel plate capacitor with air between the plates, each plate has an area of 6 × 

10−3 m2 and the distance between the plates is 3 mm. Calculate the capacitance of the 

capacitor. If this capacitor is connected to a 100 V supply, what is the charge on each 

plate of the capacitor? 

Answer 

Area of each plate of the parallel plate capacitor, A = 6 × 10−3 m2 

Distance between the plates, d = 3 mm = 3 × 10−3 m 

Supply voltage, V = 100 V 

Capacitance C of a parallel plate capacitor is given by, 
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Where, 

= Permittivity of free space 

= 8.854 × 10−12 N−1 m−2 C−2 

 

Therefore, capacitance of the capacitor is 17.71 pF and charge on each plate is 1.771 × 

10−9 C. 

 

Question 2.9: 

Explain what would happen if in the capacitor given in Exercise 2.8, a 3 mm thick mica 

sheet (of dielectric constant = 6) were inserted between the plates, 

(a) While the voltage supply remained connected. 

(b) After the supply was disconnected. 

Answer 

 (a) Dielectric constant of the mica sheet, k = 6 

Initial capacitance, C = 1.771 × 10−11 F 

 

Supply voltage, V = 100 V 

 

Potential across the plates remains 100 V. 

(b) Dielectric constant, k = 6 

Initial capacitance, C = 1.771 × 10−11 F 



 
Class XII                   Chapter 2 – Electrostatic Potential And Capacitance                 Physics 

 

 
Page 9 of 42 

 

Website: www.vidhyarjan.com             Email: contact@vidhyarjan.com Mobile: 9999 249717 
 

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051 

 (One Km from ‘Welcome’ Metro Station) 

 

If supply voltage is removed, then there will be no effect on the amount of charge in the 

plates. 

Charge = 1.771 × 10−9 C 

Potential across the plates is given by, 

 

 

Question 2.10: 

A 12 pF capacitor is connected to a 50V battery. How much electrostatic energy is stored 

in the capacitor? 

Answer 

Capacitor of the capacitance, C = 12 pF = 12 × 10−12 F 

Potential difference, V = 50 V 

Electrostatic energy stored in the capacitor is given by the relation, 

 

Therefore, the electrostatic energy stored in the capacitor is  

 

Question 2.11: 

A 600 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply 

and is connected to another uncharged 600 pF capacitor. How much electrostatic energy 

is lost in the process? 

Answer 

Capacitance of the capacitor, C = 600 pF 

Potential difference, V = 200 V 
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Electrostatic energy stored in the capacitor is given by, 

 

If supply is disconnected from the capacitor and another capacitor of capacitance C = 

600 pF is connected to it, then equivalent capacitance (C’) of the combination is given 

by, 

 

New electrostatic energy can be calculated as 

 

 

Therefore, the electrostatic energy lost in the process is . 

 

Question 2.12: 

A charge of 8 mC is located at the origin. Calculate the work done in taking a small 

charge of −2 × 10−9 C from a point P (0, 0, 3 cm) to a point Q (0, 4 cm, 0), via a point R 

(0, 6 cm, 9 cm). 

Answer 

Charge located at the origin, q = 8 mC= 8 × 10−3 C 
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Magnitude of a small charge, which is taken from a point P to point R to point Q, q1 = − 

2 × 10−9 C 

All the points are represented in the given figure. 

 

Point P is at a distance, d1 = 3 cm, from the origin along z-axis. 

Point Q is at a distance, d2 = 4 cm, from the origin along y-axis. 

Potential at point P,  

Potential at point Q,  

Work done (W) by the electrostatic force is independent of the path. 

 

 

Therefore, work done during the process is 1.27 J. 
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Question 2.13: 

A cube of side b has a charge q at each of its vertices. Determine the potential and 

electric field due to this charge array at the centre of the cube. 

Answer 

Length of the side of a cube = b 

Charge at each of its vertices = q 

A cube of side b is shown in the following figure. 

 

d = Diagonal of one of the six faces of the cube 

 

l = Length of the diagonal of the cube 

 

The electric potential (V) at the centre of the cube is due to the presence of eight 

charges at the vertices. 
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Therefore, the potential at the centre of the cube is . 

The electric field at the centre of the cube, due to the eight charges, gets cancelled. This 

is because the charges are distributed symmetrically with respect to the centre of the 

cube. Hence, the electric field is zero at the centre. 

 

Question 2.14: 

Two tiny spheres carrying charges 1.5 µC and 2.5 µC are located 30 cm apart. Find the 

potential and electric field: 

(a) at the mid-point of the line joining the two charges, and 

(b) at a point 10 cm from this midpoint in a plane normal to the line and passing 

through the mid-point. 

Answer 

Two charges placed at points A and B are represented in the given figure. O is the mid-

point of the line joining the two charges. 

 

Magnitude of charge located at A, q1 = 1.5 µC 

Magnitude of charge located at B, q2 = 2.5 µC 

Distance between the two charges, d = 30 cm = 0.3 m 

(a) Let V1 and E1 are the electric potential and electric field respectively at O. 

V1 = Potential due to charge at A + Potential due to charge at B 
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Where, 

∈0 = Permittivity of free space 

 

E1 = Electric field due to q2 − Electric field due to q1 

 

Therefore, the potential at mid-point is 2.4 × 105 V and the electric field at mid-point is 

4× 105 V m−1. The field is directed from the larger charge to the smaller charge. 

(b) Consider a point Z such that normal distanceOZ = 10 cm = 0.1 m, as shown in the 

following figure. 

 

V2 and E2 are the electric potential and electric field respectively at Z. 

It can be observed from the figure that distance, 

 

V2= Electric potential due to A + Electric Potential due to B 
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Electric field due to q at Z, 

 

Electric field due to q2 at Z, 

 

The resultant field intensity at Z, 

 

Where, 2θis the angle, ∠AZ B 

From the figure, we obtain 
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Therefore, the potential at a point 10 cm (perpendicular to the mid-point) is 2.0 × 105 V 

and electric field is 6.6 ×105 V m−1. 

 

Question 2.15: 

A spherical conducting shell of inner radius r1 and outer radius r2 has a charge Q. 

(a) A charge q is placed at the centre of the shell. What is the surface charge density on 

the inner and outer surfaces of the shell? 

(b) Is the electric field inside a cavity (with no charge) zero, even if the shell is not 

spherical, but has any irregular shape? Explain. 

Answer 

 (a) Charge placed at the centre of a shell is +q. Hence, a charge of magnitude −q will 

be induced to the inner surface of the shell. Therefore, total charge on the inner surface 

of the shell is −q. 

Surface charge density at the inner surface of the shell is given by the relation, 

 

A charge of +q is induced on the outer surface of the shell. A charge of magnitude Q is 

placed on the outer surface of the shell. Therefore, total charge on the outer surface of 

the shell is Q + q. Surface charge density at the outer surface of the shell, 

 

(b) Yes 

The electric field intensity inside a cavity is zero, even if the shell is not spherical and 

has any irregular shape. Take a closed loop such that a part of it is inside the cavity 
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along a field line while the rest is inside the conductor. Net work done by the field in 

carrying a test charge over a closed loop is zero because the field inside the conductor is 

zero. Hence, electric field is zero, whatever is the shape. 

 

Question 2.16: 

(a) Show that the normal component of electrostatic field has a discontinuity from one 

side of a charged surface to another given by 

 

Where is a unit vector normal to the surface at a point and σ is the surface charge 

density at that point. (The direction of is from side 1 to side 2.) Hence show that just 

outside a conductor, the electric field is σ  

(b) Show that the tangential component of electrostatic field is continuous from one side 

of a charged surface to another. [Hint: For (a), use Gauss’s law. For, (b) use the fact 

that work done by electrostatic field on a closed loop is zero.] 

Answer 

 (a) Electric field on one side of a charged body is E1 and electric field on the other side 

of the same body is E2. If infinite plane charged body has a uniform thickness, then 

electric field due to one surface of the charged body is given by, 

 

Where, 

= Unit vector normal to the surface at a point 

σ = Surface charge density at that point 

Electric field due to the other surface of the charged body, 

 

Electric field at any point due to the two surfaces, 
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Since inside a closed conductor, = 0, 

∴  

Therefore, the electric field just outside the conductor is . 

(b) When a charged particle is moved from one point to the other on a closed loop, the 

work done by the electrostatic field is zero. Hence, the tangential component of 

electrostatic field is continuous from one side of a charged surface to the other. 

 

Question 2.17: 

A long charged cylinder of linear charged density λ is surrounded by a hollow co-axial 

conducting cylinder. What is the electric field in the space between the two cylinders? 

Answer 

Charge density of the long charged cylinder of length L and radius r is λ. 

Another cylinder of same length surrounds the pervious cylinder. The radius of this 

cylinder is R. 

Let E be the electric field produced in the space between the two cylinders. 

Electric flux through the Gaussian surface is given by Gauss’s theorem as, 

 

Where, d = Distance of a point from the common axis of the cylinders 

Let q be the total charge on the cylinder. 

It can be written as 
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Where, 

q = Charge on the inner sphere of the outer cylinder 

∈0 = Permittivity of free space 

 

Therefore, the electric field in the space between the two cylinders is . 

 

Question 2.18: 

In a hydrogen atom, the electron and proton are bound at a distance of about 0.53 Å: 

(a) Estimate the potential energy of the system in eV, taking the zero of the potential 

energy at infinite separation of the electron from proton. 

(b) What is the minimum work required to free the electron, given that its kinetic 

energy in the orbit is half the magnitude of potential energy obtained in (a)? 

(c) What are the answers to (a) and (b) above if the zero of potential energy is taken at 

1.06 Å separation? 

Answer 

The distance between electron-proton of a hydrogen atom,  

Charge on an electron, q1 = −1.6 ×10−19 C 

Charge on a proton, q2 = +1.6 ×10−19 C 

(a) Potential at infinity is zero. 

Potential energy of the system, p-e = Potential energy at infinity − Potential energy at 

distance, d 

 

Where, 
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∈0 is the permittivity of free space 

 

Therefore, the potential energy of the system is −27.2 eV. 

(b) Kinetic energy is half of the magnitude of potential energy. 

 

Total energy = 13.6 − 27.2 = 13.6 eV 

Therefore, the minimum work required to free the electron is 13.6 eV. 

(c) When zero of potential energy is taken,  

∴Potential energy of the system = Potential energy at d1 − Potential energy at d 
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Question 2.19: 

If one of the two electrons of a H2 molecule is removed, we get a hydrogen molecular 

ion . In the ground state of an , the two protons are separated by roughly 1.5 Å, 

and the electron is roughly 1 Å from each proton. Determine the potential energy of the 

system. Specify your choice of the zero of potential energy. 

Answer 

The system of two protons and one electron is represented in the given figure. 

 

Charge on proton 1, q1 = 1.6 ×10−19 C 

Charge on proton 2, q2 = 1.6 ×10−19 C  

Charge on electron, q3 = −1.6 ×10−19 C  

Distance between protons 1 and 2, d1 = 1.5 ×10−10 m 

Distance between proton 1 and electron, d2 = 1 ×10−10 m 

Distance between proton 2 and electron, d3 = 1 × 10−10 m 

The potential energy at infinity is zero. 

Potential energy of the system, 

 

 

Therefore, the potential energy of the system is −19.2 eV. 
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Question 2.20: 

Two charged conducting spheres of radii a and b are connected to each other by a wire. 

What is the ratio of electric fields at the surfaces of the two spheres? Use the result 

obtained to explain why charge density on the sharp and pointed ends of a conductor is 

higher than on its flatter portions.  

Answer 

Let a be the radius of a sphere A, QA be the charge on the sphere, and CA be the 

capacitance of the sphere. Let b be the radius of a sphere B, QB be the charge on the 

sphere, and CB be the capacitance of the sphere. Since the two spheres are connected 

with a wire, their potential (V) will become equal. 

Let EAbe the electric field of sphere A and EB be the electric field of sphere B. Therefore, 

their ratio, 

 

 

Putting the value of (2) in (1), we obtain 

 

Therefore, the ratio of electric fields at the surface is . 

 

Question 2.21: 

Two charges −q and +q are located at points (0, 0, − a) and (0, 0, a), respectively. 

(a) What is the electrostatic potential at the points? 
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(b) Obtain the dependence of potential on the distance r of a point from the origin when 

r/a >> 1. 

(c) How much work is done in moving a small test charge from the point (5, 0, 0) to 

(−7, 0, 0) along the x-axis? Does the answer change if the path of the test charge 

between the same points is not along the x-axis? 

Answer 

 (a) Zero at both the points 

Charge − q is located at (0, 0, − a) and charge + q is located at (0, 0, a). Hence, they 

form a dipole. Point (0, 0, z) is on the axis of this dipole and point (x, y, 0) is normal to 

the axis of the dipole. Hence, electrostatic potential at point (x, y, 0) is zero. 

Electrostatic potential at point (0, 0, z) is given by, 

 

Where, 

= Permittivity of free space 

p = Dipole moment of the system of two charges = 2qa 

(b) Distance r is much greater than half of the distance between the two charges. 

Hence, the potential (V) at a distance r is inversely proportional to square of the distance 

i.e.,  

(c) Zero 

The answer does not change if the path of the test is not along the x-axis. 

A test charge is moved from point (5, 0, 0) to point (−7, 0, 0) along the x-axis. 

Electrostatic potential (V1) at point (5, 0, 0) is given by, 
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Electrostatic potential, V2, at point (− 7, 0, 0) is given by, 

 

Hence, no work is done in moving a small test charge from point (5, 0, 0) to point (−7, 

0, 0) along the x-axis. 

The answer does not change because work done by the electrostatic field in moving a 

test charge between the two points is independent of the path connecting the two points. 

 

Question 2.22: 

Figure 2.34 shows a charge array known as an electric quadrupole. For a point on the 

axis of the quadrupole, obtain the dependence of potential on r for r/a >> 1, and 

contrast your results with that due to an electric dipole, and an electric monopole (i.e., a 

single charge). 

 

Answer 

Four charges of same magnitude are placed at points X, Y, Y, and Z respectively, as 

shown in the following figure. 

 

A point is located at P, which is r distance away from point Y. 

The system of charges forms an electric quadrupole. 

It can be considered that the system of the electric quadrupole has three charges. 
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Charge +q placed at point X 

Charge −2q placed at point Y 

Charge +q placed at point Z 

XY = YZ = a 

YP = r 

PX = r + a 

PZ = r − a 

Electrostatic potential caused by the system of three charges at point P is given by, 

 

Since , 

 

is taken as negligible. 

 

It can be inferred that potential,  

However, it is known that for a dipole,  
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And, for a monopole,  

 

Question 2.23: 

An electrical technician requires a capacitance of 2 µF in a circuit across a potential 

difference of 1 kV. A large number of 1 µF capacitors are available to him each of which 

can withstand a potential difference of not more than 400 V. Suggest a possible 

arrangement that requires the minimum number of capacitors. 

Answer 

Total required capacitance, C = 2 µF 

Potential difference, V = 1 kV = 1000 V 

Capacitance of each capacitor, C1 = 1µF 

Each capacitor can withstand a potential difference, V1 = 400 V 

Suppose a number of capacitors are connected in series and these series circuits are 

connected in parallel (row) to each other. The potential difference across each row must 

be 1000 V and potential difference across each capacitor must be 400 V. Hence, number 

of capacitors in each row is given as 

 

Hence, there are three capacitors in each row. 

Capacitance of each row  

Let there are n rows, each having three capacitors, which are connected in parallel. 

Hence, equivalent capacitance of the circuit is given as 
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Hence, 6 rows of three capacitors are present in the circuit. A minimum of 6 × 3 i.e., 18 

capacitors are required for the given arrangement. 

 

Question 2.24: 

What is the area of the plates of a 2 F parallel plate capacitor, given that the separation 

between the plates is 0.5 cm? [You will realize from your answer why ordinary capacitors 

are in the range of µF or less. However, electrolytic capacitors do have a much larger 

capacitance (0.1 F) because of very minute separation between the conductors.] 

Answer 

Capacitance of a parallel capacitor, V = 2 F 

Distance between the two plates, d = 0.5 cm = 0.5 × 10−2 m 

Capacitance of a parallel plate capacitor is given by the relation, 

 

Where, 

= Permittivity of free space = 8.85 × 10−12 C2 N−1 m−2 

 

Hence, the area of the plates is too large. To avoid this situation, the capacitance is 

taken in the range of µF. 

 

Question 2.25: 

Obtain the equivalent capacitance of the network in Fig. 2.35. For a 300 V supply, 

determine the charge and voltage across each capacitor. 
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Answer 

Capacitance of capacitor C1 is 100 pF. 

Capacitance of capacitor C2 is 200 pF. 

Capacitance of capacitor C3 is 200 pF. 

Capacitance of capacitor C4 is 100 pF. 

Supply potential, V = 300 V 

Capacitors C2 and C3 are connected in series. Let their equivalent capacitance be  

 

Capacitors C1 and C’ are in parallel. Let their equivalent capacitance be  

 

are connected in series. Let their equivalent capacitance be C. 

 

Hence, the equivalent capacitance of the circuit is  

Potential difference across =  
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Potential difference across C4 = V4 

 

Charge on  

Q4= CV 

 

 

Hence, potential difference, V1, across C1 is 100 V. 

Charge on C1 is given by, 

 

C2 and C3 having same capacitances have a potential difference of 100 V together. Since 

C2 and C3 are in series, the potential difference across C2 and C3 is given by, 

V2 = V3 = 50 V 

Therefore, charge on C2 is given by, 

 

And charge on C3 is given by, 
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Hence, the equivalent capacitance of the given circuit is  

 

 

Question 2.26: 

The plates of a parallel plate capacitor have an area of 90 cm2 each and are separated 

by 2.5 mm. The capacitor is charged by connecting it to a 400 V supply. 

(a) How much electrostatic energy is stored by the capacitor? 

(b) View this energy as stored in the electrostatic field between the plates, and obtain 

the energy per unit volume u. Hence arrive at a relation between u and the magnitude of 

electric field E between the plates. 

Answer 

Area of the plates of a parallel plate capacitor, A = 90 cm2 = 90 × 10−4 m2 

Distance between the plates, d = 2.5 mm = 2.5 × 10−3 m 

Potential difference across the plates, V = 400 V 

(a) Capacitance of the capacitor is given by the relation, 

 

Electrostatic energy stored in the capacitor is given by the relation,  

 

Where, 

= Permittivity of free space = 8.85 × 10−12 C2 N−1 m−2 

 

Hence, the electrostatic energy stored by the capacitor is  

(b) Volume of the given capacitor, 
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Energy stored in the capacitor per unit volume is given by, 

 

Where, 

= Electric intensity = E  

 

 

Question 2.27: 

A 4 µF capacitor is charged by a 200 V supply. It is then disconnected from the supply, 

and is connected to another uncharged 2 µF capacitor. How much electrostatic energy of 

the first capacitor is lost in the form of heat and electromagnetic radiation?  

Answer 

Capacitance of a charged capacitor,  

Supply voltage, V1 = 200 V 

Electrostatic energy stored in C1 is given by, 
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Capacitance of an uncharged capacitor,  

When C2 is connected to the circuit, the potential acquired by it is V2. 

According to the conservation of charge, initial charge on capacitor C1 is equal to the 

final charge on capacitors, C1 and C2. 

 

Electrostatic energy for the combination of two capacitors is given by, 

 

Hence, amount of electrostatic energy lost by capacitor C1 

= E1 − E2 

= 0.08 − 0.0533 = 0.0267 

= 2.67 × 10−2 J 

 

Question 2.28: 

Show that the force on each plate of a parallel plate capacitor has a magnitude equal to 

(½) QE, where Q is the charge on the capacitor, and E is the magnitude of electric field 

between the plates. Explain the origin of the factor ½. 

Answer 

Let F be the force applied to separate the plates of a parallel plate capacitor by a 

distance of ∆x. Hence, work done by the force to do so = F∆x 

As a result, the potential energy of the capacitor increases by an amount given as uA∆x. 

Where, 

u = Energy density 

A = Area of each plate 

d = Distance between the plates 

V = Potential difference across the plates 
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The work done will be equal to the increase in the potential energy i.e., 

 

Electric intensity is given by, 

 

However, capacitance,  

 

Charge on the capacitor is given by, 

Q = CV 

 

The physical origin of the factor, , in the force formula lies in the fact that just outside 

the conductor, field is E and inside it is zero. Hence, it is the average value, , of the 

field that contributes to the force. 

 

Question 2.29: 

A spherical capacitor consists of two concentric spherical conductors, held in position by 

suitable insulating supports (Fig. 2.36). Show 
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that the capacitance of a spherical capacitor is given by 

 

where r1 and r2 are the radii of outer and inner spheres, respectively. 

Answer 

Radius of the outer shell = r1 

Radius of the inner shell = r2 

The inner surface of the outer shell has charge +Q. 

The outer surface of the inner shell has induced charge −Q. 

Potential difference between the two shells is given by, 

 

Where, 

= Permittivity of free space 
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Hence, proved. 

 

Question 2.30: 

A spherical capacitor has an inner sphere of radius 12 cm and an outer sphere of radius 

13 cm. The outer sphere is earthed and the inner sphere is given a charge of 2.5 µC. The 

space between the concentric spheres is filled with a liquid of dielectric constant 32.  

(a) Determine the capacitance of the capacitor. 

(b) What is the potential of the inner sphere? 

(c) Compare the capacitance of this capacitor with that of an isolated sphere of radius 

12 cm. Explain why the latter is much smaller. 

Answer 

Radius of the inner sphere, = 12 cm = 0.12 m 

Radius of the outer sphere, = 13 cm = 0.13 m 

Charge on the inner sphere,  

Dielectric constant of a liquid,  

(a)  

 

Where, 

= Permittivity of free space =  
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Hence, the capacitance of the capacitor is approximately . 

(b) Potential of the inner sphere is given by, 

 

Hence, the potential of the inner sphere is . 

(c) Radius of an isolated sphere, r = 12 × 10−2 m 

Capacitance of the sphere is given by the relation, 

 

The capacitance of the isolated sphere is less in comparison to the concentric spheres. 

This is because the outer sphere of the concentric spheres is earthed. Hence, the 

potential difference is less and the capacitance is more than the isolated sphere. 

 

Question 2.31: 

Answer carefully: 

(a) Two large conducting spheres carrying charges Q1 and Q2 are brought close to each 

other. Is the magnitude of electrostatic force between them exactly given by Q1 

Q2/4π r 2, where r is the distance between their centres? 

(b) If Coulomb’s law involved 1/r3 dependence (instead of 1/r2), would Gauss’s law be 

still true? 

(c) A small test charge is released at rest at a point in an electrostatic field 

configuration. Will it travel along the field line passing through that point? 

(d) What is the work done by the field of a nucleus in a complete circular orbit of the 

electron? What if the orbit is elliptical? 
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(e) We know that electric field is discontinuous across the surface of a charged 

conductor. Is electric potential also discontinuous there? 

(f) What meaning would you give to the capacitance of a single conductor? 

(g) Guess a possible reason why water has a much greater dielectric constant (= 80) 

than say, mica (= 6). 

Answer 

 (a) The force between two conducting spheres is not exactly given by the expression, 

Q1 Q2/4π r 2, because there is a non-uniform charge distribution on the spheres. 

(b) Gauss’s law will not be true, if Coulomb’s law involved 1/r3 dependence, instead 

of1/r2, on r. 

(c) Yes,  

If a small test charge is released at rest at a point in an electrostatic field configuration, 

then it will travel along the field lines passing through the point, only if the field lines are 

straight. This is because the field lines give the direction of acceleration and not of 

velocity. 

(d) Whenever the electron completes an orbit, either circular or elliptical, the work done 

by the field of a nucleus is zero. 

(e) No 

Electric field is discontinuous across the surface of a charged conductor. However, 

electric potential is continuous. 

(f) The capacitance of a single conductor is considered as a parallel plate capacitor with 

one of its two plates at infinity. 

(g) Water has an unsymmetrical space as compared to mica. Since it has a permanent 

dipole moment, it has a greater dielectric constant than mica. 

 

Question 2.32: 

A cylindrical capacitor has two co-axial cylinders of length 15 cm and radii 1.5 cm and 

1.4 cm. The outer cylinder is earthed and the inner cylinder is given a charge of 3.5 µC. 

Determine the capacitance of the system and the potential of the inner cylinder. Neglect 

end effects (i.e., bending of field lines at the ends). 

Answer 

Length of a co-axial cylinder, l = 15 cm = 0.15 m 
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Radius of outer cylinder, r1 = 1.5 cm = 0.015 m 

Radius of inner cylinder, r2 = 1.4 cm = 0.014 m 

Charge on the inner cylinder, q = 3.5 µC = 3.5 × 10−6 C 

 

Where, 

= Permittivity of free space =  

 

Potential difference of the inner cylinder is given by, 

 

 

Question 2.33: 

A parallel plate capacitor is to be designed with a voltage rating 1 kV, using a material of 

dielectric constant 3 and dielectric strength about 107 Vm−1. (Dielectric strength is the 

maximum electric field a material can tolerate without breakdown, i.e., without starting 

to conduct electricity through partial ionisation.) For safety, we should like the field 

never to exceed, say 10% of the dielectric strength. What minimum area of the plates is 

required to have a capacitance of 50 pF? 

Answer 

Potential rating of a parallel plate capacitor, V = 1 kV = 1000 V 

Dielectric constant of a material, =3 

Dielectric strength = 107 V/m 
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For safety, the field intensity never exceeds 10% of the dielectric strength. 

Hence, electric field intensity, E = 10% of 107 = 106 V/m 

Capacitance of the parallel plate capacitor, C = 50 pF = 50 × 10−12 F 

Distance between the plates is given by, 

 

Where, 

A = Area of each plate 

= Permittivity of free space =   

 

Hence, the area of each plate is about 19 cm2. 

 

Question 2.34: 

Describe schematically the equipotential surfaces corresponding to 

(a) a constant electric field in the z-direction, 

(b) a field that uniformly increases in magnitude but remains in a constant (say, z) 

direction, 

(c) a single positive charge at the origin, and 

(d) a uniform grid consisting of long equally spaced parallel charged wires in a plane. 

Answer 

 (a) Equidistant planes parallel to the x-y plane are the equipotential surfaces. 

(b) Planes parallel to the x-y plane are the equipotential surfaces with the exception that 

when the planes get closer, the field increases. 

(c) Concentric spheres centered at the origin are equipotential surfaces. 
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(d) A periodically varying shape near the given grid is the equipotential surface. This 

shape gradually reaches the shape of planes parallel to the grid at a larger distance. 

 

Question 2.35: 

In a Van de Graaff type generator a spherical metal shell is to be a 15 × 106 V electrode. 

The dielectric strength of the gas surrounding the electrode is 5 × 107 Vm−1. What is the 

minimum radius of the spherical shell required? (You will learn from this exercise why 

one cannot build an electrostatic generator using a very small shell which requires a 

small charge to acquire a high potential.) 

Answer 

Potential difference, V = 15 × 106 V 

Dielectric strength of the surrounding gas = 5 × 107 V/m 

Electric field intensity, E = Dielectric strength = 5 × 107 V/m 

Minimum radius of the spherical shell required for the purpose is given by, 

 

Hence, the minimum radius of the spherical shell required is 30 cm. 

 

Question 2.36: 

A small sphere of radius r1 and charge q1 is enclosed by a spherical shell of radius r2 and 

charge q2. Show that if q1 is positive, charge will necessarily flow from the sphere to the 

shell (when the two are connected by a wire) no matter what the charge q2 on the shell 

is. 

Answer 

According to Gauss’s law, the electric field between a sphere and a shell is determined 

by the charge q1 on a small sphere. Hence, the potential difference, V, between the 

sphere and the shell is independent of charge q2. For positive charge q1, potential 

difference V is always positive. 

 

Question 2.37: 

Answer the following: 
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(a) The top of the atmosphere is at about 400 kV with respect to the surface of the 

earth, corresponding to an electric field that decreases with altitude. Near the surface of 

the earth, the field is about 100 Vm−1. Why then do we not get an electric shock as we 

step out of our house into the open? (Assume the house to be a steel cage so there is no 

field inside!) 

(b) A man fixes outside his house one evening a two metre high insulating slab carrying 

on its top a large aluminium sheet of area 1m2. Will he get an electric shock if he 

touches the metal sheet next morning? 

(c) The discharging current in the atmosphere due to the small conductivity of air is 

known to be 1800 A on an average over the globe. Why then does the atmosphere not 

discharge itself completely in due course and become electrically neutral? In other 

words, what keeps the atmosphere charged? 

(d) What are the forms of energy into which the electrical energy of the atmosphere is 

dissipated during a lightning? (Hint: The earth has an electric field of about 100 Vm−1 at 

its surface in the downward direction, corresponding to a surface charge density = −10−9 

C m−2. Due to the slight conductivity of the atmosphere up to about 50 km (beyond 

which it is good conductor), about + 1800 C is pumped every second into the earth as a 

whole. The earth, however, does not get discharged since thunderstorms and lightning 

occurring continually all over the globe pump an equal amount of negative charge on the 

earth.) 

Answer 

 (a) We do not get an electric shock as we step out of our house because the original 

equipotential surfaces of open air changes, keeping our body and the ground at the 

same potential. 

(b) Yes, the man will get an electric shock if he touches the metal slab next morning. 

The steady discharging current in the atmosphere charges up the aluminium sheet. As a 

result, its voltage rises gradually. The raise in the voltage depends on the capacitance of 

the capacitor formed by the aluminium slab and the ground. 

(c) The occurrence of thunderstorms and lightning charges the atmosphere 

continuously. Hence, even with the presence of discharging current of 1800 A, the 

atmosphere is not discharged completely. The two opposing currents are in equilibrium 

and the atmosphere remains electrically neutral. 
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(d) During lightning and thunderstorm, light energy, heat energy, and sound energy are 

dissipated in the atmosphere. 

 



KVS                                Class XII                        PHYSICS   4 
 

1. ELECTROSTATICS 
GIST 
 

 Electrostatics is the study of charges at rest. 

 Charging a body can be done by friction, induction and conduction. 

 Properties of charges: 
o Like charges repel and unlike charges attract. 
o Charges are additive in nature i.e., Q=   

 
    

o Charges are quantized. i.e., Q=  ±  ne  [n=1,2,3,… & e=1.602 X10-19 C] 
o Charge in a body is independent of its velocity. 
o Charge is conserved. 

 To measure charge electroscopes are used. 

 Coulomb’s law:    
     

      k=
 

    
 = 9X109 Nm2c-2 

Where,   = permittivity of free space 

  
Ftotal = F12 + F 13 + …. 

 Principle of superposition:              
 
    [vector sum of individual forces] 

1 31 2
12 132 2

12 13

1 1 ....
4 4

q qq q
r r

r r  

 
    

  

 
Note:   In the above triangle the quantity shown at the vertex, could be arrived by multiplying 
the quantities shown at the base, ie F=E X Q.  Any one of the quantity shown at the base is 
given by the ratio of the quantities shown at vertex & the other quantity shown at the base, ie 
E=F/Q    or   Q= F/E 

 Electric field: Force experienced by a unit positive (or test) charge.  It is a vector. SI unitNC-1. 

     
  

     

 
0oq

o

F
E Lt

q
  

 

 Field due to a point charge:     
  

     

 Principle of superposition: 
1

n

total r
i

E E


  [vector sum of individual fields] 

 Dipole: Two equal and opposite charges separated by a small distance. 

 Dipole moment: Product of magnitude of charge and distance of separation between them. It is 

a vector. SI unit: Cm,    =Q.2   ; direction of    is negative to positive charge. 

F 

Q E

E 

1/r
2 

E 

F 

 

1/r2 Q1Q2>0 
Q1Q2<0 

E 

r
2
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 Dipole in a uniform electric field experiences no net force and instead experiences a torque. 

  =               =                

 If  = 0   stable equilibrium; If  =        unstable equilibrium. 

 Electric field due to a dipole  

o at a point on the axial line:
    

     along  the direction of dipole moment 

o at a point on the equatorial line: 
   

     opposite to the direction of dipole moment. 

 Electric flux:  =               =                     ; It is a scalar; SI unit: NC-1m2 or Vm.   

 Gauss’ theorem in electrostatics:       
      

  
 

 
 Uniform Charge distribution:  

                Linear charge distribution:   
  

  
    linear charge density Unit Cm-1] 

                Surface charge distribution:   
  

  
    surface charge density Unit Cm-2] 

                Volume charge distribution:   
  

  
    Volume charge density Unit Cm-3] 

 Applications of Gauss’ theorem for uniform charge distribution: 

Expression for Infinite 
Linear 

Infinite plane 
sheet 

Thin spherical shell 

Flux   
 

  

  
 

  

  
      

  
 

Magnitude of 
Field E 
 

 

     
 

 
 

  
 

 

      
  [for points on/outside the shell] 

    =0  [for points inside the shell] 

Charge density 
  

  

  
   

  

  
 

 

    
 

 

 Properties of electric field lines: 

 Arbitrarily starts from +ve charge and end at –ve charge 

 Continuous, but never form closed loops 

 Never intersect 

 Relative closeness of the field lines represents the magnitude of the field strength. 

 For a set of two like charges – lateral pressure in between 

 For a set of two unlike charges – longitudinal contraction in between. 

 Electrostatic Potential: Work done per unit positive Test charge to move it from infinity to that 

point in an electric field. It is a scalar. SI unit: J/C or V 

       V = W / qo 

Electric potential for a point charge:      
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 Electric field is conservative.  This means that the work done is independent of the path 

followed and the total work done in a closed path is zero. 

 Potential due to a system of charges: 1
i

i

i
n kq

rtotal
v   

 Potential due to a dipole at a point  

 on its axial line:         =  
      

   [or]
     

       

 on its equatorial line:    = 0  

 Potential difference               
 

  
 

 

  
  

 Potential energy of two charges:  U = 
     

 
 

 Potential energy of a dipole :  U =            = p E  [       -         

 Electrostatics of conductors 

(i) Inside a conductor Electrostatic field is zero 

(ii) On the surface E is always Normal  

(iii) No charge inside the conductor but gets distributed on the surface 

(iv) Charge distribution on the surface is uniform if the surface is smooth 

(v) Charge distribution is inversely proportional to ‘r’ if the surface is uneven  

(vi) Potential is constant inside and on the surface  

 Equipotential surfaces: The surfaces on which the potential is same everywhere. 

 Work done in moving a charge over an equipotential surface is zero. 

 No two equipotential surfaces intersect. 

 Electric field lines are always perpendicular to the equipotential surfaces. 

 

 

 

 

 

 

 

As E= - 
  

  
      If Vis constant, E   

 

 
and if E is constant, V   

 Capacitor: A device to store charges and electrostatic potential energy.   

 Capacitance: 
Q

C
V

  , Ratio of charge and potential difference.  Scalar,  

 SI unit: farad [F]     

 

 

Capacitance of a parallel plate capacitor:   
     

 
 



KVS                                Class XII                        PHYSICS   7 
 

Capacitance of a parallel plate capacitor with a dielectric medium in between: 

 Cm = 
    

     
 

 
 
 

 If t=0 =>C0 = 
    

   
 

 If t=d =>C0 =k 
    

   
 =>Cm = k C0 

 
 Combination of capacitors: 

Capacitors in series:
1

1 1n

i ic c

  

Capacitors in parallel :
1

n

i

i

c c


  

 Energy stored in capacitors:
21 1 12

2 2 2

Q
U CV QV

C
    

 Area shaded in the graph = U   = 
 

 
                      

 Energy density :   
 

 
   

 =
  

   
 

 Introducing dielectric slab between the plates of the charged capacitor with: 

Property⇣ Battery connected Battery disconnected 

Charge K Q0 Q0 

Potential  
difference 

V0 V0/K 

Electric  
field 

E0 E0/K 

Capacitance KC0 KC0 

Energy K times
 

 
   

 [Energy is supplied 

By battery] 

1/K times
 

 
   

 [Energy used for   

Polarization] 

 

  On connecting two charged capacitors: 

 

 Common Potential:   
         

     
 

 Loss of energy:               
 

 

      

     
        

  

 

 Van de Graff generator:- 

V 

Q 

Cm 

Co k 
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 is an electrostatic machine to build very high voltages. 

 works on the Principle                 
 

 
 

 

 
  ; 

 Corona discharge is the electrical discharge through the defected part of the spherical 
conductor, where the surface is not smooth.  Hence, the hollow spherical conductor in the 

Van de Graff generator should have a smooth outer surface. 
 

 

 

 

CONCEPT MAP 

  
 

 

  

 

 

 

 

 

   
    

  
    

  

  
 

   
    

 
    

  

 
 

Electric Force/Field/Potential/P.E. 

 

(Unit : N) (Unit N/C orV/m) 

Electric Force/Field/Potential/P.E. 
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Charge and it’s impact 
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 CHARGES AND COULOMB’S LAW   

QNo QUESTIONS Marks 

1. What is the work done in moving a test charge ‘q’ through a distance of 1 cm along the 

equatorial line of an electric dipole? [ Hint : on equatorial  line V=0 ] 1 

2. Why in Millikan’s Oil Drop experiment, the charge measured was always found to be of some 
discrete value and not any arbitrary value? 

1 

 Ans: Because charge is always quantized ie., Q = n x e  
3. What is meant by electrostatic shielding? Ans: Electric filed inside a cavity is zero. To protect 

any device from electric field , it is to be placed inside the cavity. It is called electrostatic 
shielding. 

1 

4. Why an electric dipole placed in a uniform electric field does not undergoes acceleration? 1 
 Ans:  Because the net force on the dipole is zero.   Fnet = 0 as F=     
5. Why electric field lines 

(i) Can never intersect one another? 
(ii) Cannot form closed loop? 
(iii) Cannot have break in between? 

1 

 Ans : Because 
(i) Electric field has an unique direction at any given point 
(ii) Monopoles or single isolated charges exist unlike magnetism 
(iii) Start from +ve charges and terminate at –ve charges 

 

6. Show that at a point where the electric field intensity is zero, electric potential need not be 
zero. 

2 

 Ans: If E = 0              according to the equation  E=-dV/dr   
7. What is the electric flux through the surface S in Vacuum? 

 
 
 
 
 
 

2 

8. Write the expression for the electric field, charge density for a uniformly charged thin 
spherical shell. 

2 

 Ans:                
  

  
         ;   

 

    
  

 
9. 

 
 
 
 
 

2 

 
 

Write the expression for the electric field in the regions I, II, III shown in the above figure. 
Ans:  EI =EIII = 0       EII = σ/ε0 

 

10. Two free protons are separated by a distance of 1 Ao. if they are released, what is the kinetic 

energy of each proton when at infinite separation.[ Hint : at inifinte distance      
  

     
] 2 

11. How does the electric flux, electric field enclosing a given charge vary when the area 
enclosed by the charge is doubled? Ans: (a)  = constant      (b) E is halved 

2 

12. The electric field in a certain region of space is       = 104       .  How much is the flux passing 
through an area ‘A’ if it is a part of XY plane, XZ plane, YZ plane, making an angle 300 with the 

2 

+σ 
II 

-σ 
III I 
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axis? 
  Ans: ΦXY =10A Vm  E ∆S COSφ [φ=0]               φXZ= φYZ = 0 Vm (φ =90O)  =104 A cos30 O  Vm 

 
 

13. An electric dipole ±4µC is kept at co-ordinate points (1, 0, 4) are kept at (2,-1, 5), the electric 

field is given by      = 20    NC-1. Calculate the torque on the dipole. 
2 

 Ans:  Calculate first dipole moment using    =q.2   

Then calculate torque using               and hence find      =13.4 N m 
 

 

14. Show diagrammatically the configuration of stable and unstable equilibrium of an electric 

dipole ( p ) placed in a uniform electric field ( E ). 
2 

 Ans: 
 
 
 
 
 
                          Stable                         Unstable 

 

15. 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. 
[Hint : graph can be drawn  choosing –ve axis for force only] 

Ans:    
           

        

 

2 

16. A thin straight infinitely long conducting wire having charge density   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 electric flux through the surface of the cylinder. 

2 

 Ans: Using Gauss’s Law obtain:  Φ =
  

  
  

17. Calculate the force between two alpha particles kept at a distance of 0.02mm in air. 2 
 

Ans:                     
 

        
  

 

 

18. Explain the role of earthing in house hold wiring. 2 
 Ans: During short circuit, it provides an easy path or emergency way out for the charges 

flowing to the ground, preventing the accidents. 
 

19. What is the difference between charging by induction and charging by friction? 2 
 * In frictional method, transfer of charges takes place from one object to the other. 

* During induction, redistribution of charges takes place within the conductor. 
 

20. Two electric charges 3μC, -4μC are placed at the two corners of an isosceles right angled 
triangle of side 1 m as shown in the figure.  What is the direction and magnitude of electric 
field at A due to the two charges? 
 
 
Ans: E=45×〖10〗^3 NC^(-1) 
         θ=36.9° from line AB 
 
 

2 

21. A sensitive instrument is to be shifted from a strong electric field in its environment. Suggest 
a possible way. 
[ Hint : Electrostatic shielding ] 

2 

22. A charge +Q fixed on the Y axis at a distance of 1m from the origin and  another charge +2Q is  
fixed on the X axis at a distance of √2 m from the origin. A third charge – Q is placed at the 3 

p  

E 

 

p  

E  

 

A 

1 m 3μC 

 

4μC 

 

B C 

F 

1/r2 
A 

B 
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ELECTRIC POTENTIAL 

origin. What is the angle at which it moves?                               

Ans: Force due to both the changes are equal = KQ2& r  to each other so the resultant force 
will make 45o with X-axis. 

23. Two charges 5µC, -3µC are separated by a distance of 40 cm in air. Find the location of a 
point on the line joining the two charges where the electric field is zero. 

Ans:    Solve for x from the equation:  k
      

     
      

       
 

3 

24. Deduce Coulomb’s law from Gauss’ law. 
Ans: =E  .S  =Q/ε0            E×4πr2=Q/ε0 

         F=Eq0∴F=〖Qqo/(4πε0 r
2 ) 

3 

25. State Gauss’s law and use this law to derive the electric filed at a point from an infinitely long 
straight uniformly charged wire. 3 

 
Ans:  Statement .

q
E ds


  Derivation  for  E = 

2 r




  

26. Three charges –q, Q and –q are placed at equal distances on a straight line. If the potential 

energy of system of these charges is zero, then what is the ratio of Q:q  [ Ans : 1:4 ] 3 

   
1. Is it possible that the potential at a point is zero, while there is finite electric field intensity 

at that point? Give an example. 
1 

 Ans: Yes , Centre of a dipole  

2. Is it possible that the electric field      at a point is zero, while there is a finite electric 
potential at that point. Give an example. 

1 

 Ans:  Yes, Inside charged shell  

3. Can two equipotential surfaces intersect? Justify your answer. 1 
 Ans:  No.  Otherwise it would mean two directions for force at a point.  

4. Is potential gradient a vector or a scalar quantity? 1 
 Ans:  Scalar quantity  

5. Write the dimensional formula of ‘є0 ‘the permittivity of free space. 1 
 Ans:  [M-1L-3T4A2]  

6. An electric dipole is placed in an electric field due to a point charge. Will there be a force 
and torque on the dipole? 

1 

 Ans:  Yes, Both force and torque will act as the Electric Field is non uniform. 
 

 

7. Draw the graph showing the variation of electric potential with distance from the centre 
of a uniformly charged shell. 

1 

Ans 

 

 

8. Find the ratio of the electric field lines starting from a proton kept first in vacuum and 
then in a medium of dielectric constant 6.                       

1 

r 

V 

Distance 
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 Ans:  6 : 1  
9. Calculate the electric field from the equipotential surface shown below. 

 

 

1 

 
Ans:  2 V  [ , 2 , 1 ]

dv
E dv V dr m

dr


    

 

10. Sketch the electric field lines, when a positive charge is kept in the vicinity of an uncharged 
conducting plate.     

1 

 Ans  

11. Two charges are kept as shown. Find dipole moment. 1 
 Ans:  (0,0,2)-q ……………. +q(0,0,-2) 

                    -15 µc              +15 µc 
 

12. Compare the electric flux in a cubical surface of side 10 cm and a spherical surface of 
radius 10 cm, when a change of 5µC is enclosed by them.    

1 

 Ans: Electric flux will be same in both the cases.  

13. Explain why the electric field inside a conductor placed in an external electric field is 
always zero. 

1 

 Ans: Charge lies on the surface of a conductor only  

14. Two identical metal plates are given positive charges Q1 and Q2,where Q1> Q2. Find the 
potential difference between them, if they are now brought together to form a parallel 
plate capacitor with capacitance C.  

2 

 Ans: (Q1 – Q2)/2C  

15. 27 small drops of mercury having the same radius collage to form one big drop. Find the 
ratio of the capacitance of the big drop to small drop.      

2 

 Ans:  [3:1]  
16. A uniformly charged rod with linear charge density λ of length L is inserted into a hollow 

cubical structure of side ’L’ with constant velocity and moves out from the opposite face. 
Draw the graph between flux and time. 

2 

4m 

2 m 

3m 

2V 

vV 

4V 6V 

+q 

- -     -       -        -        -       

-  
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Ans 

 

 

17. Draw a graph showing the variation of potential with distance from the positive charge to 
negative charge of a dipole, by choosing the mid-point of the dipole as the origin. 

2 

Ans 

 

2 

18. 
 

If     = 3   +4  -5  , calculate the electric flux through a surface of area 50 units in z-x plane 2 

 Ans:  200 unit  

19. Name the physical quantities whose SI units are Vm, Vm-1. Which of these are vectors? 2 

 Ans:     Vm → electric flux, scalar ;  Vm-1→electric field, vector 
 

 

20. The spherical shell of a Van de Graff generator is to be charged to a potential of 2 million 
volt. Calculate the minimum radius the shell can have, if the dielectric strength of air is 0.8 
kV/mm.   

2 

 Ans:  [2.5m]  

21. 
 

How will you connect seven capacitors of 2µf each to obtain an effective capacitance of 
10/11 µf.  

2 

 Ans: 5 in parallel and 2 in series  

22. A proton moves with a speed of 7.45 x 105m/s directly towards a free proton initially at 
rest. Find the distance of the closest approach for the two protons.      

2 

 Ans: 5.56 x 10-23m  
23. Three point charges of 1C, 2C & 3C are placed at the corners of an equilateral triangle of 

side 1m. Calculate the work done to move these charges to the corners of a smaller 
equilateral triangle of sides 0.5m.   

2 

 Ans:  9.9 x 1010 J 
 
 
 

 

 
24. 

 
Suggest an arrangement of three point charges, +q,+q, -q separated by finite distance that 
has zero electric potential energy 
 

2 

d 

 

 

time 

ø 

O 

V 

2C 
3C 
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CAPACITORS 

S.No   
1 What happens to the capacitance of a capacitor when a copper plate of thickness one 

third of the separation between the plates is introduced in the capacitor? 
2 

 Ans: 1.5 times Co  

2 A parallel plate capacitor is charged and the charging battery is then disconnected. What 
happens to the potential difference and the energy of the capacitor, if the plates are 
moved further apart using an insulating handle? 

2 

 Ans:  Both Increases  
3 Find the equivalence capacitance between X and Y. 

 
  

2 

 Ans: 9 μf  

4 A pith ball of mass 0.2 g is hung by insulated thread between the plates of a capacitor of 
separation 8cm. Find the potential difference between the plates to cause the thread to 
incline at an angle 150 with the vertical, if the charge in the pith ball is equal to 10-7C. 

2 

 Ans: 429 V 
 

 

5. Find the capacitance of arrangement of 4 plates of Area A at distance d in air as shown. 

 

2 

6. What is an equivalent capacitance of the arrangement the shown below 3 

 

 

 

25. A point charge Q is placed at point O as shown. Is the potential difference ( VA-VB) positive, 

negative or zero if Q is (i) positive    (ii) negative 

                                                                                   Ans: 

2 

   
26. Show that the potential of a charged spherical conductor, kept at the centre of a charged 

hollow spherical conductor is always greater than that of the hollow spherical conductor, 
irrespective of the charge accumulated on it. 

3 

 Ans:  Va-Vb=(q/4πє) (1/r-1/R) 
(Principle of Van de Graff generator) 

 

3 μf 

 

3 μf 

 

  3 μf Y 

X 

1C 
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If 6V cell is connected across AD. Calculate the potential difference between B&C. 

7. A parallel plate capacitor is charged to a potential difference V by d.c. source and then 
disconnected. The distance between the plates is then halved. Explain with reason for the 
change in electric field, capacitance and energy of the capacitor. 

3 

 Ans: Use the formulae - Electric field  remains same, Capacitance doubled, Energy halved  

8. Derive an expression for capacitance of parallel plate capacitor, when a dielectric slab of 
dielectric constant k is partially introduced between the plates of the capacitor. 

3 

9. A potential difference of 1200 V is established between two parallel plates of a capacitor. 
The plates of the capacitor are at a distance of 2 cm apart. An electron is released from 
the negative plate, at the same instant, a proton is released from the +ve plate. 
(a)How do their (i) velocity (ii) Energy compare, when they strike the opposite plates. 
(b) How far from the positive plate will they pass each other?                          

3 

 Ans a. (i)42.84 (ii)equal         b. 2.7cm  
10. Draw a graph to show the variation of potential applied and charge stored in a capacitor. 

Derive the expression for energy stored in a parallel plate capacitor from the capacitor. 
3 

 

 

 

11. Find the capacitance of a system of three parallel plates each of area A m2 separated by d1 
and d2 m respectively. The space between them is filled with dielectrics of relative 
dielectric constant є1 and є2.    

2 

12. Two parallel plate capacitors A and B having capacitance 1µF and 5 µF are charged 
separately to the same potential 100V. They are then connected such that +ve plate of A 
is connected to –ve plate of B. Find the charge on each capacitor and total loss of energy 
in the capacitors. 

3 

 Ans:  400µC, 500µC and 5/3 x 10J  

13. Calculate the capacitance of a system having five equally spaced plates, if the area of each 
plate is 0.02 m2 and the separation between the neighboring are 3 mm. in case (a) and (b)
  

 

3 

V 

q 
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 Ans: (Hint: Capacitance of a parallel plate capacitor εoA/d ) 
          1.18 x 10-4 μ F and           2.36 x 10 μ F 

 

14. Net capacitance of three identical capacitors in series is 1μf. 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 

 Ans:  9μf           1 : 9  
 15. Two parallel plate capacitors X and Y have the same area of plates and the same 

separation between them. X has air between the plates and Y contains a dielectric 
medium of εr=4. Calculate Capacitance of X and Y if equivalent capacitance of 
combination is 4 µF. 

(i) Potential Difference between the plates of X and Y 
(ii) What is the ration of electrostatic energy stored in X and Y 

 
[ Ans : 5 µF, 20 µF, 9.6 V, 2.4 V, 4:1 ]  

 

 

  


