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CHAPTER 2: 

ELECTROSTATIC POTENTIAL AND CAPACITANCE 

Electric potential 

Let a charge +q be placed at a point O .A and B are two points, in the electric field.   

When a unit positive charge is moved from A to B against the electric force, work is done. This 

work is the potential difference between these two points. i.e.,  

 dV = WA → B.  

 
The potential difference between two points in an electric field is defined as the amount of 

work done in moving a unit positive charge from one point to the other against the electric 

force. The unit of potential difference is volt.  

The potential difference between two points is 1 volt if 1 joule of work is done in moving 1 

Coulomb of charge from one point to another against the electric force. 

The electric potential in an electric field at a point is defined as the amount of work done in 

moving a unit positive charge from infinity to that point against the electric forces. 

 

Relation between electric field and potential 

Let the small distance between A and B be dx.  Work done in moving a unit positive charge from 

A to B is    dV = E.dx.  

The work has to be done against the force of repulsion in moving a unit positive charge towards 

the charge +q. Hence,   d V = −E. d x 

 
The change of potential with distance is known as potential gradient , hence the electric field is 

equal to the negative gradient of potential. 

The negative sign indicates that the potential decreases in the direction of electric field. The unit 

of electric intensity can also be expressed as Vm
−1

. 

 

 

Electric potential at a point due to a point charge 

Let +q be an isolated point charge situated in air at O. P is a point at a distance r from +q. 

Consider two points A and B at distances x and x + dx from the point O. 
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The potential difference between A and B is, dV = −E dx .The force experienced by a unit 

positive charge placed at A is 

 
The negative sign indicates that the work is done against the electric force.The electric potential 

at the point P due to the charge +q is the total work done in moving a unit positive charge from 

infinity to that point. 

On integrating dV 

 

 

 
 

If the point charge is positive potential is positive and if the point charge is negative the potential 

is negative 

Electric potential at a point due to an electric dipole 
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Electric Potential at any point due to an electric dipole  

Let p =2lq be the dipole moment  of an electric dipole at any point P at distances r, r1, r2 from O , 

A and  B respectively  

PO +OM = PM =  r1=  r + l cos𝜃  ,    

PN = OP- PN = r2 =  r -  l cos𝜃 

In ∆ 𝐴𝑀𝑂   cosθ =   
OM

𝐴𝑂
 = 

OM

𝑙
     OM = l cosθ 

In ∆ 𝐵𝑁𝑂   cosθ =   
ON

𝐵𝑂
 = 

ON

𝑙
     ON = l cosθ 

Potential at P due to  q  is  V1= 
𝑘𝑞

𝑟1
  =  

𝑘𝑞

r+ l cos 𝜃   
  

Potential at P due to –q is V2 = 
−𝑘𝑞

𝑟2
= 

−𝑘𝑞

 r−l cos θ 
                          

V = V1 + V2   = 
𝑘𝑞

  r+ l cos 𝜃   
+  

−𝑘𝑞

 r−l cos θ 
 

= 
−k2lqcos θ

( 𝑟2   −𝑙2   𝑐𝑜𝑠2  𝜃)
        = 

−𝑘𝑝  𝑐𝑜𝑠𝜃

( 𝑟2   −𝑙2   𝑐𝑜𝑠2  𝜃)
     

 𝑙 ≪ 𝑟          V = 
−𝑘𝑝  𝑐𝑜𝑠𝜃

 𝑟2        

 For any point along the axial line   θ= 0 , P is near –q  

V = - 
−𝑘𝑝

𝑟2     

For any point along the axial line   θ= 180 ° ,  P is near  q   V =   
𝑘𝑝

𝑟2    

For any point along the equatorial line   θ= 90°   

Cos 90° =  0    

V= 0 electric potential at any point along the equatorial line of a dipole is zero.  

It means no work is done in moving a unit positive / any charge along the equatorial line of a 

dipole is zero.  

Any plane passing through the equatorial line of a dipole is an equi potential surface. 
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Expression for potential   at an axial point  of an electric dipole 

 

 
Then the electric potential  at P due to  -q is 

 

V1=  
−𝑘𝑞

𝑟+𝑙 
 

 

Then the electric potential   at P due to   q is                   
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V2 = 
𝑘𝑞

𝑟−𝑙 
  

The net electric potential at P is                                      

V = V1+ V2    =  
−𝑘𝑞

𝑟+𝑙 
  + 

𝑘𝑞

𝑟−𝑙 
  

 

 V = (2klq / r
2
 –l

2 
  )   =  k p/r

2   
   P =2lq        

 

 Potential at any axial point of dipole is α 1/ r
2
 

 

Electric potential at any equatorial  line  of a dipole 

 
Potential at any point on the equatorial line of a dipole. 

Potential at P due to  +q is V1  and  Potential at P due to  -q  is V2 

 V = V1+ V2  

 

V1 = K q/x    V2 = -K q/x                    

 

 

Electric potential energy
          

 

The electric potential energy of two point charges is equal to the work done to assemble the 

charges or work done in bringing each charge infinite distance to a separation. 

Let us consider a point charge q1, placed at A .The potential at a point B at a distance r from the 

charge q1 is 

 
 

Another point charge q2 is brought from infinity to the point B. Now the work done on the 

charge q2 is stored as electrostatic potential energy (U) in the system of charges q1 and q2. 
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Keeping q2 at B, if the charge q1 is imagined to be brought from infinity to the point A, the same 

amount of work is done.  

Also, if both the charges q1 and q2 are brought from infinity, to points A and B respectively, 

separated by a distance r, then potential energy of the system is the same as the previous cases. 

 

For a system containing more than two charges   ,the potential energy (U) is given by 

 

  

 
 

Q1. Two charges 3 × 10
–8

 C and –2 × 10
–8

 C are located 15 cm apart. At what point on the line 

joining the two charges is the electric potential zero? Take the potential at infinity to be zero.  

          



V VETRISELVAN/Class XII Physics/Chapter 2 Electrostatic potential and Capacitances/2018- Page 7 
 

                15 cm                      

   

O           x       P               A    

 

 

                                               

 
Solution: Let us take the origin O at the location of the positive charge. 

The line joining the two charges is taken to be the x-axis; the negative charge is taken to be on 

the right side of the origin. 

Let P be the required point on the x-axis where the potential is zero. 

If x is the x-coordinate of P, obviously x must be positive. (There is no possibility of potentials 

due to the two charges adding up to zero for x < 0.) If P lies between O and A, we have 

 
 

where x is in cm. That is, 

 
Which  gives x = 9 cm. 

If P lies on the extended line OA, the required condition is 

 
Which   gives x = 45 cm   

Thus, electric potential is zero at 9 cm and 45 cm away from the positive charge on the side of 

the negative charge.  

Three charges – 2 × 10
−9

 C, +3 × 10
−9

C, 

 –4 × 10
−9

C are placed at the vertices of an equilateral triangle ABC of side 20 cm. Calculate the 

work done in shifting the charges A, B and C to A1, B1 and C1   respectively which are the mid 

points of the 
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Sides  of the triangle. 

Calculate (i) the potential at a point due a  charge of4 × 10
−7

C located at 0.09m away (ii) work 

done in bringing a charge 

of 2 × 10
−9

 C from infinity to the point. 

Note that the formula for potential used in the calculation required choosing potential to be zero 

at infinity. 

 

Q2.The figures given below show the field lines of a positive and negative point charge 

respectively. 

(a) Give the signs of the potential difference VP – VQ; VB – VA. 

(b) Give the sign of the potential energy difference of a small negative charge between the 

points Q and P; A and B. 

(c) Give the sign of the work done by the field in moving a small positive charge from Q to P. 

(d) Give the sign of the work done by the external agency in moving a small negative charge 

from B to A. 

(e) Does the kinetic energy of a small negative charge increase or decrease in going from B to 

A? 
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Equipotential Surface 

If all the points of a surface are at the same electric potential, then the surface is called an 

equipotential surface. 

(i) In case of an isolated point charge, all points equidistant from the charge are at same 

potential. Thus, equipotential surfaces in this case will be a series of concentric spheres 

with the point charge as their centre (Fig.a).  

 
 

The electric potential , will however be different for different spheres.                            
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(ii) If the charge is to be moved between any two points on an equipotential surface through 

any path, the work done is zero. This is because the potential difference between two points 

A and B is defined as 

       
 

(iii) Hence the electric field lines must be normal to an equipotential surface. 

(iv) In   case of uniform field,  equipotential surfaces are the parallel planes with their 

surfaces perpendicular to the lines of force as shown 

in Fig.b. 

 

           
 

 
                    (c)                                      (d) 
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     Some equipotential surfaces for  

   (c) a dipole,           

   (d) two identical positive charges. 

Q. Figure given below shows some  equipotential surfaces. What conclusions you can arrive at 

about the magnitude and direction of the electric field associated with the equipotential surfaces? 

 

Answer Electric field lines are perpendicular to equipotential surfaces. 

Electric field points in the direction of decreasing potential. 

 
Electric potential energy of an electric dipole in an 

electric field. 

Electric potential energy of an electric dipole in an 

electrostatic field is the work done in rotating the dipole to the desired position in the field. 

When an electric dipole of dipole moment p is at an angle θ with the electric field E, the torque 

on the dipole is             τ = pE sin θ 

Work done in rotating the dipole through dθ, 

          dw = τ.dθ 
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         = pE sinθ.dθ 

The total work done in rotating the dipole through an angle θ is 

 
This work done is the potential energy (U) of the dipole. 

 
This shows that the dipole has a minimum potential energy when it is aligned with the field. A 

dipole in the electric field experiences a torque  which tends to align the dipole in 

the field direction, dissipating its potential energy in the form of heat to the surroundings. 

 
Case:1 When the dipole is turned from parallel to anti-parallel or end to end W=pE(1-(-

1))=2pE.It is highly unstable equilibrium. 

Case:2 When the dipole is turned from parallel to perpendicular W=p E (1-0)=p E. It is unstable 

equilibrium. 

Case:3 When the dipole is turned from perpendicular to 180
◦
 W=p E(0+1)=p E. It is unstable 

equilibrium. 

Case:4 When the dipole is turned from anti-parallel to parallel W=p E(-1-(+1))=-2pE.It is highly 

stable equilibrium. 

 

Conditions for equilibrium of a dipole in a uniform electric field 

1. For translational equilibrium net force acting on the dipole is zero. 

2. For rotational equilibrium net torque acting on the dipole is zero. 

3.For stable equilibrium potential energy of the dipole must be minimum. 

 

 

 

Polarisation 

Nonpolar Molecules 
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A nonpolar molecule is one in which the centre of gravity of the positive charges (protons) 

coincide with the centre of gravity of the negative charges (electrons). Example: O2, N2, H2.  

The nonpolar molecules do not have a permanent dipole moment. 

If a non polar dielectric is placed in an electric field, the centre of charges get displaced. The 

molecules are then said to be polarised and are called induced dipoles.  

They acquire induced dipole moment p 

in the direction of electric field . 

 
Polar Molecules 

A polar molecule is one in which the centre of gravity of the positive charges is separated from 

the centre of gravity of the negative charges by a finite distance. Examples : N2O, H2O, HCl, 

NH3. They have a permanent dipole moment.This happens due to asymmetric distribution of 

charges. In the absence of an external field, the dipole moments of polar molecules orient 

themselves in random directions. Hence no net dipole moment is observed in the dielectric.  

When an electric field is applied, the dipoles orient themselves in the direction of electric field. 

Hence a net dipole moment is produced. 

 
Dielectrics 

A dielectric is an insulating material in which all the electrons are tightly bound to the nucleus of 

the atom. There are no free electrons to carry current. Ebonite, mica and oil are few examples of 

dielectrics. 

The electrons are not free to move under the influence of an external field. 

Polarisation of dielectric material 

Consider a parallel plate capacitor with +q and –q charges. Let E0 be the electric field between 

the plates in air. If a dielectric slab is introduced in the space between them, the dielectric slab 

gets 

polarised. Suppose +qi and –qi be the induced surface charges on the face of dielectric opposite 

to the plates of capacitor . These induced charges produce their own field Ei which opposes the 

electric field Eo. 
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 So, the resultant field, 

                      E < Eo. 

 But the direction of E is in the direction of Eo. 

                   ∴ E = Eo + (–Ei) 

           (∵ Ei is opposite to the direction of Eo) 

 
 

Polarisation  of dielectric is defined as  the dipole moment per unit volume of the dielectric  and 

is denoted by P.  

 
Where  χe is a constant characteristic of the dielectric and is known as the electric susceptibility 

of the dielectric medium. 

 

Dielectric strength of a medium is the maximum electric field a medium can withstand before 

break down . 

 

Textbook numerical 

Q1.A molecule of a substance has a permanent electric dipole moment of magnitude 10
–29

 C 

m. A mole of this substance is polarised (at low temperature) by applying a strong electrostatic 

field of magnitude 10
6 

V m
–1

. The direction of the field is suddenly changed by an angle of 60º. 

Estimate the heat released by the substance in 

aligning its dipoles along the new direction of the field. For simplicity, assume 100% 

polarisation of the sample. 

Solution : 

Dipole moment of each molecules = 10
–29

 C m 

As 1 mole of the substance contains 6 × 10
23

 molecules, total dipole moment of all the 

molecules, 

 p = 6 × 10
23

 × 10
–29

 C m= 6 × 10
–6

C m 

Initial potential energy,  

Ui = –pE cos θ  

= –6×10
–6

×10
6
 cos 0° = –6 J 

Final potential energy (when θ = 60°),  

Uf = –6 × 10
–6 

× 10
6 

cos 60° = –3 J 

Change in potential energy = –3 J – (–6J) = 3 J 
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So, there is loss in potential energy. This must be the energy released by the substance in the 

form of heat in aligning its dipoles. 

Electrostatics of Conductors 

Conductors contain mobile charge carriers. In metallic conductors, these charge carriers are 

electrons. In a metal, the outer (valence) electrons  part away from their atoms and are free to 

move. These electrons are free within the metal but not free to leave the metal. The free electrons 

collide with each other and with the ions, and move randomly in different   directions. 

In an external electric field, they drift against the direction of the field.  

The positive ions made up of the nuclei and the bound electrons remain held in their fixed 

positions. 

Important Results Regarding Electrostatics of Conductors 

1. Inside a conductor, electrostatic field is zero: 

Consider a conductor, neutral or charged. There  may also be an external electrostatic field. In 

the static situation, when there is no current inside or on the surface of the conductor, the electric 

field is zero everywhere inside the conductor. 

2. At the surface of a charged conductor, electrostatic field must be normal to the surface at 

every point: 

If E were not normal to the surface, it would have some non-zero component along the surface. 

Free charges on the surface of the conductor would then experience force and move. In the static 

situation, therefore, E should have no tangential component. Thus electrostatic field at the 

surface of a charged conductor must be normal to the surface at every point. 

3. The interior of a conductor can have no excess charge in the static situation: 

According to Gauss Theorem the charge inside the conductor must be zero as electrostatic field 

is zero  inside a conductor.  

4. Electrostatic potential is constant throughout the volume of the conductor and has the 

same value (as inside) on its surface: 

Since electric field E=-dV/dx and E=0 inside the conductor, dV=0. It implies the potential V is 

constant inside & on the surface of the conductor. 

5. Electrostatic shielding 

Consider a conductor with a cavity, with no charges inside the cavity. A remarkable result is that 

the electric field inside the cavity is zero, whatever 

be the size and shape of the cavity and whatever be the charge on the conductor and the external 

fields in which it might be placed. 

A related result is that even if the conductor is charged or charges are induced on a neutral 

conductor by an external field, all charges reside only on the outer surface of a conductor with 

cavity. 
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Fig. The electric field inside a cavity of any conductor is zero. All charges reside only on the 

outer surface of a conductor with cavity. (There are no charges placed in the cavity.) 

 

Capacitance of a conductor 

When a charge q is given to an isolated conductor, its potential will change. The change in 

potential depends on the size and shape of the conductor. The potential of a conductor changes 

by V, due to the charge q given to the conductor. 

q α V or q = CV 

i.e. C = q/V  

Here C is called as capacitance of the conductor. 

The capacitance of a conductor is defined as the ratio of the charge given to the conductor to the 

potential developed in the conductor. 

The unit of capacitance is farad. A conductor has a capacitance of one farad, if a charge of 1 

coulomb given to it, rises its potential by 1 volt. 

The practical units of capacitance are μF and pF. 

Principle of a capacitor 

1.Consider an insulated conductor (Plate A) with a positive charge ‘q’ having potential V. The 

capacitance of A is C = q/V. 

2.When another insulated metal plate B is brought near A, negative charges are induced on the 

side of B near A. An equal amount of positive charge is induced on the other side of B . 

3.The negative charge in B decreases the potential of A. The positive charge in B increases the 

potential of A. But the negative charge on B is nearer to A than the positive charge on B.So the 

net effect is that, the potential of A decreases.Thus the capacitance of A is increased. 

4.If the plate B is earthed, positive charges get neutralized . Then the potential of A decreases 

further. Thus the capacitance of A is considerably increased. 

5.The capacitance depends on the geometry of the conductors and nature of the medium. A 

capacitor is a device for storing electric charges. 
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Applications  of capacitors. 

(i) They are used in the ignition system of automobile engines   to eliminate sparking. 

(ii) They are used to reduce voltage fluctuations in power supplies and to increase the efficiency 

of power transmission. 

(iii) Capacitors are used to generate   electromagnetic oscillations and in tuning the radio circuits. 

Capacitance of a parallel plate capacitor 

The parallel plate capacitor consists of two parallel metal plates X and Y each of area A, 

separated by a distance d, having a surface charge density σ. The medium between the plates is 

air. 

 A charge +q  is given to the plate X. It induces a charge –q on the upper surface of earthed plate 

Y.  

When the plates are very close to each other, the field is confined to the region between them. 

 The electric lines of force starting from plate X and ending at the plate Y are parallel to each 

other and perpendicular to the plates. 

 
By the application of Gauss’s law, electric field at a point between the two plates is,  

 
Potential difference between the plates X and Y is 

 
The capacitance (C) of the parallel plate capacitor 
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The capacitance is directly proportional to the area (A) of the plates and inversely proportional to 

their distance of separation (d).It also depends on the permittivity of medium between the plates. 

 

Capacitance of a parallel plate capacitor with a dielectric medium. 

Consider a parallel plate capacitor having two conducting plates X and Y each of area A, 

separated by a distance d apart. X is given a 

positive charge so that the surface charge density on it is σ and Y is earthed. Let a dielectric slab 

of thick-ness t and relative permittivity εr be introduced between the plates. 

Thickness of dielectric slab = t 

Thickness of air gap = (d−t) 

Electric field at any point in the air between the plates, 

 
Electric field at any point, in the dielectric slab 

 
The total potential difference between the plates, is the work done in taking unit positive charge 

from one plate to another in the field E over a distance (d−t) and in the field E′ over a distance t, 

then 

         V = E (d−t) + E′ t 

 
 

The charge on the plate X, q = σA 

Hence the capacitance of the capacitor is, 
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Special Cases: 

 i) When d >> t ,  C =ε0 A/d 

ii) When d = t    C’ = εr ε0 A/d 

     
Advantages of using dielectric in a capacitor: 

*Increases the capacitance of the capacitor 

* Increases maximum operating voltage 

* Provide mechanical  strength without bringing    the plates into contact. 

 

*εr,Relative Permitivity can also be defined as the ratio of capacitance of a parallel plate 

capacitor with a dielectric between the plates to the capacitance of a parallel plate capacitor 

with a air between the plates . 

*Relative Permitivity can also be defined as the ratio of applied electric field upon resultant 

electric electric field in a dielectric(medium). 

                                 *εr = E0/Er 

 

Numerical: 

Q1. Capacitance of a parallel plate capacitor with a dielectric between the plates is 20µF. 

When the space between the plates of the capacitor is air ,  its capacitance is 4µF.Calculate 

relative permitivity of the medium. 

Solution: 

      
 

= 20/4   =5 

 

Capacitors in series and parallel 

(i) Capacitors in series 
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Consider three capacitors of capacitance C1, C2 and C3 connected in series. 

 Let V be the potential difference applied across the series combination. Each capacitor carries 

the same amount of charge q. 

 Let V1, V2, V3 be the potential difference across the capacitors C1,C2, C3 respectively.  

Thus V = V1 + V2 + V3  

The potential difference across 

each capacitor is, 

 

 
If CS be the effective capacitance 

of the series combination, it should 

acquire a charge q when a voltage V is applied across it. 

 
 

Note: If n identical capacitors each of capacitance C are connected in series  then Cs=C/n. 

If 2 capacitors are connected in series  

Cs =C1C2/(C1+C2). 

When a number of capacitors are connected in series, the reciprocal of the effective capacitance 

is equal to the sum of reciprocal of the capacitance of the individual capacitors. 

Capacitors in parallel 

Consider three capacitors of capacitances C1, C2 and C3 connected in parallel .Let this parallel 

combination be connected to a potential difference V. The potential difference across each 

capacitor is the same. The charges on the three capacitors are, 

q1 = C1V, q2 = C2 V, q3 = C3V.The total charge in the system of capacitors is 

q = q1 + q2 + q3 
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q = C1V + C2V + C3V 

But q = Cp. V where Cp is the effective capacitance of the system 

∴ CpV = V (C1 + C2 + C3) 

∴ CP = C1 + C2 + C3 

Hence the effective capacitance of the capacitors connected in parallel is the sum of the 

capacitances of the individual capacitors. 

 
Note:1. If n identical capacitors each of capacitance C are connected in parallel then CP=nC 

2. When a number of capacitors are connected in parallel, the effective capacitance is equal to 

the  sum of the capacitances of the individual   capacitors. 

Energy stored in a capacitor 

The capacitor is a charge storage device. Work has to be done to store the charges in a capacitor. 

This work done is stored as electrostatic potential energy in the capacitor. 

Let q be the charge and V be the potential difference between the plates of the capacitor. If dq is 

the additional charge given to the plate, 

then work done is, d w = V d q 

 

 

 
Total work done to charge a capacitor is 

 
This work done is stored as electrostatic potential energy (U) in the capacitor. 

 
This energy is recovered if the capacitor is allowed to discharge. 

Energy Density of a capacitor 

Energy stored in the capacitor U = 
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The surface charge density σ is related to the electric field E between the plates, 

 
From the above 2 equations , we get 

Energy stored in the capacitor 

 
Ad is the volume of the region between the plates (where electric field alone exists).  

Energy density is defined as energy stored per unit volume of space 

 

𝑼  = U/volume = ( ½) ε0E
2
Ad/Ad    

gives 

𝑈  = ½ ε0E
2
 

Graph  between charge Q stored & the potential applied between the plates of the 

capacitor. 

 
The slope gives the capacitance C=∆Q/∆V. 

The area under the graph gives the energy stored in the capacitor. 

           U =1/2QV 

              = 1/2CV
2                                                                                                                                                               

                     
=Q

2
/2C 

Effect of introduction of a dielectric slab of   dielectric constant K between the plates of  a 

capacitor 

a) When the battery disconnected after charging 

i)  Charge Q on the capacitor remains unchanged 

 ii)   Electric field E decreases by a factor K  

       E= σ/ε0 

        E’ = σ/Kε0 

iii)  Potential difference decreases by a factor K 

    V’ =V/K 

iv)   Capacitance C increases by a factor K  ,    C’= CK 

v)    Electrostatic potential energy decreases by a factor K         

             U’ = U/K                                                                             

 

V 

Q 
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b) When the battery is connected  

i) Charge Q on the capacitor increases by a factor K  

    Q’= QK 

ii) Electric field E remains same. 

iii) Potential difference remains unchanged  

iv) Capacitance   C increases by a factor K  ,    C’= CK 

v) Electro static potential energy increases  

       by a factor K ,  U’ = UK                                             

Distribution of charges on a conductor and action of points 

Let us consider two conducting spheres A and B of 

radii r1 and r2 respectively connected to each other by a conducting wire. 

 
Let r1 be greater than r2. A charge given to  

the system is distributed as q1 and q2 on the surface of the spheres A and B. Let σ1, σ2 be the 

charge densities on the sphere A and B. The potential at A, 

 
The potential at B, 

 
Since they are connected, their potentials are equal 

 
i.e., σ r is a constant. From the above equation it is seen that, smaller the radius, larger is the 

charge density. In case of conductor, shaped as in figure 

the distribution is not uniform.  
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*The charges accumulate to a maximum at the pointed end where the curvature is maximum or 

the radius is minimum. 

 *It is found experimentally that a charged conductor with sharp points on its surface, loses its 

charge rapidly.  

*The reason is that the air molecules which come in contact with the sharp points become 

ionized.  

*The positive ions are repelled and the negative ions are attracted by the sharp points and the 

charge in them is therefore reduced. 

*Thus, the leakage of electric charges from the sharp points on the charged conductor is known 

as action of points or corona discharge.  

*This principle is made use of in the electrostatic machines for collecting charges and in 

lightning arresters (conductors). 

 

Textbook Numericals: 

 

1. A network of four 10 μF capacitors is connected to a 500 V supply, as shown in Fig. 

Determine (a) the equivalent capacitance of the network and (b) the charge on each capacitor. 

(Note, the charge on a capacitor is the charge on the plate with higher potential, equal and 

opposite to the charge on the plate with lower potential.) 

 

 
Solutions in pg 79. 

 

2. (a) A 900 pF capacitor is charged by 100 V battery. How much electrostatic energy is stored 

by the capacitor? (b) The capacitor is disconnected from the battery and connected to another 

900 pF capacitor .What is the electrostatic energystored by the system? 
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Solutions in pg 82 

 

Extra Questions: 

1. The plates of a parallel plate capacitor have an area of 90 cm
2
 each and are separated by 

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

energy is stored by the capacitor?                                                                   

Solution : Capacitance of a parallel plate capacitor 

 
 

 
2. Three charges – 2 × 10

−9
C, +3 × 10

−9
C,   

 –4 × 10
−9

C are placed at the vertices of an equilateral triangle ABC of side 20 cm. Calculate 

the work  done in shifting the charges A, B and C to A1, B1 and C1 respectively which are the 

mid points of the sides of the triangle. 
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Solution : 

The potential energy of the system of charges, 

 
Work done in displacing the charges from A, B and C to A1, B1 and C1 respectively  

W = Uf – Ui 

Ui and Uf are the initial and final potential energy of the system. 

 

Ui  =   (9x 10
9
/  0.2) (-6- 12+8) x 10 

-18  

   

=  - 4.5 x  10
-7

 J 

 

Uf = (9x 10
9
/  0.1) (-6- 12+8) x 10 

-18 

   

=  -9 x 10
-7

 J 

 

∆𝑈 =  - 4.5 x  10
-7

 J 

 

3. 
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4. Figure shows potential due to a point charge (V)  vs 1/r graphs for two point charges Q1 and 

Q2. 

(i) What can you say about the sign and relative magnitude of Q1 and Q2? 

(ii) Redraw this graph for a point charge (Q1 + Q2) 

 
  

  Q1   is positive   and Q2 is   negative.  Since   V = KQ/r    . The graph with   more   slope  

Corresponds    to charge of more magnitude   which is   Q 2  .                                                                   

  

 Since   magnitude of   Q2   >   magnitude   of   Q1 ,  

(Q1 + Q2) will be negative  as Q2 is negative  
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1. Eight   charged water droplets   each with a   radius   of 1mm and a charge of 10
-10

 C coalesce 

to form a single drop .Calculate the potential of the bigger drop   .  

Volume of eight droplets =   volume of the bigger drop 

8x 4/3 π r
3    

=   4/3   π R
3     

Taking   cube root                                                     

R =2r   =2 x 10
-3

   m                        

Charge on the bigger drop Q= 8q = 8 x 10
-10

 C    

Potential on the bigger drop   V = 
kQ

R
                    

= 9 x10
9
x 4 x 10

-7 
  = 3600 V                             

 

2. A uniform electric field of 2kN/c is in the X direction. A   point charge of 3μC initially at rest 

at the origin is released .What is the kinetic energy of the charge at x =4m?        

   
d V = -E  d x     d V= -2 x 10

3
 x 4  = - 8 x 10

3
  V 

  loss   in potential energy = q d V                                

= - 3 x 10
-6

 x 8 x 10
3
                          

=   24   m J this is equal to the gain in kinetic energy at 4m because initially   the   charge   was at 

rest                                                              

 

3.If 100 J of work must be done to move an electric charge of 4C from a place where the 

potential is -10 volt to a place where the potential is V volt .Find the value of V.                  

 Let the W =   q x d V = WA → B   

                               = q (VB- VA   )      
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100=   4 x (   V-(-10)         25 =V + 10        

                           V = 15V                                                       

4. Calculate the   voltage needed to balance an oil drop carrying 10 electrons, when located 

between two plates    of equal and opposite charge density  , which are 5mm apart. Given mass 

of drop = 3 x 10
-16 

k g   , e = 1.6 x10
-19 

C. 

 

 

                         
                                    

For equilibrium   q E= mg                   q =10 e  

                             q V/ d   = mg 

V = m g d/10 e                   substituting the values  

 

                                 V   = 9.19 V                                                                              

 

5. The    electric potential and intensity of electric field at a point due to a point charge are   40V 

and 20 V/m respectively find (  i  ) the distance of the point charge from the point ( ii) the 

magnitude of the point charge.     

 

 

 V= E r   r = V/E =   40/20 = 2m 

  V = k Q/r 

 40 = (   9 x 10
9
 x Q) /   2 

  Q = (80 / 9   )   n C       = 8.88 n C                                             

     

  

6. Calculate   the electric potential at a point P, located at the centre of the square of point 

charges shown in the figure.                                                                                                           
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Potential at a point P is 

   
 

 

 
                             

 

q   =   36 x10
-9 

C                               
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Numerical problem  

 Three capacitors each o f capacitance   40μF are connected in parallel to 100V. Find 

 i )  the effective capacitance  

 ii)the total charge stored in the system of capacitors. 

 iii) the charge on each capacitor. 

 

i )Cp = n C  = 3 x 40 x 10 
-6

 =120 μ F      

ii) Q = Cp x V =120 x 100 x 10 
-6

= 120   x 10
-4

C 

 

 

iii )  Q = Q1+Q2+Q3     as   charge   is divided equally by identical capacitors   charge on each 

capacitor is 40   x 10
-4

 C.                                                                                          

 

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? 

(C ) What is the charge on each capacitor ? 

 

 a) Cs = C/ n =   3 pF   

 b) since all the three capacitors are identical and in series  total potential difference is divided 

equally between them  V1 =V2= V3 = V/3 = 120/3 =40V 

C) Q = Cs V = 3 x   120 = 360   x 10
-12

 C. As the capacitors are in series   charge on each of them 

is the   same and equal to Q.      

  


