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MULTIPLE CHOICE QUESTIONS 
Q1 In a region electric field is given by ܧሬ⃗ = 4xଓ ̂N/C. The potential difference between points 
A(x=1m) and B (x=3m), VA-VB is given by: CBSE 2026 55/1/2 

(a) -16V                        (b) 16V                      (c) -8V                       (d) 8V 
Q2 From the figure given below calculate the capacitance of the given combination of 
capacitors between points A and B (C1= C2 =C3 =1 μF , C4 =2μF) JEE MAINS 2026 
(a) 2                   (b) 7/2                (c) 7/3                (d) 5/2 
 
Q3 A point charge lies at a distance x from the midpoint of an 
electric dipole on its axis. The electric potential at a point P is proportional to:  
(a)1/x3                           (b) 1/x2                             (c) 1/x4                                  (d) 1/x1/2 
Q4 Ten capacitors, each of capacitance 1 µF, are connected in parallel to a source of 100 V. The 
total energy stored in the system is equal to: 
(a) 10-2 J                      (b) 10-3 J                            (c) 0.5 x 10-3 J                   (d) 5.0 x 10-2 J     
Q5 The diagrams below show the regions of equipotential. 
A positive charge is moved from A to B in each diagram then: 
(a) Maximum work is required to move q in figure (c).  
(b) In all the four cases the work done is the same.      
(c)Minimum work is required to move q in figure (a).  
(d) Maximum work is required to move q in figure (b)     
Q6 As shown  in  figure,  A,  B  and  C  are  concentric shells of radius a,  b  and  c respectively 
(a�<�b�<�c).�Their�surface�charge�densities�are�,�σ,�-σ�and σ�respectively. What 
is the electric potential on the surface of shell A ?  

(a) −σఌబ  (a+b+c)      (b)    σఌబ (a+b+c)     (c) σఌబ (b-a-c)     (d) σఌబ (a-b+c)                                                                                   

Q7: Four charges 10-8 C ,-2x10-8 C; +3x10-8 C and 2x10-8 C are placed at the four corners of a 
square of side 1m  the potential at the center of the square is : 
 (a)�zero�������������������(b)�360�volt�������������(c)�360√2�volt����������������������(d)�180V 
Q8: The electrostatic force between the metal plates of an isolated parallel plate capacitor C 
having a charge Q and area A, is:  
(a) Independent of the distance between the plates (b) Linearly proportional to the distance 
between the plates  (c) Proportional to the square root of the distance between the plates 
(d) Inversely proportional to the distance between the plates  
Q9: A capacitor is charged by a battery. The battery is removed and another identical 
uncharged capacitor is connected in parallel. The total electrostatic energy of resulting system                 
(a) Increases by a factor of 4   (b) Decreases by a factor of 2  
(c) Remains the same     (d) Increases by a factor of 2 
Q10: A capacitor works as the charge storing device in  
(a)AC circuits              (b)DC circuits           (c) Both (1) & (2)               (d)Neither (1) nor (2) 
Q11. A uniform electric field pointing in positive x-direction exists in a region. Let A be the 
origin, B be the point on the x-axis at x = + 1 cm and C be the point on the y-axis at y = + 1 
cm. Then, the potentials at the points A, B and C satisfy  
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(a) VA <�VB   (b) VA >�VB  (c) VA <�VC  (d) VA >�VC 
Q12. Which statement is not correct for an equipotential surface? 
(a) Electric field intensity is always perpendicular to the equipotential surface. 
(b) Potential difference between any two points on it is zero. 
(c) Equipotential surfaces are spherical in shape. 
(d) No work is required to move a charge on an equipotential surface 
Q13. An electron mass m and charge e travels from rest through a potential difference of V. 
What will be the final velocity of electron? 

(a) eV    (b) 2௘௏
௠

   (c) ට2௘௏
௠

  (d) ට2௠௏
௘

  

Q14. Four point charges –Q, -q, 2q and 2Q are placed, one at each corner of the square. The 
relation between Q and q for which the potential at the centre of the square zero, is 
(a) Q = -q  (b) Q = −1

 ௤   (c) Q = q  (d) Q = 1
 ௤

 

Q15. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface  
is 80 V. The ratio of potential at a distance 5cm from the centre of the sphere to the potential at 
the surface of sphere is 
(a) 1:2   (b) 2:1   (c) 1:1   (d) 1:4 
Q16. There is one charged isolated air capacitor and U is the energy stored in it. Separation 
between the plates of the capacitor is increased to double of the initial value. Energy stored 
becomes 
(a) U/2   (b) 2U   (c) U/3   (d) 3U 
Q17. Four condensers are joined as shown in the figure and the 
capacity of each condenser is 8 μF. The equivalent capacity between 
the points A and B will be: 
(a) 16 μF    (b) 8 μF 
(c) 32 μF    (d) 2 μF 
Q18. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two 
situations: A: Key K is kept closed and plates of capacitors are moved apart using insulating 
handle. B: Key K is opened and plates of capacitors are moved apart using insulating handle. 
Choose the correct option(s). 
(a) In A : Q remains same but C changes. 
(b) In B : V remains same but C changes.  
(c) In A : V remains same and hence Q changes.  
(d) In B : C remains same and hence V changes. 
Q19. Two protons A and B are placed in space between plates of a parallel 
plate capacitor charged up to V volts (See fig.) Forces on protons are FA 
and FB , then 
(a) FA >�FB     (b) FA <�FB  
(c) FA = FB          (d) none of the above 
Q20. n small droplets of same size are charged to a same potential V. If all of them combine to 
form a single drop then potential of the single drop will be 
(a) n V   (b) V/n   (c) n2/3V   (d) n1/3V 
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ANSWERS 
Q1  (a)VA-VB= െ∫ݔ݀.ܧ so potential difference= -2x2 = -2(32-12) = -16V 
Q2 (a) C1 & C2 are parallel so 2μF .. This 2μF is in series with C4. So 1 μF.now this is in parallel 

with C3 so final equivalent resistance is 1 μF+C3=2 μF 
Q3 (b)For an electric dipole, the electric potential at a point on its axial line is given by V=kp/x2 

where distance between the charges is much smaller than the distance at which potential is 
to be calculated. 

Q4 (d) Net capacitance = 10x 1 µF=10-5F   connected to 100V so total energy is U=1/2 CeqV2 so 
we get 5x10-2J  

Q5 (b)Work done w = qΔV, ΔV is same in all the cases so work is done will be same in all the 
cases. 
Q6(d) Electric charge on shell A is qA=4πa2σ�;�Electric charge on shell A is qB=-4πb2σ����
Electric charge on shell A is qC=4πc2σ��� 
Shell A is inside the shell B and C. so VA= 1

4గఌబ
 (qA+ qB+ qC)  

Q7 (c)  Potential at the centre is : V=kq/r : V= 1
4గఌబ

  (q1/r1 + q2/r2 + q3/r3+ q4/r4 )��=�360√2�V������ 

Q8 (a)For isolated capacitor Q = Constant : Favg=
ொమ

2஺ఌబ
: F is independent of the distance between 

plates 
Q9 (b) Common potential = V/2 ; Initial energy Ui=1/2 CV2     final energy Uf= ¼ CV2 so loss 
of energy = ½ CV2- ¼ CV2 = ¼ CV2 decreases by a factor of 2  
Q10 b)DC circuits 
Q11. (b) E = - ௗ௏

ௗ௥
 , Direction of electric field must be in the direction of the decreasing order of 

electric potential. 
Q12. (c) Shape of equipotential surface depends on charge or distribution of charges  

Q13. (c) eV = 1
2
so  v = ට2௘௏ 2ݒ݉

௠
  

Q14. (a) 1
4గఌ₀

  −ொ
ோ

+ 1
4గఌ₀

  −௤
ோ

 + 1
4గఌ₀

  2ொ
ோ

 + 1
4గఌ₀

  2௤
ோ

 = 0      Q = -q 
Q15. (c) Value of potential inside and on the surface of a charged spherical shell is same 
Q16.(b) As capacitor is isolated so charge on capacitor remains same 

New capacitance   ܥ′= ஼
2
 and  ܸ′= 2V 

Hence, new energy ܷ′ = 2U  
Q17.(c) All capacitors are connected in parallel so ܥ௘௤= 4ܥ+3ܥ+2ܥ+1ܥ so ܥ௘௤ =�32�μF  
Q18.(c) As it is connected to battery so V remains same but as capacitance changes so charge 

changes  
Q19.(c) As F = qE and value of electric field is uniform in the space between the plates  

So FA = FB 
Q20.(c) total charge Q = nq and R= ݊1/3r, So V = n2/3V  

PRACTICE QUESTIONS 
1. If a charged spherical conductor of radius 10 cm has potential V at a point 5 cm distant from 
its center, then the potential at a point 15 cm distant from the center will be: 
(a) 3V   (b) 3

2
ܸ   (c) 2

3
ܸ   (d) 1

3
ܸ 

2. A parallel plate air capacitor has capacitance 18 μF. If the distance between the plates is made 
thrice and a dielectric medium is introduced, the capacitance becomes 72μF. The dielectric 
constant of the medium is: 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 18 

 

(a) 4   (b) 9   (c) 12   (d) 2 
3. Select the incorrect statement. 

(a) Electric potential decreases inside electric field if one goes in a direction making an angle 
less than 90° with the direction of electric field intensity. 

(b) Electric potential increases at the fastest rate if one goes in the direction of electric field 
intensity. 

(c) Electric potential decreases at the fastest rate if one goes in the direction of electric field. 
(d) Electric potential increases at the fastest rate if one goes in the direction opposite to that 

of electric field. 
4. A capacitor C1 is charged by a potential difference V0 as shown in the figure. This charging 
battery is then removed and the capacitor is connected to an uncharged 
capacitor C2. The final potential difference V across the combination is: 
(a) V0ቀ஼భ−஼మ஼భ

ቁ    (b) V0ቀ ஼భ
஼భ−஼మ

ቁ         (c) V0ቀ ஼భ
஼భ+஼మ

ቁ   (d) V0ቀ஼భ+஼మ஼భ
ቁ 

5. As per this diagram, a point charge + q is placed at the origin O. Work 
done�in�taking�another�point�charge�−�Q from the point A [co-ordinates 
(0, a)] to another point B [co-ordinates (a, 0)] along the straight path AB 
is:  

(a) Zero      (b) ቀ −௤ொ
4గఌబ௔మ

ቁ √2a    (c) ቀ ௤ொ
4గఌబ௔మ

ቁ ௔
√2

    (d)ቀ −௤ொ
4గఌబ௔మ

ቁ √2a

  
ANSWERS 

1.C  2.C  3.B  4.C  5.D 
ASSERTION-REASON QUESTIONS 

Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below: 
(a) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation 
of Assertion (A). 
(b) Both assertion (A) and Reason (R) are true and Reason (R) is NOT the correct 
explanation of Assertion (A). 
(c) Assertion (A) is true and Reason (R) is false. 
(d) Assertion (A) is false and Reason (R) is also false. 

1. Assertion (A): Electric field is always normal to equipotential surfaces and along the direction 
of decreasing order of potential. 
Reason (R): electric field is defined as negative gradient of electric potential. 
2. Assertion (A): Electric field inside a hollow conducting sphere is zero. 
Reason (R): Charge is present only on the outer surface of conductor. 
3. Assertion (A): Work done in moving a charge between any two points in a uniform electric 
field is independent of the path followed by the charge between these two points. 
Reason (R): Electrostatic forces are non-conservative. 
4. Assertion (A): Electrostatic potential and electric potential energy are two different quantities. 
Reason (R): For a test charge Q and a point charge Q, the electric potential energy becomes 
equal to the potential. 
5. Assertion (A): When the distance between the parallel plates of a parallel plate capacitor is 
halved and the dielectric constant of the dielectric used is made three times, then the capacitance 
becomes three times. 
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Reason (R): Capacitance does not depend upon the external battery connected. 
6. Assertion (A): Circuit containing capacitors should be handled very carefully even when the 
power is off. 
Reason (R): The capacitors may break down at any time. 
7. Assertion (A): Capacity of a conductor is independent on the amount of charge on it. 
Reason (R): Capacitance depends on the dielectric constant of surrounding medium, shape and 
size of the conductor. 
8. Assertion (A): Two parallel metal plates having charge +Q and –Q are facing at a distance 
between them. The plates are now immersed in kerosene oil and the electric potential between 
the plates decreases. 
Reason (R): Dielectric constant of kerosene oil is less than 1. 
9. Assertion (A):  Two adjacent conductors of unequal dimensions, carrying the same positive 
charge have a potential difference between them. 
Reason (R): The potential of a conductor does not depend upon the charge given to it. 
10. Assertion (A):  Polar molecules do not have permanent dipole moment. 
Reason (R):  In polar molecules, the centers of positive and negative charges coincide even 
when there is no external field. 

ANSWERS 
1. Option (A) is correct : E = - ௗ௏

ௗ௥
. So, the electric field is always perpendicular to equipotential 

surface. Negative gradient of electric potential is electric field. So, direction of electric field must 
be in the direction of the decreasing order of electric potential. 
2. Option (A) is correct: Since no charge resides in the surface of a hollow sphere, the electric 
field also zero inside. For hollow conducting sphere, the charged reside on the surface only.  
3. Option (C) is correct.   Work done in moving a charge between any two points in a uniform 
electric field = charge × potential difference. So, it is independent of the path followed by the 
charge. Electrostatic forces are conservative type.  
4. Option (C) is correct. Electric potential and electric potential energy are two different 
quantities. Electric potential is defined as the potential energy per unit charge. Hence V = P.E./q. 
5. Option (B) is correct.   Initial capacitance C1 = C = ௄ఌబ ஺

ௗ , C2 = 3௄ఌబ ஺
ௗ/2  So C2 = 6C1,  

6. Option (C) is correct.   Even when power is off capacitor may have stored charge which may 
discharge through human body and thus one may get a shock. Breakdown of capacitors requires 
high voltage. 
7. Option (A) is correct. C = ఌబ ಲ

ௗ
. In the expression, there is no involvement of charge. So, 

capacitance is independent of charge. It depends on permittivity of the surrounding medium and 
the area of the plate. 
8. Option (C) is correct.  Electric field for parallel plate capacitor in vacuum E = ఙఌబ. Electric field 

in dielectric E’ = ఙ
௄ఌబ

. Since� the� value� of�K� for�Kerosene� oil� is� greater� than� 1,� then� E’<�E.��

Dielectric constant of Kerosene oil is greater than 1. 
9. Option (C) is correct.    Potential of a conductor depends upon charge and size of the body so 
potential of both will not be same. 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 20 

 

10. Option (D) is correct.    In polar molecules centre of positive charge does not coincide with 
centre of negative charge so they have net dipole moment. 
  PRACTICE QUESTIONS 
1. Assertion (A): A metal plate is introduced between the plates of a charged parallel plate 

capacitor, its capacitance increased. 
Reason(R): A metal plate is introduced between the plates of a charged parallel plate capacitor, 

the effective separation between the plates is decreased. 
2. Assertion (A): Sensitive instruments can protect from outside electrical influence by 

enclosing them in a hollow conductor. 
Reason(R): Potential inside the cavity is zero.  
3. Assertion (A): The field intensity in between such sheets having equal and opposite uniform 

surface densities of charge become constant. 
Reason(R): The field intensity does not depend upon the distance between the thin sheets. 
4. Assertion (A): The electrostatic force between the plates of a charged isolated capacitor 

decreases when dielectric fills whole space between plates. 
Reason(R):  The electric field between the plates of a charged isolated capacitance increases 

when dielectric fills whole space between plates. 
5. Assertion (A): Electric field inside a conductor is zero. 
Reason(R):  The potential at all the points inside a conductor is same. 
 
Answers 
1. A   2.C   3.A   4.D   5.B 

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS) 
Q1 Two points R and S are equidistant from two charges +Q and -2Q. Calculate the amount of 
work done in moving a charge –Q from point R to S. CBSE 2026 (55/5/3)  
Q2 Two pint charges - 2 μC and 5 μC are placed at (-30cm,0) and (30cm,0) respectively in an 
external electric field ܧ ሬሬሬ⃗  = ஺

௫మ
 ଓ̂ where A=9x105 Nm2C-1. Find the electrostatic potential energy 

of the configuration. CBSE 2026 (55/3/2) 
Q3 A parallel plate capacitor of plate area A and plate separation d is completely filled with two 
dielectric slabs of dielectric constant K1 and K2 each of area A/2. Find the effective capacitance 
of the capacitor. 55B CBSE 2026 
Q4: (a) Draw electric field lines and equipotential surfaces for a system of two equal positive 
charges separated by some distance. (b) Using the drawings in (a) above, explain that electric 
field need not be a constant over each point of an equipotential surface. CBSE 55/2/3 
Q5 Two air filled capacitors C1 and C2 are connected in parallel with a dc battery. After the 
capacitors are fully charged, a slab of dielectric constant K is inserted between the plates of each 
capacitor. How will the i) charge on each capacitor and ii) energy stored in the capacitor affected 
after the slab is introduced. CBSE 55/2/3   
Q6 A parallel plate capacitor has a capacitance C. When it is half 
filled with a material of dielectric constant K=5 as shown in the 
figure, then calculate the percentage increase in the capacitance of 
the capacitor. IIT JEE MAINS 2026 
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Q7 A parallel plate air capacitor is connected to a battery. The plates are pulled apart at a uniform 
speed v. If x is the separation between the plates at any instant of the capacitor is then the time 
rate change of the electrostatic energy of the capacitor is proportional to xα. Calculate the value 
of α.�IIT JEE 2026 
Q8:  Obtain an expression for electrostatic potential energy of a system of three charges q, 2q 
and 3q placed at the vertices of an equilateral triangle of side a.  
Q9 Two small conducting balls A and B of radius r1 and r2 have charges q1 and q2 respectively. 
They are connected by a wire. Obtain the expression for charges on A and B, in equilibrium. 
Q10. Draw an equipotential surface for a system consisting of two charges Q, –Q separated by a 
distance r in air. Locate the points where the potential due to the dipole is zero. 

SOLUTIONS 
1: work W=q(VS-VR) ; VR= 1

4గఌబ
(ொ
௥భ

+ (−2ொ)
௥మ

);  VR=VS so potential difference is zero and hence 

work done is also zero. 
2: V(r)=-∫ݔ݀.ܧ = െ∫ ஺

௫మ
஺ = ݔ݀.

௫
 ; U=q1 V(x1) + q2V(x2)+

௤భ௤మ
4గఌబ௫భమ

 = q1A/x1+ q2A/x2+
௤భ௤మ

4గఌబ௫భమ
 

x1=x2=30cm , and x12=60cm 
So after substituting all the values we get U=8.85J  
3 : Sol C1=

௄భఌబ஺/2
ௗ

 and C2=
௄మఌబ஺/2

ௗ
 so Ceq=C1+C2 = ௄భఌబ஺

2ௗ
 +௄మఌబ஺

2ௗ
 = ఌబ஺

2ௗ
1ܭ) +  (2ܭ

4 (a) 
 
 
 
(b) Different points on an equipotential surface might be at different distances from the source 
charge,so the electric field will not be constant at all points as shown in the diagram  
5: In parallel combination the potential difference is same across the capacitors. On inserting 
dielectric slab capacitance become K times, so charge becomes K times.  
Energy stored by a capacitor U=1/2 CV2. As capacitance becomes K times energy stored by each 
capacitor also increases by a factor of K(dielectric constant) 
6 Initial capacitance: C= C=ε0A/d New capacitance = C/2 (1+K) ; K=5(given) so Cnew=3C 
change in capacitance = 2C so change in %=200% 
7: C=ఌబ஺

௫
      U=1/2 CV2 , U=1/2ఌబ஺

௫
 V2 so U α�1/x , Now dU/dt = dU/dx × dx/dt  dx/dt = velocity  

Since U α�1/x so dU/dx α�x-2  hence alpha is proportional to x-2 

8: potential energy of the system is U= 1
4గఌ೚

௤భ௤మ
௥

 so U= 1
4గఌ೚

(−7௤మ)
௔

 

9:According to law of conservation of charge ; qi= qf : q1+ q2= q1+ q2=Q, i f When two balls are 
connected with wire : V1=V2  : q1= ொ௥భ

௥భ+௥మ
 and q2= ொ௥మ

௥భ+௥మ
 and Q= q1+ q2 

10: The equipotential surface for the system is as shown. Electric potential is 
zero at all points in the plane passing through the dipole equator AB. 
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PRACTICE QUESTIONS 
Q1.  Figure shows the field lines on a positive charge. Is the work done by 
the field in moving a small positive charge from Q to P positive or 
negative? Give reason.  
Q2. What is the amount of work done in moving a point charge Q around 
a circular arc of radius ‘r’ at the centre of which another point charge ‘q’ is 
located?   
Q3. What should be the charge on a sphere of radius 4 cm, so that when it is brought in contact 
with another sphere of radius 2 cm carrying charge of 10 μC, there is no transfer of charge from 
one sphere to other? 
Q4. A parallel plate is charged by a battery. When the battery remains connected, a dielectric 
slab is inserted in the space between the plates. Explain what changes if any, occur in the values 
of  (i) Potential difference between the plates (ii) Capacitance (iii) Charge on the plates (iv) 
Energy stored in the capacitor? 
Q5. A parallel plate capacitor of capacitance C is charged to a potential V. It is then 
connected to another uncharged capacitor having the same capacitance. Find out the ratio 
of the energy stored in the combined system to that stored initially in the single capacitor.  

ANSWERS 
1. The work done by the field is negative. This is because the charge is moved against the force 
exerted by the field. 
2. The potential of points A and B are same being equal to VA = VB =  1

4గఌ₀  
௤
ோ 

,Where R is the radius of the circle. Work done W= q (VB – VA) = q (VA – 
VA) = 0  
3. VA = VB , Hence Q = 20µC 
4. (i) When battery remains connected, the potential difference remains the same. 
    (ii) The capacitance of�capacitor�increases�as�K�>�1.�(iii) The charge Q = CV, V = same, C = 
increases; there, charge on plates increases (iv) Energy stored by capacitor increases.  
(v) Electric field strength remains same. 
5. Uf : Ui = 1:2 

SHORT ANSWER TYPE QUESTIONS (3 MARKS) 
Q1 Two parallel plate capacitors X and Y are connected in series to a 6 V battery. They have the 
same plate area and same plate separation but capacitor X has air between its plates, whereas 
capacitor Y contains a material of dielectric constant 4.  
(a) Calculate the capacitances of X and Y, if the equivalent capacitance of the combination of 

X and Y is 4 μF.  
(b) Calculate the potential difference across the plates of X and Y.  (CBSE 2026 55/5/1) 

Q2 A 12 μF capacitor is charged to a potential difference of 150V. The terminals of the charged 
capacitor are then connected to those of an uncharged 6μF capacitor. Calculate the potential 
difference and charge on each capacitor.  
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Q3 A three coulomb charge moves from a point (0,-2,-5) to another point (5, 1, 2) in an electric 
field given by E= 2xଓ̂ +3y2ଔ̂ + 4 ෠݇ N/C. Calculate the work done in moving the charge in this 
distance. JEE Mains 2026  
Q4 A metal sphere of capacitance 100pF is charged to a potential of 100V. Another identical 
metal uncharged sphere is brought in contact with the charged sphere. Calculate the change in 
energy stored in the capacitors when they touch each other. (5/2 x 10-7J) 
Q5 Five capacitors of capacitances C1 = C2 = C3 = C4= 10 µF and C5 = 2.5 µF 
are connected as shown, along with a battery of 50 V. Find the equivalent 
capacitance and the charges on each capacitor  
Q6 a) Twelve negative charges of same magnitude are equally 
spaced and fixed on the circumference of a circle of radius R as 
shown in Fig. (i). Relative to potential being zero at infinity, find 
the electric potential and electric field at the center C of the circle.   
b) If the charges are unequally spaced and fixed on an arc of 1200 
of radius R as shown in Fig. (ii), find electric potential at the 
center C. CBSE 55/1/1 
Q7 A parallel plate capacitor (A) of capacitance C is charged by a battery to voltage V. The 
battery is disconnected and an uncharged capacitor (B) of capacitance 2C is connected across A. 
Find the ratio of: 

(a) Final charges on A and B 
(b) Total electrostatic energy stored in A and B initially and energy stored in A initially 

Q8 Two point charges + q and q are located at points (3a, 0) and (0, 4a) respectively in x-y plane. 
A third charge Q is kept at the origin. Find the value of Q, in terms of q and a, so that the 
electrostatic potential energy of the system is zero. 
Q9 Two isolated metallic spheres S1 and S2 of radii 1 cm and 3 cm respectively are charged such 
that both have the same charge density (2/π�x 10-9 C/m2). They are placed far away from each 
other and connected by a thin wire. Calculate the new charge on sphere S2. 
Q10. Three points A, B and C lie in a uniform electric field (E) of 5 × 103 

NC–1 as shown in the figure. Find the potential difference between (i)A 
and B, and (ii) A and C. 

SOLUTIONS 
1: 1/Ceq=1/C1 +1/C2   given that Ceq=4 , and Cx=C, CY=4C     so C=5μF and CY=4C =20μF. Total 
charge q= CeqV=24 x 10-6C , VX=q/Cx=4.8 V & VY=q/CY =1.2V 
2: Common potential across both the capacitors = ஼భ௏భ+஼మ௏మ

஼భ+஼మ
 , V2=0 so Vc=100V ,  

Charge on C1  , q1=C1Vc=12 μFx100V=1200 μC and q2=C2Vc=600 μC 
3: W=∫2∫ = ݎ݀.ܧxଓ̂  + ଔ̂ 2ݕ3  +  4 ෠݇  . ݅ݔ݀) + ݆ݕ݀ + -,W=x2+y3+4z evaluate this from (0 , (݇ݖ݀
2,-5) to another point (5,1,2) & we get W=186J. 
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4:  Ans: common potential = Vc=50V, Ui=1/2 CV2 = 5x10-7J and Uf = 2.5 x 10-7J. Change in the 
energy = 2.5 x 10-7J 
5: Ceq = 2.5 + 2.5 = 5 µF, q1 = q2 = q3 = q4 = 2.5 × 50 = 125 
µC, q5 = 2.5 × 50 = 125 µC 
6: a) Electric potential due to point charge V= kq/R Value of 
each charge = -q, Total charge = -12q Total potential V=k (-
12q)/R = -12q/4πε0R . By symmetry the resultant of all electric field vectors becomes zero. So 
electric field is zero. (b) Electric potential is a scalar quantity and does not depend on placement 
of charges .Therefore   V= 12kq/R, V=-12q/4πε0R 
7: a) Initially Q= CV Finally qA=CAV1 and qB=CBV1; qA/ qB=CA/CB =1/2 
(b) qA+qB=Q , qA=Q/3 & qB=2Q/3 so UA+ UB/ UAi = 1/3 

8: Potential energy of the system = ݇(ொ(−௤)
4௔

+ ௤ொ
3௔
െ ௤మ

5௔
); Potential energy of the system = 0. 

So ܭ (ொ(−௤)
4௔

+ ௤ொ
3௔
െ ௤మ

5௔
) = 0; Q=12q/5 

9: Charge on sphere S1 : Q1  = surface charge density x surface Area =8 x 10-13 C. Charge on 
sphere S2 : 72 x 10-13 C     : When connected by a thin wire they acquire a common potential V 
and the charge remains conserved.  Q1+ Q2=  Q’1+ Q’2 on solving Q’1= 2x10-12C 
10: (i) Potential difference between A and B = E × (AB) = 5 × 103 × (4 × 10–2) = 200 volt 
(ii)  The line joining B to C is perpendicular to electric field, so potential of B = potential of C 
i.e., VB = VC Distance AB =4 cm 
Potential difference between A and C = E × (AB) = 5 × 103 × (4 × 10–2) = 200 volt 
                                           PRACTICE QUESTIONS 
Q1. A charged particle of mass m and charge q is  kept initially at 
rest on a frictionless surface. Another charged particle of mass 4m 
and charge 2q starts moving with velocity v towards it. Calculate 
the distance of the closest approach for both the charged particles. 
Q2. (a) Four identical metallic balls were placed diametrically opposite on the circumference of 
an imaginary circle of radius 10m. The first three balls were charged with 30mC, 40mC and -
70mC charge. Evaluate the value of charge(q) given to the fourth ball so that the net potential at 
the centre of the circle becomes zero . 
Q3.  A capacitor of 200 pF is charged by a 300 V battery. The battery is then disconnected and 
the charged capacitor is connected to another uncharged capacitor of 100 pF. Calculate the 
difference between the final energy stored in the combined system and the initial energy stored 
in the single capacitor. 
Q4. A parallel plate capacitor is charged by a battery. After sometime the battery is disconnected 
and a dielectric slab with its thickness equal to the plate separation is inserted between the plates. 
How will (i) the capacitance of the capacitor, (ii) potential difference between the plates and (iii) 
the energy stored in the capacitor be affected? Justify your answer in each case. 
Q5.  Find the ratio of the potential difference that must be applied across the parallel and the 
series combination of two identical capacitors so that the energy stored in the two cases, becomes 
the same. 
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ANSWERS 

1. 1
4గఌ₀

 5௤
మ 

௠௩మ
   2. q=0  3. 3X10-6 J 4.C = KC0 ,V= 1

௄
V0, E= 1

௄
E0     5. VP : VS = 1:2 

CASE STUDY TYPE QUESTIONS  
1. The above figure shows four pairs of parallel identical conducting plates, separated by the 
same distance 2.0 cm and arranged perpendicular to x-axis. The electric potential of each plate 
is mentioned. The electric field between a 
pair of plates is uniform and normal to the 
plates. (i) For which pair of the plates is the 
electric field E along ଓ̂ ?  
(A) I  (B) II      (C) III  (D) IV 
(ii) An electron is released midway between the plates of pair IV. It will:  
(A) Move along ଓ̂ at constant speed (B) move along -ଓ̂ at constant speed 
(C) Accelerate along ଓ̂   (D) accelerate along -ଓ ̂
(iii) Let E1, E2, E3 and E4 be the magnitudes of the electric field between the pairs of plates, I, II, 
III and IV respectively, then:  
(A) E1 >�E2 >�E3 >�E4      (B) E3 >�E4 >�E1 >�E2 
(C) E4 >�E3 >�E2 >�E1      (D) E2 >�E3 >�E4 >�E1 
(iv) An electron is projected from the right plate of set I directly towards its left plate. It just 
comes to rest at the plate. The speed with which it was projected is about: 
(Take (e/m) =1.76 X 1011 C/kg)  
(A) 1.3 X 105 m/s  (B) 2.6 X 106 m/s (C) 6.5 X 105 m/s  (D) 5.2 X 107 m/s  
2. A parallel plate capacitor is an arrangement of two identical 
metal plates kept parallel, a small distance apart. The capacitance 
of a capacitor depends on the size and separation of the two plates 
and also on the dielectric constant of the medium between the 
plates. Like resistors, capacitors can also be arranged in series or 
parallel or a combination of both. By virtue of electric field between the plates, charged 
capacitors store energy. 
(a) The capacitance of a parallel plate capacitor increases from 10µF to 80µF on introducing a 
dielectric medium between the plates. Find the dielectric constant of the medium.  
(b) n capacitors, each of capacitance C, are connected in series. Find the equivalent capacitance 
of the combination.  
(c) A capacitor is charged to a potential (V) by connecting it to a battery. After some time, the 
battery is disconnected and a dielectric is introduced between the plates. How will the potential 
difference between the plates, and the energy stored in it be affected? Justify your answer. 

ANSWERS 
Ans.1. (i) (D) IV (ii) (D) accelerate along -ଓ ̂ (iii) (C) E4 >�E3 >�E2 >�E1 (iv) (B) 2.6 X 106 m/s 

Ans.2 (a) K=8         (b) Cs= ஼
௡
  (c) Potential difference decreases by a factor 1/K,   Energy  

reduces by a factor 1/K 
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PRACTICE QUESTIONS 
Q1 .A parallel plate capacitor has two parallel plates which are separated by an insulating 
medium like air, mica etc. When the plate are connected to the terminals of a battery they get 
equal and opposite charges and an electric field is set up in between them. The electric field 
between the two plates depends upon the potential difference applied, the separation of the plates 
and nature of the medium between the plates. 
(i) The electric field between the plates of a parallel plate capacitor is E. Now the separation 
between the plates is doubled and simultaneously the applied potential difference between the 
plates is reduced to half of its initial value The new value value of the electric field between the 
plates will be :  
(a) E                              (b) 2E                                (c) E/4                                (d) E/2 
(ii) A constant electric field is to be maintained between the two plates of a capacitor whose 
separation d changes with time. Which of the graphs correctly depict the potential difference (V) 
between the plates as a function of separation between the plates to maintain the constant electric 
field.  
(a)  
                                        (b)     (c) (d)                              
 
 
(iii) In the above figure P,Q are the two parallel plates of a capacitor. Plate Q is at positive 
potential with respect to plate P. MN is an imaginary line drawn 
perpendicular to the plates. Which of the graphs shown correctly 
the variation of the magnitude of electric field strength E along 
the line MN?  

(iv) Three parallel plates are placed above each other with equal displacement d between the 
neighboring plates. The electric field between the first pair of the plates is E1 and electric field 
between the second pair of the plate is E2. The potential difference between the third and first 
plate is?  

(a) (1ܧሬሬሬሬ⃗ 2ሬሬሬሬ⃗ܧ+ ). ݀⃗             (b) (1ܧሬሬሬሬ⃗ 2ሬሬሬሬ⃗ܧ- ). ݀⃗                    (c) (2ܧሬሬሬሬ⃗ 1ሬሬሬሬ⃗ܧ- ). ݀⃗                   (d) d(E1+ E2)/2 
2. A parallel plate capacitor consists of two conducting plates kept generally parallel to each 
other at a distance. When the capacitor is charged, the charge resides on the inner surfaces of the 
plates and an electric field is set up between them. Thus, 
electrostatic energy is stored in the capacitor. The figure 
shows three large square metallic plates, each of edge length 
‘L’ held parallel and equidistant from each other. The space 
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between P1 and  P2 and P2 and P3 is completely filled with mica sheets of dielectric constant K. 
The plate P2 is connected to point A and other plates P1 and P3 are connected to point B. Point A 
is maintained at a positive potential with respect to point B and the potential difference between 
A and B is V. 2025 CBSE 

(i) The capacitance of the system between A and B will be: 

(a) ఌబ௄௅
మ

ௗ
       (b) ఌబ௄௅

మ

2ௗ
                   (c) 2ఌబ௄௅

మ

ௗ
           (d) 2ఌబ௄ௗ

௅మ
 

(ii) The charge on plate P1 is:  

(a) ఌబ௏௄௅
మ

2ௗ
               (b) ఌబ ௏௄௅మ

ௗ
                    (c) 2ఌబ௏௄௅

మ

ௗ
                 (d) ఌబ௏௄௅

మ

4ௗ
        

(iii) The electric field in the region between P1 and P2 is:  
(a) V/d          (b)  2V/d          (c) V/2d                (d) d/V 

(iv)  The separation between the plates of same area L2 of a parallel plate air capacitor 
having capacitance equal to that of this system, will be :  

(a) d/K            (b) 2d/K              (c) d/2K             (d)  d /4K 
ANSWERS PRACTICE QUESTIONS 

Ans.1 (i) (c) E/4. (ii) (d)                   (iii)(c)  (iv)  (a) (1ܧሬሬሬሬ⃗ 2ሬሬሬሬ⃗ܧ+ ). ݀⃗ 

Ans 2: (i)  (c) 2ఌబ௄௅
మ

ௗ
              (ii) (b) ఌబ ௏௄௅మ

ௗ
            (iii) (a)V/d         (iv) (c) d/2K               

LONG ANSWER TYPE QUESTIONS 
Q1 (i)Find the equivalent capacitance between A and B in the given figure.  
(ii) A dielectric slab is inserted between the plates of a 
capacitor. The electric between the plates decreases. Explain. 
(iii) A capacitor A of capacitance C , having a  charge Q is 
connected across another uncharged capacitor B of capacitance 
2C find an expression for (a) potential difference across the 
combination  and (b) Charge lost by capacitor A 
(iv) Two slabs of dielectric constant 2K and K fill the space between plates of a parallel plate 
capacitor of plate area A and plate separation d as shown in the figure. 
Find the equivalent capacitance of the system   
Q2. (i) An electric dipole (dipole moment ⃗݌ = pଓ̂ ), consisting of charges 
- q and q, separated by distance 2a, is placed along the x-axis, with its 
centre at the origin. Show that the potential V, due to this dipole, at a 

point�x,�(x�>>�a)�is�equal�to� 1
4గఌ₀ 

௣.ሬሬሬ⃗ ప̂ 
௫మ  

 (ii) Two isolated metallic spheres S1 and S2 of radii 1 cm and 3 cm 
respectively are charged such that both have the same 

charge density ቀ2
గ

 ܺ 10−ଽቁC/m2.. They are placed far 
away from each other and connected by a thin wire. 
Calculate the new charge on sphere S1. 
Q3 (i) Derive an expression for potential energy of an electric dipole p in an external uniform 
electric field E . When is the potential energy of the dipole (1) maximum, and (2) minimum?  
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(ii) Three point charges q, 2q and nq are placed at the vertices of an equilateral triangle. If the 
potential energy of the system is zero, find the value of n. 

ANSWERS 
1: (i) Cnet= C+C = 2C, (ii) Within the dielectric slab, induced electric field due to polarization, 
Decreases the electric field. E=Eo/K (iii) (a)V’= Qtotal / Ceq = Q/3C = V/3      (b) charge lost by 
capacitor = Q-Q/3 = 2Q/3 (iv) C1=6Kε0A/d, C2=3Kε0A/2d , 1/Ceq=1/C1+1/C2  ; Ceq = 6Kε0A/5d   

2 : (i) Derive expression of potential at P,  V =  1
4గఌ₀

 ௣ 
௫మ−௔మ

 As p is along x-axis so, V =  1
4గఌ₀

 ௣.ሬሬሬ⃗ ప̂ 
௫మ−௔మ

 

If�x>>a,�V= 1
4గఌ₀

 ௣.ሬሬሬ⃗ ప̂ 
௫మ

 (ii) Charge on S1 = σ�x 4πr2 = ቀ2
గ

 ܺ 10−ଽቁ x 4π�(1ܺ 10−2)2 = 8 X 10-13 C, 

Charge on S2 = σ�x 4πr2 = ቀ2గ  ܺ 10−ଽቁ x 4π�(3ܺ 10−2)2 = 72 X 10-13 C When connected by thin 

wire they acquire common potential V and charge remains conserved Q1 + Q2 = ܳ1′  + ܳ2
′  and ொభ

ᇲ

ொమᇲ
 

= ௥మ
௥భ

, On solving ܳ1′  = 2 X 10-12 C 

3: (i) Derivation of expression of potential Energy, U(θ)�=�-p E ܿݏ݋ ሬ⃗ܧ .⃗݌ =  ߠ ݏ݋ܿ  
(1) Potential energy is maximum θ�=1800, (2) Potential energy is minimum θ�=�00 
(ii) Consider an equilateral triangle of side a, Potential energy U= ௞௤భ௤మ

௔
 + ௞௤మ௤య

௔
 + ௞௤భ௤య

௔
 

U= ௞ ௤ .2௤
௔  + ௞ 2௤ .௡௤

௔  + ௞ ௤ .௡௤
௔ , According to question U=0, So ௞ ௤ .2௤

௔  + ௞ 2௤ .௡௤
௔  + ௞ ௤ .௡௤

௔  = 0,          After 

solving n = െ2
3
 

PRACTICE QUESTIONS 
 1. (i) Draw equipotential surfaces of an electric dipole. 
(ii) Two point charges q1 and q2 are located at 1ݎሬሬሬ⃗  and 2ݎሬሬሬ⃗  respectively in an external field ܧሬ⃗ . Obtain an 
expression for potential energy of the system 
(iii) The dipole moment of a molecule is 10-30 Cm. It is placed in an electric field ܧሬ⃗  of 105 V/m such 
that its axis is along the electric field. The direction of ܧሬ⃗  is suddenly changed by 60° at an instant. 
Find the change in the potential energy of the dipole, at that instant. 
2. (i) A dielectric slab of dielectric constant 'K' and thickness 't' is inserted between plates of a parallel 
plate capacitor of plate separation d and plate area A. Obtain an expression for its capacitance.(ii) Two 
capacitors of different capacitances are connected first (1) in series and then (2) in parallel across a dc 
source of 100 V. If the total energy stored in the combination in the two cases are 40 mJ and 250 mJ 
respectively, find the capacitance of the capacitors. 
3.(a) Derive an expression for potential energy of a dipole in an external field. 
(b) Draw equipotential surfaces due to an isolated point charge (+ q) and depict the electric field lines. 
(c) Three point charges + 1 µC, – 1 µC and + 2 µC are initially infinite distance apart. Calculate the 
work done in assembling these charges at the vertices of an equilateral triangle of side 10 cm. 

ANSWERS 
1. (i) Suitable Diagram, (ii) potential energy of the system = 1ݍ V (1ݎሬሬሬ⃗ 2ሬሬሬ⃗ݎ) V 2ݍ + ( ) + 1

4గఌ₀
  ௤భ௤మ

௥భమ
, 

(iii) 5 X 10 -26J 
2. (i) Derivation of correct expression. C = ௄ఌబ ஺

ௗ−௧+೟
ೖ
 . (ii) C1 = 40µf  and C2 = 10µf 


