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GRADE XII - PHYSICS

CHAPTER 2 - ELECTROSTATIC POTENTIAL AND CAPACITANCE

Question Bank 1

1) Which orientation of an electric dipole in a uniform electric field would correspond
to stable equilibrium ?

Ans - When dipole moment vector is parallel to electric field vector

2) If the radius of the Gaussian surface enclosing a charge is halved, how does the
electric flux through the Gaussian surface change ?

Ans - Electic flux o: is given by
PE=$E—-ds” =Qeo
where [Q is total charge inside the closed surface

= On changing the radius of sphere, the electric flux through the Gaussian
surface remains same.

3) Define the term electric dipole moment of a dipole. State its S.I. unit
Ans
T=O0OEsin 8
IfE=1unit, 8 =90° thenTt =P
Dipole moment may be defined as the torque acting on an electric dipole, placed
perpendicular to a uniform electric dipole, placed perpendicular to a uniform
electric field of unit strength.
or Strength of electric dipole is called dipole moment.

-
|P|=ql2a]
~ SI unitis Cm.

4) In which orientation, a dipole placed in a uniform electric field is in




stable,unstable equilibrium ?
Ans-:
For stable equilibrium, a dipole is placed parallel to the electric field.
For unstable equilibrium, a dipole is placed antiparallel to the electric field.

5) Name the physical quantity whose S.I. unit is JC-. Is it a scalar or a vector
quantity? Ans

Physical quantity whose S.I. unit is JC! is Electric potential.

It is a Scalar quantity.

6) Define electric dipole moment. Write its S.I. unit.
Ans
Electric dipole moment of an electric dipole is defined as the product of the
magnitude of either charge and dipole length.
- 2| >

P=q{2I] +q -9

S.I. unit of dipole (P~ ) is coulomb metre (Cm).

7) Why should electrostatic field be zero inside a conductor?
Ans
Electrostatic field inside a conductor should be zero because of the absence
of charge. As in a static condition, charge remains only on the surface.

8) Why must electrostatic field be normal to the surface at every point of a charged
conductor?
Ans-
So that tangent on charged conductor gives the direction of the electric field
at that point

9) Depict the direction of the magnetic field lines due to a circular current carrying
loop.
Ans:
Direction of the magnetic field lines is given by right hand thumb rule.
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10) What is the direction of the electric field at the surface of a charged conductor
having charge density o < 0?
Ans
The direction of electric field is normal and inward to the surface.

11) Why do the electric field lines not form closed loops?
Ans-




Electric field lines do not form closed loops because the direction of an electric
field is from positive to negative charge. So one can regard a line of force starting
from a positive charge and ending on a negative charge. This indicates that
electric field lines do not form closed loops.

12 ) Write the expression for the work done on an electric dipole of dipole moment p
in turning it from its position of stable equilibrium to a position of unstable
equilibrium in a uniform electric
field E.

Ans-
Torque, acting on the dipole is, T = p E sin 8

Torque, acting on the dipole is, T = pE sin 8

6

o = prsianE = o = pE [cos 8, — cos 8,]
]

® = pE [cos 0° - cos 180°]

=pE [1-(-1)] =2pE ..|@=2pE

13) Why do the electric field lines never cross each other?

Ans-
The electric lines of force give the direction of the electric field. In case, two lines

of force intersect, there will be two directions of the electric field at the point of
intersection, which is not possible.

14) Show on a plot the nature of variation of the

» Electric field (E) and
o Potential (V), of a (small) electric dipole with the distance (r) of the field point

from the centre of the dipole.

Ans

—_—— r

15) Define electric flux. Write its S.I. unit.
A charge q is enclosed by a spherical surface of radius R. If the radius is reduced

to half, how would the electric flux through the surface change?

Ans
Electric flux over an area in an electric field is the total number of lines of force

passing through the area. It is represented by ¢ . It is a scalar quantity. Its S.I




unit is Nmz2 C-t or Vm.

e, o =_[E.ds -1
5 ]

Electric flux ¢ by Qenciosed
Hence the electric flux through the surface of sphere remains same.

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

Ans-(i) 80 NmzC-
(ii) 40 Nm2Cs

17. Define the term ‘electric flux’. Write its S.I. units. What is the flux due to electric
field E->=3%103i” N/C through a square of side 10 cm, when it is held normal
to if?

Ans - Electric flux over an area in an electric field is the total number of lines of
force passing through the area. It is represented by ¢ . It is a scalar quantity. Its
S.I unitis Nmz2 Ct or Vm.

. —* —* q
ie. o =IE.{.’S -1
5 0

EleCtriC ﬂUX (P by qenclosed
Hence the electric flux through the surface of sphere remains same.

Given: E = 3x10%i N/C

010

— 2 —
A=10= 10 cm = 100 X 1o0 ™

6= ExA =EA cos 9
B8 =0and cos B =1

= EA

3 x10% x (10, 10
_(3x1ﬂ}x[1mxlmJ
= 30 Nm? C

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

Derive the expression for the electric field at the surface of a charged conductor.




Ans- Representation of electric field. (due to a positive charge)
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19) Two point charges + q and -2q are placed at the vertices ‘B’ and ‘C’ of an
equilateral triangle ABC of side as given in the figure. Obtain the expression for (i)
the magnitude and (ii) the direction of the resultant electric field at the vertex A
due to these two charges.

Ans-

(i) Magnitude,

u_l
Eypl=g——2% = E

4n ey g2
- 1 2
IEM_.I=EH—§ = 2E

E o= J{EEF +E2+2x 26 xEx( -3

[~ cos 120° = -
= V4E2+E2-2F2
_ 2 _ _ 1 ‘NE
= Y3E? =E43 = ine, of
(if) Direction of resultant electric field at vertex A,
E 5 5in120°
E,c +E gcos120°

1."3 EX\E
_ ExT _ T3 =l,r—§
2E+Ex(;] %E 3
= 1 _tan30°
3

o = 30° (with side AC)

tan o =

20) Define electric dipole moment. Is it a scalar or a vector? Derive the expression
for the electric field of a dipole at a point on the equatorial
plane of the dipole.
Ans-
Electric dipole moment: It is the product of the magnitude of either charge and
distance between them.

E=qx2£

< 2l

v

= +]




It is a vector quantity whose direction is from negative to positive charge.

Expression :
Electric field intensity at P due to +q charge is

: = 19 along PD
E, 4me, BP? 5

1 q )
- along PD ...(i)
dneg (r? + 1) &

Electric field intensity at P due to -q charge is,

E = along (-)x-axis

P
ameg(r? + 17)32
If 1 << r ie. dipole is short, then P can be

neglected as compared to r*

Hence |E = —L3 along (-)x-axis
dne,r

1
E: = 2‘»2.72%2’ along PC

NS - long PC ...(ii
i (2 + 1) along (i)

From (i) and (ii), |E | =|E | = Ty GO
|E.] =|E_| anzg (2 + 1)
(113
Net electric field intensity due to the electric
dipole at point P

E= \/Ef + E? + 2E,E_cos20

E)

= E= JE2 + E? + 2E%c0s20 (~E,

= E= 2B + 2E2 0520 |




= E= 2E(1 + cos20)

= E= ,/2E32cos29 (21 + cos 28 = 2 cos® 8)

I~Z'=2E'cose=2><——1 42 cos 6
dneg (r2 + 12)
[Using equation (iii)]

1
Now from AOAP, cos 6 = T_

r2 42
1 q l
E=2Xx X
4!80 (rz +12) (72 +12)1/2
B qx2l
4@0(72 +12)3/2

Since g x 2! = p ...(p is dipole moment)

21) What is the force between two small charged spheres having charges of 2 x 10-
7Cand 3 x 107 C placed 30 cm apart in the air?
Ans-

Using F = 9 x 1097192 we get

.
9x10° x02x1075 x (03x107%)
03x03

6 x 1073 N (repulsive).




