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ELECTROSTATICS

Important Questions & Answers [l &? |
[Tt ==t o=y

VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)

1. Why must electrostatic field at the surface of a charged conductor be normal to the surface at
every point? Give reason.
Ans. The work done in moving a charge from one point to another on an equipotential surface is
zero. If electric field is not normal, it will have a non-zero component along the surface which would
cause work to be done in moving a charge on an equipotential surface.

2. Figure shows the field lines due to a positive point charge. Give the sign of potential energy
difference of a small negative charge between the points Q and P.

Q

Ans. U= 9%
4re, r'

Here, U, <U,
Therefore, U, —U , is negative

3. Why do the electrostatic field lines not form closed loops?
Ans. The electrostatic field lines start from positive charge and end on negative charge.

4. Why do the electric field lines never cross each other?
Ans. If the field lines cross each other, then at the point of intersection, there will be two directions
for the same electric field which is not possible.

5. 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.
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10.

11.

12.

13.

Ans. The work done by the field is negative. This is because the charge is moved against the force
exerted by the field.

At what position is the electric dipole in uniform electric field in its most stable equilibrium
position? [A1 2008]

Ans. When 0 = 0° between Pand E

If the radius of the Gaussian surface enclosing a charge is halved, how does the electric flux
through the Gaussian surface change? [41 2008]
Ans. The electric flux remains the same, as the charge enclosed remains the same.

Define the term electric dipole moment of a dipole. State its S.1. unit. [41 2008]
Ans. Strength of an electric dipole is measured by its electric dipole moment, whose magnitude is
equal to product of magnitude of either charge and separation between the two charges i.e., p = ¢.2a

and is directed from negative to positive charge, along the line joining the two charges. Its SI unit is
Cm.

A charge ‘g’ is placed at the centre of a cube of side /. What is the electric flux passing through
each face of the cube? [41 2012]

Ans. Flux through whole of the cube, ¢ = 4
)

Flux through each face of the cube, ¢'= ¢ -4
6 6¢g,
Two charges of magnitudes —20Q and +Q are located at
points (a, 0) and (4a, 0) respectively. What is the electric
flux due to these charges through a sphere of radius ‘3a’
with its centre at the origin? [4] 2013)]

Ans. Electric flux ¢ = Giite _ =20

&o &o

What is the electrostatic potential due to an electric dipole at an equatorial point? [41 2009]
Ans. Zero

Name the physical quantity whose S.I. unit is J C'.Is it a scalar or a vector quantity? [A]
2010]
Ans. J C' is the S.I. unit of electrostatic potential. It is a scalar quantity.

What is the value of the angle and between the vectors E and E for which the potential energy

of an electric dipole of dipole moment ; , kept in an external electric field E , has the
maximum value.
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Ans. Potential energy = —EE =—pEcosf

Therefore, Potential energy is the maximum when cos@ =-1 ie. @ =7 or 180°

14. A point charge Q is placed at point O as shown in the figure. Is the potential difference V,— V3
positive, negative or zero, if Q is (i) positive (ii) negative? [A1 2011]

Q
A e ®
O A B

Ans. (i) If Q is positive, V4 — V3 is positive.
(i) If Q is negative, V4 — V3 is negative.

SHORT ANSWER TYPE QUESTIONS (2 MARKS/3 MARKS)

15. Define electric flux. Write its S.1. unit.
A charge ¢ 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? [47 2009]
Ans. Electric flux linked with a surface is the number of electric lines of force cutting through the

surface normally. It’s SI unit is Nm*C ™' or Vm on decreasing the radius of spherical surface to half
there will be no effect on the electric flux.

16. A positive point charge (+¢) 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. [41 2009]

Ans. Let us consider an infinite plane sheet of charge of uniform charge density where ¢ is charge in
area 4 on sheet of charge.

o=4
A

+\8
\
&l
X!

%
— —
E dE Ganssian + + 5 E
eylindrical ++
surface +
+ + ¥
e
<

Let P be any point on the one side of sheet and P’ on the other side of sheet, at same distance » from
it. We draw a Gaussian cylindrical surface S of cross section area A cutting through the plane sheet
of charge, such that points P and P’ lie on its plane faces. Then electric flux linked with cylindrical
surface S is
¢=§E-ds
or ¢zf§-d§+f§'-d§+ _fE"dE
Ipf cs pf

or ¢= _[EdscosO+_[Edscos90+ _[EdscosO

Ipt rpf

or ¢=E[ds+0+E|ds=EA+FEA
pf

Ipf
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or ¢=2FEA ..(11)
But by Gauss’s theorem

_ 49

) e, ...(1m1)

where g is the charge in area A4 of sheet, enclosed by
cylindrical surface S.

By equations (ii) and (iii), we get

_q .. 4
2FA = or F Tds,
G

or Ef280

This gives the electric field intensity at any point near or on the surface of the infinite thin plane
sheet of charge.

17. A parallel plate capacitor is charged by a battery. After some time the battery is disconnected
and a dielectric slab of dielectric constant K is inserted between the plates. How would (i) the
capacitance, (ii) the electric field between the plates and (iii) the energy stored in the capacitor,
be affected? Justify your answer. [41 2009)

Ans. (i) On filling the dielectric constant of K in the space between the plates, capacitance of

parallel plate capacitor becomes K times i.e. C = KCp

(ii) As the battery was disconnected, so the charge on the capacitor remains the same i.e. Q = Q. So,
L _ O or E= Eq

the electric field in the space between the plates becomes E = = — i.e. electric
KAde, KAg, K

field becomes % times.

. . 10° 19/
(iii) Energy stored in capacitor becomes U = —=—=—
2C 2KC

1 . .
U =—-U, i.e. becomes L times.
2 K
18. A spherical conducting shell of inner radius r; and outer radius r, has a charge Q. A charge ¢
is placed at the centre of the shell.
(a) What is the surface charge density on the (i) inner surface, (ii) outer surface of the shell?
(b) Write the expression for the electric field at a point x > r 2 from the centre of the shell. [4]
2010]
Ans. () (i) Surface charge density on the inner surface of shell is 0;, = 4_q2
Th

Q+q

(ii) Surface charge density on the outer surface of shell is O, =
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19.

20.

21.

22,

23.

1 O+q
4re, X

(b) Using, Gauss’s law, E£(x)=

Explain the meaning of the statement ‘electric charge of a body is quantized’.

Ans. The electric charge of a body is quantized means that the charge on a body can occur in some
particular values only. Charge on any body is the integral multiple of charge on an electron because
the charge of an electron is the elementary charge in nature. The charge on any body can be
expressed by the formula

q =tne, where, n = number of electrons transferred and e = charge on one electron.

The cause of quantization is that only integral number of electrons can be transferred from one body
to other.

Why can one ignore quantization of electric charge when dealing with macroscopic, i.e., large
scale charges?

Ans. We can ignore the quantization of electric charge when dealing with macroscopic charges
because the charge on one electron is 1.6 x 107"° C in magnitude, which is very small as compared
to the large scale change.

An electrostatic field line is a continuous curve. That is, a field line cannot have sudden breaks.
Why not?

Ans. An electrostatic field line represents the actual path travelled by a unit positive charge in an
electric field. If the line have sudden breaks it means the unit positive test charge jumps from one
place to another which is not possible. It also means that electric field becomes zero suddenly at the
breaks which is not possible. So, the field line cannot have any sudden breaks.

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

Ans. If two field lines cross each other, then we can draw two tangents at the point of intersection
which indicates that (as tangent drawn at any point on electric line of force gives the direction of
electric field at that point) there are two directions of electric field at a particular point, which is not
possible at the same instant. Thus, two field lines never cross each other at any point.

Show that the electric field at the surface of a charged conductor is given by E=21 where
€

o is the surface charge density and is a unit vector normal to the surface in the outward

direction. [47 2010]

Ans. Consider an elementary area 6S on the surface of the charged conductor. Enclose this area

element with a cylindrical gaussian surface as shown in figure.

Now electric field inside a charged conductor is zero. Therefore, direction of field, just out side 5.

will be normally outward i.e. in direction of n.
According to Gauss’s theorem, total electric flux coming out is

~Gaussian surface

g

ESS = ) [E is electric field at the surface]

&
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= ESScos0’ =
&y
= F _
€

24. Using Gauss’s law obtain the expression for the electric field due to a uniformly charged thin

25.

spherical shell of radius R at a point outside the shell. Draw a graph showing the variation of
electric field with », for r > R and r <R. [AI 2011]

Ans. Consider a thin spherical shell of radius R carrying charge Q. To find the electric field outside
the shell, we consider a spherical Gaussian surface of radius 7 (> R), concentric with given shell.

The electric field £ is same at every point of Gaussian surface and directed radially outwards (as is

unit vector 7 so that q=0°

According to Gauss’s theorem, C_f Eds= @ E.nds = Q Ga?fssian
s s & surface

|

or chsds :2

&

.'.E(47rr2):2:>E: ! %
& dre, r

Hence, electric field outside a charged thin spherical shell
is the same as if the whole charge Q is concentrated at the
centre.

The variation of electric field £ with distance from
centre of a uniformly charged spherical shell is shown in figure.

T

E
r<R '
O r=R
Distance from —p
centre (r)

Draw 3 equipotential surfaces corresponding to a field that uniformly increases in magnitude
but remains constant along Z direction. How are these surfaces different from that of a
constant electric field along Z direction? [A1 2009]
Ans. For constant electric field, equipotential surfaces are equidistant for same potential difference
between these surfaces. For increasing electric field, separation between equipotential surfaces
decreases, in the direction of increasing field, for the same potential difference between them.
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26. A network of four capacitors each of 12 u F capacitance is connected to a 500 V supply as

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

C
I
I

——

||
|
C4
O4¢———500 V——p0

Ans. Here C; , C; and C; are in series, hence their equivalent capacitance is C’ given by

11 11

!

c' ¢ C G,
12

C'=-uF = C'=4uF

The circuit can be redrawn as shown, above. Since C” and Cy are in parallel
nC,=C+C,=4uF +12uF =16uF

net

C, ;
C
| |
I
Cy=—— ==,
[ ]
- C
4 4
Se¢——— 500 V— 30 d€e— 500 V— 50
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27.

28.

(b) Since C’ and Cy are in parallel, potential difference across both of them is 500 V.
.. Charge across Csis Qs = C4 x 500 C
=12x10°x 500 C =6 mC
and Charge across C°, O’ =C x500C
=4x10°x500C=2mC
. Cy, Gy, Cs are in series, charge across them is same, which is O’ =2 mC

Figure shows two identical capacitors C; and C; , each of 1 uF capacitance connected to a
battery of 6 V. Initially switch S is closed. After sometime S is left open and dielectric slabs of
dielectric constant K = 3 are inserted to fill completely the space between the plates of the two
capacitors. How will the (i) charge and (ii) potential difference between the plates of the
capacitors be affected after the slabs are inserted?
A5
.

1 Cy
6 V—= =1 UuF =1 uF

Ans. When the switch S is closed, the two capacitors in parallel will be charged by the same
potential difference V.

So, charge on capacitor C;

G =CiV=1x6=6mC

and charge on capacitor C,

6]2:C2 V=1x6=6mC

q=q1 tgq=6+6=12 mC.

When switch S is opened and dielectric is introduced. Then

=

— Cfl i1 Cm
6V-= A B

Capacity of both the capacitors becomes K times
ie,C1=C,=KC=3x1=3mF
Capacitor 4 remains connected to battery
Vi =V=6V
¢g1=Kg=3x6mC=18mC
Capacitor B becomes isolated
C]’z =(q> 0r C’z Vz = Csz or (KC)V’Z =CV
V', = v = 6 =2V
K 3
A test charge ‘q’ is moved without acceleration from A to C along the path from 4 to B and
then from B to C in electric field E as shown in the figure. (i) Calculate the potential difference
between 4 and C°. (ii) At which point (of the two) is the electric potential more and why? [A]

2012]
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29.

30.

Ans. In the relation
dr (2-06)
(1)Ve—V4=4E (ii) Hence Vo> Vy
Also electric field is directed from points of high potential to low potential.

Deduce the expression for the electrostatic energy stored in a capacitor of capacitance ‘C’ and
having charge ‘Q’. How will the (i) energy stored and (ii) the electric field inside the capacitor

be affected when it is completely filled with a dielectric material of dielectric constant ‘K°? [A]
2012]

Ans. Potential difference between the plates of capacitor V :%
Work done to add additional charge dg on the capacitor
dw = V><dq=% x dg

- Total energy stored in the capacitor

0 2
U= [aw = 4 g1
e 22

When battery is disconnected

(i) Energy stored will be decreased or energy stored = % times the initial energy.
(i) Electric field would decrease

or E' =§

Alternatively, if a student attempts to answer by keeping the battery connected, then
(1) energy stored will increase or become K times the initial energy.
(i1) electric field will not change.

Draw the equipotential surfaces due to an electric dipole. Locate the points where the potential
due to the dipole is zero.
Ans.
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31.

32

33.

oA

eB
Alternatively Any point on the equatorial plane (4B) of the dipole.

A slab of material of dielectric constant K has the same area as that of the plates of a parallel
plate capacitor but has the thickness d/2, where d is the separation between the plates. Find out
the expression for its capacitance when the slab is inserted between the plates of the capacitor.
A1 2013]

Ans. K
Capacitance of a capacitor partially filled with a dielectric
c-_ %4 -
d—t+ ‘
K
- g,4 _ 284K
d d + d d(K+1)
Y «d /2=
2 2K ) p

. A capacitor, made of two parallel plates each of plate area A and separation d, is being charged

by an external ac source. Show that the displacement current inside the capacitor is the same

as the current charging the capacitor. [4 2013] A
Ans. The displacement current within capacitor plates
] =& %
d 0"t + )
q q I 4
where ¢, = EA= A=—"+
& Ag, £, +—d—
[ =54
g, dt 0
U

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

Induced
-ve Charge

\
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34.

3S.

The lines of force start from + Q and terminate at metal place inducing negative charge on it.
The lines of force will be perpendicular to the metal surface.

Derive the expression for the electric field of a dipole at a point on the equatorial plane of the

dipole.

Ans. It is the product of magnitude of either charge and the distance between the two equal and

opposite charges. Alternatively,

; = q2a21

It is a vector quantity.

E=F cosO+E cosO=2E cosb

2 q a
4re, (r2 + a2) '(rz +az)”2
2 qa 1 2qa
dre, (r*+a’y"?  4me, (¥ +a’)"”?
1 p
E= where p =2qa
4re, (r2 +az)3/2 P 1 q
b4

Using Gauss’ law deduce the expression for the electric field due to a uniformly charged
spherical conducting shell of radius R at a point (i) outside and (ii) inside the shell. Plot a graph
showing variation of electric field as a function of »r > R and r < R. (r being the distance from

the centre of the shell)

Gaussian surface

Surface charge
density

-..______-.-‘ p.U

-
ta

“‘“" —— --.‘-d"‘f

Surface charge
density o

Gaussian surface

Ans.
By Gauss Law, » > R (outside)
JE4s =1L
€
<_4
=>EqQdS =—
Jas=-
1
= Edrrt=Lfp-— 91
g, 4re, r
Similarly, » < R (inside)
Efds=-
€
As inside the shell g = 0 T
S E47R* =0
Y1 ) @ Kq
As R#0, E=0 o |—
o | 2
=
2
B
Q
A
=
0

ol I——

Distance (r)—p
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36. Two infinitely large plane thin parallel sheets having surface charge densities o, and o, (o, >
o, ) are shown in the figure. Write the magnitudes and directions of the net fields in the
regions marked II and III.

/

/ 4 +
+ . E
+ - y 0o *
= O N

+ + RRL
i

+ +
/ = /B

I A

Ans. (i) Net electric field in region I = ZL(G1 -0,)
2
Direction of electric field in from sheet A to sheet B.

(ii) Net electric field in region I = ZL(G1 +0,)
€y
Direction is away from the two sheets i.e. towards right side.

37.In a parallel plate capacitor with air between the plates, each plate has an area of 6 x 107 m’
and the separation between the plates is 3 mm.
(i) Calculate the capacitance of the capacitor.
(i) If this capacitor is connected to 100 V supply, what would be the charge on each plate?
(iii) How would charge on the plates be affected, if a 3 mm thick mica sheet of K = 6 is inserted
between the plates while the voltage supply remains connected?
Ans. Here, 4 =6 x 10° m’,d=3mm=3x10"m

g,4  8.85x1077 x6x107

d 3x107

(i) Capacitance, C = =17.7x107"*F

(if) Charge, 0 = CV=17.7x10"?*x100C =17.7x107°C
(iif) New charge, Q’ =KQ = =6x17.7x107"°C =106.2x107"°C

38. In a parallel plate capacitor with air between the plates, each plate has an area of 5 x 107 m’
and the separation between the plates is 2.5 mm.
(i) Calculate the capacitance of the capacitor.
(ii) If this capacitor is connected to 100 V supply, what would be the charge on each plate?
(iii) How would charge on the plates be affected, if a 2.5 mm thick mica sheet of K = 8 is
inserted between the plates while the voltage supgly remains connected?
Ans. Here, /=5 % 10° m’, d=2.5mm=2.5x 10" m

g,A 8.85x1077 x5x107

y T =17.7x107"F
DX

(i) Capacitance, C =

(if) Charge, 0 = CV=17.7x10"?x100C =17.7x107"°C
(iif) New charge, Q* =KQ = =8x17.7x107"°C =141.6x107°C
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40

41.

Two equal balls having equal positive charge ‘¢’ coulombs are suspended by two insulating
strings of equal length. What would be the effect on the force when a plastic sheet is inserted
between the two?
Ans. Force will decrease.
Reason: Force between two charges each ‘g’ in vacuum is

1 ¢
Fy= )

ey I
On inserting a plastic sheet (a dielectric K > 1)

2
Then F = ! q_2 i.e. Force F=§
4re K r K

The force between charged balls will decrease.

. 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.
Ans. The charge on the capacitor ¢ = CV and initial energy stored in the capacitor

(a) If another uncharged capacitor is connected in series then the same amount of the charge will
transfer as shown in figure.

g=CV g=CV

Keeping charge constant, and final voltage v[[ 2v
2

2

U, U =1L 25
- c2c

Deduce the expression for the torque acting on a dipole of dipole moment ; in the presence of

a uniform electric field £ .
Ans. Expression for torque

e +(]E

»

An electric dipole having charges + ¢, and of size 2a is placed in uniform electric field E as shown
in figure. The forces, acting on the charges are +qE and —qE .

The net force on the dipole is F= +qE + (-qE )=0

Both forces provides an equivalent torque with magnitude

t =| gE | x Perpendicular distance (AC)

Physics Foundation, Patna 13



42.

43.

44.

=gq | E| .2a sinf
=|P||E|sinf
The direction of the torque can be given by 7 = px E

Consider two hollow concentric spheres, S1 and S , enclosing charges 20 and 40 respectively
as shown in the figure. (/) Find out the ratio of the electric flux through them. (i{) How will the
electric flux through the sphere S; change if a medium of dielectric constant ‘¢’ is introduced

in the space inside S; in place of air? Deduce the necessary expression.

4Q

S
S1
Ans. Using Gauss’s Theorem C'f Eds = 91
€y
Electric flux through sphere §; = ¢, = 2g)
&
Electric flux through sphere S> = ¢ = (20+40) _ 60
€y &y
20
. g 1
Ratio= 1t =—L=
60 3
2
If a medium of dielectric constant K(=¢, ) is filled in the sphere S, electric flux through
sphere, @', = 20 20
g Kg,

“For any charge configuration, equipotential surface through a point is normal to the electric
field.” Justify.

Ans. The work done in moving a charge from one point to another on an equipotential surface is
zero. If electric field is not normal to the equipotential surface, it would have non-zero component
along the surface. In that case work would be done in moving a charge on an equipotential surface.

An electric dipole of length 4 cm, when placed with its axis making an angle of 60° with a
uniform electric field, experiences a torque of 4\/5 Nm. Calculate the potential energy of the
dipole, if it has charge +8 nC.

Ans. Torque, t = pE sin q

43 = pE sin 60°

B3

4\/§=pE><7:>pE=8
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46.

47.

Now, potential energy, U = -pE cos@ =-—8 cos 60°=-8"~ %

=-4]

Given a uniform electric field £ =5 x 10° ; N/C, find the flux of this field through a square of
10 cm on a side whose plane is parallel to the y-z plane. What would be the flux through the
same square if the plane makes a 30° angle with the x-axis?

Ans. Here, E=5x10"i N/C, i.e. field is along positive direction of x-axis.
Surface area, A =10cm x 10 cm=0.10m x 0.10 m = 107 m-

(/) When plane parallel to y - z plane, the normal to plane is along x axis. Hence
6 =0°
¢ =EA cos® =5 x 10’ x 10%c0s0° = 50NC 'm’

(if) When the plane makes a 30° angle with the x-axis, the normal to its plane makes 60° angle with
x-axis. Hence

0 =60°

¢ =EA cos® =5 x 10’ x 107 cos 60° =25 NC 'm’

The electric field inside a parallel plate capacitor is E. Find the amount of work done in

moving a charge g over a closed rectangular loop abcda.
+ + + 4+ o+ o+ o+

a - b

d < ¢

Ans. Work done in moving a charge g froma to 5 =0

Work done in moving a charge ¢ from ¢ to d =0

This is because the electric field is perpendicular to the displacement.
Now, work done from b to ¢ = — work done from d to a

Therefore, total work done in moving a charge g over a closed loop = 0.

Obtain the expression for the energy stored per unit volume in a charged parallel plate
capacitor.

Ans. When a capacitor is charged by a battery, work is done by the charging battery at the
expense of its chemical energy. This work is stored in the capacitor in the form of electrostatic
potential energy.

Consider a capacitor of capacitance C. Initial charge on capacitor is zero. Initial potential difference
between capacitor plates = zero. Let a charge Q be given to it in small steps. When charge is given to
capacitor, the potential difference between its plates increases. Let at any instant when charge on

capacitor be g, the potential difference between its plates V' = %

Now work done in giving an additional infinitesimal charge dg to capacitor
dW =Vdg =V :%dq

The total work done in giving charge from 0 to Q will be equal to the sum of all such
infinitesimal works, which may be obtained by integration. Therefore total work
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49.

0 0 2 Q 2 2
q lig 1(Q 0
R e Ea
0 0 0

If V' is the final potential difference between capacitor plates, then Q =CV

2
= @ = 1 cyv? = 1 ov
2C 2 2
This work is stored as electrostatic potential energy of capacitor i.e.,
. . o> 1., 1
Electrostatic potential energy, U ==—=—CV" =—0V
p gy, ol 59

Energy density: Consider a parallel plate capacitor consisting of plates, each of area 4,
separated by a distance d. If space between the plates is filled with a medium of dielectric
constant K, then

Ke, A

Capacitance of capacitor, C =

If o is the surface charge density of plates, then electric field strength between the plates

E=2Y

=>o=Kg,E
Keg,

Charge on each plate of capacitor Q= o4 = Kg,EA
0* (Keg,E4) 1

.. Energy stored by capacitor, U ==~ =-—"0""_— _Kg E*Ad
d
But Ad = volume of space between capacitor plates
.. Energy stored, U :%KEOE *Ad
. . Uu 1 2
Electrostatic Energy stored per unit volume, u, = ~d = EK o)

This is expression for electrostatic energy density in medium of dielectric constant K.

. : 1
In air or free space (K = 1), therefore energy density, u, = EgOE :

e

Two charged spherical conductors of radii R, and R, when connected by a conducting wire
acquire charges ¢; and ¢; respectively. Find the ratio of their surface charge densities in terms
of their radii.
Ans. When two charged spherical conductors are connected by a conducting wire, they acquire the
same potential.

kg, _ kq,

R R,
4 _ 9, :ﬂ_ﬁ

R R, 7, R,
Hence, the ratio of surface charge densities

=

4R’
Derive the expression for the capacitance of a parallel plate capacitor having plate area A and

plate separation d.
Ans.
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Surface Aeea A
charge density o I /

+ 4+ + + + + + + o+ + + o+ o+

Surface

charge density - o 11

In the region between the plates the net electric field is equal to the sum of the electric fields due to
the two charged plates. Thus, the net electric field is given by
=92 .9 _9
2e, 2¢, &,
The electric field is constant in the region between the plates. Therefore, the potential
difference between the plates will be

V = Ed = od
80
Now, capacitance C = 9_05
od
Surface charge density o = % , where A is the area of cross-section of the plates.
C= ngA _ €0A
Od d

o RORTR
o, R, R R
. Derive an expression for the energy stored in a parallel plate capacitor. On charging a parallel
plate capacitor to a potential V, the spacing between the plates is halved, and a dielectric
medium of E, = 10 is introduced between the plates, without disconnecting the d.c. source.
Explain, using suitable expressions, how the
(i) capacitance,
(ii) electric field and
(iii) energy density of the capacitor change.

Ans.

() C= kg;A ~ a4 _ore, =2x10¢,
2

= C=20C,

(ii) As battery remains connected so, potential difference
V' remains same across the capacitor.
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(iii) Initial energy density = %sOEO2

Final energy density = % g,E’

Le
20

(2E,)* =4x %gOEO2
or Final energy density = 4 Initial energy density.

51. Derive the expression for the electric potential at any point along the axial line of an electric
dipole ?
Ans. Electric Potential due to an electric dipole at axial point. Consider an electric dipole 4B, having
charges — g and + ¢ at points 4 and B respectively. The separation between the charges is 2/.

— ) ——>

] +—(r=-10)—p
p— 2l —
W= === ? -------------- -.P

+— ' —>

Electric dipole moment, ; =gq.2l, directed from — g to + ¢.
Consider a point P on the axis of dipole at a distance » from
mid-point O of dipole.
The distance of point P from charge + g is BP =r—
The distance of point P from charge - g is AP =r + [
Let V; and V; be the potentials at P due to charges + ¢ and - ¢ respectively. Then
_ ! 7 and S = I =4

4re, (r—1) 4re, (r+1)

1

.. Resultant potential at P due to dipole

N/ /A S R —
Are, (r=10) 4ne, (r+1)

Ly 4 { 11 }: q [(r-i—l)—(r—l)}
Angy | (r=10) (r+1)| 4ne,| (r—=0(r+l)
1 q.21
T dne, (PP 1)
As ¢ . 2/ = p (dipole moment)
1 »p
g, (1 -1%)
If point P is far away from the dipole, then » > >/
y= L2

=V

dne, 1’
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