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Electrostatic Potential
and Capacitonce
SECTION - A

Questions 1 to 10 carry 1 mark each.

1. Figures show some equipotential lines distributed in space. A charged object is moved from
point A to point B.

i A% 1 4B At 1 18 | Asi B |
10V 20V 30V 40V 50V 10V 30V 50V 10V 20V 40V 50V
Figure (i) Figure (i) Figure (ii)

(a) The work done in Fig. (1) is the greatest.

(b) The work done in Fig. (i1) is least.

(c) The work done is the same in Fig. (i), Fig.(ii) and Fig. (iii).

(d) The work done in Fig. (ii1) is greater than Fig. (i1) but equal to that in Fig. (1).

Ans: (¢) The work done is the same in Fig. (1), Fig.(i1) and Fig. (i11).

The work done by the electric field on the charge will be negative.

Weleetrical = ~AU = —gAV = q( Vinitial — Viina1) Here initial and final potentials are same in all three
cases and the same charge is moved, so work done is same in all three cases.

2. Find the equivalent capacitance of the system across the terminals A and B. All the capacitors
have equal capacitances.

c
A |
Y
I J_ I
cC= ¢C c=—
S T
(a)2C (b)4C (©)3C d5C

Ans:(a)2C

3. The capacitors of capacitance 4 F, 6 F and 12 F are connected first in series and then in parallel.
What is the ratio of equivalent capacitance in the two cases?

(a)2:3 (b)11:1 (€)1:11 (d)1:3
Ans:(¢)1:11
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C
C,=2F C,=21F, ===1:
F Cp

4. A parallel plate capacitor with air as medium between the plates has a capacitance of 10 pF. The
area of capacitor is divided into two equal halves and filled with two media having dielectric
constant k, = 2 and k. = 4 as shown in the figure. The capacitance of the system will now be

NN

{a) 10 pF (b) 20 pF (c) 30 uF (d) 40 pF
Ans: (c) 30 pF

5. A point P lies at a distance x from the mid point of an electric dipole on its axis. The electric
potential at point P i1s proportional to

| ! 1 !
(a) = (b) = (c) = (d) ==
X X X

x'

1
Ans: (a) —
¥

6. A charge (J is located at the centre of a circle of radius r.
The work done in moving a test charge g0 from point A to point B (at opposite ends of diameter

AB) so as to complete a semicircle is | k=

=‘Jf:e'.l:13l

(a) k% (b) ‘E:‘J () kgoQr (d) Zero
Ans: (d) Lero

7. Each of the graphs below represents the variation of electrostatic potential with distance in the
region around a source charge, that is, either a point charge or a continuous charge distribution.
ldentify the most relevant Fir) vs r zraph due to a uniform charged insulated sphere.

v AV
!
\ b’ L e \
(i} r a -

=R —» —

Ans: (a)
8. In the electric field of a point charge g , a certain charge is carried from point Ato B, C, Dand E.

Then the work done

B
C B

(a) is least along the path AB. (b} is least along the path AD.

{c) is zero along all the paths AB, AC, AD and AE.  (d) is least along AE.
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Ans: (c) is zero along all the paths AB, AC, AD and AE.
ABCDE is an equipotential surface and on equipotential surface no work is done in shifting a
charge from one place to another.

In the following questions 9 and 10, a statement of assertion (A) is followed by a statement of reason

(R). Mark the correct choice as:

{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 but reason (R) is not the correct explanation of assertion (A).
(c) Assertion (A) i true but reason (R) i= false.

(d) Assertion (A) is false but reason (R) is true.

9. Assertion (A): Work done in moving a charge around a closed path. in an electric field is always
ZET0.
Reason (R): Electrostatic force is a conservative force.
Ans: (a) Both assertion { A) and reason (R) are true and reason (R) is the correct explanation of
assertion (A).

10. Assertion (A): A parallel plate capacitor 15 connected across a battery. A dielectric slab of
dielectric constant K is introduced between the plates. The energy stored becomes 1/K times.
Reason (R): Energy does not depend on dielectric constant.

Ans: (d) Assertion (A) is false but reason (R) is true.

SECTION — B

Questions 11 to 14 carry 2 marks each.

11. Draw a plot showing the variation of (i) electric field (£ and (i) electric potential {F) with
distance r due to a point charge (.
Ans:

0 A R
0O o5 115 2 25 3 35 4 45 &5
F—>

12. The given graph shows that variation of charge g versus potential difference I for two
capacitors () and Cs. The two capacitors have same plate separation but the plate area of ' 15
double than that of ;. Which of the lines in the graph correspond to ) and C: and why?

A
"1 8
—_— |’|'
Ans: Since, ot 4 [Area]
SoGr =20 . Ad:=24;)
but C= f-’ So, more slope represents more capacitance.
Hence, A represents C: and 8 represents ().
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13. There is a point charge () at a distance % from the centre of a circle of radius . Another point

charge g is to be moved from 4 to B, where 4 and B are two points on the circle diametrically
opposite to each other. How
much work is done by the electrostatic force exerted by () on g7

)
B A
ans: g |1 1 3
Wor . ':_#___L =& = R _ AR
Vork done anco|n % here, r, o and r, 9 + R ]

W= __‘%’_Ii_ll _
4reql3R R e

14. A charge & is given to three capacitors O, C2 and O3 connected in parallel. Determine the charge
on each.

Ans: In parallel combination of capacitors, the total charge Q=0 + Q- + Q.
As potential difference across each capacitor is same, therefore

v = 0+H GG
ED =V = —Q— = &=Q£=2d-
{lal + {IJI: + t-llq_ frl {12 {11
i

- —
o Charge on €, Q, —I_CL+(:3+C:1.Q
_ Gy
Charg: on C:, Q_._, = Cl+f-£+ﬂ'3Q
o

Charge o1 CH' Qﬂ = m‘:'l-—c‘ﬂ

SECTION-C

Questions 15 to 17 carry 3 marks each.

15. Three concentric metallic shells 4, B and C of radii a, b and ¢ (a < b < ¢) have surface charge
densities + g, — o and + o respectively as shown in the figure.

If shells 4 and C are at the same potential, then obtain the relation between the radii a. b, .
C

{45

Ans: Given that, 4, 8 and  are three conceniric shells of radii a. & and c. o, -0 and o are the
charge densities on them respectively.
Also Fe= ¥y (given)
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ca _ob  oc ( % 1 1_0.4:3’2 _ or)

o ey Tdme, r  dmeyr gy
(As 4 1s the mner most shell and potentials of B and C will be added up with
that of 4.)
2 2
- JC_gb” . aa”
Also. Ve = € €of i~ €yl
(As for both 4 and B shells, C lie at outside points.)
As V, = V.. we have,
ca ob.oc _ o (a"’—bz) o 2{(a+b)(a—b)
— v v = e (| — | =ty (g }) = ] c—
€ & § € Egl to( ) € ¢
c=a + b

16. (a) Obtain the expression for the energy stored per unit volume in a charged parallel plate
capacitor.
(b) The electric field inside a parallel plate capacitor is £. Find the amount of work done in

moving a charge ¢ over a closed rectangular loopa b cd a.
i N U

Ans: (a) Work done by a source of potential V in storing an additional charge dg
dW = Vdgq
¥ = .q_ e Y .= l.
dW qu (¥ c)

Total work done in storing a charge () to an uncharged capacitor 1s
W = [Q $hone LI
AC1 3¢

This work done gets stored in the form of electrostatic energy in the capacitor.

Hence U= El-%; - %(;VZ
As C= -t;gi and V = Ed
E P Energy stored
s b o) Volume
.1 [Ae e
Lo 5(52) @
- 2 - : = —¢,E?
e A Ad = 9%

where u is the energy density.

(b) Electric field is conservative. So, the total amount of work done in moving a charge g over a
closed loop abeda will be zero.

Wiop= Wap + Wee + Wea + Wi

Wisop = 0+ g (AVa) + 0 + g (AV)

As AV = — AVias, 2* and 4™ terms in RHS of above equation will cancel out.

o Wigop =0

17. Two metal spheres 4 and B of radius r and 2r, whose centres are separated by a distance of 6r,
are given charge Q each and are at potential V) and V. Find the ratio of V)/V2. These spheres are
connected to each other with the help of a connecting wire keeping the separation unchanged,
what is the amount of charge that will flow through the wire?

Ans:
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¥ 1

]rl > I’E

aQ Q
; "'r1 I"'rE
Gir

Since after connecting these two spheres,
the potennal of each sphere will be

equal, 1.e.
V=",
2, _ M.
¥ ar

G'l = E'l
Electric charges are conserved.
Q+Q=0,+0Q,
g’ 5
20 = % = Q= %Q
. 4
Charge lowmng=0",—Q= %—{: g-
- : 5
OR
Show by graph how g given to a capacitor varies with its potential difference.
Using the graph or otherwise, prove that the energy of a capacitor is 1/2 C12. Caleulate the
energy density of the electrostatic field in a parallel plate capacitor.
Ans: As g = CF, V versus g will be a straight line. During the process of giving charge g to the
capacitor, the potential difference across the capacitor rises linearly from 0 to 1. So, the
charge g is given to the capacitor at on average potential difference F/2.

o c

_1.,:

From the graph, areacf ABC = EqI’
A 5 .
q[._.’q = C¥V] Energy stored = q(%) = %CI*-
Enerov densitv g = —NETBY  _ *I?mﬁ _ 1eAEd)” _ 1 e
nergy density, u = Volume =—qi - 5 d Ad = EEGE

SECTION-D

Questions 18 carry 5 marks.

Derive the expression for the energy stored in a parallel plate capacitor of capacitance C with air

as medium between its plates having charges (' and iaqﬁ':.-!ﬂ' where A is the area of each
2

plate and d is the separation between the plates.
How will the energy stored in a fully charged capacitor change when the separation between the
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plates is doubled and a dielectric medium of dielectric constant 4 is introduced between the
plates?

Ans:

Suppose at any instant of time potential difference between the capacitor plates be I. Then the
amount of work required to supply a charge o to the capacitor 15 given by

dW = Vdg
To supply a charge 0. the work done is given by

v Ry, - 29 T |

W= | Vvig = [ (- V=2

I 2

W = 3T (@ =CF)
This work done gets stored in the form of electrostatic potential energy
or W = %L‘Iﬁ

U = §KCV® (»: € = KCp)
As C, = % V = Ed

— 1 p-Ep 22 1 4. g2

U = EK?E d°A = ﬁﬁ.r_nﬁ Ad

As we know c, = -2

When the E:Faratinn 15 doubled. then

' = F'-n.-"! En

0= 3 =
On introducing the dielectric medium of dielectric constant £ = 4 between the plates,
c = EE'n
= I-[-']._I _ 1 QE I # CDI
E = = =—
v T 9 ¢ T 9KG, Co=7%
s H L) HE) ek
421 0
2
.
E. = Et"

The energy stored in the capacitor reduces to one-half of its original value.

SECTION — E (Case Study Based Questions

Duestions 19 to 20 carry 4 marks each.

19. Consider three surfaces A, B and C are placed perpendicular to the electric field “E’. These
surfaces are at equal distance from each other.

E
& A '} I !
A
Pl R[4

B

i
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(1) If a charge +g is moved from ‘P’ to point *)” via a point ‘R’ on the surface A then how much
work is done in this case?

(a) gk (b) qV {c)qF (d) Zero

(11) What will happen if the electric field become parallel to these surfaces in (1)7
(a) Work done will be zero. (b) Force due to electric field will be zero.
(c) Some work will be done (d) Mone of the above

(111} Consider these surfaces are not at equal distances, then what will it represent?
(a) Electric field is zero. (b) Electric field is constant.
(c) Electric field is not constant. (d) Potential difference between P and Q is positive.

{iv) What will happen if surfaces ‘B’ and *C” intersect in the same field?
{a) There will be two directions of electric fields which is not possible in equipotential
surfaces.
(b) There will be two directions of electric fields, indicating equipotential surfaces.
(c) It will not affect direction of electric field.
(d) Mone of the above.
OR
{iv)Nature of equipotential surface for a point charge is
(a) ellipsoid with charge at foci.
(k) sphere with charge at the centre of the sphere.
(c) sphere with charge on the surface of the sphere.
(d) plane with charge on the surface.
Ans: (i) (d) As surface ‘A’ is perpendicular to electric field therefore this is an equipotential
surface. Work done to move a charge on equipotential surface is zero.
(11} (c) In this case the electric field will exert a force on charge and the work will be done on it.
(1i1)(c) If the surfaces are not equidistant that means the electric field is not constant.
(1v)(a) If surfaces B and C intersect then these will have two directions of electric field which 15
not possible.
OR

(iv) (b)

20. Electric field between oppositely charged parallel conducting plates: When two plane
parallel conducting plates, having the size and spacing as shown in the figure, are given equal
and opposite charges, the field between and around them is approximately as shown, while most
of the charge accumulates at the opposite faces of the plates and the field is essentially uniform
in the space between them, there i1s a small quantity of charge on the outer surfaces of the plates
and a certain spreading or “fringing of the field at the edges of the plates.

As the plates are made larger and the distance between them diminished, the fringing becomes
relatively less. This kind of arrangement is called capacitor.

-

Now if two plates are separated by a distance *3d’, and are maintained at a potential difference
“W7, then answer the following questions.
(1) Capacitance of a parallel plate capacitor depends on

{a) electric charge stored.
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(b} electric field between the plates.
(c) potential difference applied.
(d) electrical permittivity of the medium between the plates.

() If two protons are placed at points A and B respectively, then which one will experience
more force?

(a) Proton at point A

(b) Proton at point B

() Proton at points A and B both experiences same force.

(d) Mone of the above

(iil) When both the protons are released then which one will gain more KLE. just before striking
the negative (—ve) plate?

(a) Proton released from point A

(b)) Proton released from point B

(c) Proton released from points A and B will gain equal kinetic energy.

(d) Mo one will gain kinetic energy.

(iv) If one proton is moved from (I) Ato B, {II)Bto C,and  (III) along ABCD. then work
done in cases [, Il and 111 respectively are
(a) eED), Zero —eED
(b) eED), Zero, Zero
(c) —eED, +eED), Zero
(d) eED, —eED, Zero
OR

(iv) Which property of electric field is shown by part {111} and part {iv)
(a) Mon-conservative nature
(h) Conservative nature
(c) Dissipative nature
(d) Mone of the above
Ans: (1) (d)
(1) (c) Both protons will experience same force.

Reason: F = gE: E = constant; g = +¢ (same)
(iii)}a) Reason: v Vp=V,y>Va=V¢

[In the direction of electric field potential decreases]

V= Vaor { P.D)apz = (P.D)gpa

& Gainin KE =g = P.IL

< Crain in K_E. of proton released from point A will be more,

[~ W = gx P.D.|

(iv)(b) Reason: Wa—n=e(Va-Va) 5 F
T d
=¢[E.2d-Ed] =¢Ed
v Wa=Vg,
"l.’l.'run:- = ]

Wancp = War + Wae + Wep + W
=gEd+0-eEd+0=0

OR
(v) (b)
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