LEVEL 1

Q. 1: Two students A and B were taught that electric field
near a uniformly charged large surface is normal to the

surface and is equal to % . They were also told that field
0

. O
near the surface of a conductor is = normal to the conductor
0

where o is charge density on the conductor surface. Now
both of them were asked to write field between the plates
of an ideal parallel plate capacitor having charge density ¢
and —o on its plates. Student A said that field can be seen
as superposition of field due to two large charged surfaces.
He wrote the answer as

o o _ o

E=—+
2e

2¢, €o

Student B thought that a capacitor has conducting plates
and therefore field due to each plate

o . o o

Must be —. He wrote his answer as £ = — + —
_ 20
€o

Who is wrong and where is the flaw in thinking?

o -0
+ —
E
+ e -
+ -
+ —
+ —

Q. 2: A large parallel plate capacitor has vertical plates with
a potential difference of 2000 V between them. Oil drops are
sprayed between the plates. Few drops are observed to move
with uniform velocities in directions inclined at 45°, 33.7°
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and 18.4° to the vertical. The space between the plates has
air and mass of each drop is m = 3.3 x 1079 kg. Separation
between the plates is 3 cm.

(a) Explain the observations.

(b) From the above observations estimate the magnitude
of smallest charge in nature.

tan (33.7°) = 0.67 and tan (18.4°) = 0.333

Q. 3: Electrical susceptibility () of a dielectric material is
defined as y = €, — 1 where €, is its relative permittivity.
An isolated parallel plate capacitor carries some charge and
the field in the dielectric present between its plates is E.
Express the electric field due to induced charge on dielectric
surface in terms of y and E.

Q. 4: Imagin a parallel plate capacitor with a charge +Q on
one plate and — Q on the other. Initially, the plates are almost,
but not quite, touching. The plates are gradually pulled apart
to make the separation d. The separation d is small compared
to dimensions of the plates and we can maintain that field
between the plates is uniform. Area of each plate is A.

(a) Write the energy stored in the electric field between
the plates when separation between then is d.

(b) Assuming that the energy calculated in part (a) can
be attributed to the work done by the external agent
in pulling the plates apart, calculate the electrostatic
attraction force between the plates.

Q. 5: Two conducting plates each having area A are kept at
a separation d parallel to each other. The two plates are con-
nected to a battery of emf V. The space between the plates
is filled with a liquid of dielectric constant K. The height
(x) of the liquid between the plates increases at a uniform
rate from zero to d in a time interval #,.
(a) Write the capacitance of the system as a function of
x as the liquid beings to fill the space between the
plates.
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(b) Write the current through the cell at time ¢.

f
d
'

o il

Q. 6: You have been given a parallel plate air capacitor
having capacitance C, a battery of emf € and three dielectric
blocks having dielectric constants K, K, and K; such
that K, > K, > Kj. Describe a sequence of steps such as
connecting or disconnecting the capacitor to the battery,
inserting or taking out of one of the dielectrics etc — so
that the capacitor ends up having maximum possible energy
stored in it. [Each dielectric block fills completely the space
between the plates]. Write this maximum energy.

Q. 7: A parallel plate capacitor has two plates of area A
separated by a small distance d. The capacitor is charged to
a potential difference of V and the battery is disconnected.

A metal plate with area A and thickness % is fully inserted

between the plates, so that it always remains parallel to the
plates.
(a) Calculate the work done on the metal slab while it
was inserted.
(b) Does the two plates of the capacitor attract of repel
the metal plate that is being inserted. Does the answer
obtained in part (a) help you in answering this?

Q. 8: A neutral conducting ball of radius R is connected to
one plate of a capacitor (Capacitance = C), the other plate of
which is grounded. The capacitor is at a large distance from
the ball. Two point charges, g each, begin to approach the
ball from infinite distance. The two point charges move in
mutually perpendicular directions. Calculate the charge on
the capacitor when the two point charges are at distance x
and y form the centre of the sphere.

Q. 9: A parallel plate capacitor of capacitance C, is charged
using a cell of emf V|. Calculate the work done in reduc-
ing the separation between the plates to half its original
value if

(a) The cell is disconnected before you start decreasing
the plate separation.

(b) The cell remains connected while you are reducing
the separation.

Assume that the plates are moved very slowly.

Q. 10: Two large conducting plates, identical in size, are
placed parallel to each other at a separation d. Each plate
has area A. One of the plates is cut into two equal parts and
then a battery of emf V is connected across these two pieces.
Find the work done by the battery in supplying charge to
the plates.

— a —

Ly

v

Q. 11: Seven identical plates, each of area A, are placed
as shown. Any two adjacent plates are at separation d.
Conducting wires have been used to connect the plates and
a cell of emf V volt as shown in the figure. How much
charge does the cell supply?

Q.12: A diode is a device that conducts in one direction
only. Figure (a) shows the symbol for a diode. When terminal
A is at higher potential than B, the diode conducts; it means
current flows from A to B. No current flows if B is kept
at higher potential. Find the potential difference between
terminals C and D after the switch (S5) is closed in the circuit
shown in Figure (b).

(a) (b)

Q. 13: Find charge supplied by the cell after the switch is
closed.
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Q. 14: Find the equivalent capacitance across points
A and B.

12 uF
I

o
=
=

\|

=5 uF

N
=
=

12 uF

Q. 15: In the circuit shown in the Figure find the equivalent
capacitance between points a and b when—

(a) Switch § is open.
(b) Switch S is closed.

4 uF
a HB/JF
4 uF
S
4 uF
b itz uF
J(2/.1F

1

Q. 16: In the circuit shown in the Figure ABCD is a rect-
angular and vertical frame of conducting wires having
three capacitors. EFGH is in horizontal plane having two
capacitors. The two rectangular frames are connected at P
and Q only.Find equivalent capacitance between A and G if
each capacitor has capacitance C.

Q. 17: In the circuit shown in the Figure find the ratio of
equivalent capacitance between A and B to that between A
and C.

(6 uF
i

B C

Q. 18: In the circuit shown in Figure E = 12V, C, = 4 uF,
C,=2 uF, C;=6 yF and C, = 3 uF.

Find the heat produced in the circuit after switch S is
shorted.

E
‘ r

C, C,
S

G 16
I
| ’E

Q. 19: Three identical large metal plates each of area S are
at distance d and 2d from each other as shown. Metal plate
A is uncharged, while metal plates B and C have charges +Q
and —Q respectively. Metal plates A and C are connected by
a conducting wire through a switch K. How much electro-
static energy is lost when the switch is closed?

T A

B .

I

Q. 20: An air core parallel plate capacitor has capacitance C.
It is completely filled with a dielectric slab having dielectric
constant 2 K. The capacitor is now connected to a battery of
emf V. It was planned to replace the dielectric slab of the
capacitor while it remains connected to the battery. Another
dielectric slab (which fits exactly between the plates) is
inserted slowly so as to push out the earlier slab. The new
slab has a dielectric constant K [see Figure (a) to (c)]

X
«Q»%g
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(a) By energy considerations calculate the mechanical
work that must be done against the electric forces
in order to complete the process.

(b) Looking at the expression of mechanical work
obtained in (a), tell what was the direction of force
applied by the external agent - from left to right (as
indicated by F, in Figure) or from right to left (as
indicated by F)).

(c) Which dielectric slab experienced higher force
of attraction from the capacitor plates during the

process?
) o
(a)
?1 K 2K E
(b)
K 2K

(c)

Q. 21: A parallel plate capacitor of plate area A and spac-
ing between the plates d is filled with three dielectrics as
shown in the Figure. The dielectric constants of the three
dielectrics are K| = K, K, = 2K, K; = 3K. The capacitor is
connected to a cell of emf V.
(a) Write the ratio of maximum to minimum charge
density on the surface of the capacitor plate.

(b) Calculate the surface charge density of bound
(induced) charge on the middle dielectric.

(c) If the three dielectrics occupy equal volume
between the plates, calculate the capacitance of the

capacitor.
]
HK13H
~a
Iy
Iy
LEVEL 2

Q. 22: A parallel plate capacitor has square plates of side
length L. Plates are kept vertical at separation d between
them. The space between the plates is filled with a dielectric
whose dielectric constant (K) changes with height (x) from

the lower edge of the plates as K = ¢ where 8 is a posi-
tive constant. A potential difference of V is applied across
the capacitor plates.

(i) Plot the variation of surface charge density (o) on
the positive plate of the capacitor versus x.

(ii) Plot the variation of electric field between the plates
as a function of x.

(iii) Calculate the capacitance of the capacitor.

T

]

Q. 23: A parallel plate capacitor has square plates of side
length L kept at a separation d. The space between them is
filled with a dielectric whose dielectric constant changes as
K = e where x is distance measured from the left plate
towards the right plate, and 3 is a positive constant. A poten-
tial difference of V volt is applied with left plate positive.
(i) What happens to capacitance of the capacitor if d is
increased? What is the smallest possible capacitance
that can be obtained by changing d?

(i) Write the expression of electric field between the
plates as a function of x.

_
L
X

R —

| d |

Q. 24: A parallel plate capacitor is to be constructed which
can store g = 10 yC charge at V = 1000 volt. The minimum
plate area of the capacitor is required to be A; when space
between the plates has air. If a dielectric of constant K = 3
is used between the plates, the minimum plate area required
to make such a capacitor is A,. The breakdown field for the

dielectric is 8 times that of air. Find A—l

2
Q. 25: The electric field between the plates of a paral-
lel plate capacitor is E,. The space between the plates is
filled completely with a dielectric. There are n molecules
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in unit volume of the dielectric and each molecules is like
a dumb - bell of length L with its ends carrying charge +q
and —g. Assume that all molecular dipoles get aligned along
the field between the plates. Find the electric field between
the plates after insertion of the dielectric.

Q. 26: Find heat dissipated in the circuit after switch S in
closed. C =2 uF.

C C
I It
s 1t

i

[ 60V

LEVEL 2

Q. 27: In the circuit shown in the Figure calculate the
quantity of charge that flows through the switch after it is
closed. Give your answer for following two cases-

(@ C,=C,=2uF (b) C, =2 uF; C,=1uF

20V
- A = C1
20V | s
=B =G,

Q. 28: In a parallel plate capacitor the separation between
the two plates is maintained by a dielectric of dielectric
constant K and thickness d. The dielectric material is not
rigid and has a young’s modulus of Y. Capacitance of the
capacitor is C, if applied potential difference is nearly zero.
At higher potentials the attractive force between the plates
compresses the dielectric (by a small amount) and reduces
the gap between the plates. Change in K can be neglected
due to compression in the dielectric. Find the change in
capacitance when a battery of V volt is connected across it

Q. 29: Two square metal plates have sides of length L
and thickness t (<< L). They are arranged parallel to each

other with their inner faces at a separation of % t. One of

the plates is given a charge —Q and the other one is given a
charge + Q. A third rectangular metal plate of sides L and x,

having thickness é is inserted between the plates as shown.

The third plate is equidistant from the two plates and parallel
to them. Neglect edge effects.

(a) Find the charge density on lower plate at points 1
and 2 shown in Figure.

(b) Find potential difference between the upper plate and
the middle plate.

(c) Find electric field between the two outer plates in
space where the third plate is not present (i.e., at a
point above point 1.)

(d) Find the capacitance of the system across two outer
plates.

Q. 30: A hollow spherical conductor of radius R has a
charge Q on it. A small dent on the surface decreases the
volume of the spherical conductor by 2%. Assume that the
charge density on the surface does not change due to the
dent and the electric field in the dent region remains same
as other points on the surface.

(a) AE is the electrostatic energy stored in the electric
field in the shallow dent region and E is the total
electrostatic energy of the spherical shell. Find the

. AE
ratio —

(b) Using the ratio obtained in part (a) calculate the
percentage change in capacitance of the sphere due
to the dent.

Q. 31: The space between the conductors of a spherical
capacitor is half filled with a dielectric as shown is Figure.
The dielectric constant is K.

(a) If a charge is given to the capacitor write the ratio
of free charge density on the inner sphere at point A
and B.

(b) Write the ratio of capacitance with dielectric and
without dielectric.
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Q. 32: Two concentric spherical shells have radii a and
b (>a). Write the capacitance of the system in following
cases.
(a) Positive terminal of the battery is connected to the
outer shell and its other terminal and the inner shell
are grounded.

(b) Positive terminal of the battery is connected to the
inner shell and its negative terminal is grounded.

(c) A terminal of the battery is connected to the inner
shell and the other terminal along with the outer shell
is grounded.

(d) A terminal of the battery is connected to the outer
shell and the other terminal is grounded.

Q. 33: Two conducting sphere of radii @ and b are placed
at separation d. It is given that d >> a and d >> b so that
charge distribution on both the sphere remains spherically
symmetric. Assume that a charge +¢ is given to the sphere
of radius a and —gq is given to the sphere of radius b.
(i) Write the electrostatic energy (U) of the system and
calculate the capacitance of the system using the
expression of U.

(i) Prove that the capacitance of the system is given

1 1 1

by = = +
Y 4rega  4meyb

C if d > oo

Q. 34: All capacitors in the network given below are
identical with capacitance of each being 1 uF. Find the
charge on the capacitor marked as C.

1
LS
<
_)
B
<

Q. 35: In the given circuit it is
known that the capacitor A has a
capacitance of 2 uF and carries a
charge of 40 uC. Capacitor C has
a capacitance of 6 uF and carries
a charge of 180 uC. The positive
plate of both capacitors has been LB
indicated in the Figure. Capacitance
of capacitor B is 3 uF. Calculate
charge on B after the switch S is
closed.

oL
9)]

Q. 36: In the circuit shown in the Figure, find the ratio of
potential difference across capacitor 1 and 2. The capacitance
values are as indicated in the Figure.

C 2C
(1)H (2)(

Q. 37: In the circuit shown in the figure, find charge on
each capacitor.

Al

Q. 38: Two capacitors A and B with capacitors 3 uF and
2 UF are charged to a potential difference of 100 V and 180 V
respectively. One plate of two capacitors are connected as
shown. Now switch S is closed so as to connect a cell of
100 V to the free plates of two capacitors.

(a) Find charge on the two capacitors after the switch is
closed.

(b) Calculate heat generated in the circuit.

10v, S
‘ T

A==" 3uF 2uF =B

Q. 39: A parallel plate air capacitor has plate area A and
separation between the plates d. Switch S is closed to connect
the capacitors to a cell of emf V.

(a) Calculate the amount of heat generated in the circuit
as the capacitor gets charged.

(b) Calculate the force (F) that one capacitor plate exerts
on the other.
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(c) The distance between the plates is slowly reduced
to g Calculate the work done by the external agent

in the process. For your calculation use the basic
definition of work as work = force x displacement.

(d) How much energy is dissipated in the circuit as the
distance between the plates is reduced from d to g?
Try to give answer without any calculations. Give

reasons. Now use work energy theorem to show that
your answer is right.

—d —]

Q. 40: The circuit shown in the figure continues to infinity.

The potential difference between points 1 and 2 is ‘5/’ that

between points 3 & 4 is v and so on ; i.e., the potential

difference becomes % after every step of the ladder. Find

the rati G
eralOC

Q. 41: The parallel plate capacitors shown in the Figure
have capacitance C; = C and C, = 2C. The switch S is
opened. Energy stored in the capacitor system is U;. Now
the separation between the plates of C; is slowly reduced to
half its original value. Energy stored in the capacitor system
now changes to U,.

(a) Which will be larger - U, or U,? Why?

(b) Calculate work done by the external agent in slowly

reducing the distance between the plates of C;.

(c) If the plate separation of C; is reduced to half and
simultaneously the separation between plates of C,
is doubled, will the energy stored in the capacitor
system increase or decrease? Quantify the change in
energy.

Q. 42: Four large identical metallic plates are placed as
shown in the Figure. Plate 2 is given a charge Q. All other
plates are neutral. Now plates 1 and 4 are earthed. Area of
each plate is A.

(a) Find charge appearing on right side of plate 3.
(b) Find potential difference between plates 1 and 2.

1 2 3 4
H | H
} d —f——2d<~—>—d —>
Q. 43: In the circuit shown in the figure all the capacitors
have capacitance C.

(a) Find the charge on capacitors marked as 1 and 2
when a battery of emf V is connected across points
A and B.

(b) Find the equivalent capacitance across points C and
D marked in the Figure.

(c) Find the equivalent capacitance across points E and
G.

)
1
)
1
\|
i |
\
Al
\
1

b I B

Q. 44: There are nine 2 uF capacitors, two 1 uF capacitors
and one 4 uF capacitor in the circuit shown in the Figure.
(a) Identify a point in the circuit where potential is same
as that of point A.
(b) Identify another pair of points which are having equal
potential.
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(c) Calculate the charge supplied by the cell to the
network of capacitors.

2 uF
£ i F
2uF ouF
I B% uF
. A 10 o
%i? 4uF=—= =< 1 uF ::2 'uF::1 uF
>
D |( 2 uF
Ay H
2 UF c
2 uF N
4] ik G
2 uF

Q. 45: Two solid conducting spheres of radii R, and R, are
kept at a distance d (>> R, and R,) apart. The two spheres
are connected by thin conducting wires to the positive and
negative terminals of a battery of emf V. Find the electrostatic
force between the two spheres

N4
‘!

LEVEL 3

Q. 46: Two identical long metal wires having radius a are
held parallel to each other at a separation d (>> a). Calculate
the capacitance of the system per unit length.

Q. 47: A particle of mass m and charge +¢ enters
horizontally with speed V,, midway between the horizontal
plates of a parallel plate capacitor at time t = 0. Separation
between the capacitor plates is ‘d’ and it starts getting
charged, by a constant current source, at time ¢ = 0. Plate
area of the capacitor is A. It was found that the particle just
misses (to hit) the lower plate. Assume that the plates are
quite long and acceleration due to gravity is g.

(a) Give a rough sketch of the path of the particle.

(b) Find the constant current (iy) supplied by the source
to the capacitor.

Consider no magnetic force on the charge.

Constant
<> current

source
|

Q. 48: Lower plate of a parallel plate capacitor is fixed on
a horizontal insulating surface. The upper plate is suspended
above it using on elastic cord of force constant K. The
upper plate has negligible mass and area of each plate is
A. When there is no charge on the plates the equilibrium
separation between them is d. When a potential difference
= V is applied between the plates the equilibrium separation
changes to x.
(a) Calculate V as a function of x.

(b) Find the value of x for which V is maximum.
Calculate the maximum value of V (=V,,,,)

(c) What will happen if V>V, ?

(d) Plot a rough graph showing variation of equilibrium
separation (x) with V.

Q. 49: Two identical metal plates with area A and mass
m are kept separated by help of three insulating springs as
shown in the Figure. The equilibrium separation between
the plates is d, (<< VA) and force constant of each spring
is K. When a constant voltage source having emf V is
connected to the plates, the equilibrium separation changes
to d. Assume that the lower plate is fixed and the upper
plate is free to move.

(a) Find V in terms of given parameters.

(b) If the upper disc is slightly displaced from its equilib-
rium position and released, calculate the time period
of its oscillation.

Q. 50: One plate of a parallel plate capacitor is tilted by
a small angle about its central line as shown in the Figure.
The tilt angle 6 is small. Both the plates are square in shape
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with side length a and separation between their centers is d.
Find the capacitance of the capacitor.

[ ]
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2 3
Given: (1 + x) =x—% +% + o
2 3
T O
In( X) X+ > + 3 +
1. B is wrong
2. (b 1.6e2x10"cC
3. yxE
Q’d o
4. b
(@ 2¢,A () 2e,A
5 c KeyA
RO T
Key Adty (K - 1
o v _KeoAdn® -1 2
[Kdty — (K — 1) dt]
6. Insert dielectric with constant k;, connect the battery,
disconnect the battery and remove the dielectric.
1 200
Upax = 5 KyveC
€A
7. (@) ——V (b) Attract. Yes
4d
RC
8. Q = qi (l + l)
(AmeyR+ C)\X Y
9. () -Lcv? b) -+ 12
' T4 000 T2 0%
€A
10. —
4d
1. 0= SA
) Cd
12. 40V
13. 16.8 uc
14. 12 uF
15. (a) 13—6 UF (b) % UF
16. C
4
17. -
5
18. 240 wJ
Q’d
19.
6,5
20. (a) %Kcv2

21.

22,

23.

24,
25.

26.
27.

28.

29.

(b) In the direction indicated by 7’)1

(c) Dielectric having constant 2K experienced higher
force.

2Ke,A
d

O'max 3 EOV
(a) =T(b)6b=7(2K—1)(C)C=

(i) 4E

(i) C = Bd [e 1]

(i) Capacitance decreases, C,,, = €,L*f
BVe P’

(i) E =
1—eh

24
qlLn
E = EO - E—O
1.8 mJ
(a) Zero
Cok*V2e,
2d%Y
40 o = 50
LAL +x) 2~ LML + x)
50t
€, L(4L + x)

(b) 20 uC

AC =

(a) oy =

(b)



Capacitor 2@
© 40 ) 2C
€, L(4L + x) 44. (a) F (b) D and G
d oL (4L + x) (c) 208 uC
@ 10t 45, L[_RiRV )2
30. (a) ﬁ (b) 0.67% K| d(R, + Ry
3. @ Aok b L+K a6. ”e;
) % 2 n(4)
b
32. (a) 4ne, P (b) 4rmeya 47. (a) / Path
ab
(c) 4re, P (d) 4meyb \ //
2
W 4 (11 2\ . 4neg
33, (1)U—8ne0a+b—d), T
atp 4 ) ngAeo\/?
4. 20 uF b) Qg = —0 045
240
35. =—uC 2K(d - x) x*
1 48. (a) v =KW= x
v, 3 €oA
36. — ==
2 2 by V. =y 3K _2d
3. q1=q3=0,9,=q,=CV max T 27, A "3
38. (a) g, =84 uC; g = 144 uC (c) System cannot remain in equilibrium.
(b) 19.44 mJ ) x
1 s €y AV
39. (a) = CV (b) a
2 2d*
(c) —% cv? (d) zero
Cl 2 v
40. FZ = T (o)
3 2 6Kd*(d, — :
41. (@ U, > U, (b) Wey 3 cv 49. (a) V= OKd”(d, — d) (b) T = il md
(¢) No change. €A 3K(3d — 2d,)
0 3 0d 2
42. = 222 22
(a) n (b) 4 e,A 50. Goda 1+ 4 92
43. (a) Zero on both (b) 2 C 12d
SOLUTIONS
5 V _ 2000 V.

Electric field between the plates is E = i

3 cm’

If a drop has charge g, it experiences three force—

(1) Electric force, gE
(ii)) Weight, mg
(iii) Viscous force, F,

qE

F, is opposite to velocity (V). The resultant force perpendicular to the velocity (V) must

be zero.

mgsin@ = gEcos 0

E
s tanf = ot

mg
mg
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= q = % tan ©
for 0 = 45°
mg 33x 1075 % 9.8 19
=S x =222 X708 _yg85x07"C
W= 2000 V 8
300 m
For 0 =33.7°
mg —19 19
q, = z x 0.67 =485 x 067 x 10707 =325%x 10" C
For 0 = 184°

q; =485 x 1077 x 0333 = 1.62 x 107" C
Therefore, the oil drops have acquired different charges during spraying and move in different directions. Smallest
charge in nature is LCM of ¢,, ¢, and g;.
. Answer is = 1.62 x 107" C
3. If field between the plates is E,, without any dielectric between them then

Ey
E =e—r
But E =E,-E;,

E, =Ey—-E=€E-E=(c,—1)E = yE

2 2
d
4. (a) Energy stored U = % % _ 2Qe -
(b) If the required force is F, then Fd = U
2 2
d
Fi =2 o2
2604 2g)A

5. (a) Height of liquid at time 7 is x = tir
0
We can take the system as two capacitors in series

KeyA €pA
1= X and C2=E
1 L+L_ X +d_x_Kd—(K—1)x
C C GC, KeA €A Ke,A
c Ke)A
= “Kd-(K-1)«x
d KeyA(K - 1
(b) P @:V#zﬂ
dt dt [Kd — (K - 1) x]* dt
. Ke,AKK-1) 4 Ke Adiy(K — 1)
1 = _—=
Kd — (K — 1)% 2o [Kdt, — (K — 1) di]?
0
Q2
6. U ==
2C

For maximum U, we must have maximum Q and minimum C.
QO will be maximum when battery is connected with capacitance at maximum possible value.
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7.

Chx = K, C [when dielectric with constant K, is inserted]

If battery is connected to this capacitor, charge on it
Qmax = VCmax = Kl vC

Now battery is disconnected and dielectric is removed.

2 21,2 2
U =Qmax=K1V c =1K2V2C
max 2C 2C 21
. €pA
(a) Capacitance Cy = 7
Charge 0 =C)V
Energy in capacitor U, = % C0V2
After insertion of the metal plate, capacitance becomes
€pA 2¢)A
= = = 2C
a-4 d ’
2
Energy stored in the capacitor becomes
21,2
= 4 = oV Loy
2720 22c, 47°
W =U,-U,
1 2 €A
=—CV' =——FV
4 70 4d

(b) Since the energy stored in the system has decreased, the electrostatic force must have performed positive work. It
means the metal plate being inserted was sucked into the gap between the capacitor plates.

Let a charge Q be induced on capacitor plate connected to the ball. Induced charge on the ball is —Q.
Potential at the centre of the ball will be

q q -0 q “ 1) 1 0
V=K=-+K=-+K—-= - =
X y R 4rme, 4mey R

This is the potential of the entire ball and this is the potential of the capacitor plate connected to the sphere. The
other plate of the capacitor is at zero potential.

£y

Potential difference across capacitor plates = V

v2 q(l w_l Q

C=47reox Yl 4mey R
= Q l + 1 = 9 (l + l)
C  4neyR 4rey \ X Y
gRrRC “ w
= = |=4 =
¢ 4reg R+ C)\X Y
(@) Qp = GV
1
%=§q%
After the separation is made half new capacitance is
C =2C,

But charge remains fixed.



@2 Problems in Physics for JEE Advanced

Qo  CVy
T2(0) 2Q2C) 4

2
GV,
Work done by the external agent

1
W =AU=U - UO=—ZCOV3

Note: The two plate plates attract each other. The external agent applies force that is opposite to the displacement.
Hence, work done is negative.
(b) This time the p.d across the capacitor remains constant.

1 2
U = 5 2Cy Vv,

_1 2
AU =3 GyVg

Battery supplies an additional charge AQ = 2C,V, — C,)V, = C,)V,
Woar = A0V, = COV(Z)
W+ Wy, =AU
W = % CoVE - CoV2 = —% V2

10. There are two capacitors in series.
Equivalent capacitance is

Cy == _—
2 d 4d
Charge supplied by the cell
="y
€ =GV="
2_SA
Woae = QV = CG)V™ = 4d 14
. . . €yA
11. There are five capacitors each of capacitance C = 7
312 21
il 1
v 16
7
A 4P
1 2|3|4 5
6 |7 It

The arrangement is a Wheatstone bridge as shown in figure.
It is a balanced bridge and equivalent capacitance is

c _C_eoA

°T T 4
€pA

0 =CV=—-YV

d
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12. The diode D2 will never conduct as its end B is at higher potential. It is like an infinite resistance. D1 will conduct
and the two capacitors will get charged. Both will have same charge.

q q
=+ —= =120
c 2C
3q
— =120
2C
= % = 40 volt
13. The potential difference across 1 yF and 2 yF (uppermost) capacitor must sum up to +{ }—
6V q '"2uF
q g2 24 2
T - = 6V
[t =0 2 a=FHC 1 4 L
] ’=12uC ||
Answer is 12 + 2 = 16,8 uC g 9=
ra
14. 11 uF and 13 uF are in parallel. q 2 uF
6 UF and 5 uF are in parallel. 2 Mz
2 UF and 4 uF are in parallel. 2 uF
H12 uF
F
A et a8

H12,uF

This is a balanced whetstone bridge. 11 yF capacitor can be removed.
12 uF and 24 uF in series = 8 uF.

6 uF and 12 uF in series = 4 uF.

Equivalent = 8 + 4 = 12 uF

15. (a) With switch open the circuit is as shown in the figure. Equivalent capacitance is C = 13—6 UF

a

1
)|
)|

4 uF =+ r~ 8 uF 4 uF

2 uF == == 4 uF - 2 uF

(b) With switch closed the circuit is as shown below.

a—

Al

4 uF 8 uF 4 uF 5

2 uF 4 uF 2 uF ==

Equivalent is C = % UF
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16.
17.

18.

Hint: Balanced Wheatstone Bridge.
Equivalent across A & B

Remove the 3 UF capacitor between B and D and the remaining circuit becomes a balanced Wheatstone bridge. [Note

A & D are same points]

The equivalent of Wheatstone bridge is % UF. Add to this the removed capacitor of g UF in parallel and the equivalent

becomes.
8 6 _58
Cypg == +—-="—UF
A =3Ts sk
A It
"3 uF
1 uF 5 uF
D e
=6 =<2 uF
£ uF H
(B uF
B G it c
lA
A
3 ,lli 1 wF 1
D 1 uF F5 uF E 3 uF
= F—A——E
2 uF 5 uF
2 uF L
B = —
G ouF c 6 uF
{B
Equivalent across A & C
Remove the 3 uF capacitor between A and E (E and C are same A
points) I 1 uF I 5 uF
Now remaining circuit is a balanced Wheatstone bridge between
A and C [with the 2 uF capacitor between F & G being charge 11
= 6 uF -~ 2 uF =— pF
less] 5 u 6
The equivalent of Wheatstone bridge is = 1 UF
6 6 uF
Add the removed capacitor and the equivalent becomes : c
11 29
Cyoe =—+3=—UF
ac =g 6 u
Required ratio is 28 X 6 _4 |
15 29 5 15V
With S open + 5
4 uF = —-L 2pF =16
Net emf = 0 M= 4, al* q uc
Charge on all capacitors = 0
With S closed
Energy stored in capacitors
U =240 uJ N 5 uF
Work done by cells = 480 uJ SuF o=t m=2ue
Heat produced = 240 ul
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19. Capacitance between A and B is C
. . €S
Capacitance between B and C is e

U.

Initial energy stored ;

_ €S

2d°

= 2C.
o &
2(2C)  4C

After the switch is closed, we have two capacitors in parallel, as shown in Figure

9+ 94

q

d 21

an C

= q:
Solving (i) and (ii) we get

Final energy stored in the system

Loss in energy AU

20. (a) Initially, capacitance = 2KC
Charge on capacitor Q; = 2KC-V
Finally, capacitance = KC
Charge on capacitor = Q, = KCV

Charge Ag =2 KCV — KCV = KCV was pushed back from
the capacitor plates into the battery.

Work done by battery Whate

q, =

=0
_
Ye
_

Battery gained energy.
= —AqV = —KCV?,

Change in electrostatic energy of the capacitor is

AU

1 2 1 2 1 2
=U,-U ==K -- Q2 KOV =-=KCV
U~ U= L kOV: -1 @ KOV =L ke

B A
g |+ -
C
B c
q2 + -
2C
()
...(ii)

Negative sign shows that the capacitor lost energy. Overall, the capacitor lost 1 KCV? energy and the battery

2

gained KCV? energy ! The gap % KCV? was fulfilled by the work done by the external agent.

Work done by the external agent = % KCV>,

(b) Because work done by agent is positive, the force applied must be in the direction of displacement.
Force was in the direction F indicated in the Figure.
(c) The dielectric slab with constant 2 K experienced higher attractive force. To overcome it the external agent had

to apply a rightward force.

21. (a) Electric field between plates is same inside all the dielectrics.

E

Vv

d
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If o = free charge density on capacitor plate then E = é
0
o _V _ S8
Key d d
0 is maximum when K; = 3K and it is minimum when K; = K
3Key vV
Opax =
max d
Key)v
Omin =
min d
O-max 3
Omin - 1
1 2e,VK [ 1 eV
= 1 _— = - = — 2K - 1
®) % G[ 2K d 2K) = d ¢ )

(c) We can consider the capacitor as three parallel plate capacitors placed in parallel.
KeyAl3  2KeyAl3  3Key Al3
+ +
d d d

C=C+0C+C=

c 2Ke,A
T d

=

Level 2

22. (i) Consider a plate width of dx at a height x (see Figure)

Capacitance of this segment is
kA e e LAx _
C = = (1)

d d
Potential difference across this small capacitor is V.
Agq = VAC

Bx

_ 41 _vac _ Veee
AA LAx d
Graph is as shown

o = VS0
©7 d
Ve
And o; = 2P GoeﬁL
(i1) Electric field remains constant at E = ‘T;
(i) Writing equation (i) for infinitesimal width dx E
eyL
dC = —2= oPray —
There will be infinite number of such capacitance all in parallel. 5—£>X
L
€L oL
C =[dc="2 e dx= [P -1
Jac==11 pa ' 1

23. (i) We can calculate the capacitance by considering large number of capacitors assembled in series. One such capaci-
tor having plate separation dx is shown in the Figure
e KL €, I?

dC = =
dx dx
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Capacitance will be given by e
d
1oL 1
1 — Br 1 A | B
=——— [P =—= - eopL2
€L 0B
d
<y BL? T
- 1-ehd
Graph is as shown.
When d — oo C — €, BL*
. e BL*V
(i) Q=CV=1_eiﬁd
oo 2 BV
L 1-¢hd
E = o _ ﬁV _ ﬁVe_ﬁx
oK Pl — e P 1 - P
Ke A
24, C = 7= a constant

For A to be minimum, d must be minimum. The separation between the plates is limited by the breakdown strength

of the dielectric.

For air capacitor dv =FE, [E,;, = Breakdown field for air]
min
Vv
d.. =
min Eair
e()Amin
Now — =C
dmin
= A = cv
min eo Eair
Ccv
A = S
0*air

CV
? KEOEdlelec
Al KEdlelec
1= —3x8=24
A2 Eair 8

25. Dipole moment per unit volume (after perfect alignment) in the dielectric = gLn. Net dipole moment induced in

dielectric slab is

= (gLn) (A-d)
Charge induced on walls of the dielectric
gLnAd
O, == = +qlnA

Field due to induced charge
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26.

27.

E _Qin_an
T A T €0

qln
E =Ey-Ey=FEy -~

With switch S open the potential difference across the group of capacitors
is zero. There is no charge on both of them.
With § closed, potential difference across both of them is 30 V .Charge
on each of them is

qg =2 uF) (30 V) = 60 uC
Polarity is as shown. The charge flow in various path has also been

shown.
Energy supplied by 60 V cell = 60 x 2g = 60 x 120 uJ

Energy absorbed by each of 30 V cell = 30 x g = 30 x 60 uJ

Energy stored in each capacitor = % cv? = % x 2 x 30% ul

. Heat dissipated = 60 x 120 — 2 x 30 x 60 — 2 x 30°
=60 [120 — 60 — 30]
=60 x 30 =180 uJ = 1.8 mJ

Q

Q

T30V

2q

T 60V
2q

30 V]

(a) When C; and C, both are equal, potential difference across each of them is 20 V. The point between the two
capacitors is at zero potential and connecting it to earth by closing the switch will make no difference to the

circuit. There will be no charge flow.

(b) Potential difference across two capacitors is
G 40
V, =40 x =—V
! C,+C, 3
2 80
A = 4 ==V
nd V, 0 x Tr1-3
. 80
Charge on them is q = 3 uc
20V— A

After the switch is closed, potential difference across
both capacitors becomes 20 V. Charges on them are
g, = 40 uC and g, = 20 uC

Looking at change in charge on plate 1, it is easy to
conclude that a charge

}—‘
|
[oy)

80

Ag, =40 —
qda 3

= 43—0 UC flows through cell A.

4q,

gy L

9 =

AQY

Agg

Similarly looking at charge on plate 4, we can conclude that charge flow Ag, (see Figure) is

80 20
Agy = =20 =27 pC

A0 =AqA+AqB=63—0=20,uC

Sum of charge on plate 2 and 3 before closing the switch was zero. After closing the switch the charge on these

two plates is = =40 + 20 = -20 uC
AQ’ (in direction shown) = 20 uC



Capacitor
28 c KeyA
. (@) 0= d
When connected to a V volt cell, the plate separation reduces by x.
_ Key A 0
T
KegAr X\-1
AC =C-Cy= —1l=¢ |1 —)—1]
0T a2 0 [( d
d
=c0[1+§—1] [+ x << d]
AC = Cy % 2
0y )
Charge on capacitor plates 0 =¢,
0> CV
Force between plates F = 2Ae, = 2Ae,
c:v?
Stress on dielectric L 02
A 24 =N
21,2
o X _ stress &V
Strain is = = =—
d Y o ooA%ey
. Key A
Putting C, = we get
X _ KzeoV2
d  2d°v
CoK*V?e
AC = %
2d7Y t t
29. The given system is equivalent to the one shown in the Figure. The distance A, [*a] *q~| A
1 + 1= 71— 1
between the plates of C, is % t ‘+C—‘ ‘+C—‘
Plate area of capacitors represented by C; and C, are A, = xL and A, = 1 1
L(L - x)
_ €04, _ €9Lx
LT f mZlC
€A, 2€y-L(L - x) @-ql, _[A
ST 5t
2

Let charge on capacitors having capacitance C; be ¢ and that on capacitor of capacitance C, be Q — q.

c
The equivalent of two C, in series is ety

C
Potential difference across — = p.d across C,.

9 _Q-q

C1/2 - C2

2q Q-9
eoLx = 2e,L(L - x)

t 5t
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- 2 _5Q-9
X T 2(L-x)
= dg(L-x) =5(Q -¢q) x
q[4L — 4x + 5x] = 50x
_ 50x
q_4L+x
40(L -
@ o - Q-9 40
' 7 L(L-x) " LM@L + x)
9 50
62———7
L-x LM@L + x)

(b) Required p.d = p.d. across C, = q

e
50« o 50t
4L +x egLx  €yL(4L + x)
(o 4
(©) E =L 7Q
€ e€yL@L + x)
C, 2¢,L(L-x) €yLx
d C = — =
@ 2773 5t T
€oL(4L + x)
- 10¢
30. (a) Energy stored in the electrostatic field produced by the spherical conductor.
g-12__&
2 C 8meyR
The electric field on the surface = g
ey R?

Energy stored in the electric field in the dent region is

2 > AV
AE =%e0 4#% Av=%
€ R 32m°€yR
AE _ AV AV AV

E iR 3(57[R3)‘W
3

[AV = Volume of dent]

[V = Volume of the sphere]

AE 1 1
2% - 2 %002 = —
E 3~ 150
Q2
b E ==
(b) °C
Q2
AE = -— AC [-sign tells that if AE is + ve them AC is —ve]
C

Fractional Decrease in capacitance
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AC | 2
AC 100 = -1 x 100 = 2 = 0.67%
c ® 150 3 ¢

32. The charge distribution on the surfaces of shells in four cases is as shown in the Figures.

1

2
- 47reo(bab ) + dmeyb = dmey| -2 )
(b) In this case C, and C, are in series
1_1 .1
c C G
- 1 _b-a 1 + 1
C ab 4rme, 4meyb
1 b-a 1 b 1
= + l = — =
4meyb ( a ) 4reyb (a) 4reqa
C = 47Z€0a
© c=c = 47reo( b“b )
(d) C =C,=4reyb
33. (i) The electrostatic self energy of two conductors are
2 2
q
= d Uy=——
U= 8nega ™ 27T Bregb
The interaction energy of two conductors can be written assum- LT -
ing them to be point charges. + +
99 - + +
27 4reyd ~ 4meyd * *
- Total energy of the system is * *q *
‘ d
¢ (1.1 2)
= —- 4+ — — —
8mey\d b d
2
q 4re,
Now %—U:>C—l+l_2
a b d
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34.

35.

36.

37.

(i) Tf d — oo

= +
C 4dmeqga 4meyb

Look at the given figure carefully to find that two plates of the capacitor marked as C are directly connected to the
terminals of the battery.

Potential difference across the marked capacitor = 20 V.
Charge on it = 20 uC
Initially B must also have some charge. Potential difference across plates of A is

_ 40 uC 20 V
AT 2uF T
Vg =20V
Charge on B is (3 uF) (20 V) = 60 uC A
Charge on C is 180 uF. Polarity of charges is as shown in the als a
Figure. ==_ 40 uc
After the switch is closed, the three capacitors will be in parallel c +C
and they have a total charge of 180 — 40 — 60 = 80 uC to be shared — PN —
among them. 180 e sl _ 9c
The charge will be shared in the ratio of capacitance 74 80 ue
ga:qp:qc =2:3:6 qB—H+
B
2 x 80 160
= 22°% uC=-—uC
R S T
_ 3x80 _ 240 C
®=52%3+6 11 H
_ 6x380 _ 430
€= 52%3+6 11
Due to symmetry charge on capacitor 1 and 4 will be same. Similarly, " 22
charge on 2 and 3 will be same. Charge distribution is shown in the q1+“- +—
Figure.
Note: that charge on capacitor 5 has been written using the fact that tL g -q
sum of charges on three plates connected together must be zero. -
Using Kirchhoff’s voltage law in loop having capacitors 1, 5 and 3 — %, _ .
IL IL
@, D% _ D " ",
C cC 2C
= 2 = & = ﬂ = g J}
N =5 7" 4 v

Potential difference across capacitor 1 and 2 will be in ratio

Vi a/C g C2_§2C_3

V, ¢/C, ©C, 4 C 2

The terminals of capacitor 1 are in identical position and cannot have different potential. Similarly, there cannot be
a potential difference across the terminals of capacitor 3. We can remove capacitors 1 and 3 from the circuit. The
effective circuit is as shown in Figure.

Charge on (2) and (4) is ¢ = CV
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i 9y (4)
v P
q
-t [
(2) Y N
38. Charges on two capacitors are 100 V“
g4 = 100 x 3 = 300 uC q 7
And gg =180 x 2 =360 uC. _
: : : o . A=L" 300+q 360+q =B
After the switch S is closed let charge g flow in the circuit as shown in the - +
Figure.
Using Kirchhoff’s voltage law we can write— q
360 + g 300 + ¢
= 100
2 T T3
= 360 x 3 + 3g + 600 + 2g = 600
= q =-216 uC
Final charge on the two capacitors is
gy =300+ g =84 uC
qp =360 + g =144 uC
Change in electrostatic energy of the capacitor system is
’ ’ 2 2
AU = (@) N (q5)’ | 9 N 4p
T 12x3 7 2x2) 12x3 2x2
_ (8;42 L 1442 (3002 N 3602)
6 4 6 4
= 1176 + 5184 — 15000 — 32400
=—-41040 puJ = -41.04 mJ
Capacitor system has lost 41.04 mJ energy.
Energy gained by the cell Ugy =100 x 216 pJ = 21.6 mJ
Heat dissipated = 41.04 — 21.60 = 19.44 mJ
— €yA
39. (a) Charge on capacitor is Q0 =CV C= 4
Wbattery =0 V= CV2
Energy stored in the capacitor U = % cv?
1 s — x —+
Heat generated = W, — U = 5 Ccv + Pl I
(b) Let the distance between the plates be x at some intermediate stage. At F, ~ Fex
€pA + -
€AV * -
q = CV = <
Field due to charge on one plate is E = > Aqeo “V



@4 Problems in Physics for JEE Advanced

@ € AV?
2A € - 252

. Force between plates F =Eq =

(c) Assuming that the positive plate is fixed and the negative plate moves slowly towards it, work done by external
agent in displacement dx is
GOAV2 dx
2 2

dw,

ext

= —IF,|ldxl = —IF,|ldx| =

~. Work done in reducing the distance from d to g is

€, AV? ‘j’z de €AV
ext = +T ) ? = =
(e) Energy dissipated must be zero as the plates are moved slowly. Charge flow from battery to the capacitor plates
is very slow.
1 2
W = ) Ccv
Charge in PE stored in the capacitor

1 2 1 2 _ 1 2
AU ==2CV-—=CV- == CV
2 2 2

[Capacitance doubled when d was halved]
Wy = [(2CV) = CV] V = CV*
Wiae + Wor = AU + Heat generated
Heat generated = 0

40. Let the equivalent capacitance be C,. Even if we remove one ladder, the equivalent will remain C,,.

The potential drop across C, in figure shown is ‘5/ “C1 1
Pl
9 _V GV % T
—- == =— ..(1 G
¢, "2 7 M7 WL =c = ow
AISO qo = Cov ...(2) l
7 = CO = Cl = 2C0 ...(3)
From the given circuit
(Cy + Gy C,
CO = ==
Co+ G+ C
= Ci + CyCy + CoCy = CCy + C,C,
= Ci+ CCy— C,C, =0
~C, +C2 + 4C,C,
CO =
2
Only positive sign is acceptable.
~C, +4C3 + 4CC,
CO =
2

> T2 < 2

c, C, \C;+4CC, [ C, C]
i Y2 T T2 ] -G,
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(Cy + Gy =C +4C,C,
C? =2C,C, = € =2C,

41. (a) U, is larger. The external agent does a negative work as the capacitor plates attract each other. Therefore the

energy of the system must decrease.

1 21 2 _3C
b Uu ==-C,\V —CVi==1YV
() 1 2 1 +2 2 2

Charge on capacitors are 0, =CV=CV and Q,=CV=2CV
After S is opened the total charge on connected plates of the two capacitors will remain +(Q; + Q,).
After separation between plates is halved, the capacitance C; becomes 2C.

Final charge on both capacitors will be

_ 0+ Qz: 3CV
2 2
Potential difference across both will be
-4 _3V
v 2C 4
Yo ) EAA R VP_9 12
Uy =5 (4)+ (ZQ( )_SCV'
. 3 9) 3 2
L ——-= ==CV
0ss in energy (2 3 3
3
W =3 cv?

(c) In this case C; becomes 2C and C, becomes C.
Final common potential difference will be

0,+0, cv+20V
V= =V.
2C+C ~ 3C

This is expected since the situation remains practically same as original, with capacitance getting exchanged.

Final energy U; = U,
No work is done by the external agent.

Note: In a slow process no heat will be dissipated.
42. The opposite faces must have equal and opposite charge. The outer surface of plate 1 & 4 will have no charge.

Let charge on right face of plate 2 be g. Charges on other faces are as shown.

0-¢ q q
E, = ——E =—/7 E;=—
! €A T T €A P T gA
- + +q q_ +q -
But Vi =V,=0 Q-gq
1 El — 2E2 — E3 =0 - +| |+ - + -
= Q_q_2q_q:0 E1<7 —»Eg —>E3
0 - +L+ -+ —
= = — = =
173 = @9 T
Potential difference between plate 1 and 2 is
30d
V =Ed=
! 4e,A

43. (a) When a battery is connected across points A and B the circuit is a balanced Wheatstone bridge, with the inner
network connected to C and D receiving no charge. Hence charge on 1 and 2 is zero.
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(b) When a battery is connected across C and D, the innermost loop will have no charge because the 4 capacitors in
loop EFGH and the innermost loop (acting as fifth capacitor of bridge) forms a balanced Wheatstone bridge.
The innermost loop can be removed. It leaves us with 4 parallel branches between C and D each having two
capacitors in series.

Equivalent capacitance = 4-% =2C

(d) In this case the innermost loop (having capacitance C; = C) is a parallel path across EG. The loop EFGH forms
a balanced Wheatstone bridge with the outer loop acting as fifth capacitance between F and H.

Equivalent of the bridge is C, = C. This is connected in parallel to C,
Cy=C+C,=2C
44. Convince yourself that the network obtained by placing 12 capacitors on the edges of a cube (see Figure) is same as
the given circuit. Yes, I am asking you to convert a two dimensional circuit into a three dimensional one!
The symmetry becomes obvious.

Point A and F cannot have different potentials and similarly, D and G are equipotential.

A [ B
2 uF 2 uF
2 uF
E HZ uF F 2uFL
1 ,UFJ*
V=40 V| 1 T |1 uF 2 4F
p— 4‘u|:/—\ 2/,¢F D T A C
|2 uF
H " G

Points A and F can be joined together and points D and G can be put together. We can redraw the circuit as shown
below.

4 uF
”2uF 1 uF E,LLF
1t 2 uF A 2 uF l
E Aﬂ B (_g_[: D) |_|H
2 uF IF 2 uF G 2 uF
[ 20k 3 T2y
1 uF
V=40V

0 =25—6><40=208,LLC

45. let’s first calculate the capacitance of the system.
Assuming that the two spheres have charge O and —Q, we can write their potentials as

KQ K0

Vl = R_l and V2 = R2

Note that charge on one sphere does not have any significant effect on the potential of other since d >> R, and R,.
Potential difference between the two spheres
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KQ KQ
V=V -V,=—4+—=
Vi 27 R, + R
. 0 R.R,
C t C=="=——=__
apacitance v K(Rl T Rz)
Ch the sph cv = kY
arge on the spneres Q = = m)

Force between the spheres

Fog L K[ RRYV P
d> d* KR + Ry
2 p2y,2
_ RIRV
Kd*(R, + R))*

46. The electric field outside a long wire having linear charge density A is

where r = distance from axis

C 2meyr

Electric potential at a point can be written as

V = —JEdr + C [C = a constant]
=- 2 Inr + fnry put C = lnr
2re, 2re 2re
A "o
= n -
2re, "

Potential at any point P is presence of both the wires — one having charge +A Cm™' and the other having charge

~ACm s

fn(i) -

2re, \I

2re,

A r_
v - ol
2re "\,
Potential on the surface of the left wire is

VvV, = %eo Zn(é)

Potential on the surface of the right wire is

T (4]

- 2rey, \d
Potential difference V=V-V,= n'% En(g)
0
Capacitance per unit length is
A T&
Vo (d
()

47. In time ‘¢’ the capacitor acquires a charge Q given by Q = iyt

igt
Electric field between the plates is E = & =2
Ag, Aeg
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it
Electric force on the charge F, = qFE = 7
Ag
N S qigt
Force on the particle in y direction is F, = mg — A,
i 0
Acceleration in y direction
it i
a, =g - o =g -kt [wherek: 7o
- mAGO m. 60

The particle initially experiences a downward acceleration. After some time when kr > g, its acceleration changes
direction. Hence, path of the particle is as shown below.

dv

¥ o /
_— = g — kl‘ X
dt d \/ }
v 2} + + + 4 + y

t t
| av, = g|dt - k[tar
0 0 0

For y component of motion of the particle - - - - - = 7 } E

Vy

—gr_ L
= gt — 3 kP (D)

2
v, =0 when ¢,= Tg ...(2)

At time f,, y — co-ordinate of the particle is g,

_ |
vy, =gt - 5 kt
dy 1,0
= — =gt — -kt
a ~ 872
d
2 Iy Iy
= [ay =g|tdt — = k] ar
0 0 0
2 3
d_, o *
27827 %6
d_ 28 k8¢ [ Zg]
= — = —_— = — . tO = —
2 P66 k
= da_28
2 32
Loyt
3d
R ai, _Jag _ _ms g
mAe, \3d °7 9 \3d
48. (a) Capacitance when separation between the plates is x is given as
€A
c -

Change on plates when applied potential difference is V is




Capacitor 2@

Force between the plates

1 0 0’
F —E = . =
2 Q 2€0AQ 2e€,A
€nA
- F=1LV2
2 52

For equilibrium

€ A
K(d - x) =%L2v2
X

V2 = 2K (d — x) x
€A

2K(d - x) x*
V=f——
V €A

(b) V is maximum when (d — x) x* is maximum. It means when ix [(d - x) xz] =0

d
= 2xd - 3% =0
= X = E
3
2d\ (2d\?
#e-FVET _
v - 3)\3) | 8Kd®
max €A ~ 27,4
(c) If V> V.., the system cannot remain in equilibrium.
(d) x
a
O Vmax V
49. (a) With no voltage source
mg = Foin (1)

With voltage source connected, let the electrostatic force between the two plates in equilibrium be F,. The rise in
spring force balances this F,.

Fy, =3K(d, - d) ..(2)
Electric force between plates, F, = Q(%)
0

L 0Y W AV
26pA  2€,A 247

€ AV?
2d*

= 3K(dy - d) (1)

6Kd*(d, —
v:’ (dy — d)
€pA
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(c) If plate moves by a small distance Ax the electrostatic force changes by

AF,

€, AV? € AV €, AV? Ax|-2
- = Jr+ = -1

T 2d+ )P 2 24> d
eOAVZ( 5 Ax) eOAV2
a2 VT dl P
Substituting for V we get
6K (d, —
IAF,| = % Ax
The spring force changes by
IAF| = 3K Ax

The two forces AF, & AF, have opposite directions. While approaching the spring pushes the plates away and the
electric force causes them to attract more strongly.

2 6K (d, —
mﬂ =-3KAx + MA}C
dr d
fr [
di m d
3k Gd - 2dy)
=N Ta

d
T =opa— M4
"\3KGd - 2d,)

50. Consider a strip of width dx in the two plates as shown in the Figure
Capacitance of two parallel strips (nearly parallel !) is

Jc epadx 1
T d+x6 |

Capacitance of the capacitor can be obtained by summing up the capacitance of
all such small capacitor. [ . )

a
+= ax
2
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